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1. General introduction 
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A wave of student agency initiatives swept through formal education1 in recent 

years (Beese, 2019; Cuban, 2018; Enyedy, 2014; Leadbeater, 2017; Marquenie et al., 

2014; OECD, 2019; Oostdam et al., 2007; Pane et al., 2015; Steinemann, 2017). There 

are multiple definitions of student agency, but generally, it is seen as something 

that is manifested when a student exerts influence, makes choices, and takes 

stances in ways that affect their learning (Clarke et al., 2016; Giddens, 1984; see also 

Eteläpelto et al., 2013; Larson, Walker, & Pearce, 2005; Varpanen, 2019). Although the 

idea of student agency and moving away from classroom- and cohort-based 

teaching has been around since the 18th century through the work of Rousseau, 

Montessori, Dewey, Parker, and Parkhurst (see for example Dewey, 1959), the 

availability of increasingly advanced technology has sparked a resurgence of this 

philosophy (Hill & Hannafin, 2001; Watson et al., 2015). Student agency initiatives 

depart from the idea that students benefit from the freedom afforded in the 

learning environment because they will engage in activities that are meaningful, 

relevant, and in their interest (OECD, 2019; Rudduck, 2007), and they will be 

stimulated by this freedom to develop their self-concept and a sense of belonging 

(OECD, 2019; Schoon, 2017).   

 

One example of a student agency initiative is a ‘lab school’ for sixth graders that 

was launched in 2018 by a school district in California that has engaged in a multi-

year focus on innovation around teaching and learning. The lab school intended to 

maximize student agency. One of the teachers in the lab school described the 

initiative as follows:  

“Students have a lot of opportunities to express themselves in any which 

way. From the flexible seating to the technology they have.” 2 

The enthusiasm about this new way of working was reflected in a comment of 

another teacher in this lab school, who shared:  

 
1 Here, formal education refers to the structured education system that starts from nursery school 

to university. See also the Compass Manual of the Council of Europe.  
2 The teacher quotes in this dissertation stem from the teacher interviews that were part of the study 

presented in chapter 5. 



          
 

9 

“Our students will be more confident, more prepared for the world 

because they would know when they are missing something and able to 

get that information on their own. […] Right now, I see that whenever 

students have a choice, they are so much more motivated and engaged, 

because they work on something they have chosen.” 

The appetite of school leaders for student agency initiatives continues unabated 

now. A Dutch teacher jokingly wrote that:  

“There was enthusiasm from our management to take the step towards 

[personalizing learning and student agency]. They said: We must 

continue to profile ourselves in the region. I think it is actually not 

profiling, because all other schools do it too.” 

Verbrugghen, 20203 

 

Today, a growing body of research supports the belief that student agency has 

direct positive effects in the context of formal education, for example by turning 

students into more engaged and motivated investors in their education 

(Leadbetter, 2005; Lingard and Mills 2007; Rudduck 2007). Despite that, student 

agency initiatives also receive substantial criticism (Fielding, 2004; Priestley et al, 

2015; Clarke et al., 2016; Leadbetter, 2005; Mahony & Hextall, 2009; Needham, 2011). 

In environments where students are given ‘freedom’ in their learning, learners may 

be unable to detect inaccurate information or reject erroneous hypotheses even in 

the face of contradictory evidence, and be unable to reflect or enact metacognitive 

processes (Atkins & Blissett, 1992; Azevedo, 2005; de Jong & VanJoolingen, 1998; 

Hill & Hannafin, 1997; Kirschner, Sweller, & Clark, 2006; Land, 2000; Land & Zembal-

Saul’s, 2003; Nicaise & Crane, 1999; Wallace & Kupperman, 1997). In addition, 

offering too much and too little control dampens the positive effect on student 

learning (Patall, Cooper, & Robinson, 2008), the pressure to exert control or to make 

certain choices more often leads to demotivation than motivation (Deci & Ryan, 

2000), a choice for or between tasks that do not sufficiently match the interests of 

 
3 Retrieved from https://researched.eu/2020/01/17/een-onderwijsvernieuwing-die-wel-werkt/ 
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students have little or no effect on motivation (Patall & Hooper, 2019), and being in 

control as a student can harm learning performance when students lack prior 

knowledge (Kopcha & Sullivan, 2008). Dewey was one of the first that reported 

being alarmed by many of the "student-centered" excesses of educators who 

claimed to be his followers, and he argued that too much reliance on the student 

could be equally detrimental to the learning process as too little (Dewey, 1959). 

According to Dewey, the flaw in overreliance on the student is that it minimizes both 

the importance of content and the role of the teacher. 

 

Eventually, the observation that learner control may diminish learning outcomes 

will eviscerate the beliefs of both the teacher and the student about the desirability 

of student agency. It is the fear of diminished learning outcomes that make 

teachers stick to traditional practice or fall back to more teacher-led practices 

(Howard, 2013). In addition, teaching strategies that may promote student agency 

can contradict long-standing practices, beliefs, and assumptions about what 

education and teaching ought to be (Hubbard & Datnow, 2020; Lockton & 

Fargason, 2019; Nolan, 2020). As a result, these teaching strategies often go against 

the expectations and habits of students. This is reflected in the way teachers in the 

lab school described students’ responses to more influence and power:  

 “Students said, we want to read and make notes, which, of course, to 

them is the easier option to learn something, least effort.”  

“I started to ask them individually, but when one person says notes, 

everyone wants to do notes.”  

“Students are maybe not always so independent; assignments are either 

too hard or too easy. [When providing students with choices] you rely 

more on the level of autonomy of the students.” 

 

To date, there is no consensus in the literature on the proper way of promoting 

student agency in formal education. Different learner characteristics, pedagogical 

choices, and contextual factors may produce varying effects of promoting student 

agency and challenges the notion that it will always benefit learning and 
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educational outcomes (Patall et al., 2010; Patall, Sylvester, & Han, 2014). To 

understand what makes student agency initiatives effective, there is a need for 

further educational theory and empirical research. Research currently produces 

seemingly counterintuitive results. For example, autonomy-supportive teaching 

seems to promote student agency (e.g., Cheon, Reeve, & Moon, 2012; Flunger, Mayer, 

& Umbach, 2019), while interventions that promote student autonomy often do not 

promote students’ sense of agency (e.g., Schmid & Bogner, 2017). Why particular 

interventions for student agency do or do not have the desired effect on agency 

requires a theoretical explanation (Jansen et al., 2019). This is particularly pressing 

since research shows that teaching strategies for promoting agency can 

compromise the academic achievements of novice learners (Cleary & Zimmerman, 

2004; Hill & Hannafin, 2001; Kirschner, Sweller & Clark, 2006). In this dissertation, 

we propose the Agency through Transactional Proximity (ATP) model. Transactional 

proximity, we argue, is a requisite in interventions that promote student agency. 

Transactional proximity (Moore, 1983), a concept stemming from the field of 

distance education, is a product of the dynamic interaction and trade-offs between 

concepts of instructional design, learner control, and dialogue. The ATP model will 

be described fully in chapter 4.  

 

Next to a lack of theory on how to promote student agency, researchers and 

practitioners report difficulties in operationalizing and measuring the complex 

concept of student agency. Current methods rely heavily on self-reports, which is 

unsatisfactory considering the potential gap between perceived and actual 

behavior of students (Boekaerts, Pintrich & Zeidner, 2000; Efklides, 2011; Veenman, 

2011; Winne & Perry 2000). The challenges in operationalizing and measuring 

student agency hamper efforts to monitor and evaluate student agency, which is 

essential to adjusting teaching strategies if needed. 

 

Finally, there is a need to better support decision-making processes among 

policymakers and school leaders with educational theory and data (Neeleman, 

2019; Schildkamp, 2019). School leaders are key in deciding on any improvement 

effort, yet the scientific evidence about these efforts is rarely clear, complete, and 

accessible to them (Daly et al., 2014; Daly & Finnigan, 2014; Lockton, Weddle, & 
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Datnow, 2020; Neeleman, 2019). This also applies to student agency initiatives. The 

quality of decision-making processes of policymakers and school leaders is key in 

counteracting a tendency to focus on ‘new initiatives’ and to shift attention to 

factors relevant for sustainable innovation instead (Lockton & Fargason, 2019). 

Therefore, there is a need for innovative methods that allow policymakers and 

school leaders to draw on theory and data in these decision-making processes.  

 

This dissertation addresses these gaps in the literature to contribute to a better 

understanding of practice while increasing the action repertoire of educators. The 

remainder of this chapter provides a theoretical background of the three core 

constructs in this dissertation, which are student agency, transactional proximity, 

and school improvements. Next, an overview of the research objectives of the 

included studies is presented. Thereupon, a short description is presented of the 

research context and the research methods in this dissertation.  

 

1.1. Theoretical background 

1.1.1. Student agency  

The ontological characteristics, manifestations, and social and individual aspects 

of agency have been differently understood in different research traditions 

(Eteläpelto, Vähäsantanen, Hökkä, & Paloniemi, 2013). For some scholars, student 

agency is manifested when a learner exerts influence, makes choices, and takes 

stances in ways that affect their learning and self-concept related to learning (e.g., 

Billett, 2006; Giddens, 1984). Following this claim, students’ autonomous beliefs, 

attitudes, and actions reflect personal agency. Scholars at the other side of the 

spectrum define beliefs and actions as dependent on socially constructed systems 

of meaning, which shape and constrain a person’s agency (e.g., McNay, 2004; 

Schlosser, 2015). In this dissertation, we follow the suggestion of Eteläpelto and 

colleagues (2013) to view individuals and the social systems surrounding them as 

analytically separate but mutually constitutive of each other. Such a perspective 

does not position learners as passive carriers of their contextual conditions, and it 

does not ignore the social genesis of students’ beliefs and actions. This ontological 

stance allows for theorizing the role of the temporal, practical, and discursive 

dimensions of the learning environment (Charteris & Smardon, 2018; Priestley, 
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Biesta, & Robinson 2013) and studying the way students (learn to) take agency over 

their learning process.   

 

Studying student agency in the classroom requires a further operationalization of 

this perspective. Chapter 2 and 3 adopt the theoretical framework of Self-Regulated 

Learning (SRL) to operationalize student agency. SRL can be defined as “an active, 

constructive process whereby learners set goals for their learning and then attempt 

to monitor, regulate, and control their cognition, motivation, and behavior, guided 

and constrained by their goals and the contextual features in the environment” 

(Pintrich, 2000, p. 453). SRL should not be understood as synonymous with 

sovereign agency, but it describes to what extent agency (i.e., power to exert 

influence) is manifested in a way that supports learning (Kaplan, Neuer, Garner, 

2019; Looi & Wong, 2014; Pellerin, 2018). When students are not (yet) able to self-

regulate their learning, because, for instance, they are a novice in the learning 

domain (Kitsantas & Zimmerman, 2002), the freedom to exert influence can get in 

the way of study success without interference and support of the teacher (Cleary & 

Zimmerman, 2004; Kirschner, Sweller & Clark, 2006).  

 

Traditionally, self-report instruments have been the dominant way of measuring 

SRL, treating agency as a disposition of student characteristics for the most part 

(Boekaerts and Corno 2005; Winne & Perry, 2000). However, SRL can also be 

conceived of as a series of events, where each event is a snapshot in time, which is 

not only a function of predisposition characteristics of the learner but also a 

function of the individual’s interaction with the learning environment (Efklides, 

2011). Scholars have been debating if and how student agency can be measured as 

strategic, fine-grained, dynamic adaptations that learners make during and 

between study sessions (Schunk & Zimmerman, 2011). Considering the now 

expanding opportunities to grasp digital traces of learning behavior, an interesting 

avenue for research on SRL is to investigate the value and meaning of computer-

generated traces (or log files) of inferred SRL actions for diagnosing the quality of 

SRL (Azevedo et al., 2017; Jansen et al., 2020; McCardle & Hadwin, 2015; Siemens & 

Gašević, 2012). Not only do these digital traces of learning behavior provide an 

opportunity to identify areas of weakness based on certain performance criteria 



          
 
14 

(according to the method of Zimmerman & Cleary, 2009), they also provide 

important insights into students’ patterns of strategy use and contribute to 

diagnosing (in-)effective SRL as a phenomenon that is situated in the learning 

environment. These, so-called ‘online methods’ for the assessment of SRL are in 

their infancy (Panadero, Klug, & Järvelä, 2016; Veenman, 2011; Veenman, Van Hout-

Wolters, & Afflerbach, 2006). The first step is acquiring a better understanding of 

how digital traces represent expressions of student agency and how they can be 

useful to diagnose the quality of SRL. This dissertation contributes to this endeavor 

by triangulating self-report data, academic performance, and online traces of 

learning behavior. 

 

Chapter 4 presents a review of the literature on promoting student agency, in which 

we describe how student agency is operationalized in recent studies. To this end, 

we distinguish between four conceptualizations of student agency as proposed by 

Charteris and Smardon (2018). The first is sovereign agency, meaning that agency 

is manifested in the learner and captured through measures of variation between 

learners. For example, in terms of motivation, self-regulation, and self-

determination. The second is relational agency, meaning that agency is manifested 

in social relationships and collaboration and gauged through the student’s 

interpretation of their role and of their capacity for collaboration. The third is 

ecological agency, meaning that agency is manifested differently from context to 

context, depending on the environmental possibilities and constraints, and that 

students mobilize different beliefs, values, and attributes in different situations. 

The fourth is new material agency, meaning that agency is manifested in a 

coproduction between the subject and objects in the learning environment and 

gauged through the effect of spatial and material changes on student’s activity. In 

chapter 4, interventions in the teaching-learning environment are set out based on 

these four conceptualizations. 

 

1.1.2. Transactional Proximity 

Individuals use their environment to determine their course of action (Clarke et al., 

2016; Priestley et al., 2015). As such, student agency needs to be couched by the 

affordances of the (social) structure to act (Priestley et al., 2015). Students’ prior 
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experiences with having agency can influence their self-concept, which in turn can 

contribute to their intention to take agency. As Biesta and Tedder (2007, p. 8) put it:  

“... actors able to draw upon a rich repertoire of experience might be 

expected to be able to develop more expansive orientations to the future 

and draw upon a greater range of responses to the dilemmas and 

problems of the present context than might be the case with their more 

experientially impoverished compatriots.”  

 

Thus, the learning environment and instructional design can intentionally foster 

students’ experiences of agency. This would be even more important for students 

with an otherwise low sense of agency (Priestley et al., 2015). The environment needs 

to support or compensate in situations when students lack the self-

conceptualization, self-motivational beliefs, or repertoire of strategies that ignite 

the intention to take agency (Panadero, 2017; Zimmerman & Martinez-Pons, 1990). 

Therefore, this dissertation presents research on the instructional design 

characteristics and mechanisms underlying agency-supportive learning 

environments. 

 

In this dissertation, the learning environment is understood and evaluated based 

on the theory of transactional proximity (Moore, 1972). Transaction refers to the 

interplay among the environment, the individuals, and the patterns of behaviors in 

a situation that emerge as a result of this interplay. Transactional proximity reflects 

the extent to which there is a common understanding between the learner and the 

teacher, such as mutual perception of the learner in terms of knowledge, goals, 

interests, opinions, approaches, and needs (psychological and educational), 

leading to transactional proximity (Moore, 1983). Transactional proximity is 

established by three elementary constructs, namely, the level of flexibility and 

learner control in the instructional design and the implementation thereof, and the 

development of dialogue between actors within the instructional context (Kanuka 

& Conrad, 2003; Moore, 2013). A further discussion of the concepts of flexibility, 

learner control, and dialogue is provided in chapter 4.  
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To better grasp how student agency can be promoted in formal education, we 

propose the Agency through Transactional Proximity (ATP) model. This model poses 

that through transactional proximity, the learner gains a better understanding of 

their role in learning, learns what is important and meaningful to them, develops 

motivation and self-efficacy, and engages in regulation strategies that together set 

the stage for purposeful opportunities for learner control (Bannert et al., 2015; 

MacLellan, 2014; Saba & Shearer, 2017). Transactional proximity, furthermore, 

enables both the teacher and the students to better estimate which opportunities 

for learner control will benefit both learning and the student’s sense of agency. 

Previously, several scholars have attempted to further specify the relationships 

between the variables in the theory of transactional proximity (e.g., flexibility, 

dialogue, learner autonomy) (e.g., Saba & Shearer, 2017). These models focus on the 

context of adult learning and distance education and the utility of the theory is that 

it guides instructional designers as to how to design the course to maximize 

student engagement. This dissertation argues that the concept of transactional 

proximity also holds value in explaining the (miss-)alignment of students’ ability 

to show agency and the level of learner control in the educational design and 

learning activities, which is an increasing concern in formal education (Charteris 

& Smardon, 2018; Flunger, Mayer, & Umbach, 2019; Kirschner, Sweller, & Clark, 

2006; Varpanen, 2019). The ATP model is the first to translate the principles of 

Transactional Proximity to primary and secondary school settings, and the first 

model that uses transactional proximity to explain how student agency is 

promoted. The ATP model is used to interpret the outcomes of the literature review 

on agency-promoting classroom interventions in chapter 4. This dissertation 

furthermore presents the validation of the Student Experiences of Proximity (SEP) 

inventory in chapter 5, which is used to examine the validity of the ATP model. 

 

1.1.3. School Improvements Efforts 

In formal education where teaching practices are largely anchored in 

standardization, it is necessary to consider that teaching models for student 

agency are being implemented in the context of complex school improvement 

efforts (Hatch, Corson, & van den Berg, 2021; Kirschner & Stoyanov, 2020; 

Leadbeater, 2017). Studies on reform and school improvement efforts show that 
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teaching models that deviate from a classroom-based and cohort-based approach 

are challenging to implement (Dockterman, 2018; Fisher, 2015; Herold, 2017; Pane et 

al., 2015; Schnabel et al., 2016). Enacting an agency-supportive approach to learners 

and learning depends on many factors, including school policies, leadership, 

teacher skillsets and practices, pedagogical assumptions within the school and 

the wider community, classroom climate, and learner capacities and goals 

(Dockterman, 2018; Daly & Finnigan, 2014; Edwards, 2011; Fisher, 2015). Teachers 

need the expertise, time, resources, and teamwork to develop a flexible curriculum 

that is adequately structured in content, learning tasks, and adaptable classroom 

practices to engage all learners and address contrasting learner needs (Sebba et 

al., 2007; Waldrip et al., 2014). Therefore, insights into what works are only a first 

step: 

‘The availability of knowledge by itself will not result in comprehensive 

reform... We must work to establish the infrastructure, which will enable 

us to create and seek new knowledge as we go, and we pursue more 

ambitious system-level goals.’ (Fullan, 1999, p.75)  

 

An impediment to the use of evidence is the lack of accessibility, availability, and 

applicability of research and evidence (Daly et al., 2014; Daly & Finnigan, 2014). 

Collaboration between researchers and practitioners can promote better-informed 

evidence and data-based decisions about school improvement efforts (Daly & 

Finnigan, 2014; Coburn & Penuel, 2016; Hatch, 1998; Schildkamp, 2019). Part of the 

work presented in this dissertation is therefore embedded in a Research-Practice 

Partnership (RPP) with the aforementioned school district in Southern California. 

Coburn and colleagues (2013) define district RPPs as  

"[l]ong-term, mutualistic collaborations between practitioners and 

researchers that are intentionally organized to investigate problems of 

practice and solutions for improving district outcomes" (p. 2).  

 

Emerging results on educational improvements through RPP are promising 

(Coburn & Penual, 2016; Cooper, MacGregor, & Shewchuk, 2020). RPPs also bear the 
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potential to increase ‘data agency’ in educational organizations, meaning that 

practitioners become more critical about and responsible for the role of theory and 

data in their decision-making. This is referred to as building data literacy – a 

common issue in research-practice partnerships (Earl & Katz, 2006; Lockton, 

Weddle, & Datnow, 2020; Wohlstetter, Datnow, & Park, 2008; Wu, 2009). This 

dissertation addressed the question of how school leaders and researchers can 

collaboratively identify the (educational) domains that can best be improved to 

support the district’s efforts around student agency in the context of an RPP.  

 

1.2. Research objectives  

This dissertation examines how agency-supportive learning environments can be 

accommodated in formal education based on the Agency through Transactional 

Proximity (ATP) model. This dissertation examines student agency in the context of 

the microsystems in which students interact with their teachers, peers, and objects 

in the learning environment. Furthermore, this dissertation examines student 

agency in the context of the mesosystems in which policymakers, school leaders, 

and researchers work together on school improvement efforts (Bronfenbrenner, 

1979; Clarke et al., 2016; Emirbayer & Mische, 1998; Giddens, 1984). Specifically, by 

exploring how data on instructional design and school climate can be used to 

identify high-impact school improvements for realizing an agency-supportive 

learning environment. By utilizing various theories (transactional proximity and 

self-regulated learning) and methods (e.g., learning analytics, evaluation methods) 

from several academic domains (e.g., instructional sciences, educational 

psychology, distance learning, organizational learning), this work showcases the 

potential of educational research to accommodate organizational change towards 

supporting student agency and sustain those initiatives that meet a need and fit 

the context.  

 

This dissertation focuses on the following research questions: 

• What is the relationship between measures of student agency through self-

reports and online trace data? 

• How can the notion of Transactional Proximity help to understand agency-

supportive learning environments in formal education?  
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• How can researchers and practitioners collaboratively identify high-impact 

school improvements for agency-supportive learning environments using 

descriptive data on instructional design characteristics and school climate?  

 

Figure 1.1 provides an overview of the five empirical studies presented in this 

dissertation. 

 

Figure 1.1.  

Overview of the Dissertation Chapters and the Relationships Between these Chapters 

 
 

Chapter 2 describes the effects of implementation barriers in the context of the 

implementation of online proctoring technology considering students’ ability to 

self-regulate their learning. This technology was expected to promote student 

agency by giving students the freedom to decide about where they want to do the 

exam. In this field experiment, students were randomly assigned to online 

proctoring or traditional on-campus examination to evaluate the effect, nature, and 

timing of implementation barriers for online proctoring in higher education. Due to 

unexpected technical hurdles, all students were offered to participate in a not-

proctored retake. Accordingly, it was examined whether student agency – measured 

through self-reported SRL – was related to participation in the exam and academic 

achievement. Contrary to the hypotheses, the extent to which students succeeded 
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to use this new technology was not related to self-reported SRL or performance 

levels.  

 

Chapter 3 addresses research question 1. The purpose of this study is to triangulate 

constructs suggested in theory and measured using self-reported data with 

revealed online traces of learning behavior. The results show that online trace data 

of learning behavior are complementary to self-reports, as they explained a unique 

proportion of variance in student academic performance. This study sheds light on 

the added value of the relative unexplored event-based measurement 

methodologies with online trace data in measuring SRL. Contrary to self-report 

data, these online trace data illuminate the situatedness of SRL in the learning 

environment and the instructional design.  

 

Chapters 4 and 5 address research question 2. Chapter 4 reviews how different 

types of classroom interventions affect student agency. Moreover, this study 

proposes the agency through the transactional proximity model which addresses 

the dynamic interaction and trade-offs between concepts of flexibility, dialogue, 

and learner control in bringing about student agency in compulsory education. 

Chapter 5 describes the development of the Student Experiences of Proximity (SEP) 

inventory and data relevant to its validity. The SEP inventory is a multi-stakeholder 

inventory that validates and operationalizes the dimensions contained by the ATP 

model. This study presents data from approximately 1600 students, 1300 teachers, 

400 parents, and 40 school leaders that support the construct validity of the 

instrument. In addition, three comparisons of educational contexts are described 

to provide descriptive evidence of the ATP model. Chapter 4 and 5 together elucidate 

which instructional design characteristics and teaching strategies promote 

student agency. 

 

Chapter 6 provides answers to the third research question, with a method that 

enables researchers and practitioners to identify high-impact school 

improvements based on the interdependencies between improvement domains. In 

educational contexts where many domains subject to improvement – such as 

student agency – are interdependent and causal evidence is frequently lacking it is 
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difficult, if not impossible, for policymakers and educational practitioners to decide 

which domain should be invested in. This study develops a method that combines 

Conditional Mean Independent Correlations (CMIC) with growth functions such 

that researchers and practitioners can collaboratively solve this question. The 

growth functions offer a way to apply a set of decision-making rules to guide 

improvement efforts, based on CMIC derived from observational data. Thereby, it 

contributes to theoretical development, in that it challenges researchers to define 

comprehensive models of educational quality and collect data that informs on all 

constructs included in such models. In chapter 6, the CMIC and growth functions 

method is furthermore applied in a school district in California, using a 

comprehensive set of quality domains including the constructs contained in the 

ATP model and additional measures on school culture and climate. As such, this 

chapter showcases how CMIC can be used for school improvement. In addition, this 

dissertation showcases three different growth functions and compares those to 

school leaders’ intuitive ranking of the improvement domains. 

 

1.2. Study context 

The studies in this dissertation took place in Higher Education in the Netherlands 

and k-12 schools in the United States. In both contexts, this work centered around 

student agency initiatives, and as such allowed for an investigation of the theories 

that describe agentic learners and agency-supportive learning environments. More 

specifically, the studies in chapters 2 and 4 took place in Higher education. The data 

collection was part of the project ‘SURFnet Learning Analytics Hoger Onderwijs’, 

supported by the Netherlands Initiative for Education Research. Data were collected 

among two cohorts of first-year students at the Faculty of Behavioral and 

Movement Sciences during a mandatory statistics course that took place between 

October and December 2016 and 2017. Chapter 5 and 6 took place within the context 

of a research-practice partnership called Better Together that includes eleven K-12 

schools in an urban fringe school district in the US. Specifically, chapters 5 and 6 

use data that were collected in the beginning years of this partnership, to wit 2018-

2020. The school district has a long history of supporting educational innovation 

initiatives (Grey et al., 2019). In recent years, the district has focused on developing 

and implementing innovations to support inclusion and student voice and choice. 
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By participating in the Better Together project the school district leadership team 

sought to better understand and rigorously examine key levers for transformational 

change. As part of the research-practice partnership, a yearly survey was organized 

for seven stakeholder groups including students, teachers, parents, staff, and 

school leaders about instruction, culture, and climate, and social relationships. 

This survey data and – most importantly – the ‘high touch’ partnership with the 

district enabled the development and application of the SEP inventory and the CMIC 

and growth functions method to support leadership capacity in this district.  

 

1.3. Research methods 

The work presented in this dissertation leverage changing perspectives on 

measuring and promoting improvement efforts in a way that allows educational 

research to better accommodate teaching practices. The included studies use a 

range of quantitative research methods. In chapter 2, a randomized field 

experiment was conducted. The following studies are mostly exploratory and 

descriptive in nature, intending to describe both agency at the level of the learner 

and agency-supportive learning environments. Data collection methods include 

test-based measures of achievement (chapters 2 and 3), online data-trace methods 

of learning behavior (chapters 2 and 3), a systematic literature review (chapter 4), 

and self-report data (chapter 2, 5, and 6). In addition, an expert panel was consulted 

during the development of the SEP inventory (chapter 5). Data-analysis methods 

included the application of (multivariate) analysis of variance, factor analysis, and 

seemingly unrelated regression analysis.  
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2. The Effects of Implementation Barriers 

in Virtually Proctored Examination: A 

Randomized Field Experiment in Dutch 

Higher Education  
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Abstract: Virtual proctoring technology is credited to promote student agency 

during exams by enabling students to participate in exams at any time and 

place. In the field experiment presented in this paper, students were randomly 

assigned to online proctoring or traditional on-campus examination to 

evaluate the effect, nature, and timing of implementation barriers for online 

proctoring in higher education. The results show that the uptake in the 

traditional examination setting in this study was six times higher due to 

technical hurdles that students experienced with the online proctoring 

software. When alleviating these implementation barriers by offering all 

students the chance to participate in an unproctored retake, students initially 

assigned to online proctoring still showed a significantly lower uptake rate. 

Uptake could not be related to student agency, such as students’ motivation 

and self-regulation. This study shows that implementation barriers can 

obstruct students from successfully participating in the online proctored 

examination. 4 

 

 
4 This chapter has been published as: Van Halem, N., van Klaveren, C., & Cornelisz, I. (2021). The effects 

of implementation barriers in online proctored examination: A randomised field experiment in 

Dutch higher education. Higher Education Quarterly, 75(2), 333-347.  



          
 
25 

2.1. Introduction  

Universities across Europe are expected to digitize education services hoping it will 

transform the learner’s experience in a positive way (Posselt, Abdelkafi, Fischer, & 

Tangour, 2018; UNESCO, 2011), promote student agency and achievement (Cox, 

2008), and contribute to the realization of an educational institution’s target and 

mission (Lawless & Pellegrino, 2007). One example is online proctoring, which is 

gaining wider consideration for high-stakes testing (Howell, Sorenson, & Tippets, 

2009; Kolski & Weible, 2019; Prince, Fulton, & Garsombke, 2009). Virtual proctoring 

generally refers to proctors monitoring an exam over the Internet through a webcam 

and it includes authentication procedures and automated processes that help to 

secure a test administration event. Virtual proctoring can be cost-efficient by 

eliminating the need for physical proctors and testing centers, it can attract 

international students and increase the accessibility of education to currently 

underserved populations, and it can promote test participation by enabling 

examination at any time or place.  

 

However, barriers arising with implementing online proctoring due to privacy 

intrusion or operational issues can negate the potentially positive effects of 

innovation, shown from the vast body of literature on technology integration 

(Bromme, Hesse, & Spada, 2005; Ertmer et al., 2012; Kolski & Weible, 2019). This 

study, therefore, aims to investigate the effect of offering online proctored 

examination on student behavior and to explore the effect, nature, and timing of 

implementation barriers in relationship with student characteristics including 

motivation and self-regulation. In the field experiment, a cohort of first-year social 

science students was randomly assigned to an online proctored examination or a 

traditional on-campus examination, and groups were compared based on uptake 

and performance. The field experiment contributes to unraveling the trade-offs 

between the potentially positive effects of online proctoring technology and the 

potentially negating effects of implementation barriers, ultimately informing 

universities and colleges in the process of expanding their online course offerings. 
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2.2. Theoretical background 

2.2.1. The effectiveness of online proctoring technology in securing test 

administrations 

Some students tend to be opportunistic and cheat when given the opportunity 

(Draaijer & Van Klaveren, 2017). Virtual proctoring technology is increasingly 

effective in preventing such cheating behavior (Alessio et al., 2018; Davis, Rand, 

Seay, 2016; Hylton, Levy, & Dringus, 2016; Karim, Kaminsky, & Behrend, 2014; Weiner 

& Hurtz, 2017). Cramp and colleagues (2019) provide an overview of the recent 

literature on online proctoring technology as well as a classification of recent 

literature based on the different levels of invigilation, location, and format. 

Common methods of online proctoring a couple of years ago such as online video 

communication (Hylton, Levy, & Dringus, 2016; Weiner & Hurtz, 2017) are being 

replaced with more sophisticated software (Allessio et al., 2018; Jr & Jones, 2018). 

Still, avenues for further innovation have not been exhausted in the field of MOOCS 

(Li et al., 2015), heuristic-based automatic online proctoring systems (Rai et al., 

2015), multi-biometric systems (Fenu, 2018), and autonomous articulating desktop 

robots for proctoring (Rosen & Carr, 2013). It is thus conceivable that online 

proctoring will outperform human proctors soon and becomes the standard in 

online, distance, and traditional education.  

 

However, the implementation of online proctoring in authentic and high stakes 

examination settings is a tall order with the increasing complexity of online 

proctoring technologies. Rios and Liu (2017) are one of the first to study the 

implementation of online proctoring, applying a basic method relying on one 

webcam. They found that proctored examinees were found to report a user-friendlier 

login process when compared with their unproctored counterparts, as the Internet 

proctoring service allowed the examinees to communicate and have the assistance 

of a live proctor. These findings are in line with the findings of Kolski and Weible 

(2019) who report an 88% uptake of online proctoring among community college 

students enrolled in eLearning courses. The study of Milone and colleagues (2017) 

shows that this user-friendliness decreases substantially when more complex 

online proctoring software is adopted. In their study, 11% of the students reported 

being unsatisfied with their experience, because it took too long to set up, because 
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of technical difficulties, and because of personnel issues with proctors. 

Furthermore, a qualitative study by Haq and colleagues (2015) shows that learners 

were seriously concerned about their privacy considering the elusive tracking 

feature and data collection of the proctoring software. In some cases, students even 

reported anxiety over constantly being monitored, anxiety over interaction with 

unfamiliar technology, a sense of insecurity and injustice, and frustration over the 

hardware costs. The implementation problems reported in the studies of Haq and 

colleagues (2015) and Milone and colleagues (2017) stress the urgency of research 

on the implementation process of more complex online proctoring software. To 

date, there is a lack of research on the effects of the potential implementation 

barriers that arise from the implementation of online proctoring software in 

traditional higher education settings (Cramp et al., 2019).  

 

2.2.2. External and Internal Implementation Barriers and Educational 

Technology 

 

A vast body of literature describes the challenges that come with the introduction 

of new educational technology, such as issues of intrusiveness and privacy, and 

operational issues (e.g., Lilley, Meere, & Barker, 2016; Prince, Fulton, Garsompke, 

2009), and the adaptability, motivation, and energy needed to overcome these, 

sometimes unforeseen, issues (Armstrong, 2016). Bromme, Hesse, and Spada, 

(2005) state that these implementation barriers “can be traced back to features of 

the software and hardware used, and to the characteristics of the users and 

settings” (p. 2). Accordingly, these user-experienced implementation barriers have 

been categorized as either external barriers or internal barriers (Domitrovich et al., 

2009; Ertmer, 2012). External barriers to technology integration are described as 

being extrinsic to students, including lacking ICT infrastructure (e.g., mobile 

devices such as laptops, notebooks, tablets, smartphones, etc.; online learning 

environments; software; maintenance) and inadequate support structures. Virtual 

proctoring software nowadays can require students to have access to several 

devices simultaneously (e.g., smartphone and laptop webcam) to both take the test 

and to record the process. Moreover, the online proctoring method often sets 

additional requirements to the devices and software that are used. A lack of timely 
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and effective technical and administrative support to students can impose yet 

another external challenge when implementing online proctoring (Ertmer, 2012; 

Ruggiero, & Mong, 2015). Internal implementation barriers are intrinsic to the 

student and include negative beliefs about learning and educational technology, 

lacking motivation or perseverance, and unwillingness to change (Domitrovich et 

al., 2009; Ertmer, 1999; Ertmer, 2012). While securing additional financial and 

student support resources may eliminate many external implementation barriers, 

confronting internal implementation barriers requires challenging one's belief 

systems and the institutionalized routines of one's practice (Ertmer, 1999). Thus, 

the “technical side (hardware and software) is neither the sole cause of - nor the 

only solution to - implementation barriers.” (Bromme, Hesse, & Spada, 2005, p. 2).  

 

While internal implementation barriers have been extensively studied amongst 

teachers (Chang, Chin, & Hsu, 2008; Domitrovich et al., 2009; Ertmer, 2012; Zhao, 

Pugh, Sheldon, & Byers, 2002), there is little research on student factors that play 

a role in successfully adapting to educational technology, such as motivation, the 

absence of anxiety, and trust (Okada et al., 2019). Research shows, however, that 

among others students’ emotional state affects their performance in online test 

environments (e.g., Liu, 2015). Student factors, therefore, may play a role in 

successfully implementing complex online proctoring software. In this study, the 

theory of self-regulation is used to define student factors. According to Zimmerman 

(2000) „self-regulation refers to self-generated thoughts, feelings, and actions that 

are planned and cyclically adapted to the attainment of personal goals” (p. 14). 

Examples are self-motivational beliefs (the reasons why a student would invest 

effort in adopting new technology), emotions (e.g., students' negative thoughts that 

disrupt performance and affective and physiological arousal aspects of anxiety 

that occur before or during tests), and self-regulation (e.g., meta-cognitive 

strategies for self-regulation, effort regulation, strategies for time and study 

environment management, and help-seeking strategies). Although self-regulation 

is considered highly important for academic success in higher education (Jansen 

et al., 2019), there is a dearth of research on whether self-regulated learners are more 

likely to successfully engage in complex new educational technology, such as 

online proctoring software.  
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2.3. This study 

This study investigates the effect of offering online proctored examination on 

student behavior and explores the effect, nature, and timing of implementation 

barriers concerning student characteristics (including motivation and self-

regulation). For this study, a full cohort of first-year social science students (N = 599) 

was randomly assigned to two proctoring modes during a practice exam: Virtual 

proctoring with online software or proctoring in a traditional on-campus exam 

room. De facto, students assigned to the online proctoring software were exposed 

to both the potential beneficial features of the technology (such as flexibility) and 

the negating effects of implementation barriers (such as increased hardware 

requirements). As such, the empirical evaluation entails a trade-off between 

observing the potential effectiveness of online proctoring and observing the impact 

of implementation barriers, depending on the extent to which barriers were present 

(Figure 2.1). The relative share of these two components in the observed intervention 

effect was unknown before the field experiment. 

 

Figure 2.1.  

The Trade-off Between Evaluating Online Proctoring Effectiveness and Implementation 

Barriers 
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The richness of the data enables to exactly pinpoint the nature and timing of the 

implementation barriers and to relate this to student characteristics; including 

performance, self-motivational beliefs, test anxiety, and self-regulation. To prevent 

students – and the institution – from any potentially harmful consequences of 

implementation in a formal graded examination, the field experiment was carried 

out during a practice exam. This practice exam is representative of the final exam 

of the course and contains two (out of thirty) questions that would reappear on the 

final exam to incentivize students to participate in the experiment. This study 

follows up on student behavior after the experiment to see which students make 

use of the additional possibility offered to participate in a retake practice exam 

without any proctoring, as to offset having missed out on participating in the initial 

practice exam. The retake opportunity was announced after the experiment, as 

such, it could not affect students’ intention to participate in the experiment. This 

study is one of the first to systematically evaluate the effect of implementing online 

proctoring software on student behavior in an authentic and large-scale exam 

setting in traditional higher education.  

 

2.4. Methodology 

2.4.1. Experimental design, intervention, and procedure 

The study was conducted in December 2017 and took place during an eight-week 

mandatory statistics course at the Vrije Universiteit in Amsterdam, the 

Netherlands. The course was offered to first-year students of the Faculty of 

Behavioral and Movement Sciences (N = 599). The practice exam was part of the 

structure of the course and, therefore, all students were randomly assigned to either 

the online proctored exam or the on-campus exam. Randomization was performed 

using the random number generator function (RAND) in Excel and all students 

enrolled were assigned to one of the two exam settings based on a cut-off score of 

.4. Students were assigned to the on-campus exam (i.e., random number <0.4) or the 

online proctored exam (i.e., random number ≥0.4). Group sizes were deliberately 

unbalanced due to limited capacity in the on-campus exam room.  

 

At the start of the course, students received an informed consent form through the 

digital learning management system. A total of 494 (82.6% of the cohort) provided 
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active consent. Students were informed of their assignment status after the 

informed consent procedure had been finalized, to avoid potential selection effects. 

As a result, of the students who actively gave consent, a total of 300 (60.7%) were 

assigned to the online proctored exam and 194 (39.3%) to the on-campus exam. 

 

All students received an email invitation – with instructions on how to participate 

– fifteen days before the practice exam was administered. Students were informed 

that (1) the exam was representative for the final exam of the course that was to 

take place two weeks after the practice exam and (2) that two (out of thirty) 

questions of the practice exam would reappear on the final exam. The setup of the 

practice exam was similar for both groups: the exam took place at the same date 

and time for both groups, containing the same 30 questions derived from 

summative exams of previous years. Both groups could access the exam through 

an e-assessment system Question Mark Perception (QMP), both groups had 120 

minutes to complete the exam, and both groups were allowed to start up to 30 

minutes after the official start of the exam. After the field experiment, feedback on 

performance was made available to all students online.   

 

2.4.1.1. Virtually proctored examination.  

Web-based proctoring software was utilized which establishes a live surveillance 

system via the Internet. To use the proctoring software, the course instructor 

created an online proctoring session by specifying the date and time of the exam 

and the e-examination system (i.e., QMP) used. During the online proctoring 

session, students were recorded through their webcam, mobile phone, and screen 

sharing. These recordings were stored for a limited amount of time and reviewed by 

a pool of reviewers, yielding a report of ‘red flags’ pointing at potentially suspicious 

situations, which the instructor could then further examine. During the exam, two-

way communication for questions regarding the proctoring session between the 

student and an available invigilator was made possible through text chat. The 

invigilator could not help the student with using the e-assessment system or with 

any issues related to the content of the test itself. For these questions, students 

could chat with a teaching assistant and university staff members. A screenshot of 

a student’s online proctoring session is provided in Figure 2.2.  
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Figure 2.2.  

A Screenshot of a Student’s Online Proctoring Session 

 
 

To ensure a successful online proctoring session, a closely aligned procedure was 

in place for the students invited to the online proctored examination process, 

including preparatory steps, a set-up stage, and starting the actual exam. Figure 2.3 

graphically represents these steps. 

 

Figure 2.3.  

The Step-wise Procedure for the Online Proctoring Session 
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During the preparatory steps, students had to complete several checks to validate 

whether they could log in with their mobile devices and cameras, into the online 

proctor environment. In the email invite for the exam, students assigned to the 

online proctoring could find a link to the online proctoring environment. The 

proctoring software then asked students to test the quality of the Internet 

connection, webcam, screen sharing, and the camera of the smartphone. In 

addition, the proctoring software completed steps for access to all required 

streams; sharing screen activities, sharing webcam video streams, and sharing 

video streams from the webcam of the tablet or smartphone. The student received 

a confirmation email after these checks were completed. The various streams were 

then ready to be streamed to central servers of the proctoring system for ‘live’ 

monitoring by a proctor during the practice exam. During the set-up steps, students 

had to start the online proctoring session to set up and start the exam by logging 

in to the proctoring system from home or any other place with an Internet 

connection. Students were required to give consent for the recording and storage of 

video footage. The proctoring system automatically guided students through the 

mandatory steps of showing that the room was free of unpermitted materials and 

cheating possibilities (such as prohibited earpieces, notes under the keypad, etc.). 

The proctoring system then asked the student to show the requested identification 

document, of which a picture was taken with the webcam. The student was able to 

start with the actual exam immediately upon finishing set-up, by logging on to the 

e-assessment system with his or her university credentials before or throughout 

the first half-hour of the official start of the exam. After submitting the test 

answers, the student could finish and close the proctoring session. 

 

2.4.1.2. On-campus examination.  

The on-campus examination process took place in a digital exam facility (see 

Figure 2.4). Two teachers and university staff members were available for questions 

of the students, for surveillance, and help with practical or technical issues. 

Students participating in the on-campus exam were invited to come to the exam 

room, where computers were available to all students. A student could enter the 
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room and log in to the online exam throughout the first half-hour of the official start 

of the exam. 

 

Figure 2.4.  

The On-campus Digital Exam Facility 

 
 

Un-proctored online retake. All students were provided with – and notified of – the 

possibility to retake the practice exam directly after the experiment took place. 

Students could retake the practice exam in the learning management systems 

(LMS) of the course without any registration process or proctoring.  

 

2.4.2. Measures 

2.4.2.1. Uptake.  

The e-assessment system QMP yielded data on attendance, duration of the exam 

per student, and performance on each of the thirty items of the exam. The online-

proctoring environment also provided information on the status of the students 



          
 
35 

concerning the three-step process (i.e., when they completed the necessary checks, 

when they were in the setup, and if they participated in the exam). Furthermore, 

MailChimp was used in communicating with students to see how many had opened 

the email invite for the exam. 

 

2.4.2.2. Performance.  

The score on the 30-item four-choice exam was graded on a scale from one to ten, 

where ten represents the highest mark. The pass mark of 5.5 was obtained at 20 out 

of 30 correct. This grading procedure was equal to the grading procedure of the 

summative exam, which was administered two weeks after the practice exam and 

for which performance was also observed. Furthermore, students’ grades based on 

the final exam of the previous method course were collected, which provided a 

performance measure indicative of domain-specific ability that was unaffected by 

the intervention. 

  

2.4.2.3. Student resources for self-regulated learning.  

The Motivated Strategies for Learning Questionnaire (MSLQ) was used to measure 

self-motivational beliefs, test anxiety, and self-regulation (Duncan and McKeachie, 

2005). This questionnaire was provided to students a week before the practice 

exam, along with several general questions about background variables, such as 

age and gender. Students were asked to answer these questions about the course 

as a whole.  

 

2.4.3. Analysis strategy 

The effect of online proctored examination on student uptake was estimated with 

a logistic regression model, controlling for observed student characteristics (age 

and gender). The number of students who opened the email invitation in MailChimp 

in the two groups (online proctored examination and on-campus examination) was 

compared with a Chi-squared test. The effect of assignment to the online proctored 

examination on performance levels in the practice exam, performance levels in the 

final exam, time is taken to finish the practice exam, and no shows in the final exam 

were estimated with regression models, controlling for observed student 

characteristics. Finally, students who participated in the online proctored 
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examination were compared to students participating in the traditional exam 

setting on self-motivational beliefs, test anxiety, and self-regulation with a 2 

(factor: attendees in the practice exam) × 4 (outcome variables: prior performance, 

self-motivational beliefs, test-anxiety, and self-regulation) multivariate analysis of 

variance (MANCOVA), controlling for observed student characteristics.  

 

2.5. Findings 

2.5.1. Descriptive statistics 

Randomization ensured that the student characteristics of both groups were 

statistically similar (see Table 2.1 and Table 2.2). The reliability coefficients 

according to Cronbach’s Alpha of the MSLQ scales are reported in column 2. It is 

important to note that the reliability of the goal orientation sub-scales is relatively 

poor. Scrutinizing the data per item did not point out particular weak items that 

could be removed from the scale to improve reliability.  

 

Table 2.1.  

Descriptive Statistics of Student Background Characteristics Compared Between 

Conditions 
Background characteristics Virtual proctoring 

(N = 300) 

On-campus proctoring 

(N = 194) 

T- statistics (df); p 

value 

(α = 0,05, two-

tailed) 

Female 0.82 (0.02) 0.78 (0.03) 1.00 (399); 0.32 

Age 20.67 (0.19) 21.07 (0.32) -1.13 (397); 0.26 
 

 

(N = 272) 

 

(N = 181) 

 

Previously received grade  5.96 (0.12) 5.90 (0.14) 0.33 (451); 0.75 
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Table 2.2.  

Descriptive Statistics of Students’ Resources For Self-Regulated Learning 
  

Means (SD); N = 494 
 

Variable/ Scale Cronbach’s α (N) Virtual proctoring 

(N = 300) 

On-campus 

proctoring 

(N = 194) 

t (df); p value 

(α = 0,05, two-tailed) 

Self-motivational Beliefs 
    

Intrinsic Goal Orientation 0.58 (466) 4.74 (0.06) 4.72 (0.07) 0.26 (400); 0.79 

Extrinsic Goal Orientation 0.59 (465) 4.53 (0.07) 4.42 (0.09) 0.99 (400); 0.32 

Task Value 0.79 (458) 4.97 (0.05) 4.92 (0.07) 0.52 (400); 0.61 

Control of Learning Beliefs 0.69 (470) 5.49 (0.06) 5.34 (0.07) 1.64 (400); 0.10 

Self-Efficacy for Learning and 

Performance 

0.92 (462) 4.32 (0.07) 4.18 (0.08) 1.32 (400); 0.19 

 

Test Anxiety 

    

Test Anxiety 
 

0.82 (464) 4.32 (0.08) 4.13 (0.10) 1.41 (400); 0,16 

 

Self-regulation: 

    

Meta-cognitive Self-regulation 0.74 (375) 4.35 (0.05) 4.40 (0.06) -0.63 (399); 0.53 

Effort Regulation 0.73 (375) 4.51 (0.09) 4.65 (0.09) -1.07 (398); 0.28 

Time and Study Environment 

Management 

0.79 (375) 4.71 (0.06) 4.84 (0.07) -1.29 (399); 0.20 

Peer Learning 0.68 (380) 3.74 (0.08) 3.65 (0.10) 0.73 (399); 0.47 

Help Seeking 0.63 (378) 4.03 (0.08) 4.09 (0.09) -0.41 (399); 0.68 

 

 

2.5.2. Uptake effects: timing and characterization of implementation barriers 

The results show a substantial impact of being assigned to online proctored 

examination on the uptake. Not even 8.7% (N = 26) of the students assigned to the 

online proctored exam participated, in contrast to 55.7% (N = 108) of the students 

assigned to the on-campus exam. The regression results of the logistic regression 

showed that participation was affected by the proctoring mode that students were 

assigned to, b = 2.78, SE = 0.28, p < .001, χ2 [df = 3] = 130.63, p < 0,001. The odds of a 

student participating in the practice exam when assigned to the on-campus 

examination were 16.10 times greater than the odds for a student assigned to the 

online proctored examination. No contamination effects were observed when 

comparing the QMP data on attendance with the reports from the online proctoring 

system. The timing and the effect of implementation barriers experienced by the 

student on exam uptake are graphically represented in Figure 2.5 and explained 

below. 
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Figure 2.5.  

Proportion Students who Attended the Exam Compared Between Groups and Over Time 

 
 

The low uptake rate among students assigned to online proctored examination is 

striking when looking at the proportion of students that opened the email invite, 

which is used as a proxy for students’ intention to participate in the exam (see 

Figure 2.5). There is a large discrepancy between intention to participate and actual 

participation for students assigned to online proctored examination. In the online 

proctored examination condition, 46.7% (N = 140) of the students opened the email 

invite in comparison to 17.5% (N = 34) in the on-campus examination condition (χ2 

[df = 1] = 139.30, p < 0.001). A simple explanation for this difference would be that 

students assigned to the on-campus examination knew what to do, only by reading 

the subject line of the email invite to the on-campus examination and by checking 

the schedule for the time and date of the exam.  

 

The dash-dotted line in Figure 2.5 shows that the number of students engaged with 

the online proctoring software decreases with every preparatory step. 46.7% (N = 140) 

of all students assigned to online proctored examination had opened the initial 

email invitation to participate in the online proctored examination. Most of them (N 

= 135) managed to finish the preparatory steps of the procedure; completing checks 

on the hard- and software required for the online proctoring process. Yet, only 34.0% 

(N = 102) of all students assigned to online proctored examination also managed to 
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get into the set-up mode of the proctoring software web application. This is already 

substantially less than the 55.7% (N = 108) that participated in on-campus 

examination, b = 1.03, SE = 0.21, p < .001, χ2 [df = 3] = 26.40, p < 0,001. The odds of a 

student participating in the practice exam on-campus were 2.8 times greater than 

the odds that a student in the online proctored exam successfully got to the set-up 

stage of the online proctoring software. 

 

In attributing the aforementioned differences in take-up to either online proctoring 

itself or implementation barriers associated with it, it is important to evaluate 

discrepancies between initial intentions to participate (46.7% as indicated by 

opening the invite- for students assigned to online proctored examination) and how 

actual take-up evolved throughout the step-wise procedure required to participate 

in online proctored examination (34.0% observed in set-up and only 8.7% 

participating in the practice exam). Contrasting this with the 55.7% of students 

assigned to on-campus examination participating at the time of the practice exam 

suggests that the low take-up in the online proctored examination is best to be 

interpreted as the result of implementation barriers associated with being 

randomly assigned to this condition. 

 

To better understand the mechanisms through which these implementation 

barriers emerged, log data from the proctoring software were accessed. Once the 

students had completed the set-up stage in the virtual examination procedure, they 

could access the exam via QMP. It appeared that 76 students who were observed in 

the setup of the proctored session were not able to do so. The 88 support requests 

received from students through the chat-box in the proctoring software revealed 

that students experienced severe technical difficulties when interacting with the 

online proctoring software: 12 students reported screen sharing problems, 16 

students reported app problems, 15 students reported that they could not be 

recorded, and five students reported that they could not find the link to the exam.  

 

After the field experiment, students were notified of the possibility to retake the 

practice exam in the LMS of the course. Substantially more students assigned to 

online proctored examination did so in the first 24 hours following the practice 
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exam. In the following days leading up to the summative exam, there is a parallel 

increase in the number of students who use the retake opportunity to participate 

in the practice exam for the first time in both groups (i.e., the group of students who 

were initially assigned to the on-campus examination and the group of students 

who were initially assigned to the online proctored examination), see Figure 2.5. 

Only four students that had quit the online proctoring set-up procedure ended up 

not participating at all in the practice exam online. Yet, there are still substantially 

fewer students assigned to online proctored examination who participated (at least 

once) in the practice exam. In total, 70.0% (N = 210) of the students assigned to 

online proctored examination participated in the practice exam at least once 

versus, 83.0% (N = 161) of the students assigned to the traditional on-campus 

examination. Logistic regression showed that participation in the practice exam 

during or after the experiment was affected by the proctoring mode that students 

were assigned to, b = .76, SE = 0.34, p = .023, χ2 [df = 3] = 9.23, p = 0,026. The odds of a 

student participating in the practice when he or she was initially assigned to the 

on-campus proctoring mode were 2.14 times greater than the odds for a student 

initially assigned to the online proctoring mode. 

 

2.5.3. Performance effects: practice exam and final exam results 

The results reveal no significant performance differences between the two 

conditions, both on grade and time spent on the practice exam (see Table 2.3). Next, 

it was tested whether there were performance differences or a difference in the 

number of no-shows on the final exam between the two experimental conditions. 

Such differences could have emerged as a result of the lower uptake of the practice 

exam in the online proctored examination condition. As shown in Table 2.3, this was 

not the case.  
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Table 2.3.  

Student Performance Compared Between Groups 
 Performance on the 

practice exam  

(N = 134) 

Time taken to finish 

in minutes  

(N = 134) 

Performance on the 

final exam  

(N = 438) 

No-shows on the final 

exam  

(N = 494) 

 B SE B B SE B B SE B B SE B 

Constant 3.59** 1.20 29.77** 16.00 6.51** .93   

Proctoring Mode a  .59 .46 -1.96 6.11 .04 .25 -.45 .42 

Student Controls ✓  ✓  ✓  ✓  

R2 .02  .07  .03  χ2 [df = 8] = 3.96 

a 1 = Students assigned to the On-Campus Proctored Examination, 0 = Students 

assigned to the Virtually Proctored Examination.  

*p < .05. **p < .01. 

 

2.5.4. Student characteristics: Dimensions of internal implementation 

barriers 

Data collected on students’ self-motivational beliefs, test anxiety, and self-

regulation were used to investigate the role of internal implementation barriers. The 

latter was done using two comparisons between the two experimental conditions. 

In the first comparison, students assigned to online proctored examination (N = 102; 

34.0%) observed in the set-up for the initial practice exam are compared to students 

assigned to on-campus examination (N = 108; 55.7%) that showed up in the exam 

room. No statistically significant differences were found (N = 177, F = 0.67 [df = 1], p = 

0.61) between the two conditions (see: Comparison 1 in Table 2.4). In the second 

comparison, students assigned to online proctored examination (N = 210; 34.0%) 

that had participated at least once in the practice exam at the time of the final 

exam are compared to students assigned to on-campus examination (N = 161; 

83.0%) for which this was the case. Again, no statistically significant differences 

are observed between the two conditions (N = 310, F = 1.27 [df = 1], p = 0.28) (see: 

Comparison 2 in Table 2.4). It is important to note that the relatively small sample 

sizes of the groups included in these comparisons yield relatively imprecise 

estimates and increase the risk of type II errors.  
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Table 2.4.  

Participating Students’ Self-Motivational Beliefs, Test Anxiety, and Self-Regulation 
 Comparison 1 

Condition Virtual proctoring On-campus proctoring 

Subgroup Students in the set-up 

(N = 102; 34%); M (SD) 

Students in the exam room 

(N = 108; 56%); M (SD) 

Self-motivational Beliefs 4.83 (0.59) 4.76 (0.59) 

Test Anxiety 4.38 (1.32) 4.14 (1.39) 

Self-regulation 4.37 (0.61) 4.42 (0.69) 

Previous grade 6.26 (1.89) 6.15 (1.81) 

F (df), p  0.67 (1), 0.61 

 

 Comparison 2 

Condition Virtual proctoring On-campus proctoring 

Subgroup Students taking the exam during and/or 

after the experiment 

(N = 210; 70%); M (SD) 

Students taking the exam during and/or 

after the experiment 

(N = 161; 83%); M (SD) 

Self-motivational Beliefs 4.83 (0.65) 4.74 (0.63) 

Test Anxiety 4.23 (1.29) 4.12 (1.33) 

Self-regulation 4.41 (0.67) 4.39 (0.70) 

Previous grade 6.53 (1.71) 6.13 (1.75) 

F (df), p 1.27 (1), 0.28 

 

2.6. Conclusion and discussion 

This study systematically evaluates uptake and performance in the online 

proctored examination and relates the results to student characteristics. The 

results point out that implementation barriers led to a vast decrease in uptake of 

the practice exam. Uptake in the traditional examination setting in this study was 

six times higher than uptake in the online proctored setting. Students in the online 

proctoring group may have been unmotivated to solve a practice exam in a different 

format from the final exam. However, students’ support requests mainly point at 

difficulties with the online proctoring software. The results of this study indicate 

that external implementation barriers in the form of technical and administrative 

hurdles caused students to quit the examination process before the practice exam 

was administered. This underlines the importance of effective support resources 
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for students during the implementation of new technology (Ertmer, 2012; Ruggiero, 

& Mong, 2015).  

 

Offering an alternative way to access the exam digitally –free of external barriers – 

did not make up for the observed differences between the groups throughout the 

two weeks following the initial practice exam attempt. Namely, the number of 

students who were assigned to the online proctored exam but who choose not to 

make the practice exam was larger than the number of students that did not make 

the practice exam among the students who were assigned to the traditional 

examination setting. As such, software-related issues alone could not have caused 

the observed uptake effects concerning the practice exam. Performance differences 

in the final exam for which the practice exam was preparing students remained 

unaffected. It is likely that – if present at all – a negative effect of the lower uptake 

among students assigned to the online proctored exam was neutralized by making 

the exam available online after the experiment.  

 

When comparing student characteristics of participating students between both 

experimental conditions, no significant differences were observed. More 

specifically, students who participated in the online proctored examination did not 

differ from students who participated in the traditional examination setting in 

terms of performance, motivation, and self-regulation. There are methodological 

limitations that can explain why these student characteristics were not found to 

explain the large differences in uptake observed. Firstly, comparing subgroups of 

participating students in the two conditions led to a loss in statistical power. 

Secondly, the reliability of the goal orientation subscales used for this study was 

found to be poor. Thirdly, motivation and self-regulation were measured a week 

before the practice exam, whereas levels of motivation and self-regulation might 

have been different during the field experiment. As a result, potential effects of 

student characteristics may not have been detected.  

 

Considering the now expanding opportunities to grasp digital traces of learning 

behavior, an interesting avenue for research on SRL is to investigate the value and 

meaning of computer-generated traces (or log files) of inferred SRL actions for 
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diagnosing the quality of SRL (Azevedo et al., 2017; Jansen et al., 2020; McCardle & 

Hadwin, 2015; Siemens & Gašević, 2012). Secondly, the outcomes of the current field 

experiment challenge the idea that having control over where to make positively 

affects student experiences and attainment. Therefore, future research about how 

learning environment and instructional design can intentionally foster students’ 

experiences of agency is warranted.  

 

In sum, this study shows that the complexity of implementation barriers can 

importantly obstruct students from successfully participating in the online 

proctored examination. Future research is needed to interrogate the impact of the 

stakes of the exam. In this case, it was a low-stakes exam for student success. The 

question is whether participation levels would have been larger with a high-stakes 

exam, or whether the effect of the implementation barriers would have been the 

same. 
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3. Tracking Patterns of Self-Regulated 

Learning Using Students’ Self-Reports 

and Online Trace Data  
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Abstract: For decades, self-report instruments – which rely heavily on 

students’ perceptions and beliefs – have been the dominant way of measuring 

motivation and strategy use. Event-based measures based on online trace 

data arguably have the potential to remove analytical restrictions of self-

report measures but have been relatively unexplored. The purpose of this 

study is therefore to triangulate constructs suggested in theory and 

measured using self-reported data with revealed online traces of learning 

behavior. The results show that online trace data of learning behavior are 

complementary to self-reports, as they explained a unique proportion of 

variance in student academic performance. The results also reveal that self-

reports explain more variance in online learning behavior of prior weeks than 

the variance in learning behavior in succeeding weeks. Student motivation is, 

however, to a lesser extent captured with online trace data, likely because of 

its covert nature. In that respect, it is of importance to recognize the crucial 

role of self-reports in capturing student learning holistically. The comparison 

with self-report data made in this manuscript sheds new light on the added 

values of innovative and traditional methods of measuring motivation and 

strategy use. 5 

 

  

 
5 This chapter has been published as: Van Halem, N., Van Klaveren, C., Drachsler, H., Schmitz, M., & 

Cornelisz, I. (2020). Tracking patterns in self-regulated learning using students’ self-reports and 

online trace data. Frontline Learning Research, 8(3), 140- 163.  
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3.1. Introduction 

Motivation and strategy use are core concepts in the literature on learning and 

instruction. Widely known and prominent in contemporary educational psychology 

is the theory of Self-Regulated Learning (SRL), which integrates these constructs in 

explaining student success. SRL can be defined as “an active, constructive process 

of goal setting and attempting to monitor, regulate, and control cognition, 

motivation, and behavior guided and constrained by goals and the contextual 

features in the environment” (Dinsmore, Alexander, & Loughlin, 2008; Jupp, 2006; 

Panadero, Klug, & Jarvela, 2016; Panadero, 2017; Pintrich, 2000, p. 453). SRL is an 

internal process that we cannot directly access, such that proxies are necessary to 

assess this SRL process (Boekaerts & Corno, 2005). 

 

For decades, it has been argued that aptitude-based self-report instruments – 

which rely heavily on students’ perceptions and beliefs – do not fully capture SRL. 

Theories of SRL emphasize that each instance of self-regulation is a function of the 

individual’s dynamic interaction with the learning environment, but few 

instruments satisfactorily capture such data (Boekaerts, Pintrich & Zeidner, 2000; 

Efklides, 2011; Veenman, 2011; Winne & Perry 2000). Yet, self-reports have remained 

the dominant way of measuring SRL (Boekaerts & Corno 2005; Winne and Perry 

2000), as the implementation of more time-intensive data collection methods, 

such as thinking-aloud protocols, event-based self-reports, or observations, are 

often not feasible in educational settings. The recent introduction of tracing 

methods in online learning environments mainly through learning analytics 

(Greller & Drachsler, 2012) sparked the development of an alternative event-based 

measurement method of SRL, enabling a form of online observation methods while 

influencing the learning process as little as possible (Panadero et al., 2016). These 

measurement methods are spurred by active efforts in the learning analytics 

community to bridge the gap between learning sciences and data analytics. 

However, so far learning theories such as SRL are seldom used as a theoretical basis 

for the design and evaluation of tracing methods (Jivet, Scheffel, Drachsler, & 

Specht, 2017; Jivet, Scheffel, Specht, & Drachsler, 2018). Furthermore, there is a 

dearth of empirical work into the potential of online observation methods to 

complement self-reports on SRL. The purpose of this study is therefore to 



          
 
48 

triangulate constructs suggested in SRL theory and measure using aptitude-based 

self-reported data with revealed online traces of learning behavior.  

 

This study takes place in the context of the implementation of a Learning Analytics 

application, called ‘the Learning Analytics Experiment’ in Dutch higher education. 

The main aim of the project was to create an opportunity for institutions, teachers, 

and students to gain experience with different facets of learning analytics (e.g., 

privacy, feedback provision, insight in the use of learning materials, etc.). The online 

traces of students’ learning behavior were recorded using xAPI (or Tin Can) trackers, 

which have the potential to track learning experiences and store records of learners’ 

(e.g., ‘access video’ or ‘receive a grade’). The trackers used in this study captured 

information specifically on the use of learning materials, such that the use of the 

online learning environment can be compared between students over time 

considering different components of SRL. This study describes an implementation 

of the xAPI trackers in a mandatory first-year statistics course at a Dutch university, 

during two consecutive academic years. During the implementation, self-reports on 

motivation and strategy use were collected to triangulate the trace data. This 

offered a rich case to unpack the aggregated data collected with self-reports and 

to, vice versa, color the trace data with self-reports on motivation and strategy use.  

 

3.2. Theoretical framework 

3.2.1. Complementarities of self-reported SRL measures and online trace data  

Online learning environments are central in today’s higher education, as they not 

only form a learning portal for a variety of purposefully selected learning resources, 

but also help to navigate through the course, enable students to be in contact with 

the instructor and peers, and to engage in various learning activities in a student-

led fashion (Lust, Collazo, Elen, & Clarebout, 2012; Molenda, 2008). Students leave 

traces when interacting with these online learning environments. Trace data can be 

defined as “observable evidence of particular cognitions that are obtained at points 

where a cognitive process is applied while completing a task” (Howard-Rose & 

Winne, 1993, p. 594). A growing body of literature confirms the importance of online 

learning environments for learning outcomes. Gašević, Kovanovic, Joksimovic, and 

Siemens (2014), for example, showed that the number of logins, number of 
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operations performed on discussion forums, and resources accounted for 

approximately 21% of the variance in academic performance. This finding is in line 

with earlier research on the relation between the frequency of visits to online 

learning environments and students’ academic performance (Coogan, Dancey, & 

Attree, 2005; DeNeui & Dodge, 2006; Wang & Newlin, 2000). Models on SRL provide 

a holistic theoretical foundation for the relation between observed student 

behavior in online learning environments and academic performance, based on the 

cognitive, metacognitive, behavioral, motivational, and affective aspects of 

learning (Panadero, 2017). One of the latest meta-analyses on the effect of SRL 

(Sitzmann and Ely, 2011) shows that the four biggest predictors of learning gains — 

goal level, persistence, effort, and self-efficacy — have a significant motivational 

value. A longitudinal investigation of the interaction between motivation, strategy 

use, and the learning environment is, however, scarce (Panadero, 2017).  

 

There are several reasons to believe that online trace data hold potential for tapping 

into the process of SRL. Students (especially in higher education) are the agents in 

online environment usage: they determine which resources are used and how these 

resources are used. The effects of the instructional design of a learner’s 

environment are therefore never deterministic since the use of the environment 

depends on the personal goals, motivation, and volition of the student (Winne & 

Baker, 2013). Usage of an online environment can be considered a skill in itself, as 

it requires a repertoire of learning strategies, confidence, and competencies. As Lust 

and colleagues (2012) put it, online environments are only beneficial when learners 

recognize the learning resources as a learning opportunity for which they are 

motivated to spend effort and time. In other words, effective use of online learning 

environments can be conceptualized as a manifestation of SRL. The extent to which 

an individual student is motivated and able to self-regulate their learning process 

is thus a prerequisite for effective tool use (Winne & Baker, 2013; Lust, Collazo, Elen, 

& Clarebout, 2012). In addition, and elaborately described by Fryer (2017), the 

relationship between motivation, strategy use, and the use of learning 

environments can be conceptualized as reciprocal. Namely, learning activities are 

undertaken in the process phase of learning, as well as the resulting product of 

learning, feedback to students’ beliefs, attitudes, and ideas around motivation, 
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strategy use, and self-regulation that play a role in the presage stage of learning. 

Online trace data, thus, reflect the dynamic relationship between students and their 

learning experiences over time.  

 

3.2.2. Removing analytical restrictions of inventories on motivation and 

strategy use with online trace data 

An event-based measure of SRL with online trace data arguably have the potential 

to remove analytical restrictions of aptitude measures. Firstly, and according to the 

overconfidence effect, unrealistically favorable attitudes that people have towards 

themselves (Taylor & Brown, 1988) can impose an upward bias in self-reports of 

motivation and strategy use. In other words, students might apply less and less 

effective study strategies than self-reported. Zhou and Winne (2012) confirm this 

theory empirically by showing that “trace data”-based measures of student 

achievement goal orientation were much stronger associated with learning 

outcomes than with self-reported ones. This is particularly pressing since existing 

research suggests that learners tend to use ineffective learning strategies 

(Jamieson-Noel & Winne, 2003), and do not make effective use of available 

resources to optimize their learning, even in those environments that build on 

effective learning designs (Ellis, Marcus, & Taylor, 2005; Lust, Elen, & Clarebout, 

2013). Potential reasons are students’ cognitive processing capacity (Chauliac, 

Catrysse, Gijbels, & Donche, 2020), exerted effort (Iaconelli & Wolters, 2020), and 

student characteristics (Vriesema, 2020). Comparing self-reported data with online 

traces of learning behavior taps right into a potential upward bias in self-reports on 

motivation and strategy use. Since online traces of learning behavior do not suffer 

from socially desirable responding bias, they may provide a better approximation 

of motivation and strategy use. Secondly, inventories are restricted as they often 

predetermine the level of aggregation in the analysis of data on motivation and 

strategy use (e.g., fixed at student-level), which, as a result, generates student-

focused or aptitude-based measures. This jeopardizes the potential of adapting 

effectively to individual needs and preferences during a study episode or 

educational program. Alongside self-report instruments that operationalized 

motivation and self-regulation as event-bound (Winne, 2010), event-based trace 

data of learning behavior can provide a dynamic insight into how motivation and 
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strategy use does not only vary between students but also within students over 

time. This is particularly relevant since previous research shows that self-

motivational beliefs and strategy use can vary considerably over the course of a 

study episode, or throughout the educational program (Boekaerts et al., 2000; 

Efklides, 2011; Veenman, 2011; Winne & Perry 2000).  

 

3.2.3. Status of research on SRL combining self-reports and online trace data 

Up until now, empirical studies on SRL that use online trace data often aim at 

identifying different patterns of user behavior. This has led to a wide variety of 

student typologies aiming at a better understanding of the type of learning 

strategies used by students, looking at the use of information tools (such as 

forums, instruction video’s, and interactive mind maps) over the duration of a 

course (Heffner & Cohen, 2005; Hoskins & van Hooff, 2005; Huon, Spehar, Adam, & 

Rifkin, 2007). Examples of typologies are the active and passive users of forums 

(Hoskins & van Hooff, 2005); the early-, constant-, and late users (Knight, 2010; 

Lust, Collazo, Elen, & Clarebout, 2012); the low-, average-, and high-frequency users 

(Bera & Liu, 2006; Jiang, Elen, & Clarebout, 2009). Research methods in identifying 

learning strategies inferred from online trace data evolve rapidly. A recent strand of 

research on trace data adopts data mining techniques in detecting striking, 

previously unknown, patterns in study tactics and strategy use (Han, Kamber, & 

Pei, 2011). In general, it remains a challenge to qualify these patterns, typologies, 

and clusters of study tactics, and to make these insights actionable for 

instructional design accordingly. So far, studies repeatedly find that usage patterns 

do explain variance in academic performance (e.g., Cho & Yoo, 2017; Cornelisz & van 

Klaveren, 2018; Gašević et al., 2014; Han et al., 2011; Schmitz et al., 2018), but what 

type of self-regulation it represents and the quality thereof remains a black box. 

Only a few studies that focus on triangulation of self-reports, specifically on SRL, 

are using online trace data of student learning. These studies that describe a 

quantitative comparison of self-reports on SRL and online trace data show that the 

relation between these two sources of data is not straightforward. Hadwin, Nesbit, 

Jamieson-Noel, Code, and Winne (2007) used ten relevant items from the motivated 

Strategies for Learning Questionnaire (MSLQ) on strategy use to explain students’ 

learning in gStudy, a web-based learning environment in which students read texts, 
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summarize, and use concept maps in an introductory educational psychology 

course (N = 188). They clustered students into four groups based on self-reported 

SRL data and found their actual learning patterns in gStudy differed substantially, 

even among students from the same cluster. Kim, Yoon, Jo, and Branch (2018) made 

a similar comparison among undergraduates in Korea. They analyzed online trace 

data from 284 undergraduate students enrolled in an asynchronous online 

statistics course. Based on self-reports collected with the MSLQ, students were 

classified as fully, partially, or not self-regulating. Surprisingly, this distinction did 

not reveal different patterns in online traces of learning. The main difference 

between the groups was timing in study behavior, students classified as not self-

regulating studied mainly shortly before the examination, which was negatively 

related to academic performance. A study by Guerra, Hosseini, Somyurek, and 

Brusilovsky (2016) used the achievement-goal questionnaire and online trace data 

(N = 89). Their study shows that students who report a high mastery approach show 

a higher level of activity in the online learning environment. Their results also 

suggest that highly motivated students are more sequential in their patterns of 

navigation, which means students are less likely to follow the suggested order of 

topics to study. Cho & Yoo (2017) adopted a different approach and compared 

precision in the prediction of students’ academic performance based on patterns 

in self-reports based on MSLQ and patterns in online trace data established with 

data mining techniques (N = 60). The model based on online trace data provided a 

more precise prediction. The authors note that this might be partly because the 

trace data provided more variables and was based on a bigger data set. Also, the 

study did not address whether or not it is likely that the self-reports and online trace 

data measured the same constructs. Like in the studies described earlier, the 

inventory is aptitude-based (Muis, Winne, & Jamieson-Noel, 2007; Zimmerman, 

2008), whereas the online trace data are event-based. Rogiers, Merchie, and Van 

Keer (2020) present one of the first studies in this space that compares event-

based self-report data with trace data. Overall, the interpretation of online trace 

data considering self-reports is not clear-cut, there are many questions left 

unanswered about the relationships between the constructs measured with an 

instrument such as the MSLQ and online trace data collected in different education 

settings.  
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3.3. This study 

This study aims to further explore the relationship between measures of SRL 

through self-reports and online trace data, by scrutinizing variance in self-reports 

and online trace data between and within students. Because the online traces of 

learning behavior are event-based, our study provides a dynamic insight into how 

motivation and strategy use vary between and within students over time. The 

findings are instrumental in guiding innovations in education towards effective 

personalized learning. Accordingly, the following research questions are formulated 

for this study:  

• To what extent do self-reports explain variance in online trace data of 

learning behavior? 

• How stable is the relation between self-reports and online trace data 

throughout the various weeks of the course?  

• How well do self-reports explain student performance in comparison to 

online trace data? 

 

Following Fryer (2017), we expect that self-reports on motivation, strategy use, and 

self-regulation gauge between-student differences in the presage stage and that 

online trace data gauge the process phase of learning. Concerning the first research 

question, it can, therefore, be expected that self-reports explain substantial 

variance in learning behavior observed through online trace data. Furthermore, 

student differences in the presage stage will likely be affected over time by the 

feedback loop between the presage, process, and product phase. Therefore, it can 

be expected that the self-reports predict online learning behavior most precisely at 

the time the self-reports are administered. Concerning research question two we 

expect that the relationship between self-reports and online trace data varies over 

time. Finally, considering the third research question, we expect online trace data 

to explain an equal amount or more variation in student performance than self-

reports, in line with the findings of Cho and Yoo (2017).  

 

This study adds to the existing literature as follows. Firstly, there are only a few 

studies so far that tapped into the relationship between self-reports and online 
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trace data. Given the sensitivity of the usage patterns to the instructional design of 

an online learning environment (Gašević, Dawson, Rogers, & Gašević, 2016), it is of 

great importance that a broad range of educational settings is explored with online 

trace data. The course, instructional design, and educational setting investigated 

in this study are considered particularly relevant because it is highly representative 

of other courses in mainstream Dutch higher education and since this particular 

course plays a crucial role in all social science programs in the Netherlands. In 

addition, this study compares multiple cohorts, which yields insight into continuity 

and change of strategy use with the constant evolvement of course design. 

Secondly, the few studies that have been comparing self-reports and online trace 

data so far dealt with relatively small sample sizes (Cho & Yoo, 2017; Guerra et al., 

2016; Hadwin et al., 2007; Kim et al., 2018) or did not measure the full range of self-

motivational beliefs and strategies with self-reports (Hadwin et al., 2007; Cho & 

Yoo, 2017). As a result, there is no clarity, yet, on the relevance and actionability of 

online trace data in comparison to inventories on motivation, strategy use, and self-

regulation.  

 

3.4. Methodology 

3.4.1. Participants 

The data used consist of self-reports and detailed log-data on SRL, collected among 

two cohorts of first-year students at the Faculty of Behavioral and Movement 

Sciences during a mandatory statistics course that took place between October and 

December 2016 (N = 435; 94.44% female, Mage = 20.60 years, SD = 5.18) and 2017 (N = 

489; 78.90% female, Mage = 20.88 years, SD = 3.48). The 2017 cohort included 

international students, as this was the first year that this course was also taught 

in English. The Faculty of Behavioral and Movement Sciences offers the following 

educational programs: movement sciences, education sciences, and behavioral, 

developmental, and clinical psychology.  

 

3.4.2. Course design 

3.4.2.1. Online learning environment 

The online learning environment was available to all students throughout the 

course and its usage was not mandatory in any sense. In 2016, the online learning 
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environment consisted of a learning management system (Blackboard) and a 

separate online learning tool, called I Hate Statistics.6 Blackboard is one of the 

leading commercial LMS software packages used by North American and European 

universities (Itmazi & Megias, 2005; Munoz & Duzer, 2005). From the start of the 

academic year 2017-2018, the institution switched to a new learning management 

system, called Canvas. Together with the standard features of LMSs, Canvas 

provides advanced options like learning outcomes, peer review, migration tools, e-

portfolios, screen sharing, and video chat, etc. Canvas is gaining popularity, 

hundreds of colleges, universities, and school districts currently use this package 

(www.instructure.com).  

 

Across cohorts, the learning management system was structured similarly. Both 

Blackboard and Canvas provided students with three types of tools: 1) an 

information tool (lecture slides, instruction video’s, and general course 

information), which provided the course content in a structured way; 2) a cognitive 

tool for self-assessments that enabled students to interact with the subject matter, 

to assess and to reflect on the learning content; and 3) a communication tool 

(forums) that enabled students to communicate with peers and instructors (Lust, 

Collazo, Elen, & Clarebout, 2012). The tools were structured based on the weekly 

topics of the course and were available at all times throughout the course.  

 

The learning management system referred students to ‘I Hate Statistics’7, which 

provided students with an online environment for practicing and studying, where 

students could engage in lessons, challenges, and self-assessments that were 

related to the weekly topics, or to other topics that were available in this 

environment. Each challenge consisted of on average maximum of ten questions; 

yet, the challenge was automatically finished when students correctly answered 

five questions within the challenge. A unique feature of the environment was that 

it is built around the statistics course and offered content in a particular week that 

was similar to the content offered in the lectures and seminars.  

 
6 This learning management system is currently called ‘Grasple’ 
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The xAPI tracking method is applicable for all online learning environments. In the 

context of this study, it was used to gain insight into the use of learning materials 

in the learning management systems. The teacher created so-called recipes and 

placed them in Blackboard, where the use of information resources and 

participation in online activities were tracked. These recipes ensured that the 

desired statistics were generated, as well as information on the type of tool that 

was used (e.g., slides, challenges, lessons) an action verb (e.g., accessed, received), 

and a label (e.g., lessons on the Chi-square test, lecture slides of week 1). A 

comparable tracking method was used in I Hate Statistics, which generated similar 

data about the use of the learning materials.  

 

3.4.2.2. Instructional design 

During the eight-week introductory statistics course, students had to attend two 

lectures each week in which theoretical concepts were addressed. Additionally, they 

had to attend one seminar each week with mandatory attendance in which the 

assignments and the subject matter were discussed and opportunities for peer- 

and teacher feedback were organized. Offline and in the course manual, students 

were referred to the textbook that the teacher selected as a starting point for the 

course. The use of this textbook is not traced within the online learning 

environment. The online learning environment provided opportunities for self-

assessment. The self-assessments in the learning management systems and I 

Hate Statistics were similar in nature and contained multiple-choice questions in 

which knowledge and comprehension were assessed. The learning management 

system contained four self-assessments; I Hate Statistics contained eight self-

assessments on the course topics. In the second year of this study, it also gave 

access to a practice exam, with questions that were representative for the final 

exam. At the end of the course (week 8), each student was graded based on a final 

multiple-choice exam and a research report. 
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3.4.3. Instruments 

3.4.3.1. Self-reports 

The motivated Strategies for Learning Questionnaire (MSLQ), a measure developed 

by Pintrich and colleagues (McKeachie, Pintrich, & Lin, 1985; Pintrich, 1991; Pintrich, 

McKeachie, & Lin, 1987; see also Duncan and McKeachie, 2005, for a more in-depth 

discussion), was used to assess self-reports on SRL. The MSLQ was derived from an 

extensive body of literature and was one of the first inventory on the quality of 

student learning that not only included attitudes, motivation, and strategy use, but 

also self-regulatory strategies (Entwistle & McCune, 2004). The MSLQ was 

progressive at the time by including the dimension of students’ consciousness 

about the teaching-learning environment, leading to the adaptation of ways to 

tackle academic work (Entwistle & McCune, 2004). Several studies argue that there 

is piecemeal evidence for the scale structure of the MSLQ (Hilpert, Stempien, van 

der Hoeven Kraft, & Husman, 2013; Tock & Moxley, 2017), yet, to this date, this 

inventory for students in higher education is still considered relevant considering 

the wide range of motivation, affect, strategy use, and self-regulation it covers. 

Appendix 3.1. describes the scales, along with a couple of sample items per scale.  

 

The MSLQ was administered once in the seminar of week four, along with several 

general questions about background variables, such as age and gender. The MSLQ 

contained 81 questions of which 31 items determined students’ motivational 

orientation towards the course and 50 items assessed metacognition. The 

questions assess the propensity of students to engage in SRL within the specific 

context of this course, but, overall, the MSLQ has been classified as an aptitude 

measure of SRL (Muis et al., 2007; Zimmerman, 2008). Students answered with a 7-

points Likert scale, ranging from ‘not at all true for me’ to ‘very true for me’. The 

motivational orientation is divided into six subscales: Intrinsic goal orientation, 

extrinsic goal orientation, task value, self-efficacy, control beliefs, and test anxiety. 

Metacognition was scored on nine subscales: rehearsal, elaboration, organization, 

critical thinking, metacognitive self-regulation, time and study environment, effort 

regulation, peer learning, and help-seeking. A definition per subscale is provided in 

Appendix 3.1. For a complete description of the MSLQ and each of its subscales, we 

refer to the manual of the MSQL (Pintrich, 1991).  
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Reliability coefficients were determined with the Cronbach’s Alpha (see Appendix 

3.1.). It is important to note that the reliability of the goal orientation sub-scales is 

poor. Scrutinizing the data per item did not point out particular weak items that 

could be removed from the scale to improve reliability.  

 

3.4.3.2. Online trace data 

Online trace data were obtained as part of the project ‘the Learning Analytics 

Experiment’. The teacher of the course was actively involved in defining what type 

of data were collected. The teacher was facilitated to track any learning activity in 

the learning management system with trackers designed by SURFnet and the 

Amsterdam Center for Learning Analytics (ACLA). The trackers were based on xAPI 

recipes (a set of rules). The teacher defined the set of rules, based on activities, 

verbs, and labels. For example, ‘formative exam’ (activity)  ‘accessed’ (verb)  ‘week 

3’ (label). After defining a recipe, an HTML code was provided that accordingly was 

embedded in the online learning environment, often in the form of an empty object 

in the environment.  

 

In addition, the designers of the application I Hate Statistics provided access to the 

data they collected on each learning activity a student engaged in, as well as the 

timestamp, the length of the learning activity, the number of questions that a 

student answered within a lesson or a challenge, and the success rate within a 

lesson or challenge was logged for each student. After processing the data, 

variables were selected to be included in the current study, following the work of 

Guerra and colleagues (2016), Kim and colleagues (2018), and Theobold and 

colleagues (2018), These variables are described in Table 3.1. The count- and time-

based variables were aggregated to the week level based on the week-based 

structure of the course; Each week was structured around a particular topic. The 

variables Sequential Navigation and Distributed Learning provide a metric 

(respectively a ratio and a count measure) on student level, to deduce an overall 

measure of students’ patterns in the use of the online learning environment 

throughout the eight weeks of the course.  
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Table 3.1. 

Interpretation of Online Trace Data in Week- and Student Level Variables 

 
Variable Operationalization 

Total Time Investment in 

Practicing 

Week level count of minutes of practicing time in I Hate Statistics. I Hate Statistics 

provided the only online opportunities to practice the subject matter, time spent 

practicing was captured by the application. The xAPI trackers on the other resources 

available online did not capture the time students spend interacting with it, which 

means this is excluded from this variable.  

 

Total Participation in Learning 

Activities 

Week-level count of the number of lessons, challenges, videos, lecture slides, course 

information, and blog posts students accessed during the eight-week course. Self-

tests and forum visits are excluded from this variable.  

 

Seeking and Providing Help Week-level count of the number of forums threads accessed by the students during 

the eight-week course. 

 

Self-Assessment Week-level count of self-tests students took. In the first four weeks of the course, 

two self-tests were available to the students. In the sixth week, a practice exam was 

available to the students online.  

Self-tests contained several multiple-choice questions or open questions that 

covered different topics of the lecture. At the end of each self-test, students received 

feedback and an explanation if an answer was wrong. Each student had permission 

to run every self-test as many times as desired.  

 

Sequential Navigation Week-level count of within-topic or next-topic accessed resources. Every act of 

accessing learning resources (as defined under total participation in learning 

activities) was classified into four different groups: (1) within-topic, which indicates 

accessing a learning activity related to the weekly topic; (2) next-topic, which 

indicates accessing a learning activity related to next week’s topic (according to the 

sequence of topics in the course), (3) jump- forward, which indicates accessing a 

learning activity related to a topic of two or more weeks away from the current topic, 

and (4) jump- backward, which indicates accessing a learning activity related to a 

previous week topic. A within-topic or next-topic move represents sequential 

navigation, while a jump-forward or jump-backward move represents a non-

sequential navigation pattern. We then computed the ratio of sequential navigation 

versus non-sequential accessing acts per student per week up until week 6. In each 

of the first 6 weeks a new topic was introduced, week 7 covered all topics, and week 

8 was dedicated to the final exam.  

 

Distributed Learning Student level count of the number of weeks in which each student had accessed 

learning resources in the online learning environments irrespective of the actual 

amount of time students spent online. Higher values on this variable suggest a more 

distributed, continual engagement with the course content. Values on this variable 

could range from zero to eight, as the course duration was eight weeks.  
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3.4.3.3. Academic performance 

Students’ academic performance is measured with the summative course 

evaluation. At the end of the course, students’ final grade was determined based on 

the results of a multiple-choice exam and the grading of the research report. The 

exam included 30 four-answer choice questions; ten questions targeted 

knowledge, ten targeted insight, and the other ten targeted calculations. Appendix 

3.2. provides sample questions of each category. The exam was designed by the 

course coordinator. In general, all course coordinators are equipped with training 

that covers basic knowledge and skills on constructing multiple-choice tests. The 

course coordinator had, furthermore, access to a database with high-quality 

questions used in previous years, which – albeit slightly modified – could be used 

to put together the exam. The exam underwent peer review and psychometric tests, 

the latter was used in the grading process. Final grades were scored on a scale from 

1 to 10 with 10 being the highest and with 5.5 as the passing threshold.  

 

3.4.4. Procedure 

Students were provided with an informed consent form for both the self-report data 

and the online trace data. In the 2016 cohort, informed consent for the online trace 

data was obtained at the beginning of the course, whereas informed consent for the 

self-report data was obtained during the student survey in week 4 of the course. In 

the 2017 cohort, students were provided with one informed consent form including 

permission to use both sources of data at the beginning of the course.  

 

3.4.4. Analysis strategy 

Data preparation procedures were applied before the analysis. Homogeneity of the 

data across cohorts was established for motivation and strategy use reported by 

students, for the variables based on the online trace data, and for academic 

performance, using Levene’s test for homogeneity of variance and independent-

sample t-tests. Multiple imputation methods were applied to deal with missing 

data on items of the MSLQ scales in the following analyses, using the Markov chain 

Monte Carlo method with 10 iterations, with IBM SPSS Statistics 25. 
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To answer the first research question, the extent to which student self-reports tap 

motivation and strategy use as reflected in the online trace data online learning 

behavior was examined. To that end, explained variance in online trace data of 

learning behavior by student self-reports was investigated with ordinary least 

square regression analyses. Total participation in learning activities was used as 

the dependent variable because it identified between-student and between-week 

variance and comprised student engagement in both the learning management 

system and the online practicing environment. After looking at the data on the 

course level, models were tested on a week level, to gauge variability in the relation 

between online trace data and self-reported data based on the MSLQ and answer 

the second research question. 

 

To answer the third research question, the relation between self-reports and online 

trace data was gauged with a third proxy of student motivation and strategy use: 

student academic performance based on students’ grades on the multiple-choice 

exam at the end of the course. The proportion explained variance in academic 

performance by online trace data and self-reports was identified with ordinary least 

square analyses, separately and combined. In all analyses, students’ gender and 

age were included as control variables. 

 

3.5. Results 

3.5.1. Descriptive statistics 

In total, 605 students gave active consent to include their data collected during the 

course for these students could be used in the analyses. The results of the 

homogeneity tests and descriptive statistics are shown in Table 3.2. Both the self-

reports and the online trace data differ significantly between the cohorts, likely 

related to the introduction of the practice exam for the 2017 cohort and the 

demographical shift based on the inclusion of international students in 2017. For 

example, the level of extrinsic motivation is significantly higher in the second 

cohort, as well as the average number of self-assessments per student per week. 

Even though students in the 2017 cohort engaged significantly more in self-

assessments, their participation in online learning activities was on average 



          
 
62 

significantly lower and they engaged in online learning activities in six out of eight 

weeks versus seven in 2016.  

 

Table 3.2. 

Tests of Homogeneity  
  Cohort 2016 Cohort 2017 Levene’s test for 

equality of 

variances  

T-test for equality 

of means   N M (SD) N M (SD) 

Age  121 20.57 (5.18) 393 20.84 (3.43) *  

Grade Multiple Choice 

Exam 

 116 6.80 (1.86) 429 6.57 (2.31) ***  

Grade Research Report  111 6.48 (1.58) 337 6.81 (1.67)   

        

Intrinsic Goal 

Orientation  

 120 4.89 (0.87) 396 4.74 (0.87)   

Extrinsic Goal 

Orientation 

 120 4.09 (1.32) 396 4.49 (1.10) ** ** 

Task Value  120 4.81 (0.90) 396 4.95 (0.85)   

Self-Efficacy   120 4.54 (0.91) 396 4.28 (1.05)  * 

Test Anxiety   120 4.17 (1.20) 396 4.24 (1.31)   

Control of Learning 

Beliefs 

 120 5.47 (0.87) 396 5.43 (0.92)   

Metacognitive Self-

Regulation  

 120 4.16 (0.70) 395 4.37 (0.76)  ** 

Rehearsal   119 4.51 (1.03) 395 4.28 (1.19)  * 

Elaboration   119 4.83 (0.82) 324 5.05 (0.85)  * 

Organization   119 4.50 (0.98) 395 4.64 (1.11) *  

Critical Thinking  119 3.20 (0.87) 395 3.72 (1.14) *** *** 

Time and Study 

Environment  

 119 4.58 (1.12) 395 4.76 (0.96) *  

Effort Regulation   119 4.87 (1.14) 394 4.58 (1.24)  * 

Peer Learning   119 3.60 (1.16) 395 3.70 (1.27)   

Help Seeking  119 4.52 (1.12) 395 4.06 (1.23)  ** 

        

Total Time Investment 

(min) 

 120 36.81 (76.94) 429 29.20 

(98.04) 

  

Total Participation   121 20.51 (7.18) 479 12.48 (7.02)  *** 

Seeking and providing 

help 

 121 0.92 (3.00) 479 1.12 (2.26)   

Self-Assessment  121 1.25 (0.71) 479 8.18 (10.54) *** *** 

Sequential Navigation  121 0.35 (0.15) 470 0.34 (0.20) *  

Distributed Learning  121 7.19 (1.00) 479 6.20 (1.94) *** *** 

        

Chi-square test, χ 

Gender (1 = female)  121 0.87 (0.34) 395 0.81 (0.39)  7.64, p = .17 

* α =.05; ** α =.01; *** α =.001 
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3.5.2. The relationship between self-reports and online traces of motivation 

and strategy use over time 

The variables obtained through self-reports were regressed on online trace data, 

both on the student- and week-level, using standardized values, revealing how 

stable the relationship between self-reports and online trace data is over time. 

Student controls (age, gender, and cohort) were included in each of the models. The 

results are presented in Table 3.3. A comparison of the adjusted R2 of the baseline 

model and the model of the sum of participation over the whole course reveals that 

students’ self-reports on motivation and strategy use explain about 9% of the 

variance in the resources accessed in the online learning environment.  

 

The adjusted R2 of the models across weeks indicates that students’ self-reports 

seem to explain more variance in participation in the weeks before the collection of 

the self-reports (week 4) than participation in the weeks afterward. The self-reports 

on time and study environment management explain a substantial proportion in 

the variance in participation up and including week 4, but this changes in the 

weeks after the self-reports were collected. Self-reports on rehearsal and 

elaboration strategies emerge as significant predictors of participation in weeks 3-

6 and 8.  

 

Figure 3.1 shows the extent to which predictions of participation based on the online 

trace data of week 4 and the self-reports are representative for participation in other 

weeks. Actual participation levels reveal that student participation fluctuates over 

time, with on average a peak in week 2 and week 8.  

 



 

 

 

Table 3.3. 

Self-Reports Regressed on Online Trace Data 
Dependent variable: Total 

Participation 

Baseline Sum Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

  B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) 

Model 1: Self-Reports N = 604 N = 604 N = 457 N = 520 N = 542 N = 531 N = 505 N = 460 N = 421 N = 445 

Intercept -.47 (.09)*** -.39 (.10) *** -.47 (.10)*** -.42 (.11)*** -.22 (.09)* -.13 (.09) -.26 (.12)* -.14 (.12) -.07 (.12) -.07 (.20) 

Student controls  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cohort control  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Intrinsic Goal Orientation  n/a -.10 (.05)* -.06 (.05) -.06 (.05) -.04 (.05) .02 (.05) -.04 (.06) -.01 (.06) .02 (.06) -.10 (.11) 

Extrinsic Goal Orientation n/a -.01 (.04 .03 (.04) -.05 (.05) .04 (.04) -.01 (.04) -.06 (.05) -.01 (.05) -.02 (.05) .07 (.09) 

Task Value n/a .03 (.05) .02 (.05) .02 (.05) .04 (.04) -.04 (.05) -.04 (.06) -.07 (.06) .00 (.06) .05 (.11) 

Self-Efficacy  n/a .03 (.05) .09 (.05) .09 (.06) .02 (.05) -.04 (.05) .12 (.06) -.10 (.07) -.08 (.06) .06 (.11) 

Test Anxiety  n/a -.01 (.04) .02 (.04) .04 (.05) .04 (.04) .00 (.04) .08 (.05) -.01 (.05) -.02 (.05) .04 (.09) 

Control of Learning Beliefs n/a .06 (.04) .04 (.04) -.01 (.05) .01 (.04) .04 (.04) .05 (.05) .08 (.05) .06 (.05) -.03 (.09) 

Metacognitive Self-

Regulation  

n/a -.01 (.05) 

-.01 (.05) .01 (.06) -.07 (.05) -.06 (.05) -.06 (.06) .08 (.07) .00 (.06) .16 (.11) 

Rehearsal  n/a -.05 (.04) -.07 (.05) -.07 (.05) -.02 (.04) -.11 (.04)** .00 (.05) -.11 (.05)* .04 (.06) .14 (.09) 

Elaboration  n/a -.12 (.05)* -.02 (.05) -.08 (.05) -.10 (.04)* .06 (.05) .05 (.06) .10 (.06) -.08 (.07) -.31 (.11)** 

Organization  n/a -.02 (.05) -.05 (.05) .03 (.05) .00 (.04) .03 (.04) .04 (.06) -.15 (.06) .01 (.06) -.02 (.10) 

Critical Thinking n/a -.02 (.04) -.06 (.04) -.03 (.05) .00 (.04) -.01 (.04) -.03 (.05) -.04 (.06) -.01 (.05) .11 (.10) 

Time and Study 

Environment  

n/a .30 (.05)*** 

.31 (.05)*** .23 (.06)*** .19 (.05)*** .24 (.05)*** .11 (.06)* .11 (.06) .08 (.06) -.02 (.11) 

Effort Regulation  n/a .08 (.05) .02 (.05) .09 (.06) .09 (.05) .02 (.05) .03 (.06) .03 (.06) -.08 (.06) -.13 (.12) 

Peer Learning  n/a .05 (.04) -.04 (.04) -.06 (.05) -.02 (.04) -.01 (.04) .04 (.05) .01 (.05) .04 (.05) -.01 (.09) 

Help Seeking n/a .02 (.04)* .08 (.04) .05 (.04) .03 (.04) -.01 (.04) .01 (.05) .00 (.05) -.02 (.05) -.04 (.09) 

Adjusted R2 .19 .28 .28 .32 .21 .09 .03 .03 -.02 .04 

* α =.05; ** α =.01; *** α =.001 
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Figure 3.1.  

Predicted Participation Based on the Regression of Students’ Self-Reports on Total 

Participation in Week 4 and the Actual Participation Across Weeks 

 
 

3.5.3. Explained variance in academic performance by self-reports and online 

traces of motivation and strategy use 

The variables based on self-reports and online trace data were regressed on 

academic performance; using standardized values and in a stepwise fashion, see 

Table 3.4. Student controls (age, gender, and cohort) were included in each of the 

models. The differences in explained variance between Model 1 and Model 2 need to 

be interpreted with caution, as there are substantially fewer variables included in 

Model 2. Based on the explained variance of Model 3, it can be concluded that there 

is a substantial unique contribution of the self-report and online trace data-based 

variables in predicting academic performance. In the final model, there are three 

scales of the MSLQ that explain a substantial proportion of academic performance; 

self-efficacy, elaboration strategies, and effort regulation. Four variables based on 

the online trace data explain substantial variation; total time invested, total 

participation, self-assessment, and distributed learning. The total time invested in 

the online learning environment is negatively related to academic performance, 

even though the total amount of resources accessed by the student (i.e., total 

participation) is positively related to academic performance.  

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Prediction based on data collected in week 4 15.53 15.53 15.53 15.53 15.53 15.53 15.53 15.53
Actual 12.52 16.57 14.97 15.53 14.81 14.24 13.08 16.35
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Table 3.4. 

Self-Reports and Online Trace Data Regressed on Academic Performance 
Dependent variable: Grade on 

the multiple-choice exam 

Model 0: Baseline Model 1: Self-

reports 

Model 2: Online trace 

data 

Model 3: 

Combined 

 N B (SE)  B (SE)  B (SE)  B (SE) 

         

Intercept 604 .22 (.10)*  -.28 (.10)**  -.12 (.10)  -.21 (10)* 

         

Student controls  ✓  ✓  ✓  ✓ 

Cohort control  ✓  ✓  ✓  ✓ 

Self-reports         

Intrinsic Goal Orientation   n/a  -.12 (.05)*  n/a  -.08 (.05) 

Extrinsic Goal Orientation  n/a  -.07 (.04)  n/a  -.06 (.04) 

Task Value  n/a  .01 (.05)  n/a  -.00 (.05) 

Self-Efficacy   n/a  .19 (.06)***  n/a  .17 (.05)** 

Test Anxiety   n/a  -.09 (.05)*  n/a  -.08 (.04) 

Control of Learning Beliefs  n/a  .10 (.05)*  n/a  .08 (.04) 

Metacognitive Self-Regulation   n/a  -.04 (.05)  n/a  -.02 (.05) 

Rehearsal   n/a  -.07 (.05)  n/a  -.06 (.04) 

Elaboration   n/a  .06 (.06)  n/a  .10 (.05)* 

Organization   n/a  .07 (.05)  n/a  .06 (.05) 

Critical Thinking  n/a  -.02 (.05)  n/a  -.03 (.04) 

Time and Study Environment   n/a  .10 (.06)  n/a  .03 (.05  

Effort Regulation   n/a  .20 (.06)***  n/a  .16 (.05)** 

Peer Learning   n/a  -.00 (.05)  n/a  -.04 (.04) 

Help Seeking  n/a  .02 (.04)  n/a  .03 (.04) 

Online trace data         

Total Time Investment  n/a  n/a  -.12 (.04)**  -.14 (.04)*** 

Total Participation   n/a  n/a  .16 (.05)**  .12 (.05)* 

Seeking and providing help   n/a  n/a  .05 (.04)  .02 (.04) 

Self-Assessment  n/a  n/a  .24 (.05)***  .17 (.05)*** 

Sequential Navigation  n/a  n/a  .08 (.04)*  .01 (.04) 

Distributed Learning  n/a  n/a  .08 (.05)  .10 (.48)* 

         

Adjusted R2  .02  .18  .18  .27 

* α =.05; ** α =.01; *** α =.001 

 

3.6. Conclusion and discussion 

This study aimed to provide insights into how Self-Regulated Learning (SRL) can be 

measured in and as a function of the learning environments. To that end, this study 

looked into the relationship between measures of SRL through aptitude-based self-

reports and event-based online trace data. Using event-based measurement 

methods of SRL based on online trace data complementary to self-report 
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instruments can be a first step in capturing self-regulation as a function of the 

individual’s dynamic interaction with the learning environment (Boekaerts et al., 

2000; Efklides, 2011; Veenman, 2011; Winne & Perry 2000). Capturing the individual’s 

dynamic interaction with the learning environment can be instrumental in guiding 

innovations in education towards effective personalized learning and enabling 

teachers to adapt to individual differences in SRL during a study episode or 

educational program.  

 

The results of this study show that self-reports on motivation and strategy use 

explain 28% of the variance in online study behavior overall versus 18% in academic 

performance. None of the MSLQ scales on motivation significantly predicted online 

learning behavior, whereas several MSLQ scales on strategy use did; namely, the 

scales that measured rehearsal strategies, elaboration strategies, and time and 

study environment management strategies. Given the prominent role of personal 

goals, efficacy, and interest in general models for student learning (Fryer, 2017), it is 

striking that the MSLQ scales on motivation did not explain variance in online trace 

data. At the same time, these results are in line with previous research on self-

reports of motivation in higher education that does show a strong relation with 

achievement (e.g., Hattie, 2015) but not with study behavior measured with online 

trace data (e.g., Cho & Heron, 2015; Zhou & Winne, 2012). This could suggest that 

the motivational aspects of self-regulatory processes are not captured with online 

trace data, because of their covert nature. In that respect, it is of importance to 

recognize the crucial role of self-reports in gaining broad insights into SRL. 

 

At the same time, the results of this study underline the added value of online trace 

data of learning behavior. Firstly, online trace data of learning behavior explained a 

unique proportion of variance in student academic performance. In this study, the 

number of logins, number of operations performed on discussion forums and 

resources accounted for approximately 18% of the variance in academic 

performance. Although this is substantially less than the 21% found by Gašević and 

colleagues (2014), it is equal to the amount of variance in academic performance 

explained by students’ self-reports on motivation and strategy use. As expected and 

along with the findings of the study of Cho & Yoo (2017), where online trace data 
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produced an even more precise prediction of academic performance than students’ 

self-reports, this study provides a strong indication of the potential of online trace 

data to tap self-regulatory processes, in particular strategy use. The fact that online 

trace data still predict a unique proportion of variance in academic performance 

when studied in combination with self-reports might be explained by its potential 

to bypass a potential upward bias in self-reports of motivation and strategy use due 

to the overconfidence effect (Taylor & Brown, 1988) as they do not suffer from 

socially desirable responding bias. 

 

Finally, this study shows that online study behavior and the relation between self-

reports and online trace data varies vastly from week to week. Students’ self-reports 

seem to be mainly based on prior learning experiences within the course, as the 

reports did explain variation in online learning behavior before the collection of self-

reports, but substantially less thereafter. This finding is in line with the 

expectations around the second research question and fits the theoretical lens 

provided by Fryer (2017) about the feedback loop between students and their 

learning experiences. We can conclude that the use of self-reports does constrain 

the analytical choices made with self-report data to some extent: The online trace 

data revealed a large amount of within student variance. Online trace data are 

therefore an important addition to self-reports in guiding innovations in education 

towards effective instructional design and personalized learning as they have the 

potential to give teachers and students real-time insights in strategy use and self-

regulation.  

 

An avenue for future research is to combine event-based self-reports and online 

trace data in measuring SRL. Especially since the results of this study did not 

identify a relation between online trace data and self-motivational beliefs, 

potentially due to the weak reliability of some of the MSLQ scales. Furthermore, the 

identified heterogeneity of the two cohorts in this study warrants further 

investigation. The consent procedure resulted in a sample that may not be 

representative of the entire first-cohort student population.  
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Future research is also needed to investigate how real-time measures of SRL 

through online trace data and self-reports can inform teaching and learning. The 

LISSA project is a good example where learning analytics were used to support the 

adviser-student dialogue, in a way that helped motivate students, triggered 

conversation, and provided tools to add personalization, depth, and nuance to the 

advising session (Charleer, Moere, Klerkx, Verbert, & De Laet, 2018). Similar efforts 

based on online trace data or event-based self-reports are scarce, but pivotal to 

design and evaluate personalized interventions in online learning environments 

that promote effective study behavior.  
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4. Achieving Student Agency: A Review 

and Theoretical Model  
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Abstract: Promoting student agency has the potential to improve educational 

outcomes and contribute to active membership of the school community and 

society. This study reviews how different types of classroom interventions 

affect student agency by examining empirical work on student agency that 

took place in the context of primary and secondary education between 2009 

and 2019. Participants of the reviewed studies ranged from four to nineteen 

years old, including students with special educational needs. The literature 

review reveals that increased classroom dialogue generally yields positive 

effects on student agency. However, altering the instructional design and 

increasing learner control has varying effects on student agency. Accordingly, 

this paper proposes the Agency Through Transactional proximity (ATP) model 

which addresses the dynamic interaction and trade-offs between concepts of 

instructional design, learner control, and dialogue in bringing about student 

agency in primary and secondary education. The review results are discussed 

considering this model.  
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4.1. Introduction 

Schools increasingly commit to progressive pedagogy that fosters student agency 

(e.g., Alexander & Murphy, 1998; Leadbetter, 2005; Lingard & Mills, 2007; Mahony & 

Hextall, 2009; Needham, 2011; Ruddock, 2006). Agency is practiced (and 

manifested) when a learner exerts influence, makes choices, and takes stances in 

ways that affect learning and self-concept concerning learning (Giddens, 1984; see 

also Eteläpelto et al., 2013; Varpanen, 2019). Student agency is in itself an important 

outcome, as it not only enhances educational achievement and attainment (Conley 

& French, 2014; Dignath & Büttner, 2008; Vaisarova & Reynolds, 2022), it also 

contributes to the way to further education, enrichment, and the employment 

future (Kirschner & Stoyanov, 2020; O’Connor & Camino, 2005; Mitra & Serriere, 

2012), and it contributes to a sense of active membership of the school community 

and society (Rudduck, 2006). Student agency is achieved in – and as a function of 

– a context, rather than being solely about the capacity of actors (Clark et al., 2016; 

Emirbayer & Mische, 1998). It should, therefore, be understood how learning 

environments can foster student agency for students with an otherwise low sense 

of agency (Priestley et al., 2015). Therefore, the literature review presented in this 

paper describes the effects of classroom interventions on manifestations of 

student agency in the context of primary and secondary education. 

 

Existing literature reviews focus primarily on the direct effects of interventions for 

student agency on achievement (e.g., de Boer et al., 2013; de Bruijn-Smolders, 

Timmers, Gawke, Schoonman, & Born, 2016; Dignath & Büttner, 2008). However, a 

recent literature review by Jansen and colleagues (2019) points to a lack of evidence 

for the assumption that certain interventions for student agency improve 

academic achievement through to their effects on student agency. They showed 

that the effect of self-regulated learning interventions on achievement was only 

partly explained by the self-regulated learning activities of students. It is therefore 

important that student agency interventions are not only evaluated by their effect 

on achievement scores, but also evaluated according to their effect on expressions 

of student agency in students’ attitudes, students’ self-motivational beliefs, 

students’ ability to regulate their learning, and students’ ability to voice their needs, 

preferences, and beliefs (Alexander & Murphy, 1998; Cornelisz & van Halem, 2016; 
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Fielding, 2004; Rudduck, 2006; Watson et al., 2015). Moreover, to better guide 

schools in their ambition to foster these student qualities (Neeleman, 2019). The 

growing number of empirical studies on student agency interventions, for example, 

goal-based learning (DeMink-Carthew et al., 2017), student coaching (Baez-Estradas 

& Alonso-Tapia, 2017), and inquiry-based learning (Dobber et al., 2017; Schmid, & 

Bogner, 2017) now enables a review of these different types of classroom 

interventions considering their effect on student agency.  

 

The present study aims to contribute to a better understanding of how student 

agency can be promoted in the context of primary and secondary education. In line 

with most of the literature on teaching and instruction, we will here consider 

student agency related to student learning (Matusov et al., 2016). These are 

manifested in – but analytically separable from the school environment. We seek to 

gain a more complete understanding of empirical work in this field, in terms of the 

features of the learning environment that can promote agency. In reviewing the 

literature, we will address the following research questions.  

• How has student agency been operationalized and promoted in the literature 

on classroom practices in primary and secondary education? 

• What conclusions can be drawn from this literature about how social 

processes and material and organizational structures influence, constrain, 

and/or resource student agency?  

 

In our analysis, we will consider discursive and practical aspects of agency-

promoting classroom interventions, and what is known about the effects of 

different types of agency-promoting classroom interventions. In doing so, we will 

consider the different theoretical and methodological underpinnings of these 

interventions and discuss different strands of research separately. 

 

The literature review presented here furthermore aims to generate new hypotheses 

on why particular interventions for student agency do or do not have the desired 

effect. Building on the review results, we propose the Agency through Transactional 

Proximity (ATP) model. Transactional proximity (Moore, 1983), a concept stemming 

from the field of distance education, is a product of the dynamic interaction and 
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trade-offs between concepts of instructional design, learner control, and dialogue. 

Transactional proximity, we argue, is the latent factor in interventions that 

successfully balance freedom and structure in achieving student agency. The 

mechanism that connects the concepts of transactional proximity, control, and 

student agency is the object of the ATP model. The model offers a theoretical 

integration of the concept of transactional proximity, learner control, and student 

agency. The advantage of such a model is that it offers a theoretical framework that 

integrates notions from different research traditions and paradigms, goes beyond 

extant models, and allows insight into the mechanisms of instructional design for 

student agency. After presenting a review of the empirical evidence base, the ATP 

model is discussed considering its potential to explain the results of this review. 

 

4.2. Theoretical background 

It is beyond the aims of this study to discuss the historical background of (student) 

agency. A clear analysis and discussion of the issue are already provided in several 

recent landmark publications (e.g., Eteläpelto et al., 2013; Pantic, 2017; Varpanen, 

2019). However, some discussion is necessary of the different ways to view student 

agency.  

 

For some scholars, student agency is manifested when a learner (or group of 

learners) exerts influence, makes choices, and forms attitudes in ways that affect 

their learning and learning-related self-concept (e.g., Billett, 2006; Giddens, 1984). 

Following this claim, individuals’ autonomous beliefs, attitudes, and actions reflect 

personal agency. Scholars at the other side of the spectrum define beliefs and 

actions as dependent on socially constructed systems of meaning, which shapes 

and constraints a person’s agency (e.g., McNay, 2004; Schlosser, 2015). For this 

study, we follow the suggestion of Eteläpelto and colleagues (2013) to view 

individuals and the social systems surrounding them as analytically separate but 

mutually constitutive of each other. Thus, beliefs and actions can have a social 

genesis, but they can also emerge from subjects’ personal histories, identities, and 

capacities (Priestley, Biesta, & Robinson 2013; 18). Such a perspective does not 

position learners as passive carriers of their contextual conditions, but capable of 

transforming these conditions. This ontological stance allows for theorizing the role 
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of the temporal, practical, and discursive dimensions of the learning environment 

(Charteris & Smardon, 2018).  

 

For the review presented here, we will elaborate on three discursive constructs 

about the learning environment: instructional design, learner control, and dialogue 

(Archer, 2003; Fraser, 2018; Moos, 1973). Concerning the first, we will examine 

structures provided in the form of instructional materials and the form of 

classroom organization (e.g., lesson duration or seating arrangements). The second 

construct, learner control, addresses the influence that the student can exert in 

terms of learning goals and learning strategies. This inherently includes the tension 

between normative conceptualizations of student agency (a learner should choose 

to do what is considered beneficial for learning processes) and freedom for the 

individual in how and for what purposes one exerts agency. The third construct, 

dialogue, addresses the interactions and communications in the classroom, in the 

shape of instructions and other forms of dialogue between actors in the learning 

environment. 

 

Furthermore, we use the four conceptualizations of student agency proposed by 

Charteris and Smardon (2018). The first is sovereign agency, meaning that agency 

is manifested in the learner and captured through measures of variation between 

learners. For example, in terms of motivation, self-regulation, and self-

determination. The second is relational agency, meaning that agency is manifested 

in social relationships and collaboration and gauged through the student’s 

interpretation of their role and of their capacity for collaboration. The third is 

ecological agency, meaning that agency is manifested differently from context to 

context, depending on the environmental possibilities and constraints, and that 

students mobilize different beliefs, values, and attributes in different situations. 

The fourth is new material agency, meaning that agency is manifested in a 

coproduction between the subject and objects in the learning environment and 

gauged through the effect of spatial and material changes on student’s activity. 

 

The theoretical richness inherent in the concept of agency has recently begun to be 

perceived as a strength to be developed rather than a problem to be solved (Rainio 
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& Hilppö, 2017; see also; Rajala, Kumpulainen, Rainio, Hilppö, & Lipponen, 2016; cf.; 

Jadue-Roa & Whitebread, 2012). In this review, we will not exclude research based 

on the research tradition, to allow for the examination of overlap and cross-

fertilization to occur. Yet, since the discussion of agency has taken place within 

different conceptual frameworks (Etelapelto et al., 2013; Matusov et al., 2015), it is 

necessary to address research from the four conceptualizations mentioned above 

separately.   

 

4.3. Methodology 

4.3.1. Literature Search  

To assess the status of the literature on promoting student agency in the school 

context, a literature search in the Social Sciences Citation Index (SSCI) database 

was carried out to identify relevant peer-reviewed journal articles that address how 

classroom contexts may induce, affect, or even inhibit student agency. The 

database was accessed through Web of Science (literature search carried out in 

August 2019). In current educational research, the term agency is frequently 

interchanged with others such as ownership (Conley & French, 2014). After a 

thesaurus search for synonyms, we broadened the terms used for agency further to 

the following keywords: agency, ownership, self-regulation, independence, 

autonomy, and self-determination. The aim was to identify studies that 

purposefully identified student agency, or any of the other search terms related to 

agency, as an outcome variable. The search was limited to articles published within 

the decade to ensure relevance for current debates. An overview of the search 

commands and hits produced is provided in Appendix 4.1. In total, 710 unique 

references were subjected to initial review.  

 

4.3.2. Selection  

To include studies in the synthesis relevant to the review questions, a specific set 

of inclusion criteria was used (see Van Klaveren & de Wolf, 2015). Table 4.1 

summarizes the selection procedure. Original empirical contributions were 

included when student agency – or any synonym of agency – was described as the 

focal point of the study, measured, and if applicable, as a dependent variable in the 

study design. In addition, studies were included when they took place in the context 
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of formal education, which was operationalized as k-12 education, primary 

education, or secondary education, excluding tertiary-, higher-, and adult 

education. All articles were screened according to this selection procedure. In each 

step, all studies that did not meet one of the inclusion criteria were excluded. When 

in doubt about a study, the reference was retained until the next step. After 

inspecting the articles, 52 articles met the inclusion criteria related to research 

aims and context. To answer the question of how classroom contexts may induce, 

affect, or even inhibit student agency, we solely looked at studies that enable causal 

inferences based on a classification of evidence provided by van Klaveren and de 

Wolf (2015). Thirteen of the 52 studies present results based on (quasi-

)experimental designs that show the equivalence on observables of the control and 

the intervention group.  

 

Table 4.1. 

Selection Procedure 

Identification Records identified through database searching: 710 

Screening Records included after screening on title and abstract: 87 

Eligibility and inclusion I: Context and 

aims 

Records included after assessment for eligibility: 52 

Student agency as the focus of the study. 

The study takes place in the context of primary or secondary education 

The study presents original empirical work 

Eligibility and inclusion II: Methodology Records included after assessment for eligibility: 13 

The study is based on an experimental or quasi-experimental design that 

shows the equivalence between controls and intervention 

 

4.3.3. Procedure and Analyses 

The following information was extracted from the articles: 1) demographics of the 

student population, including mean age, country, special educational needs, 2) 

classroom context, including the subject, level, and type of education, 3) 

conceptualization and operationalization of student agency, specifications of the 

measurements, and the type of data collected, 4) description of independent 

variables if applicable, such as teacher professionalization or instructional design, 

5) study design, and 6) main findings.  
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4.4. Results 

4.4.1. Sample Description 

The students that participated in the included studies ranged from four (first year 

of primary school) to nineteen years old (upper-year in high school). Most of the 

studies took place in North America, Europe, and Australia. Furthermore, a striking 

number of studies (40%) only drew on student inventories to gauge student agency. 

About half of the studies adopted a (partly) qualitative design (case studies, 

phenomenological design, or ethnography) or drew from qualitative sources of data 

(e.g., mixed methods studies). Seven studies (13%) focused on students with 

special educational needs. Finally, many studies took place in the context of 

science education, physical education, or music education (language education 

and social sciences are underrepresented).  

 

4.4.2. Conceptualization and operationalization of Student Agency 

For completeness, this section draws on the 52 studies that met the inclusion 

criteria related to research aims and context. In most studies (N = 23; including 7 

[quasi-]experimental studies) sovereign agency was studies, followed by ecological 

agency (N = 16; including 1 [quasi-]experimental study), relational agency (N = 7; 

including 2 [quasi-]experimental studies), and a new material agency (N = 4; 

including 2 [quasi-]experimental studies). Studies on sovereign agency focused on 

attitudes (about the learning environment) (N = 6), self-motivational beliefs (about 

the student) (N = 18), and self-regulation (N = 23). Student attitudes on agency in the 

learning environment included self-concept, attitudes about learning, choice, 

autonomy, the climate about agency and learning, responsibility, and teaching 

practices. Self-motivational beliefs included intrinsic or autonomous motivation, 

goal orientation, self-efficacy, enjoyment, career motivation, and value 

expectancies. Self-regulation included expressions of metacognitive regulation, 

independence, self-monitoring behaviors, and goal attainment behaviors. Nine 

studies focused on relational agency, which was operationalized based on help-

seeking, peer seeking, collaborative learning, emotional skills, interpersonal 

communication, social skills, and social responsibility. Studies on ecological 

agency measured voice (N = 4) and initiative to participate (N = 12). Students’ voice 

represents legitimate opportunities for students to take on meaningful roles, 
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including opportunities to be change-makers in their schools and communities so 

that they can experience making a difference — especially by helping others in need 

(Mitra, 2004). Initiative to participate included engagement in decision-making, 

student-initiated dialogue, initiative for feedback and reflection, and questioning 

and opposing classroom practices. Five studies were found with a focus on new 

material agency, where agency was operationalized through the effect of spatial 

and material changes on student activity. This included students’ interaction with 

content-specific learning systems, learning aids such as error detection 

assistance, mobile devices, and handheld game consoles.  

 

4.4.3. The effects of classroom interventions on student agency  

Table 4.2, the main findings of the 13 experimental and quasi-experimental studies 

are presented. We found twelve different interventions that had been tested in the 

studies. We examined the interventions considering the practical and discursive 

aspects of the teaching-learning environment: instructional design, learner control, 

and dialogue. The results are not straightforward. Concerning sovereign agency, a 

combination of increased dialogue and student control seems to have positive 

effects. But where flexibility was increased too, some studies found no effect on 

sovereign agency. Furthermore, an increase in dialogue did not yield positive effects 

without deliberately increasing student control. Studies on relational agency show 

varying effects. Interventions that yield positive effects on student agency provide 

high levels of guidance in instructional materials and instructions from the teacher 

(study J and K).  

 

The effects on ecological agency are more difficult to interpret since N = 1. In 

addition, the way of communicating and the mode of control is not only part of the 

intervention but is also conceptualized as part of agency. In other words, ecological 

agency is expressed in interaction, and it, therefore, requires dialogue and 

negotiated control. It would thus be most interesting to investigate the role of 

instructional design. In contrast, the new material perspective includes the 

instructional structure in the definition of agency. In this tradition, the studies 

strongly focus on how instructional design promotes agentic behavior. The results 

of the two included studies with this perspective indicate that these design choices 
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are effective. Especially combined with dialogue and learner control. Given the 

overlap between the environment and agency, we focus on sovereign and relational 

agency in the remainder of this paper.  

 

  



 

 

 

81 

Table 4.2. 

The Effects of Classroom Interventions on Student Agency  
Intervention Manipulation  

Increases in: 

Dependent variables Effect size 

(Cohen’s d) 

  F
le

xi
bi

lit
y 

  L
ea

rn
er

 c
on

tr
ol

 

  D
ia

lo
gu

e  

Sovereign Relational Ecological New Material 

Self-motivational beliefs 

and effort 

Collaboration Initiative In co-production 

Autonomy support from the teacher and 

flexibility 

F1

  

C1 D1 Intrinsic motivationA    3.44 

Identified motivationA    3.89 

Amotivation1A    -4.51* 

Autonomy support from the teacher  C1 D1 Effort regulationBC    0.21; 0.56 

MonitoringC    0.36 

Distractibility1C    -0.44 

Intrinsic motivationD    0.27 

Amotivation1D    -0.34 

Future orientationsD    0.35 

Autonomy support and structure from the 

teacher 

 C1 D2 Autonomous motivationE    0.23 

Operative-strategic scaffolding   D3 Self-efficacyF    0.20 

On-task coaching   D4 Individual learning 

orientationG 

   0 

Guided discovery F2 C2 D5 Intrinsic motivationH    0 

Inquiry-based learning F3 C3 D6 Self-efficacyI    0 

Career motivationI    0 

Action-control beliefsI    0 

Goal-setting and self-monitoring aids during 

reciprocal teaching 

F4  D7  Peer feedback qualityJ 

Team learning qualityJ 

  3.90 
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Autonomy support from the teacher   C4 D8  Peer seekingB 

Help seekingB 

  0 

0 

    0.72 

Student-led questioning and feedback in 

classroom dialogue 

  D9   Student contributions in 

classroom-dialogueK 

 + (n/a) 

Situated Comic Play web-application C10 F5     Initiative in writingL 0.83 

Error detection instrument   F6     Accuracy of self-

assessmentM 

0.31 

*These outcome measures are opposite proxies of student agency, meaning that a negative effect size is expected. 

Flexibility: 

F1 Arranging learning materials so students actively engage in the lesson rather than passively watching and listening. 

F2 Variation in materials (e.g., multiple different rackets), variation in court sizes instead of one court size (spatial 

reconfiguration). (14 lessons dedicated to the intervention) 

F3 A working booklet and a box of materials for an experiment. Organizing a 3–hour inquiry course (instead of 45 min 

lessons) that comprises two, rather than one, class (biology and physics in this case). 

F4 Goal-setting and self-monitoring aids. 

F5 An online learning portal, students were able to engage with the learning task in this environment. 

F6 Error detection form and individually assigned self-regulation activities. 

Learner control:  

C1 Teacher provides choice when interacting with the student. 

C2 Choice in learning activities and materials. 

C3 Level 1 of inquiry-based learning, which means that students are given the freedom to interpret the results of the pre-

defined experiment considering a pre-defined research question. 

C4 Teacher provides choice when interacting with the student. 
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C5 Students had a choice in template and students self-assessed their work. 

Dialogue: 

D1 Teacher encouragement; teacher provide rationales; Use of non-controlling language. 

D2 Structuring, including communication of expectations, consistency, step-by-step directions, providing support, and 

optimal challenge. 

D3 Teacher interventions that preserve the students’ independence optimally; Teacher interventions not focused on 

mediating a unified and clear solution structure for every modeling problem. 

D4 Activating self-regulation, motivation, and emotion regulation through encouragements and instruction. Additional 

teacher-learner interactions during tasks. 

D5 Teacher facilitates instead of direct instruction. Students explore in groups instead of shadowing the teacher. 

D6 The teacher walks around as a guide on the side. Students discuss answers in small groups. 

D7 Explicit instructions on self-regulation. Students take the teacher’s role in small group reading sessions. 

D8 Teacher encouragements; teacher provide rationales; Use of non-controlling language. 

D9 Instructing students to ask epistemological questions. 

D10 Relative more group work where the teacher-facilitated instead of direct instruction. Students’ build their script in a 

small group instead of a teacher-led discussion of the script. 

 
A Leptokaridou, Vlachopoulos, and Papaioannou (2016). 
B Ulstad, Halvari, Sørebø, and Deci (2018). 
C Flunger, Mayer, and Umbach (2019). 
D Cheon, Reeve, and Moon (2012).  
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E De Naeghel, Van Keer, Vansteenkiste, Haerens, and Aelterman (2016). 
F Schukajlow, Leiss, Pekrun, Blum, Müller, and Messner (2012). 
G Baez-Estradas and Alonso-Tapia (2017). 
H Lee, Chow, Button, and Tan (2017). 
I Schmid and Bogner (2017). 
J Schünemann, Spörer, Völlinger and Brunstein (2017). 
K Magaji, Ade-Ojo, and Betteney (2018). 
L Chen et al., (2018). 
M Zamora, Suárez, and Ardura (2018). 
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4.5. The Agency through Transactional Proximity (ATP) Model 

The literature review highlights that interventions have varying effects on sovereign 

and relational agency, which cannot be directly connected to the characteristics of 

the interventions. Whether or not an intervention yields positive effects is not 

related to the extent of freedom versus structure in activities, the extent of dialogue, 

or the presence or absence of personalized learning materials. In this section, we 

aim to advance our understanding of these mixed effects through the Agency 

through Transactional Proximity (ATP) model.  

 

The ATP model is based on the theory of Transactional Proximity by Michael Moore 

(1972).8 Transactional proximity is a mode of interaction that is grounded in 

common understanding about the learner, that prevents or undoes barriers for 

learning (misconception, frustration, and isolation), that enables teachers and 

learners to co-determine the learning path, and as such promotes student agency. 

According to Moore (1983), flexibility in the design of the learning environment, 

learner control, and dialogue are determinants of transactional proximity. The ATP 

model specifies these relations and adds that transactional proximity is a 

determinant of student agency.  

 

Several scholars have attempted to further determine the relationships between 

the variables in the theory of transactional proximity (e.g., flexibility, dialogue, 

learner autonomy).9 Saba, for example, developed a model of Transactional 

Proximity based on systems methodology (2013). Saba suggests that there is a 

reciprocal relationship between flexibility and dialogue, meaning that flexible 

designs invite input from the teacher and/or the student (e.g., incorporating learner 

 
8 Moore had originally used the term Transactional Distance. However, later instantiations of the 

theory used the opposite notion of transactional proximity. 
9 Since the introduction of Transactional Proximity, several scholars pointed at shortcomings of the 

theory with respect to its practical and empirical relevance. The strongest critique came from Gorsky 

and Gaspi (2005). They concluded that transactional distance theory, developed with ambiguous 

relationships between variables, fails as a scientific theory. 
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choice and learner interests) and vice versa.10 The possibility of conflicts between 

the instructional design and the mode of communication is accounted for in a 

model of the theory of Transactional Proximity by Dron (2007), who added the notion 

of Transactional Control to the theory. Transactional Control describes the level and 

pacing of student autonomy (e.g., whether the student chooses to delegate control 

to the teacher or other students) and the possibility of conflicting modes of control 

(e.g., teacher-imposed instruction in a learning environment where learners are in 

control), and how this accordingly affects the level of Transactional Proximity. The 

explanation of Dron clarifies the interaction and possible misalignment of design, 

modes of communication, and modes of control in an extensive list of design 

principles.11  

 

These and other models of Transactional Proximity have been defined to fit the 

context of distance and adult learning (e.g., Saba & Shearer, 2018). Here we present 

a new model of transactional proximity: The Agency Through Proximity model (ATP 

model, see Figure 4.1). proposes a translation of the principles of Transactional 

Proximity to primary and secondary school settings, where it explains how student 

agency is promoted through flexibility in the instructional design, learner or 

negotiated control, dialogue, and transactional proximity. The variables in the ATP 

model are defined as follows.  

 

  

 
10 Although this suggestion is largely adopted, the model has been critiqued for not incorporate 

scenario’s where the type of communication is not aligned to the design of a learning activity; it 

depicts the causal mechanisms in a scenario where teachers skilfully and automatically adjust for 

student autonomy. 
11 These principles, however, reflect the assumption that each learner has an innate ability to make 

meaningful and informed decisions to guide learning. As such, Dron does not elaborate on the 

possibility that learners can be los t in an environment because of a lack of the ability to make 

meaningful and informed decisions and extent to which varying learning environment can promote 

this ability over time. 
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Figure 4.1.  

The Agency Through Proximity model (ATP model) 

 
 

4.5.1. Designer choices.  

The dimensions that together describe designer choices are instructional design 

and mode of control. A flexible instructional design allows for reconfiguration 

during the execution of the learning activities. Such as learning materials that 

allow for contextualization (Jenkins & Pell, 2006), alignment to the cultural 

background and language of the student, and that relate to students’ competency 

levels (Saba & Shearer, 2018; Kalyuga & Singh, 2016). It also includes classroom 

organization and the physical properties of the classroom, in terms of flexibility and 

capacity for spatial and temporal reconfigurations that affect human activity in the 

room (Charteris & Smardon, 2018). A flexible instructional design allows actors to 

co-determine the course of the educational activity. Flexible instructional design – 

as opposed to a rigid environment such as a traditional lecture – is more likely to 

promote learner or negotiated control. 

 

The mode of control refers to the actor that determines the learning path in a given 

context (Dron, 2007). The mode of control is influenced by constraints in the 

learning environment, but also by the actors in it. As noted by Dron (2007): 

Designer choices

Execution of the 
educational 

activities

Student agency

Instructional design

Flexible Rigid

Mode of control

Learner            Negotiated            Teacher            Fixed process

Mode of communication

Dialogue                           Uni-directional                          Absent

Transactional proximity

Relatively high.                                                      Relatively low
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“No matter how much a teacher may control the transaction, the learner 

can always choose not to pay attention, to disagree (if only internally), or 

perhaps to interrupt. Similarly, the learner must almost always delegate 

control at some level […] to one who possesses that knowledge and is 

willing to communicate it, whether directly or mediated through a book, 

web page or computer program.” 

The mode of control influences the mode of communication. Generally, 

environments where control is assigned to the learner or negotiated lead to 

dialogue. Even in a very flexible learning environment, there will be mostly uni-

directional communication when the teacher is fully in the lead. Low transactional 

proximity due to a lack of dialogue can also occur in a flexible learning environment 

when control is assigned to the learner. 

 

4.5.2. Execution of the learning activities.  

The execution of the learning environment can be described based on the mode of 

communication and transactional proximity. The mode of communication denotes 

the interactions between the learner and other actors in the learning environment 

and it is a result of the instructional design. Communication can be absent, uni-

directional, or bi- or multidirectional, the latter is also referred to as dialogue. Uni-

directional communication means that actors are simply communicating to each 

other (e.g., the teacher to the student in a lecture, or the student to the teacher 

during a test), which is at its best an act of geniality (Lipman, 1991). Dialogue 

between the student and the teacher is minimally a conversation or a discussion 

and at its best an act of collaboration in which the learner and the teacher are 

actively building on each other’s input and engaging in inquiry together (Brookfield, 

2005). Dialogue refers to situations in which conversation, discussions, and 

collaboration take place both vertically (e.g., between the teacher and the student) 

and horizontally (e.g., between peers). Transactional proximity increases through 

dialogue. Independent learners (who master the subject matter and have a rich 

repertoire of metacognitive strategies) are generally less affected by a lack of it 

(Farquhar, 2013; Saba & Shearer, 1994), but it would deprive them of opportunities 

to collaborate and engage in critical inquiry.  
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Transactional proximity is a mode of interaction that is grounded in a common 

understanding of the learner. Transaction refers to the interplay among the 

environment, the individuals, and the patterns of behaviors in a situation. 

Transactional proximity reflects the extent to which there is a common 

understanding between the learner and the teacher, such as mutual perception of 

the learner in terms of knowledge, goals, interests, opinions, approaches, and needs 

(psychological and educational), leading to transactional proximity (Moore, 1983). 

Giossos and colleagues (2009) state that a transaction in education exhibits 

proximity when it reflects a common understanding among actors about the 

learner. They also wrote that “there is no such thing as an abstract or intangible 

transactional [proximity], but a specific individual one” (2009, pp), colored by the 

cultural and educational setting students find themselves in (Kawachi, 2003).  

 

4.5.3. Promoting student agency through transactional proximity.  

Through transactional proximity, it is assumed that the learner gains a better 

understanding of their role in learning, learns what is important and meaningful to 

them, develops motivation and self-efficacy, and engages in regulation strategies 

that together set the stage for purposeful opportunities for learner control. 

Transactional proximity, furthermore, is assumed to play an important role in 

teacher-student negotiations of learner control. Transactional proximity enables 

both the teacher and the students to better estimate which opportunities for 

learner control will benefit both learning and the student’s sense of agency.  

 

When the learner is provided with opportunities for control, transactional proximity 

is crucial for students’ awareness of the centrality of their role in learning. Research 

shows that offering flexibility without dialogue dampens the positive effect on 

agency and student learning (Patall, Cooper & Civey Robinson, 2008), the pressure 

to make certain choices without supportive dialogue more often leads to 

frustration than agency (Deci & Ryan, 2000), and a choice for – or between – tasks 

that are not actively aligned to the current interests or needs of students has little 

or no effect on the feeling of autonomy and as such on student agency (Patall & 

Hooper, 2019). 
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There is a dynamic relationship between the designer choices, execution of learning 

activities, and student agency. The ATP model, therefore, conceptualized design 

choices as a factor in – and a function of – the execution of educational activities 

and student agency. As actors interact with each other over a longer period, it is 

likely that transactional proximity increases, based on a continuous adjustment of 

design choices and mode of communication according to the actual transactional 

proximity in prior activities.   

 

4.5.4. Connecting the ATP model to the findings of the literature review.  

The results of the literature review are generally in line with the notions of the ATP 

model. firstly, it seems that dialogue indeed plays a role in promoting student 

agency. For example, the results of the literature review show that student agency 

was promoted by explaining the relevance of an (uninteresting) task (e.g., by 

highlighting the relevance of a specific topic to students’ daily lives); the use of 

noncontrolling language; provision of choices, combined with the provision of 

rationales; encouragements; working toward understanding. Furthermore, student-

oriented, “operative-strategic” forms of teaching tended to have stronger effects on 

students’ enjoyment, value, interest, and self-efficacy, as compared with “directive” 

teaching (Study A-F, see Table 4.2). Finally, peer collaboration, verbal mediation, 

group discussion, and goal setting can improve students’ self-efficacy (Study H, J, 

and L). These manipulations that increased the quality or quantity of dialogue 

within schools were found to also promote student agency (Study A-F and J).  

 

Secondly, the review indicates that the effects of learner control are mixed. For 

example, both guided discovery (Study H) and inquiry-based learning (Study I) did 

not bring about the expected improvements in motivation and self-efficacy. A more 

extreme example is found in the qualitative case study of Netcoh (2017; part of the 

52 identified studies on classroom interventions and student agency). This study 

explored how middle school teachers and students perceived choice within a newly 

implemented personalized learning class. The results of this study showed that 

teachers and students had different values, expectations, and interests related to 

student choice. As a result, teachers and students reported that it was hard to 
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balance choice and academic rigor (e.g., exposure to new issues and ideas, pushing 

learning instead of doing what one likes to do). Students even reported that the 

freedom of choice provided inhibited their learning, or that the profusion of choice 

and perceived lack of structure contributed to demotivation (e.g., feelings of 

boredom and loss of interest). This is one of the examples in the literature where 

learner control – beyond what the learner can handle considering their self-

motivational beliefs and self-regulatory capacities – can be harmful (e.g., in line 

with Azevedo, 2005; Hannafin & Hannafin, 2010; Kirschner, Sweller, & Clark, 2006).  

 

According to the ATP model, a lack of dialogue can explain these findings (e.g., Study 

B; Netcoh, 2017). In line with the idea of transactional proximity, Netcoh (2017) ends 

with the recommendation that teachers may benefit from foregrounding student 

choice as a partnership in which students and teachers bring their voices into the 

conversation and as a means toward collaboratively developed learning targets as 

opposed to an end in and of itself. Examples of learning targets developed 

collaboratively and a focus on the teacher as a partner in the students learning 

process can be found in the studies focusing on autonomy support (Study A, D, E; 

see also Thomas and Mueller, 2017 and Rajala et al., 2016, two of the 52 identified 

studies). In these studies, choice was offered jointly with the provision of rationales 

(e.g., explaining the relevance of an uninteresting task) and encouragements. 

Another example is inquiry-based lesson design (Study H), where students worked 

independently in teams of four, on biology- and physics experiments. The teacher 

only helped on demand, for instance, with technical problems, with narrowing down 

problems raised by a group, and with encouraging students to find the answers to 

their questions by themselves. These lessons had a positive effect on students’ 

action-control beliefs.  

 

Thus, learner control, perhaps as most critical to many conceptualizations of 

student agency interventions, is an important factor in achieving student agency. 

The process of negotiating learner control can guide the student “in establishing 

individual meaning, defining sub-problems, and selecting and implementing 

strategies” (Hill & Hannafin, 2001, p. 43). Research shows that student awareness 

of the centrality of their role in their learning is crucial in promoting student agency 
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(MacLellan, 2014). Embedding self-regulative activities, routinely, into all lessons, 

for example, seems to have a positive impact on student learning (Bannert et al., 

2015; MacLellan, 2014). We propose that a combination of learning control and 

dialogue is desirable and conditional to achieving student agency.  

 

Thirdly, several studies showed that providing instructional materials on self-

determination and self-regulated learning positively affected strategy use and 

motivation (Study M, see also descriptive evidence in Schünemann, Spörer, 

Völlinger & Brunstein, 2017; Shogren et al., 2018; Stoeger, Fleischmann, and 

Obergriesser, 2015), suggesting that instructional design indeed plays a role in 

supporting agency. However, the results were mixed. Instructional materials on self-

determination, for example, also had a negative relationship with goal attainment 

(Shogren et al., 2018). As the theory of transactional proximity suggests, meeting 

students’ needs through instructional design does not directly bring about the 

necessary conditions for student agency – namely transactional proximity, 

dialogue, learner control, and flexibility. Instructional design will only indirectly 

affect opportunities for achieving student agency when dialogue is facilitated when 

students use the instructional structures. 

 

4.6. Conclusion and discussion 

This study, firstly, provides a comprehensive review of the effect of student agency 

interventions. It, secondly, explains the mixed effects of student agency 

interventions based on the Agency through Transactional Proximity (ATP) model. 

Taken together, this study advances our understanding of how schools can 

promote student agency. As argued in this paper, student agency can be achieved 

through transactional proximity by situating opportunities for learner control in an 

instructional design that is responsive to students’ needs and rich in dialogue. 

Without flexibility and dialogue, imposing learner control is something of a shot in 

the dark. A mismatch between the given learner control and the student’s ability to 

independently navigate through the learning environment, or as Dewey puts it: 

overreliance on the student (1959), potentially impacts students who already 

struggle to meet the standards most. The ATP model can be used in future research 

to bring to the surface the dynamic interaction between flexibility in the 
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instructional design, development of dialogue, and learner control, and explain 

variation in achieved student agency. The ATP model serves as a heuristic device, a 

means of identifying questions for research, and a very practical instrument to be 

used in making instructional design decisions. 

 

Originally, the theory of transactional proximity was defined for the context of 

distance learning, targeted at adult learners (Moore, 1983). The context of primary 

and secondary education is different in at least three ways: learners are still 

developing (cognitively, emotionally, and physically), learning takes place in a 

group, and learning is tied to institutional structures and demands, such as the 

curriculum, seat time, and assessment. Despite these differences, the results of the 

literature review confirm that the same concepts of flexibility, dialogue, and learner 

control could be used to summarize the effects of educational interventions on 

student agency in primary and secondary education.  

 

Much work remains to be done in designing instructional environments that foster 

student agency and in refining analytical methods and procedures to gauge their 

effectiveness. The theory of transactional proximity and the model introduced in 

this contribution can serve as a starting point for the aforementioned work. The ATP 

model underlines that achieving student agency should be both about the 

instructional design of the learning environments and about how the actors within 

the learning environment are enabled to foster interaction and behavior patterns 

grounded in mutual understanding (Al-Busaidi & Al-Shihi, 2010; Howard & Scott, 

2017). 
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5. Measuring Students Experiences of 

Proximity  
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Abstract: Evaluating classroom climate and instructional practices can 

catalyze successful implementation of teaching improvement efforts. This 

paper describes the development of the Students’ Experiences of Proximity 

(SEP) inventory and data relevant to its validity. The SEP inventory was 

developed to support student agency initiatives and based on the theory of 

transactional proximity. The inventory measures the three constructs 

captured in the theory of transactional proximity: flexibility in instructional 

design, learner control, and dialogue and includes items for students, 

teachers, parents, and school leaders in primary and secondary education. The 

validation of the scales took place in three districts in Southern California. 

Data collected with the SEP inventory show that the three dimensions that 

make up transactional proximity can all be identified empirically; namely 

flexibility in the instructional design, learner control, and dialogue. The results 

support the content, structural, and discriminant validity of the instrument. 

This study furthermore provides some support for the theory of transactional 

proximity, as SEP scores could distinguish contexts that differed on 

determinants of transactional proximity and allocated resources for student 

agency. The development of the SEP inventory is the initial stage of a larger 

study and further work is currently underway. 
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5.1. Introduction 

Empirical research suggests that student agency enhances educational 

achievement and attainment (Conley & French, 2014; Dignath & Büttner, 2008; 

Vaisarova & Reynolds, 2022), better prepare students for the job market (Kirschner 

& Stoyanov, 2020), and contributes to a sense of active membership in the school 

community and society (Rudduck, 2006). Instrumentation to evaluate classroom 

climate and instructional practices can catalyze efforts to promote student agency, 

because of the attention it generates for the targeted domains (Fraser, 2018). 

Research furthermore suggest that learners and teachers are at a good vantage 

point to make judgments about classrooms, as they have encountered many 

different learning environments and spend enough time in a class to form accurate 

impressions (Aditomo & Köhler, 2020). Even if teachers are inconsistent in their 

day-to-day behavior, they usually project a consistent image of the long-standing 

attributes of the classroom environment.  

 

Several inventories probe students’ perceptions of their learning environment, such 

as the Learning Environment Inventory by Walberg and Anderson (1968), the 

Classroom Environmental Scale by Moos and Trickett (1974), the Questionnaire on 

Teacher Interaction by Wubbels and Levy (1993), and the Individualized Classroom 

Environment Questionnaire (ICEQ) (Fraser, 1990). To evaluate learning 

environments that are advanced in the accommodation of student agency and the 

use of newly developed technologies (Groff, 2017; Pane et al., 2015), research firms 

(e.g., RAND Corporation) and academic groups (e.g., Waldrip et al., 2014), have started 

to develop new instruments. At this moment, there is still a lack of instruments that 

can be used to evaluate efforts to promote student agency in primary and 

secondary education, and among multiple stakeholders (including teachers, 

parents, school leaders, and students).  

 

To address this gap, this paper presents the development and validation of the 

Student Experiences of Proximity (SEP) inventory. The purpose of this instrument is 

to provide school organizations with opportunities to identify growth areas for 

student agency, based on the views of multiple stakeholders, while at the same 

time enabling further empirical investigation into the implementation of teaching 
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models for student agency. This paper reports on the development of this 

instrument among students, teachers, parents, and leaders in primary and 

secondary education. Validation of the instrument took place in three districts in 

Southern California. The remainder of this paper is organized as follows. This paper 

firstly presents the theoretical background and design principle of the instrument. 

Next, the design and validation process of the SEP inventory and the validation 

results are presented. Finally, this paper presents descriptive evidence for the ATP 

model based on the collected data. The conclusion and discussion section provide 

a discussion of this instrument considering future research and research-practice 

collaborations on improvement efforts in public education systems.  

 

5.2. Theoretical background and design principles 

The purpose of the Student Experiences of Proximity (SEP) inventory is to measure 

aspects of the learning environment that are relevant in promoting student agency. 

To that end, we use the theory of Transactional Proximity, introduced by Michael 

Moore (1972). Transactional proximity is a mode of interaction that is grounded in 

common understanding about the learner, that prevents or undoes barriers for 

learning (misconception, frustration, and isolation), that enables teachers and 

learners to co-determine the learning path, and as such is expected to promote 

student agency. Giossos and colleagues (2009) state that “there is no such thing 

as an abstract or intangible transactional [proximity], but a specific individual one” 

(2009, pp), colored by the cultural and educational setting students find 

themselves in (Kawachi, 2003).  

 

The SEP inventory draws on the Agency Through Proximity model (Figure 5.1, see 

chapter 4). Agency is practiced (and manifested) when a learner (or group of 

learners) exerts influence, makes choices, and takes stances in ways that affect 

their learning and learning-related self-concept (Giddens, 1984; see also Eteläpelto 

et al., 2013; Varpanen, 2019). The ATP model states that student agency is promoted 

through flexibility in the instructional design, learner or negotiated control, 

dialogue, and transactional proximity. The variables in the ATP model are defined 

as follows. 
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Figure 5.1.  

The Agency Through Proximity model (see chapter 4) 

 
 

5.2.1. Designer choices.  

The dimensions that together describe designer choices are instructional design 

and mode of control. A flexible instructional design allows for reconfiguration 

during the execution of the learning activities. Such as learning materials that 

allow for contextualization (Jenkins & Pell, 2006), alignment to the cultural 

background and language of the student, and that relate to students’ competency 

levels (Saba & Shearer, 2017; Kalyuga & Singh, 2016). It also includes classroom 

organization and the physical properties of the classroom, in terms of flexibility and 

capacity for spatial and temporal reconfigurations that affect human activity in the 

room (Charteris & Smardon, 2018). A flexible instructional design allows actors to 

co-determine the course of the educational activity. Flexible instructional design – 

as opposed to a rigid environment such as a traditional lecture – is more likely to 

promote learner or negotiated control.  

 

The mode of control refers to the actor that determines the learning path in a given 

context (Dron, 2007). The mode of control is influenced by constraints in the 

learning environment, but also by the actors in it. As noted by Dron (2007): 
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“No matter how much a teacher may control the transaction, the learner 

can always choose not to pay attention, to disagree (if only internally) or 

perhaps to interrupt. Similarly, the learner must almost always delegate 

control at some level […] to one who possesses that knowledge and is 

willing to communicate it, whether directly or mediated through a book, 

web page or computer program.”  

The mode of control influences the mode of communication. Generally, 

environments where control is assigned to the learner or negotiated lead to 

dialogue. Even in a very flexible learning environment, there will be mostly uni-

directional communication when the teacher is fully in the lead. Low transactional 

proximity due to a lack of dialogue can also occur in a flexible learning environment 

when control is assigned to the learner. 

 

5.2.2. Execution of the learning activities.  

The execution of the learning environment can be described based on the mode of 

communication and transactional proximity. The mode of communication denotes 

the interactions between the learner and other actors in the learning environment 

and it is a result of the instructional design. Communication can be absent, uni-

directional, or bi- or multidirectional, the latter is also referred to as dialogue. Uni-

directional communication means that actors are simply sending messages to 

each other without interaction (e.g., the teacher to the student in a lecture, or the 

student to the teacher during a test), which is at its best an act of geniality (Lipman, 

1991). Dialogue between the student and the teacher is minimally a conversation or 

a discussion and at its best an act of collaboration in which the learner and the 

teacher are actively building on each other’s input and engaging in inquiry together 

(Brookfield, 2005). Dialogue refers to situations in which conversation, discussions, 

and collaboration take place both vertically (e.g., between the teacher and the 

student) and horizontally (e.g., between peers). Transactional proximity increases 

through dialogue. Independent learners (who master the subject matter and have 

a rich repertoire of metacognitive strategies) are generally less affected by a lack of 

it (Farquhar, 2013; Saba & Shearer, 1994), but it would deprive them of opportunities 

to collaborate and engage in critical inquiry.  
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5.2.3. Promoting student agency through transactional proximity.  

Through transactional proximity, it is assumed that the learner gains a better 

understanding of their role in learning, learns what is important and meaningful to 

them, develops motivation and self-efficacy, and engages in regulation strategies 

that together set the stage for purposeful opportunities for learner control (van 

Halem et al., under review). Transactional proximity, furthermore, enables both the 

teacher and the students to better estimate which opportunities for learner control 

will benefit both learning and the student’s sense of agency. When the learner is 

provided with opportunities for control, transactional proximity is crucial for 

students’ awareness of the centrality of their role in learning. Research shows that 

offering flexibility without dialogue dampens the positive effect on agency and 

student learning (Patall, Cooper & Civey Robinson, 2008), the pressure to make 

certain choices without supportive dialogue more often leads to frustration than 

agency (Deci & Ryan, 2000), and a choice for – or between – tasks that are not 

actively aligned to the current interests or needs of students has little or no effect 

on the feeling of autonomy and as such on student agency (Patall & Hooper, 2019). 

 

There is a dynamic relationship between the designer choices, execution of learning 

activities, and student agency. The ATP model, therefore, conceptualized design 

choices as a factor in – and a function of – the execution of educational activities 

and student agency. As actors interact with each other over a longer period, it is 

likely that transactional proximity increases, based on a continuous adjustment of 

design choices and mode of communication according to the actual transactional 

proximity in prior activities.   

 

5.3. Measuring Students’ Experiences of Transactional Proximity 

Transactional proximity is inherently context-specific (Giossos et al., 2009); this 

needs to be reflected in measurement methods. So far, available instruments were 

developed in the context of distance education in higher education and are thus 

not one-on-one applicable to the context of primary and secondary education. 

Examples are Zhang (2003) for measuring transactional proximity in web-based 

college learning environments, Sandoe (2005) on the structural component of 
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transactional proximity, and the revision of Zhang’s questionnaire by Paul and 

colleagues (2015). Furthermore, these questionnaires do not include a measure of 

learner control, as introduced to the theory of transactional proximity by Saba and 

Shearer (1994) and Dron (2007). Here, we describe the development of a new 

instrument, the Student Experiences of Proximity (SEP) inventory, that is tailored 

to the context of primary and secondary education, and does include learner control 

as a construct. The new instrument operationalizes the ATP model. 

 

5.3.1. Gap Analysis.  

The intrinsic challenge to measuring transactional proximity is that the level of 

flexibility or dialogue is not sufficient to assess the extent to which learners’ needs 

are met. “There is no such thing as an abstract or intangible transactional 

[proximity], but a specific individual one” (Giossos et al., 2009, pp), colored by the 

cultural and educational setting students find themselves in (Kawachi, 

2003). However, directly asking whether students’ needs are met does not provide 

concrete or actionable information concerning what factors should change to meet 

students’ needs. Following Swart and colleagues (2014), the SEP inventory borrows 

from gap analysis. Gap analysis operates by having students rate each element 

twice, once as how it is now, once as how it should be. In the SEP inventory, students 

rate their current perceptions of educational activities, and what they would 

consider an “ideal” experience. A major benefit of this approach is that it provides 

insights that allow for diagnosing and prioritizing potential areas for improvement 

(Swart et al., 2014). Tapping into perceptions of perceived and preferred classroom 

environments has successfully been used to inform change efforts in compulsory 

education (Fraser, 1998). Fraser and Rentoul (1980) showed that students’ learning 

outcomes are most positive when they are learning in an environment that is most 

closely aligned to their preferred learning environment. By collecting two types of 

responses, namely perceived and preferred levels of dialogue and flexibility of the 

structure, the SEP inventory thus measures the extent to which the perceived 

learning environment aligns with preferences Following the ATP model, 

transactional proximity is then achieved when perceived and preferred levels of 

dialogue and flexibility approximately align (Moore, 1983; Swart et al., 2014).  
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5.4. This study 

The present study aimed to develop an inventory that captures both perceived and 

preferred levels of the constructs that make up transactional proximity – flexibility, 

learner control, and dialogue – in the context of compulsory education, based on 

the perceptions of students, teachers, parents, and administrators. Specifically, 

this study describes the construction of an inventory for transactional proximity in 

primary and secondary education and answer the following questions: 

• Can the dimensions of the instructional design and the execution of learning 

activities in the ATP model be identified conceptually and empirically in the 

context of primary and secondary education?  

• What is the construct validity of the developed SEP inventory? 

 

It is expected that feedback on transactional proximity in the classroom can inform 

school organizations on efforts to promote student agency, especially when it 

captures the perspectives on instruction across different stakeholders. The 

development of this inventory also aims to enable empirical research on the theory 

of transactional proximity beyond the context of higher and distance education; 

thereby allowing it to be tested for and applied in primary and secondary schools. 

 

5.5. Methodology 

The Student Experiences of Proximity (SEP) inventory was developed using an 

intuitive-theoretical approach to instrument design and validation (Fraser, 1986; 

Hase & Goldberg, 1967), which entails measuring specific constructs that are 

contained in the theory of transactional proximity. The instrument development 

and validation phases are outlined in Table 5.1 and described in Appendix 5.1. and 

5.2. 
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Table 5.1. 

The instrument development process 

Phases Methods Quality Indicators 

I. Identification of 

salient dimension 

To achieve face, content, and substantial 

validity: 

1. Literature synthesis 

2. Survey among an expert panel 

3. Teacher interviews 

- A parsimonious number of scales 

- Coverage of the constructs described in the 

literature 

- Mutual exclusiveness of the scales 

II. Writing of the 

items 

To achieve ecological validity:  

4. Member check 

 

To achieve construct validity:  

5. Item sort task 

6. Expert feedback 

- Coverage of the scales with the items 

according to experts 

- Consensus of scale-item match 

III. Field testing and 

refinement 

To achieve structural validity: 

7. Exploration of response distribution:  

- Inspection of missing data patterns and 

central tendency statistics  

IV. Identification of 

the scale structure 

To achieve structural validity: 

8. Exploratory principal component analysis  

9. Reliability analysis  

- Model fit metrics, reliability coefficients, and 

discriminatory reliability 

  

V. Analysis of the 

data 

To achieve predictive validity:  

10. Criterion based triangulation 

 

To achieve construct validity: 

11. Known group comparison 

- Predictive power for related learning 

environment characteristics 

- Identification of classrooms that implemented 

teaching models for student agency 

 

5.5.1. Data collection. 

Validation tests of phases one to four were conducted in three school districts for 

two consecutive school years. A pilot was conducted in a school district in California 

that serves close to 6,000 students in nine K-6 schools in 2018. District-wide 

implementation of the instrument took place in two other districts in the spring of 

2019 and the spring of 2020 in Southern California. One district comprises 30 

schools serving nearly 20,000 PK-12 students, and a second district that serves 

close to 10,000 diverse students in 11 PK-12 schools. Both districts serve a diverse 

and varied community. Students who have free and reduced-price meals ranged 

from 26% to 60%, and on average one out of five students in these districts are in 

English language-learning programs or special education programs. In one district 

the majority of the students reported an Asian or American Asian background 
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(64%), in the other district, the majority of the students reported a Hispanic or 

Latino background (60%). The majority of teachers who participated in the survey 

in both districts were White (51-63%). These district-wide implementations of the 

instrument contributed to the validation of the instrument and aimed at 

supporting efforts to align reform initiatives for the implementation of Common 

Core State Standards (Liou, Bjorkland, & Daly, 2019), and initiatives around student 

voice and choice and inclusion (Grey et al., 2019). To that end, leaders, staff, 

teachers, parents, and students were invited to participate in the yearly survey that 

also contained scales on school culture and climate. In both districts, invitations 

to students and parents were limited to four grade levels (grade level 3, 6, 9, and 12 

in 2019 and grade level 4, 7, 10, and 12 in 2020). One district volunteered to 

participate in teacher interviews during the first and second phase of the validation 

in 2018 (i.e., the district comprising of 11 k-12 schools). Based on the information 

collected during these phases and the high touch partnership with this district, it 

was also selected for the known-group comparisons.  

 

5.5.2. Known-group comparisons 

Three known-group comparisons were performed to examine the content validity of 

the scales of the SEP inventory. These comparisons draw on groups that are 

expected to differ in the level of transactional proximity – i.e., common 

understanding between actors – because of the time that the teacher spends with 

the student (based on teacher/student ratios), because of the agency of students 

in the given learning environment, or both. Table 5.3 provides an overview of the 

selected groups.  

 

Table 5.3. 

Overview of the Three Known-Group Comparisons in District 2 

Comparison Determinant of expected differences in Transactional Proximity (TP) 

1. Grade 9 and grade 10 students It is expected that students experience more TP in grade 10, due to increases in 

student agency 

2. Primary school students and 

middle school students 

It is expected that students experience more TP in primary school, due to a higher 

teacher/student ratio 

3. Grade 6 students in a ‘lab school’ 

and regular schools 

It is expected that TP is higher in the lab school, due to student agency, the 

teacher/student ratio, and designer choices 
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Comparison 1 draws on reports from the high school in the district in two 

consecutive years. It is expected that within high school grade 10 students exert 

more student agency than grade 9 students and therefore prefer higher flexibility, 

learner control, and dialogue. In general, these first two high school grade levels are 

comparable in the educational program and the instructional design. The same 

teachers teach in both grade levels. As defined in the common core curriculum, 

grades 9 and 10 are similar in terms of subjects, the curriculum goals, and the 

number of credits (Digest of Education Statistics, 2019; 

https://www.deped.gov.ph/k-to-12/). The student, however, may experience the first 

two years in high school as a steep learning curve in becoming more autonomous 

and agentic in their studies, in developing a network of support, and in foreseeing 

their next steps in their study program and future ambitions. We choose 

specifically to examine high school students over time since lower levels of student 

responsibility are required at the elementary and middle school level. The trends 

over time at the elementary and middle schools in the district are provided in the 

supplementary materials, for completeness. Given that teachers teach in multiple 

grade levels of the high school and given that they did not provide separate reports 

on the instructional design and educational activities in 9th and 10th grade, there 

are no differences expected between the reports in the two consecutive years of 

data collection. It is assumed that parent reports reflect the trends in student 

reports. 

 

Comparison 2 draws on reports from primary and middle schools. Here, we focus on 

the fact that primary teachers teach all subjects while secondary teachers teach a 

single subject or domain (e.g., science). As a result, middle school students rotate 

between teachers and classrooms during the school day whereas primary school 

students stay with one teacher throughout the school day. Middle school teachers 

on average interact with more students and spend less time with each of the 

students than primary school students. Therefore, it is expected that primary 

school teachers are more likely to increase the levels of flexibility, learner control, 

and opportunities for dialogue resulting in higher perceived flexibility, learner 

control, and dialogue scales among students. It is assumed that parent reports 

reflect the trends in student reports. 
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Comparison 3 departs from the reports from middle school students, parents, and 

teachers. In the spring of 2018, this district piloted a comprehensive approach 

toward student agency in a so-called lab school, including cross-collaboration 

between teachers and school staff, a learning platform, and classroom redesign. It 

is expected that students in the lab school entered the lab school with a higher level 

of student agency than the average level of student agency in regular middle 

schools in the district. In addition, students in the lab school interacted 

substantially more with their teachers than students in regular middle schools in 

the district. It is therefore expected that groups in the lab school report higher 

perceived and preferred flexibility, learner control, and dialogue. It is also expected 

that there is more alignment and thus smaller ‘gaps’ between reports on perceived 

and preferred levels on the scales. 

 

5.6. Results 

5.6.1. Validation 

The inventory was created through a careful analysis of the literature and available 

instrument and in consultation with a renowned expert panel (see the 

supplementary materials). The efforts to achieve face, content, and substantial 

validity led to an inventory that measures flexibility in the instructional design, 

learner control, and dialogue in primary and secondary education. Further, teachers 

from the district provided feedback and input during the development of the 

inventory. Several checks and procedures were followed to ensure construct validity 

(e.g., item sort task), leading to mutual exclusive scales that each inform educators 

and researchers about unique aspects of the learning environment. 

 

Initial versions of the instrument were implemented among teachers, students, 

parents, and school leaders and refined accordingly. The missing data patterns and 

central tendency statistics indicate sufficient structural validity. The results of the 

factor analysis showed that the dimensions that are contained in the ATP model 

were empirically distinguishable, internally consistent, and adequately defined by 

the items. Further, there is a clear connection between the identified factors in the 

teacher and student data and the salient dimensions derived from the literature on 
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transactional proximity. The outcomes of the factor analyses differed from the 

expert judgments and the literature two ways. The dimension of relevancy of 

schoolwork was not identified in the student data. In fact, the data show that an 

item written to measure the extent to which learners find their schoolwork relevant 

loads on the factors that measure learner control. That is, ‘I learn about important 

things’. After inspection of the teacher data, it appears that several items written to 

measure dialogue between teachers and students load on the factor that 

individualized instruction. For example, ‘I discuss assessment results together 

with every student’. 

 

Table 5.2 provides an overview of the scales per stakeholder group and the scores 

based on the data collected in 2020 in the district that served 11 k-12 schools. The 

first salient dimension represents designers’ choices and how these accommodate 

learners’ individual needs and preferences. This dimension is measured through 

four subscales. The first two scales under this dimension describe flexibility in the 

instructional design, these are ‘individualized instruction’ and ‘relevancy of 

schoolwork’. The other two scales measure learner control, these are ‘learner control 

over learning goals’ and ‘learner control over learning strategies’. The second salient 

dimension is dialogue. The scales that measure dialogue distinguish dialogue 

between students and teachers, between students, and exchanges with technology. 
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Table 5.2. 

Teacher Scale Score Comparison Across Stakeholder Groups in District 2 
 Mean (Standard Deviation) 

 Students a Teachers b Parents c Admin d 

 Perceived Preferred Perceived Preferred Perceived Preferred Preferred 

Design        

     Individualized 

instruction 

  3.48 (0.60) 4.25 (0.57) 3.0 (1.0) 3.9 (0.9) 69%* 

     Relevancy of 

schoolwork 

  3.57 (0.57) 4.33 (0.57)    

     Learner control over 

strategies 

2.94 (0.79) 4.09 (0.80) 3.25 (0.73) 3.88 (0.70) 3.1 (1.2) 3.9 (0.9) 54% 

     Learner control over 

goals 

3.51 (0.75) 3.95 (0.76) 3.29 (0.84) 4.18 (0.78) 3.2 (1.2) 4.0 (0.8) 56% 

        

Dialogue        

     Student-teacher 

dialogue 

3.15 (0.82) 3.82 (0.77)   3.7 (1.1) 4.3 (0.7) 74% 

     Student-peer dialogue 3.52 (0.71) 3.91 (0.68) 4.59 (0.39) 4.76 (0.29) 3.5 (1.1) 4.0 (0.8) 68% 

     Student-technology 

exchanges 

3.89 (0.80) 4.72 (0.74) 3.88 (0.88) 4.15 (0.85) 4.1 (0.9) 4.4 (0.8) 66% 

a Student example items: 

Design:  

• Learner control over strategies: I can choose where I want to work. 

• Learner control over goals: I choose the learning goals I work on. 

Communication 

• Student-teacher dialogue: My teachers respect my ideas and suggestions. 

• Student-peer dialogue: When I work with other students, we respect each 

other’s ideas. 

• Student-technology exchanges: It is easy to find the information I need on 

my mobile device. 

 

b Teacher example items: 

Design:  

• Individualized instruction: I have opportunities during the school day for 

individualized support for students. 

• Relevancy of schoolwork: In my classroom, students apply their everyday 

experiences. 
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• Learner control over strategies: I provide students the opportunity to design 

or suggest new ways to demonstrate their learning. 

• Learner control over goals: I provide students the opportunity to create goals 

for their learning. 

Communication 

• Student-peer dialogue: In my classroom, students can turn to each other 

when they need help. 

• Student-technology exchanges: In my classroom, students’ laptop or tablet 

helps them to keep track of students' learning progress. 

 

c Parent items: 

Design:  

• Individualized instruction: My child’s learning experience is individualized 

rather than classroom based. 

• Learner control over strategies: My child gets an opportunity to create 

learning plans for him/herself. For example, your child determines when, 

where, with whom, or with what materials they work on learning goals and 

demonstrate learning. 

• Learner control over goals: My child defines or chooses the learning goals of 

him/herself. 

 

Communication 

• Student-teacher dialogue: My child’s teacher takes time to personally help 

my child with his or her learning. 

• Student-peer dialogue: My child can reach out and talk to other students 

while working on learning goals. 

• Student-technology exchanges: My child’s mobile device helps him/her to 

organize schoolwork and keep track of learning. 
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d Administrator items: 

Design: 

• Individualized instruction: Individualized teaching methods (as opposed to 

whole class-based teaching methods) 

• Learner control over strategies: Student-defined learning plans (as opposed 

to teacher-defined learning plans) 

• Learner control over goals: Student-defined learning goals (as opposed to 

teacher-defined learning goals) 

Communication: 

• Student-teacher dialogue: Teachers as a guide on the side (as opposed to 

teachers as sage on the stage) 

• Student-peer dialogue: Student-led peer dialogue (as opposed to teacher-led 

classroom dialogue) 

• Student-technology exchanges: Mobile devices that support student-led 

learning (as opposed to mobile devices that support teacher-led learning) 

 

*Leaders were asked to what extent they were in favor of individualized education, 

learner control, and dialogue (as opposed to teacher-led and cohort-based 

teaching) considering improving student outcomes. 0% would mean that the leader 

thinks these dimensions will not improve learning outcomes at all, whereas 100% 

means that they prefer to completely move away from teacher-led cohort-based 

education.  

 

Cronbach’s alphas indicate acceptable levels of reliability, given that α > 0.7 are 

recommended for group-level hypothesis testing (Hulin, Netemeyer, & Cudeck, 

2001; Nunnally & Bernstein, 1994), except for the reliability of the teacher scale on 

student-peer dialogue (a = .64). The correlations between factors, ranging from .18 

to .55, support the discriminant validity of the instrument. It was also found that 

the scales of the student and teacher version of the SEP inventory moderately 

correlate with other climate variables such as belonging, safety, innovative climate, 

and principal trust, ranging from .07-.55. This supports the idea that the climate 

about instruction bears predictive validity for school climate (Wheldall & Beaman, 

1999). 
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5.6.2. Known group comparisons 

Table 5.4 provides an overview of the sample sizes and response rates for the three 

planned known-group comparisons. Student data were analyzed with a Multivariate 

Analysis of Variance. Assumptions of multivariate normality and homogeneity of 

variances were met. Given the smaller sample sizes, the teacher and parent data 

were compared with independent samples t-test. Equal variances were not 

assumed. The chosen Alpha level for teachers in comparison 3 was 0.10 given the 

small sample size. For all other comparisons, the chosen Alpha level was 0.05. A 

summary of the main results is presented below and in Figure 5.2 – 5.4 and Table 

5.5. A more elaborate report of the analysis strategy and results is provided in 

Appendix 5.2.  

 

Table 5.4. 

Sample Sizes and Response Rates for The Known-Group Comparisons 

  Comparison 1  Comparison 2  Comparison 3 

  N %*  N %  N % 

Students Grade 9 2019 

Grade 10 2020 

167 

49 

30 

18 

Grade 4 2020 

Grade 7 2020 

313 

499 

6

0 

67 

Lab school 2019 

Regular grade 6 2019 

26 

680 

100 

92 

Teachers High school 2019 

High school 2020 

49 

35 

71 

66 

Primary 2020 

Middle 2020 

112 

37 

8

2 

72 

Lab school 2019 

Regular grade 6 2019 

5 

57 

100 

86 

Parents Grade 9 2019 

Grade 10 2020 

24 

92 

2 

8 

Grade 4 2020 

Grade 7 2020 

201 

90 

3

8 

15 

Omitted**   

*Response rates based on the total number of participants that were invited per 

group. 

**Only two parents of students from the lab school participated and therefore this 

comparison was omitted.  

 

For Comparison 1, the results support the expectation that grade 10 students prefer 

more control over their learning goals, but perceptions and preferences of control 

over strategies did not differ significantly. Yet, all three stakeholder groups at the 

high school report more learner control and dialogue in 2020. This means that the 

assumption of similar instructional design and learning activities between 9th and 



 112 

10th grade and between 2019 and 2020 is not supported by the data. As a result, it 

is not possible to state that the findings are in line with the expectation that grade 

10 students differ in terms of student agency from grade 9 student and as such 

perceive and prefer higher levels of learner control. If perceived levels of flexibility, 

learner control, and dialogue increased from grade 9 to grade 10, that may have also 

affected the preferred levels of flexibility, learner control, and dialogue besides 

students’ level of agency. 

 

Figure 5.2.  

Results Comparison 1 Based on Student Reports 

 
 

For comparison 2, the results show that all stakeholder groups in primary school 

report higher levels of flexibility, learner control and gaps between perceived and 

preferred levels on the scales are smaller. The differences in dialogue are mixed 

among students, primary school students only report higher perceived and 

preferred levels of dialogue with their teachers. These findings are largely in line 
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with the hypothesis that transactional proximity is higher in primary school due to 

a higher teacher/student ratio.  

 

Figure 5.3.  

Results Comparison 2 Based on Student Reports 

 
 

For comparison 3, the results show that all stakeholder groups in the lab school 

report generally higher levels of flexibility, learner control, and dialogue, and gaps 

between perceived and preferred levels on the scales are generally smaller. 

Interestingly, students in the lab school differ mostly from students at other middle 

schools on both dimensions of learner control. This is in line with the hypothesis 

that transactional proximity is higher in the lab school due to a higher 

teacher/student ratio. Students and parents in the lab school did not prefer higher 

levels of flexibility, control, and dialogue than students in regular middle schools, 

which is contrary to the expectation that students in the lab school are different in 

terms of student agency and as such prefer higher levels of learner control. 

4.31

4.04

3.94

3.88

4.24

3.16

3.70

3.40

3.39

3.71

3.98

3.85

3.74

3.93

4.32

2.86

3.45

3.08

3.61

4.06

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Learner control (strategies)

Learner control (goals)

Dialogue (student-teacher)

Dialogue (student-peers)

Student-technology exchanges

Learner control (strategies)

Learner control (goals)

Dialogue (student-teacher)

Dialogue (student-peers)

Student-technology exchanges

Pr
ef

er
re

d
Pe

rc
ei

ve
d

Middle school students Primary school students



 114 

Figure 5.4.  

Results Comparison 3 Based on Student Reports 
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Table 5.5. 

Expected and Observed Differences for The Known-Group Comparisons 

  Comparison 1:  

Grade 10 compared to grade 

9*  

Comparison 2: 

Primary schools 

compared to middle 

schools 

Comparison 3: 

The lab school 

compared to regular 

middle schools 

  Expected Observed Exp. Obs. Exp. Obs 

Perceptions Students and parents = + + +/- + + 

Teachers = + + + + + 

Preferences Students and parents + + = + + = 

Teachers = = = = + + 

Gaps Students and parents + =/- - +/- - - 

Teachers = - - - - - 

*The differences are based on the grade 10 scores minus the grade 9 scores, the 

primary school scores minus the middle school scores, and the lab school scores 

minus the regular middle school scores.  

 

In conclusion, in contexts with a higher teacher/student ratio and or a flexible 

instructional design, the data shows a trend of more perceived flexibility, learner 

control, and dialogue among teachers, students, and parents. Gaps between 

perceived and preferred levels on the scales are smaller when the teacher/student 

ratio is higher, suggesting that the instructional design and educational activities 

are more aligned with the needs of students considering the development of 

student agency. Smaller gaps furthermore suggest higher levels of transactional 

proximity. Both in grade 10 (compared to grade 9) and in primary schools (compared 

to middle schools) students both experienced and preferred higher levels of learner 

control. This might be the result of changes in instructional design or the make-up 

of the sample. This might also be related to the dynamic relationship between the 

perceived educational design, student agency, and preferences for educational 

design. It is thus possible that the observed differences are due to the 

responsiveness of the educational activities to students’ preferences. 

 

5.7. Conclusion and discussion 

This paper presents the development of the SEP inventory, data regarding its 

validity, and descriptive evidence for the ATP model. The SEP inventory is a newly 

developed instrument to measure classroom climate and teaching practices that 
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promote transactional proximity and student agency based on the principles of 

transactional proximity. It gauges both perceived and preferred practices and 

describes the distribution of beliefs on instructional approaches across 

stakeholder groups, to wit students, teachers, parents, and school leaders. This 

instrument can be used to facilitate the improvement of learning environments in 

terms of transactional proximity and student agency by catalyzing a conversation 

regarding targeted instructional domains (Fraser, 2018).  

 

The outcomes of the validation study hold theoretical implications for the ATP 

model. The data show that the extent to which learners find their schoolwork 

relevant seems more related to learner control than to individualized instruction, 

as the subscale for relevance fell within the broader learner control factor. In 

addition, the data show that the teacher’s interaction with students could not be 

dissociated from individualized instruction. Like the personalization scale of the 

ICEQ (Fraser, 1990), these results suggest that personalization of the instructional 

structure is more of a relational dimension of the environment (Moos, 1973), rather 

than the structural design features of the learning environment (e.g., differentiation 

in the ICEQ). This is in line with the critique of Gorsky and Caspi (2005), who suggest 

that the theoretical distinction between the dimension of design and 

communication in transactional proximity is merely conceptual and that the two 

are not distinguishable in the classroom. Further research is required to justify a 

distinction between flexibility in the instructional design and mode of 

communication in the ATP model. For example, a more fine-grained and dynamic 

investigation of the communication that takes place during educational activities 

and its effect on designer’s choices and vice versa could shed light on this 

distinction.   

 

Overall, the findings of the known-group comparisons provide descriptive evidence 

for the ATP model. The SEP inventory differentiated between contexts that differed 

in terms of student agency, teacher-student ratio, and instructional design. The 

results of these comparisons support the idea that transactional proximity and 

student agency positively relate to the flexibility of the instructional design, learner 

control, and bi-directional communication. The dynamic relation between teaching 
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practices, student agency, and student preferences about learner control and 

communication require further research.  

 

There are several limitations to the current study. Firstly, the sample consists 

entirely of schools in Southern California which limits generalizability. Other 

contexts might require the adaptation of items in the current version. Continued 

research work is needed to further refine, validate, and extend this potentially 

useful instrument as the number of student agency initiatives continues to expand 

into the foreseeable future.  

 

Comparing the presented inventory with available instruments on transactional 

proximity underlines the importance of developing ecologically valid instruments 

for classroom practices. Or how Paul and colleagues (2015) put it, “unlike physical 

distance, which can always be measured with a yardstick, [transactional proximity] 

will always change with technology and society”. The development of the SEP 

inventory is the initial stage of a larger study, and more work is currently underway. 

It is hoped that further research will be conducted internationally, such that the SEP 

will be widely applied to the study and support of student agency more broadly. 
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6. Identifying High-Impact 

Improvements Using Conditional Mean 

Independent Correlations and Growth 

Functions  
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Abstract: In educational contexts where many domains subject to 

improvement are interdependent and causal evidence is frequently lacking it 

is difficult, if not impossible, for policymakers and educational practitioners 

to decide which domain should be invested in. This paper proposes a new 

method that uses Conditional Mean Independent Correlations (CMIC) and 

normative growth functions to inform such decision-making processes. In 

this paper, CMIC and growth functions are applied to data from the Better 

Together Research-Practice Partnership (2019) to identify high-impact 

improvements among domains that are considered important to the district’s 

mission and vision around student learning. The results point to improvement 

domains that administrators did not consider to be high-impact 

improvements initially, suggesting that this method brings leaders food for 

thought around strategies for improvement efforts. The CMIC and growth 

functions moreover accommodate opportunities for policymakers and 

practitioners to base their decisions on theory and data, providing them with 

a stronger degree of decision-making authority for use of resources for 

improvement. Simultaneously, CMIC and growth functions enable researchers 

to test and further develop theoretical models on improvement efforts. 

Limitations and suggestions for further research are discussed.  
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6.1. Introduction  

Efforts at improving public education systems in support of better achievement for 

all students are commonplace across the globe with most countries experiencing 

policies targeted at improving their nation’s schools. Many of these improvement 

efforts rely strongly on decisions at the leadership level of a school organization 

concerning which improvement domains (i.e., the areas targeted by school 

improvement efforts) should be targeted first and how (Daly & Finnigan, 2016). 

These decisions are highly consequential, as efforts at all levels of the school 

system can be ineffectual if they do not target impactful domains (Schildkamp, 

2019). Policy and effective leadership are thus conditional to the success of 

improvement efforts in public education systems (Creemers & Kyriakides, 2007). 

However, policymakers and school leaders are often busy with the demands of 

running school organizations and do not always make use of academic theory and 

evidence (Neeleman, 2019) and data from within schools to guide decision making 

(Schildkamp, 2019). Further, the access to and use of evidence is strongly related to 

the accessibility, availability, and applicability of research and evidence (Daly et al., 

2014; Daly & Finnigan, 2014).12 Further complicating the matter is the 

interdependency between improvement domains (improving one domain can lead 

to significant changes in other domains) and causal evidence about these 

relationships is often lacking (David, Teddlie, & Reynolds, 2000). Moreover, whether 

general theoretical models apply is often unclear given specific contextual factors 

that play a role in organizations (Hatch, 1998).  

 

To address this pressing problem, policymakers, funders, and researchers have 

been creating new mechanisms to ensure that research can be more instrumental 

in educational improvement (National Research Council, 2003; Snow & Donovan, 

2012). Evolving research suggests that new ways for researchers and practitioners 

to work together on problems of practice hold promise for facilitating better-

 
12 The study of Neeleman (2019) revealed that a diverse range of school interventions lacked 

corresponding evidence of effectiveness as is described in internationally authoritative educational 

effectiveness syntheses. 
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informed evidence and data-based decision-making processes at the district and 

school level (Coburn & Penuel, 2016; Schildkamp, 2019). 

 

To exploit the potential of research-practice partnerships, this paper proposes a 

new method to pinpoint the (educational) domains that can best be improved. The 

method accommodates pre-determined improvement growth preference, such that 

the decisions on what improvement domains to focus on are more targeted and 

relevant for practice. Furthermore, this method draws on observational data 

reflective of comprehensive models of educational quality, such that decisions on 

what improvement domains to focus on are informed by research and data. 

Specifically, the method consists of the following two parts: (1) Conditional Mean 

Independent Correlations (CMIC) and (2) normative growth functions. The first part 

deals with generating interdependencies between pairs of improvement domains 

not driven by observed variation in other domains. This idea stems from statistical 

matching (Rubin, 1973), however, the method proposed in this paper derives these 

correlations by using ordinary least square regression to derive these correlations 

(Angrist & Pischke, 2008). The CMIC serve as input for the second part, the growth 

functions. These are weight functions that determine the relative priority of growth 

in the considered domains. The growth functions construe rankings of high-impact 

improvement domains based on the CMIC. These normative growth functions are 

based on optimization theory and social welfare functions in welfare economics 

(Bergson, 1954; Pattanaik, 2008; Samuelson, 1947). By applying the normative 

growth functions on the CMIC, this method offers a way to apply a set of decision-

making rules to guide improvement efforts.  

 

CMIC and growth functions provide a quantitative contribution to the currently 

available tools and strategies suitable for research-practice partnerships. Firstly, 

the CMIC and growth functions leverage and make clear what normally would 

complicate matters – namely the interdependency between improvement domains 

and the contextual situatedness of data. Focusing on the interplay of improvement 

domains– rather than isolated X’s and Y’s – better reflects the complexity of 

educational improvements and decision making and that is precisely what makes 

this method valuable in improvement processes compared to quantitative 
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approaches commonly used by educators themselves when engaging in data-

based decision making, such as descriptive and inferential statistics such as t-

tests (Kippers et al., 2014). With these existing approaches, teachers and school 

leaders may experience challenges in translating the data into an action plan 

(Schildkamp, 2019). 

 

Secondly, this method contributes to theory development, challenging researchers 

to define comprehensive models of educational quality and collect data that inform 

on all constructs included in such models. The objective of the method presented 

here is not to estimate the causal effect between improvement domains. Instead, it 

aims to generate an empirical ‘best guess’ for how one domain changes with 

another and vice versa. To that end, the method requires a complete set of domains 

for improvement, that is, representative of comprehensive models of educational 

quality. As such, this method attributes an important role of educational theory and 

lends itself for empirical evaluation of the comprehensiveness of models on 

educational quality. 

 

Thirdly, this method enables a translation from data to policy based on the set of 

decision rules offered by the growth functions. This has the potential to increase 

‘data agency’ in educational organizations, meaning that practitioners become 

more critical about and responsible for the role of data in their decision-making. In 

terms of building data literacy – a common issue in research-practice partnerships 

(Earl & Katz, 2006; Wohlstetter, Datnow, & Park, 2008; Wu, 2009) – the intuition 

and the contribution of the method can be understood without a formal exposition 

of the technical details. By specifically designing a data-analysis method for 

research-practice collaborations, this paper thus addresses an important need in 

educational sciences (Coburn & Penual, 2016). 

 

In this paper, we showcase the CMIC and growth functions using data from the 

Better Together Research-Practice Partnership (2019). The data were collected in an 

urban fringe school district in California that serves close to 10,000 diverse 

students in eleven elementary and secondary schools and stems from a research-

practice partnership that aims to gain research-based insights into innovation 
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processes and to further support the innovation initiatives that the district has 

underway. For this paper, we will use data on different domains (described in the 

data section) that are affected by innovations focused on student learning. We use 

these data and the proposed CMIC and growth functions to identify high-impact 

domains that will have the greatest impact on improvement domains related to 

student learning. We showcase different scenarios, based on three different growth 

functions, and compare those to school leaders’ intuitive ranking of the 

improvement domains. 

 

The remainder of this paper provides a thorough description of the application of 

the CMIC and growth functions to the data of the Better Together project. Firstly, the 

data and context of the project are described. Secondly, the basic principles of the 

method are explained and applied. As such, this paper showcases different possible 

normative growth functions that can be used to turn the CMIC into normative 

rankings of high-impact improvement domains. Thirdly, the outcomes of the CMIC 

and growth functions are discussed considering the school leaders’ intuitive sense 

of high-impact improvement domains. Finally, this paper provides a discussion of 

this method considering future research and research-practice collaborations on 

improvement efforts in public education systems. 

 

6.2. The Better Together Project and Data 

To illustrate the workings of CMIC and growth functions, we use data from the Better 

Together Research-Practice Partnership (2019). The objective of this partnership is 

to gain research-based insights related to the district’s focus on ‘student-centered’ 

or ‘personalized’ learning. The collected data come from an urban fringe school 

district in California that serves close to 10,000 diverse students in eleven 

elementary and secondary schools. Twenty-six percent of the students have free 

and reduced-price meals and 13% of them are in the English language-learning 

program. The school district has a long history of supporting educational 

innovation initiatives to improve the learning outcomes of students (Grey et al., 

2019). Over the recent years, the district focused on the development and 

implementation of innovations related to student-centered learning, such as the 

implementation of student-led learning technology, initiatives around instruction, 
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such as ‘leader in me’ and ‘universal design for learning’, and initiatives for teacher 

collaboration and professionalization.  

 

The study data come from a repeated cross-sectional design in which survey data 

were collected from the same group of participants in the district each year, from 

2019 onward. Participants included all administrators, all educators, and all staff 

members. Invitations to students and parents were limited to four grade levels 

(grade level 3, 6, 9, and 12 in 2019). The survey was designed based on instruments 

from the University of Chicago Consortium on School Research that were further 

modified and validated by the research team to better fit the study context (see also 

Liou, Bjorklund & Daly, 2019). In addition, the Student Experiences of Proximity 

inventory was included in this survey (see Chapter 5). For the empirical application 

of the CMIC and growth functions, student data were used. In future efforts, one 

could perform these methods on data from other stakeholder groups as well. Data 

on the following nine domains were gathered from students:  

• Culture and climate (y1)  Perceived school culture and climate 

Example item: “People at this school are friendly to me.” 

 

• Belonging (y2)    Perceived sense of belonging 

Example item: “I fit in with the students at this school.” 

 

• Safety (y3)    Perceived safety 

Example item: “Students at this school are not threatened or bullied.” 

 

• Educator trust (y4)   Students’ trust in their educators (teachers 

and school principal) 

Example item: “My teacher really cares about me.” 

 

• Learner control (y5)   Perceived student-led learning 

experiences, such as goal setting and self-paced learning 

Example item: “My teacher and I work together to set goals for my learning.” 

 

• Relevancy of schoolwork (y6)  Perceived relevancy of schoolwork 
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Example item: “I learn about important things.” 

 

• Student-teacher dialogue(y7)  Perceived prevalence of student-

teacher interactions that support learning 

Example item: “My teacher is available when I need him or her.” 

 

• Student-peer dialogue (y8)  Perceived prevalence of peer interactions 

that support learning 

Example item: “I can ask other students for help.” 

 

• Student-technology exchanges(y9) Perceived usefulness of mobile 

devices for learning 

Example item: “My [mobile device] supports my learning.” 

 

These domains were considered relevant by the school district leadership and are 

consistent with the literature on student-centered learning (see Chapter 4 and 5), 

school leadership (Fullan, 2015; Fullan, McEachen & Quinn, 2017; Liou & Daly, 2018; 

Lockton, 2019), culture and climate (Deal & Peterson, 2016; Gaziel, 1997; Liou, 

Bjorklund & Daly, 2019), and relationships in districts and schools (Borgatti & 

Ofem, 2010; Daly, 2010; Daly, Moolenaar, Bolivar, & Burke, 2010).  

 

6.3. Descriptive Statistics 

In the empirical application, we use survey data, collected in the Winter and Spring 

of 2019, on the aforementioned nine domains among 1598 students enrolled in 

grades 3, 6, 9, and 12. This corresponds to a response rate of 54%. Each domain was 

measured using multiple-item perceptual scales. Descriptive statistics and 
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reliability coefficients of the scales are shown in Table 6.1 and Pearson correlation 

coefficients13 in Table 6.2.14 

 

Table 6.1.  

Descriptive Statistics of Student Perceptions on all Domains Subject to Improvement. 

Scales and variable names M SD Min Max Relative Scores Cronbach’s Alpha 

Culture and climate  y1 4.34 .85 1 6** 72% .83 

Belonging y2 4.62 .84 1 6 77% .76 

Safety y3 3.86 1.21 1 6 64% .63 

Educator trust y4 4.63 .75 1 6 77% .92 

Learner control  y5 3.26 .62 1 5*** 65% .77 

Relevancy of schoolwork y6 3.29 .79 1 5 66% .67 

Student-teacher dialogue y7 3.41 .69 1 5 68% .89 

Student-peer dialogue y8 3.55 .58 1 5 71% .69 

Student-technology exchanges y9 3.91 .82 1 5 78% .76 

* N = 684 

**Scores are based on a multi-item scale based on a six-point Likert scale varying 

from strongly disagree to strongly agree.  

*** Scores are based on a multi-item scale based on a five-point Likert scale varying 

from almost never to almost always. 

 

  

 
13 These correlations may be attenuated by measurement error given a lack of perfect reliability. We 

recommend applying a correction procedure such as Bayesian inference for correlations (Matzke et 

al., 2017). Measurement error might not impact the ultimate rankings derived from the CMIC and 

growth functions method under the assumption of equal measurement error across y’s. We will 

reflect on this assumption and provide an empirical check in the next section where we describe 

how CMIC are derived. 
14 The variable ‘educator trust’ represents both principal and teacher trust, which were originally two 

separate variables that are merged to avoid multi-collinearity issues in estimating conditional 

mean independent correlations. The pair-wise correlation between teacher and principal trust is .78.  



 127 

Table 6.2.  

Pearson Correlation Coefficients Between Domains. 

 
  y1 y2 y3 y4 y5 y6 y7 y8 y9 

Culture and climate  y1 1         

Belonging y2 0.60 1        

Safety y3 0.10 0.18 1       

Educator trust y4 0.32 0.53 0.39 1      

Learner control  y5 0.41 0.34 0.05 0.37 1     

Relevancy of schoolwork y6 0.36 0.28 -0.07 0.22 0.56 1    

Student-teacher dialogue y7 0.43 0.36 0.06 0.40 0.69 0.55 1   

Student-peer dialogue y8 0.39 0.47 0.18 0.42 0.52 0.40 0.48 1  

Student-technology 

exchanges 

y9 0.19 0.17 0.15 0.27 0.37 0.29 0.37 0.33 1.00 

 

The survey also collected information on grade level, gender, race, and ethnicity. The 

sample consists of 53% female students, 24% grade 3 students, 63% grade 6 

students, and 13% grade 9 and 12 students. The majority of the students reported 

an Asian or American Asian background (64%) followed by a Hispanic or Latino 

background (7%), a white, non-Hispanic background (4%), and students with other 

-or multiracial- backgrounds (24%). 

 

6.4. Deriving Conditional Mean Independent Correlations 

The objective of the CMIC is to provide estimated correlations between the 

improvement domains that are conditional mean independent of the observed 

variation in other standardized outcome variables.15 Appendix 6.1. provides a general 

empirical representation of a model with N domains for improvement – i.e., 

standardized outcome variables –, that estimates interdependencies between the 

N domains for improvement without imposing theoretical restrictions regarding 

 
15 Conditional mean independence refers to a situation in which estimated correlations between any 

two domains are unrelated to observed variation in other domains. Formally, conditional mean 

independence (CMI) implies E!"!#$" , $#!,#% , &, '( = *!"!#$#!,#% , &, '(	,-.	/ = 0, 1, such that the error 

terms in a regression estimation model are unrelated with $" upon controlling for other outcomes 

($#!,#%), observed (X) and unobserved (Z) characteristics. We note that our objective is not to use the 

CMI-assumption to estimate the causal effect between 3! and 3% . Instead, we use it to generate a 

predictive weight for outcome pair {3! , 3%} as an empirical ‘best guess’ for how domain 3! changes 

with 3% and vice versa.  
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potential (Equation 1 and 2) and a detailed description of how CMIC are obtained 

with a 2-equation system (Equation 3). CMIC were estimated using the Zellner’s 

Seemingly Unrelated Regression package of the STATA software version 16 

(https://www.stata.com/, Zellner, 1962).16 The estimated CMIC reflect how domain !! 

changes with a change in !" . Using these estimates, we can simulate how all 

domains would change if one particular domain is increased by 1 unit. For this 

objective, all variables are normalized to have a mean of 0 and a standard deviation 

of 1. As a result, CMIC generate for each domain !" , the changes in !#" associated 

with a standard deviation of improvement in !" .  

 

A feature of the proposed CMIC, and great value to educational practitioners and 

policymakers, is that the addition of explanatory variables and background 

characteristics (the X variables) should not alter the estimated correlations 

between domains subject to improvement if the defined set of N domains is 

complete.17 Completeness of the set of N domains refers to the inclusion of all 

relevant outcome domains, as defined in a chosen theoretical model on 

educational quality. The intuition is that – under this completeness assumption – 

observed variation in the outcome variables !#",#! should absorb all observed 

variation in explanatory variables (X and Z), rendering the inclusion of these 

variables obsolete. We do not observe unobserved variables (Z), but by examining 

the extent to which the estimated CMIC ("% and "&) change due to the inclusion of 

observed characteristics (X) yields information about whether this completeness 

assumption holds empirically.  

 

Up to now, we have assumed that we estimate each CMIC twice in the 2-equation 

system ("% and "&), but in the empirical application we estimate both a restricted 

 
16 Zellner’s Seemingly Unrelated Regression package of the STATA software ssumes 

homoscedasticity of the error terms. The Seemingly Unrelated Estimation (suest) package of the 

STATA software (https://www.stata.com/) provides an alternative that does not assume 

homoscedasticity and that allows to adjust for clustered data. 
17 And if the relationship between 3! and 3% is indeed linear, although non-linear pair-wise 

correlations can also be considered by the model. 
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model in which " = "% = "& and an unrestricted model in which we estimate the 

parameters "% and "& separately. Even though there is one unique CMIC (") for each 

outcome pair {!" , !!}, not achieving conditional mean independence on unobserved 

characteristics Z by the inclusion of X and ∑ ∑ ('!#",#!
'(

')%
*
+)%  can result in two 

different parameter estimates for " and "%, "&.  

 

Table 6.3 shows the estimated CMIC (") between domains for the data of the Better 

Together project, as well as the R2 for !" . These correlations are estimated using the 

restricted model presented in Equation 3 in Appendix 6.1. In this model, gender, 

ethnicity, and grade level dummies are included as background characteristics (X). 

Figure 6.3 visualizes the obtained CMIC. The figures in the table and the lines in the 

graph show that many domains are strongly and positively correlated to other 

domains and that the estimated CMIC between student perceptions of Belonging 

and Culture and climate is the highest.  

 

Table 6.3.  

Estimated Conditional Mean Independent Correlations (CMIC) Between Domains 

  CMIC for pair {"! , ""} (SE) R2 

 
  y1 y2 y3 y4 y5 y6 y7 y8 y9  

Culture and 

climate  

y1 1.00         0.48 

Belonging y2 0.72 (0.02) 1.00         0.45 

Safety y3 0.19 (0.03) -0.20 

(0.03) 

1.00       0.27 

Educator trust y4 -0.10 

(0.03) 

0.47 (0.03) 0.40 

(0.02) 

1.00      0.48 

Learner control  y5 0.13 (0.03) -0.18 

(0.03) 

-0.16 

(0.03) 

0.12 (0.03) 1.00     0.53 

Relevancy of 

schoolwork 

y6 0.05 

(0.03) 

0.03 

(0.03) 

-0.11 (0.03) -0.06 

(0.03) 

0.37 (0.02) 1.00    0.43 

Student-teacher 

dialogue 

y7 0.03 

(0.03) 

-0.05 

(0.03) 

0.01 (0.02) 0.19 (0.03) 0.49 

(0.02) 

0.18 (0.02) 1.00   0.54 

Student-peer 

dialogue 

y8 0.06 

(0.03) 

0.24 

(0.03) 

0.07 (0.03) 0.01 (0.03) 0.22 

(0.03) 

0.17 (0.03) 0.10 (0.03) 1.00  0.43 

Student-

technology 

exchanges 

y9 -0.03 

(0.03) 

-0.07 

(0.02) 

0.22 

(0.03) 

0.09 

(0.03) 

0.17 (0.02) 0.11 (0.03) 0.08 

(0.02) 

0.18 (0.02) 1.00 0.20 
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Figure 6.1.  

Estimated Conditional Mean Independent Correlations 

 
 

Recall that the restricted model is represented by Equation 3 in Appendix 6.1. 

assumes " = "% = "&. However, the unrestricted model does not assume that 

" = "% = "& and estimates two separate parameters "% and "&. As is discussed 

previously, when conditional mean independence on unobservables (Z) is not 

achieved by the inclusion of X and ∑ ∑ ('!#",#!
'(

')%
*
+)% , the " parameter of the 

restricted model can be significantly different from the estimated parameters "% 

and "&. This means that unobserved characteristics can affect each domain of the 

considered pair differently, and the estimated correlation may then be representing 

the correlation between the domains and the unobserved characteristics. Figure 6.2 

evaluates the relevance of this distinction for the model imposed on the Better 

Together data by visualizing the estimated 95% confidence intervals of both the 

unrestricted and restricted CMIC. The overlapping confidence intervals indicate 

there are no statistically significant differences between the unrestricted and 

restricted models. The hypothesis that each domain of the considered pairs is 

affected equally by unobserved characteristics (i.e., " = "% = "&) can thus not be 

rejected. 

Size and Direction of the 
CMIC coefficients: -1 -.7 -.5 -.2 -.1 0 .1 .2 .5 .7 1

y1 y2 y3 y4 y5 y6 y7 y8

Culture and climate y1

Belonging y2

Safety y3

Educator trust y4

Learner control y5

Relevancy of schoolwork y6

Student-teacher dialogue y7

Student-peer dialogue y8

Student-technology exchanges y9
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Figure 6.2.  

Estimates and Confidence Intervals of the Unrestricted and Restricted Conditional Mean 

Independent Correlations 

 

C
ul

tu
re

 a
nd

 C
lim

at
e

B
el

on
gi

ng
Sa

fe
ty

Ed
uc

at
or

 T
ru

st
Le

ar
ne

r C
on

tro
l

R
el

ev
an

cy
 o

f S
ch

oo
lw

or
k

St
ud

en
t-T

ea
ch

er
 D

ia
lo

gu
e

St
ud

en
t-P

ee
r D

ia
lo

gu
e

Te
ac

hn
ol

og
y 

Ex
ch

an
ge

s

Belonging
Safety

Educator Trust
Learner Control

Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Safety

Educator Trust
Learner Control

Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Educator Trust
Learner Control

Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Safety
Learner Control

Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Safety
Educator Trust

Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Safety
Educator Trust

Learner Control
Student-Teacher Dialogue

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Safety
Educator Trust

Learner Control
Relevancy of Schoolwork

Student-Peer Dialogue
Technology Exchanges

Culture and Climate
Belonging

Safety
Educator Trust

Learner Control
Relevancy of Schoolwork
Student-Teacher Dialogue

Technology Exchanges

Culture and Climate
Belonging

Safety
Educator Trust

Learner Control
Relevancy of Schoolwork
Student-Teacher Dialogue

Student-Peer Dialogue

-1 -.5 0 .5 1

Unrestricted Restricted



 132 

 

Similarly, Figure 6.3 displays the estimated confidence intervals of the CMIC with 

and without the inclusion of observed background characteristics. Based on this 

figure we can conclude whether the inclusion of background characteristics X 

results in the estimation of a significantly different " parameter. To some extent, 

this is an empirical check for whether the defined set of N domains is complete (i.e., 

containing all relevant domains), given that the other outcome variables included 

in the model (i.e., Equation 3 in Appendix 6.1.) should absorb the influence of all 

observed and unobserved characteristics in the case of such completeness. Figure 

6.3 indicates that 11 percent of the estimated parameters change statistically 

significantly due to the inclusion of background characteristics X. This change in 

estimates could be the result of an incomplete theoretical model (i.e., domains are 

not included that are correlated with these background characteristics) and/or 

issues of multicollinearity between the domains currently included and these 

background characteristics X.  
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Figure 6.3.  

Estimates and Confidence Intervals of the Conditional Mean Independent Correlations with 

and Without the Inclusion of Observed Background Characteristics 
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6.5. Applying Normative Growth Functions to the CMIC 

This section describes how growth functions can be used to translate the CMIC to 

construe rankings of high-impact improvement domains. Normative growth 

functions provide a set of decision rules for determining which domain !" should 

be improved to yield higher overall educational quality defined by the total set of N 

domains. These growth functions are normative, meaning that there is no single 

growth function that is correct, but rather that different configurations of 

improvements can be valued differently by different stakeholders. . More simply 

put, the growth functions can have the objective to, for example, minimize 

inequality between the outcomes or maximizing total output. The choice for one of 

the two objectives is subjective and relies on priorities imposed by relevant 

stakeholders (e.g., policymakers).  

 

In this section, we present three growth functions. These growth functions construe 

rankings of high-impact improvement domains either by maximizing the sum of 

all improvements (Maximize Growth, MG), a weighted sum of these improvements 

(Maximize Growth with Preference Weights, MG-PW), or the sum of overall 

improvements after penalizing the expected inequality between domains 

(Maximize Growth with Inequality Penalty, MG-IP). In Appendix 6.2. we describe how 

each growth function utilizes the CMIC to generate – for each domain !" – an overall 

growth score )," . Based on this score, a normative ranking is established, 

indicating which domain ought to be improved to yield the largest expected overall 

improvement across all domains. Below, we discuss the outcomes of applying each 

of the three growth functions to the CMIC based on the data of the Better Together 

project. 

 

6.5.1. Maximize Growth 

The objective of the Maximize Growth (MG) decision rule is to increase 

improvement in outcomes aggregated over all N domains, regardless of potential 

differences in relative improvement across domains. This can be interpreted as a 

simple ‘more-is-better’ rule. Table 6.4 presents the high-impact improvement 

rankings when MG is applied. The empirical results point to Learner control as the 

highest-impact improvement domain for the school district of interest, followed by 
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educator trust. We note that in the ranking derived from applying MG, it seems that 

four distinct ranking groups appear to emerge with fairly similar overall growth 

scores )," : (1) ranks 1-2, (2) ranks 3-6, (3) ranks 7-8, and (4) rank 9. 

 

Table 6.4.  

Ranking Highest-Impact Improvement Based On Maximize Growth (MG). 
Ranking based on MG Overall growth score %#! 

1. Learner control 2.16 

2. Educator trust  2.10 

3. Student-peer dialogue  2.04 

4. Culture and climate 2.03 

5. Student-teacher dialogue 2.02 

6. Belonging 1.97 

7. Relevancy of schoolwork 1.75 

8. Student-technology exchanges 1.71 

9. Safety 1.41 

 

6.5.2. Maximize Growth with Preference Weights 

The objective of Maximize Growth with Preference Weights (MG-PW) is to gain 

insight into high-impact improvements associated with the highest growth in pre-

specified prioritized domains. Prioritizing domains is normative and should 

therefore be determined beforehand by relevant stakeholders (e.g., policymakers). A 

possible reason to prioritize one domain over another is the ambition to meet new 

practice and policy standards that target particular domains more than others. For 

example, the practice and policy context might require a higher inclusion rate of 

students with special educational needs in regular education in the district. 

Changes (improvements or declines) in certain domains, such as the relevancy of 

schoolwork, safety, and belonging, might in that case be weighted more heavily 

than changes in other domains when identifying the highest-impact 

improvement(s). Table 6.5 provides the results of applying the aforementioned 

example of MG-PW on the Better Together data, in which relevancy of schoolwork, 

safety, and belonging all are allocated a weight of 1/3, yielding preference 

proportions of 0 for the remaining six domains. Intuitively, this indicates a 

situation in which policymakers only –and equally- care about improvements in the 

relevancy of schoolwork, safety, and belonging. Yet, interestingly, the MG-PW results 

in Table 6.5 show that – when considering the interconnectedness in domains – 
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improving culture and climate is associated with higher overall growth in these 

prioritized domains, rather than improving one of these the prioritized domains 

themselves. Similarly, these MG-PW results also reveal that increasing educator 

trust is associated with higher overall growth in the prioritized domains than 

improving safety, one of the prioritized domains.  

 

Table 6.5.  

Ranking Highest-Impact Improvement based on Maximize Growth with Preference Weights 

(MG-PW).  
Ranking based on MG-PW Pref. Prop. 

(p) 

Weight 

(p*n) 

Overall growth score %#! 

1. Culture and climate  0 0 2.89 

2. Relevancy of schoolwork 1/3 3 2.77 

3. Belonging 1/3 3 2.50 

4. Educator trust  0 0 2.41 

5. Safety 1/3 3 2.07 

6. Student-peer dialogue 0 0 1.46 

7. Student-technology exchanges 0 0 0.76 

8. Student-teacher dialogue 0 0 0.42 

9. Learner control  0 0 0.11 

 

 

6.5.3. Maximize Growth with Inequality Penalty 

The objective of Maximize Growth with Inequality Penalty (MG-IP) is to maximize 

overall growth while acknowledging that growth should not go at the expense of 

domains for which currently already low results are observed (i.e., relatively low 

standardized means). For example, whereas the MG results (Table 6.3) indicate that 

Learner control is associated with the highest overall growth in all domains, this is 

negatively associated with belonging and safety (see Figure 6.1). Such a negative 

association might be particularly problematic when a domain is already considered 

to be at an undesirably low level. Here, students report relatively low scores on 

safety, as indicated by the lowest relative score of 64% in Table 6.1. As such, one 

would like to take this into account when deciding what high-impact improvement 

to embark on. In the MG-PW approach, policymakers could thus assign a higher 

preference proportion to improve safety, as to consider this concern. Alternatively, 

when applying MG-IP, the approach then is to penalize decisions that are negatively 



 137 

– or only weakly positively – associated with safety, without prioritizing growth in 

safety explicitly. Thus, whereas MG-PW derives overall growth scores based on CMIC 

weighed by their assigned preference proportions, MG-IP does so by maximizing 

CMIC while penalizing improvements associated with only weak –or negative- 

improvements in the domain that is currently lowest (here: safety). As such, MG-IP 

makes explicit the desire to restrict the overall range in outcomes across domains, 

thereby emphasizing the notion of inequality. More specifically, MG-IP focuses on 

safeguarding the domain that scores currently the lowest, which is intuitively 

related to a desire for enabling outcome adequacy across all domains. The relative 

emphasis put on penalizing improvements related to weak – or negative – changes 

in safety is arbitrary and needs to be determined beforehand by the relevant 

stakeholders (e.g., policymakers). An alternative approach is to estimate MG-IP 

rankings across a range of different penalties and infer how it affects relative 

rankings. For illustration, we apply a MG-IP approach to the Better Together data 

with the penalty term (λ) set at 0.5. The results displayed in Table 6.6 show that 

relative to the baseline MG approach, safety has improved its ranking from 9 to 4, 

whereas Learner control, ranked as highest-impact school improvement in MG, is 

ranked sixth when applying a MG-IP approach. Similar to MG, educator trust is still 

a high-impact school improvement in MG-IP, which intuitively can be explained by 

its positive – and relatively strong – CMIC (i.e., +0.40) with safety.  

 

Table 6.6.  

Ranking Highest-Impact Improvement based on Maximize Growth with Inequality Penalty 

(MG-IP). 
Ranking based on MG-IP Penalty 

with λ=0.5 

Overall growth score %#! 

1. Educator trust 20% 1.68 

2. Culture and climate  27% 1.48 

3. Student-peer dialogue 31% 1.41 

4. Safety 0% 1.41 

5. Student-teacher dialogue 33% 1.35 

6. Learner control  39% 1.32 

7. Student-technology 

exchanges 26% 1.27 

8. Belonging 40% 1.18 

9. Relevancy of schoolwork 37% 1.10 
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6.5.4. Comparing Normative Rankings based on Growth Functions and 

Leaders’ Intuition 

In this section, the normative rankings based on the three growth functions 

presented earlier in this section and a ranking of improvement domains provided 

by site administrators in the district (N = 15) are compared. To derive the ranking by 

school leaders, each site administrator was asked to individually send in a top three 

highest-impact improvements, and based on fifteen responses a ranking was 

distilled based on a point system. Each first choice (i.e., the top one) received three 

points, each second choice received two points, and each third choice received one 

point. Improvement domains that were not chosen received zero points. The 

ranking was based on the total of points per domain based on the fifteen responses. 

The number of points was unique for each domain and the domain with the highest 

score was ranked first, and so on. The higher the ranking the better it is to improve 

this domain conditionally on the beliefs of administrators or the type of growth rule 

that is chosen. Figure 6.4 visualizes the rankings resulting from three different 

growth functions and the ranking of administrators. 

 

Applying CMIC and growth functions to the Better Together data show that the 

identification of high-impact improvements depends strongly on the chosen 

growth function. Striking similarities are found between the MG-based ranking and 

the MG-IP ranking; both identify educator trust as the highest-impact 

improvements. The MG-PW ranking shows a different pattern, keeping in mind that 

this growth function only considers growth in three out of the nine domains (that 

is safety, relevancy of schoolwork, and belonging).  

 

Comparisons between the administrators’ ranking and the MG ranking are not 

straightforward as they are derived using very different strategies. Yet, some 

similarities emerge between both rankings in the sense that culture and climate 

and learner control score relatively high in both, whereas the domain student-

technology exchanges scores were relatively low in both. Overall, there are distinct 

differences between the ranking using MG and a ranking based on administrators’ 

responses. For example, educator trust is ranked the second-highest-impact 
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improvement domain by MG, but is ranked only 7th in the administrators’ ranking. 

Similarly, whereas the relevancy of schoolwork is ranked relatively high by 

administrators, it is ranked only 7th by MG. This could resemble the fact that it is 

difficult for policymakers to determine which domain(s) should be intervened upon 

in terms of generating overall improvement across a range of interconnected 

domains. Alternatively, it is consistent with the idea that policymakers do not adopt 

a simple ‘more is better’ rule –such as MG- in deciding how to move forward, but 

rather also consider the relative importance weights of particular domains (i.e., MG-

PW) and/or the variability in current levels across domains (i.e., MG-IP).  

 

One might notice a striking similarity between the administrator's ranking and the 

maximized growth function with preference weights (MG-PW). Relative to the MG 

ranking, it thus seems that this particular example of MG-PW somewhat better 

approximates the preferences of administrators. However, these similarities should 

be interpreted with caution. The preference weights were not chosen by the 

administrators, but by the authors and serve as a hypothetical example. 

Administrators would potentially assign preference weights to other domains, 

yielding a different MG-PW ranking. 

 

An important outcome of all three growth functions is that the domain that scores 

lowest according to students (here: safety) is not identified as a high-impact 

improvement with either of the growth functions, even when explicitly assigning 

preference weights to this domain. Moreover, the administrator's ranking differs 

considerably from the outcomes of the growth functions. Strikingly, administrators 

did not consider educator trust to be a high-impact improvement, while both the 

MG and MG-IP point at educator trust as a high-impact improvement. Overall, it can 

be concluded that the growth functions can shed new light on high-impact 

improvements when compared to a ranking based on administrators’ experiences, 

viewpoints, and tacit knowledge.  
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Figure 6.4.  

Rankings of Highest-Impact Improvement Domains Based on CMIC and Growth Functions 

and Administrators’ Reports 

 
 

6.6. Conclusion and discussion 

In educational contexts where many improvement domains are interdependent 

and causal evidence is frequently lacking it is difficult, if not impossible, for 

educational practitioners and policymakers to confidentially decide which domain 

to invest time and resources in. With CMIC and growth functions, decisions on 

which domains, among the many available alternatives, should be improved first 

are more targeted and informed. This method challenges current beliefs and 

models of how educators approach school improvement efforts, as many decision-

makers draw on experience, anecdote, or from trusted others (Daly & Finnigan, 

2014). This is particularly relevant when school districts are in high-stakes contexts 

and outcomes of decisions potentially impact the lives of thousands of students. 

Further, the development of this method resulted from scholars and practitioners 

working hand in hand to test and assess domains for improvement. The method is 

thus a by-product of what happens when researchers and practitioners pair up in 

improving systems. The interaction between the evolution of the research-practice 

partnership and the development of CMIC and growth functions is an important 
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one as it suggests that other partnerships may innovate and mutually support 

improvement goals.    

 

In this paper, the CMIC and growth functions are applied to data from the Better 

Together Research-Practice Partnership (2019) to identify high-impact 

improvements for student learning. Prior research shows that school leaders’ 

decision-making on school improvement efforts is typically not grounded in 

academic evidence and data (Neeleman, 2019). The results show a substantial 

discrepancy between what school leaders may think are high-impact domains and 

what the CMIC and growth functions identify as improvements that maximize 

growth across domains related to student-centered learning. Meaning that when 

school leaders go by what they ‘think’ are important improvement domains on 

which to focus, they may well overlook domains that have a stronger positive 

association with designated improvement domains.  

 

Given the crucial role of decision-making on improvement efforts at the leadership 

level (Creemers & Kyriakides, 2007; Schildkamp, 2019), our results underline the 

importance of making data and academic theory part of the decision-making 

process. The CMIC and growth functions provide a unique opportunity to engage 

district officials at different levels with theory and data by being able to actively 

‘scenario build’ and test out different sets of possibilities with data collected from 

their context. Such involvement of decision-makers can challenge them to reflect 

deeply on implicit assumptions that exist in educational organizations. The 

implementation of CMIC and growth functions therefore also provides an avenue 

for research into organizational decision-making processes. 

 

The CMIC and growth functions also provide a unique opportunity for theory 

development, challenging researchers to partner and define comprehensive 

models of educational quality and collect data that inform on all constructs 

included in such models. This method, namely, requires a theoretical model that is 

comprehensive and complete. When this assumption is violated, domains that are 

not included in the method will distort the results and yield a biased ranking. As 

shown in this paper, there are several ways to test whether this assumption holds 
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and these tests can be leveraged by researchers to better understand the validity of 

theoretical models. Especially considering the complex nature of social sciences 

and the scarcity of quantitative methods that enable such a comprehensive 

assessment of a theoretical model, the CMIC and growth functions can play an 

important role in the academic domain.  

 

There are several limitations of the CMIC and growth functions. The CMIC and 

growth functions presented here do not consider factors such as the potential for 

growth in a certain domain or the cost-effectiveness of growth in a certain domain. 

Future research can address whether this information can be successfully 

integrated into growth functions. Future research can invest high-impact 

improvement domains using the CMIC and growth functions longitudinally, to 

examine whether improvements in certain domains indeed effectuate the expected 

change in other domains and whether such changes affect the ranking provided 

with the CMIC and growth functions over time. For now, the outcomes of CMIC and 

growth functions should not be taken for granted, but scrutinized and discussed 

by both practitioners and researchers as simply a guide to the use of resources for 

improvement within school districts. The role of an ongoing research-practice 

partnership is important here as it creates the space to test out assumptions and 

address limitations.  

 

In line with the basic philosophy of a partnership, the method presented here based 

on CMIC and growth functions strives to be ‘mutually beneficial’ for all 

stakeholders: it provides researchers with new opportunities for theory 

development and it provides district officials with a stronger degree of decision-

making authority for use of resources for improvement. CMIC and growth functions 

can make a wider contribution as health care and other sectors face similar 

decision-making challenges. Research-practice partnerships in a variety of sectors 

are needed to realize the potential of CMIC and growth functions for informing 

policy decisions.  
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7. General conclusion and discussion   
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The research in this dissertation was fueled by a renewed focus on student agency 

in formal education (Fielding, 2004; Kirschner & Stoyanov, 2020; Leadbeater, 2017; 

Scheiger, 2015; Rudduck, 2006; Smit et al., 2014). Empirical research suggests that 

student agency enhances educational achievement and attainment (Conley & 

French, 2014; Dignath & Büttner, 2008; Vaisarova & Reynolds, 2022), better 

prepares students for the job market (Kirschner & Stoyanov, 2020), and 

contributes to a sense of active membership in the school community and society 

(Rudduck, 2006). In addition, student agency is key to effectively improving 

education using the possibilities offered in current educational technology. 

Precisely because a new generation of learning environments are increasingly 

characterized by autonomy and choice – information density increases, but teacher 

control or teaching method decreases – student agency is more critical than ever 

(OECD, 2015; van der Molen, 2013). However, essential theoretical questions about 

how student agency can be promoted have been left unanswered in the educational 

literature (Biesta & Tedder, 2007; Priestly et al., 2015). As a result, empirical work on 

the factors that promote or hinder student agency is scarce and fragmented. There 

is a need for research-based teaching models that effectively promote student 

agency, promote student success, and prevent student agency from compromising 

learning performance. 

 

This dissertation addresses the lack of theory on how student agency can be 

promoted in formal education. The empirical studies in this dissertation 

furthermore investigate the challenges that teachers, school leaders, and 

researchers are confronted with while attempting to promote student agency. These 

are, among others, how student agency can be measured, how to balance the 

tension between input from the learner and teacher guidance, and how to identify 

high-impact school improvements. This final chapter summarizes and discusses 

the main findings considering the three overarching research questions in this 

dissertation (7.1.), presents three key conclusions (7.2), discusses the limitations of 

the presented empirical and directions for future research (7.3), and finally provides 

key implications for educators and policymakers (7.4). 
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7.1. Main findings 

7.1.1. Measuring student agency 

Firstly, this dissertation examines methods to measure student agency. The 

theoretical framework of Self-Regulated Learning (SRL) is used to operationalize 

sovereign agency. SRL should not be understood as being the same as student 

agency, but it describes to what extent agency (i.e., power to exert influence) is 

manifested in a way that supports learning (Kaplan, Neuer, Garner, 2019; Looi & 

Wong, 2014; Pellerin, 2018). The first question raised in this dissertation is how 

student agency can be measured as a phenomenon that is situated in the learning 

environment. Student agency, here, is operationalized based on theory on Self-

Regulated Learning (SRL). Considering the expanding opportunities to grasp digital 

traces of learning behavior, the study in chapter 3 investigated the value and 

meaning of computer-generated traces (or log files) of inferred SRL actions for 

measuring SRL (Azevedo et al., 2017; Jansen et al., 2020; McCardle & Hadwin, 2015; 

Siemens & Gašević, 2012). In chapter 3, two sources of data are compared, namely 

online traces and self-reports during a social science course in the first year of 

university. The results show a correlation between the different operationalizations 

of student agency. When breaking down the online traces to week-level, it appeared 

that students’ self-reports were more strongly related to the online learning 

behavior in the four weeks before filling out their self-reports than the online 

learning behavior in the four weeks thereafter. Furthermore, both self-reported 

motivation, self-reported learning, and observed online learning behavior predicted 

academic performance. These findings suggest that measures based on online 

trace data and self-reports can be complementary in explaining SRL and academic 

achievement. Chapter 3 shows that trace data did not predict students’ self-

reported motivation. Yet, the relevance of trace data, compared to self-reported 

data, is that they can be used to gauge particularly effective learning strategies 

more accurately, such as distributed practice and self-monitoring (Adesope, 

Trevisan, & Sundararajan, 2017). Measuring and monitoring strategy is especially 

relevant for efforts aimed at increasing student agency. Feedback on the use of 

strategies can be directly relevant for adjusting the level of transactional proximity 

because it allows educators to detect possible negative effects of student agency 

initiatives on learning outcomes in time. 
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Whether student agency is best captured with online traces or with self-reports 

depends on one’s theoretical perspectives. Measuring agency through reports of 

motivation and strategy use (Duncan & McKeachie, 2005) is in line with the idea 

that agency is manifested in the learner – also referred to as sovereign agency. 

Gauging agency through traces of online study behavior is in line with the idea of 

new material agency, meaning that agency is manifested in a co-production 

between the subject and objects in the learning environment – and therefore per 

definition situated in the learning environment. Chapter 4 shows that most studies 

on student agency interventions adopt measurement methods in line with the idea 

of sovereign agency. These studies clearly distinguish the learning environment 

from the manifestation of student agency. Chapter 4 also presents a selection of 

studies that used methods along the lines of relational agency (e.g., peer seeking, 

collaboration), ecological agency (e.g., contributions in classroom dialogue), and 

new material agency (e.g., engagement in self-assessment). Although the 

discussion of agency has taken place within different conceptual frameworks 

(Etelapelto et al., 2013; Matusov et al., 2015), the correlation between online trace 

data and self-reports presented in chapter 3 suggest that there is overlap and 

complementary, which is relevant for researchers and practitioners who aim to 

gauge student agency.  

 

7.1.2. Understanding agency-supportive learning environments based on the 

notion of Transactional Proximity  

The second research question in this dissertation addresses which instructional 

design characteristics and teaching strategies lead to agency-supportive learning 

environments. These characteristics are reviewed in chapter 4 and summarized in 

the Agency Through Proximity (ATP) model, see Figure 7.1. The ATP model proposes a 

translation of the principles of Transactional Proximity (Moore, 1972) to primary and 

secondary school settings, where it explains how student agency is promoted 

through flexibility in the instructional design, modes of control, modes of 

communication, and transactional proximity. In chapter 5, the ATP model is 

operationalized in the form of a multiple stakeholder inventory on Students’ 

Experiences of Proximity (SEP). The analysis of the data collected with the SEP 
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inventory shows that the dimensions that make up transactional proximity can be 

identified empirically. In addition, the data collected among teachers suggest that 

the extent to which teachers individualize instruction relates strongly to the 

amount of dialogue between teachers and students. This connects to the following 

quote of a teacher who was interviewed during the development of the SEP 

inventory: 

“Teacher-student relationship is most important. Being able to really get 

to know your students. Using interest inventories or just personal 

interviews, [and] a lot of teacher and student reflections. We reflect on 

what types of learning work for the students and then students reflect on 

how they learn the best they can.” 

 

Figure 7.1.  

The Agency Through Proximity model (ATP model) 

 
 

The data collected among students also suggest that items about the relevancy of 

schoolwork load on the factor that describes learner control. These results suggest 

that the relevancy of schoolwork is not related to instructional design, but the result 

of the student taking control over their learning goals. These outcomes provide a 

first description of the relationship between learner control and the perceived 
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relevancy of schoolwork. Future research is required to further challenge the 

assumption that teachers and instructional design can ‘make learning relevant 

and contextualized’ (Tomlinson, 2003; Waldrip et al., 2014) other than by supporting 

the extent to which learners are aware of the centrality of their role in their learning 

(MacLellan, 2014).  

 

Chapter 5, furthermore, examined to what extent the ATP model can be validated 

based on data collected with the SEP inventory. To that end, perceived and preferred 

teaching practices (according to students, teachers, and parents) were compared 

across contexts that were expected to differ on student agency, teacher-student 

ratio, and instructional models. These comparisons included comparisons between 

the lab school and regular middle schools, longitudinal comparisons between high-

school student reports, and comparisons between primary schools and middle 

schools. Data from the SEP inventory show the expected differences in terms of 

learner control and dialogue among the three stakeholder groups, providing first 

descriptive indications of the validity of the ATP model. In contexts with a higher 

teacher/student ratio and or a flexible instructional design (e.g., the lab school), the 

data show a trend of more perceived flexibility, learner control, and dialogue across 

groups.  

 

Although not a primary focus in this dissertation, the findings in chapters 5 and 6 

have additionally demonstrated that some aspects of the school climate are 

positively associated with the features of an agency-supportive learning 

environment. Chapter 6 indicates that especially levels of trust within the school 

contribute to instructional practices that promote student agency.  

 

7.1.3. Identifying high-impact school improvements using data on 

instructional design characteristics and school climate 

The third research question in this dissertation is about how one can identify high-

impact school improvements for agency-supportive learning environments using 

data on instructional design characteristics and school climate. Chapter 6 presents 

a new method that can be applied to data on instruction, culture, and climate to 

support district and site decision-making on improvement efforts. This Conditional 
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Mean Independent Correlations (CMIC) and growth functions method produces a 

data-based ranking of the areas in terms of their positive effects on all other areas. 

This method was designed to help school leaders to identify which area, among the 

available alternatives, is associated with the largest growth considering the 

mission, vision, and core values of a system based on relationships in the data. Of 

importance is that this approach can incorporate the practitioner’s idea on 

desirable growth, for example, the preference to effectuate the highest possible 

growth in all areas, the preference to improve certain areas more than others, or the 

preference to improve weaker areas first.  

 

Chapter 6 furthermore presents the application of the CMIC and growth functions 

method within the Better Together research-practice partnership. The results of 

applying this method – as described in chapter 6 – showed that learner control and 

students’ trust in their educators (principal and teacher trust) has the highest 

average association with all areas that together make up the student’s school 

experience. Leaders themselves ranked these domains fourth and seventh (out of 

eight). The findings motivated leaders to re-examine how trust can be nurtured in 

the district (van Halem et al., 2021). Parallel to the findings in the student survey 

data, the results show that teacher-student dialogue has the highest overall 

association with areas that together make up the teacher’s daily experiences in 

their work, including collaboration between teachers, communication with parents, 

instructional practices, and equity beliefs (See Appendix 6.3). The findings from the 

CMIC and growth functions overall show that teacher-student relationship, 

dialogue, and learner control hold overall predictive value for the quality of 

instruction and overall school climate.   

 

7.2. Conclusions  

The key findings in this dissertation can be summarized in three main conclusions 

and are outlined below.  
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7.2.1. Attending to the relationships within a school is key in promoting 

student agency through learner control. 

The systematic literature review in chapter 4 shows that learner control has varying 

effects on student agency. In one study by Netcoh (2017), students even reported 

that it inhibited their learning and that the perceived lack of structure contributed 

to demotivation. In addition, the teachers who were interviewed during the 

validation of the SEP in chapter 5 explained that increasing learner control tempts 

students into choosing the least effortful option or mimicking their peers and that 

the capacity to learn autonomously varies widely within a classroom. This finding 

challenges the notion that students only need to recognize the learning resources 

as a learning opportunity to benefit from it. It rather suggests that students need 

additional support and guidance. This is in line with the idea that teachers and 

students have different values, expectations, and interests related to balancing 

learner control and academic rigor (Netcoh, 2017) and this argues against an 

instrumental perspective on learner control. Increasing students’ control over goals 

and activities in formal education may work for a while — until students notice that 

the teacher must teach a preset curriculum and cannot live up to the promise of 

developing students’ interests and goals (Matusov et al., 2016).  

 

In terms of increasing sovereign agency, the findings in this dissertation provide 

first indications that relationships are key in explaining how learners benefit from 

learner control. In the first place through dialogue in the classroom. Chapter 6 

shows that the level of dialogue in classrooms strongly relates to the quality of 

relationships in the school, and particularly to students’ trust in their teachers and 

their sense of belonging. The systematic literature review in chapter 4 shows that 

promoting dialogue (e.g., group work, the use of non-controlling language, 

explaining the relevance of an uninteresting task) positively impacts motivation, 

effort regulation, and future orientations. The testimonials of the teachers 

interviewed during the development of the SEP inventory also underline the 

importance of getting to know the student and their needs in tailoring the lessons 

to students’ interests:  
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“If there is one thing, […] I know these students a lot better. Because we do 

not only talk about work. We actually have conversations about them. […] 

So we spend a lot more one-on-one time with these kids. I do feel guilty 

because we absolutely do have the ideal situation.” 

These results suggest that teachers may benefit from foregrounding student 

choice as a partnership in which students and teachers bring their voices into the 

conversation while framing choice as a means toward collaboratively developed 

learning targets; as opposed to an end in and of itself (Netcoh, 2017).  

 

Although the directionality of the relationship between classroom dialogue and 

trust between students and teachers has not been shown here, it seems that trust 

is an important indicator of successful student agency initiatives. That may not 

only apply to trust between teachers and students, but between all actors in a 

school. As argued by Bryk and Schneider (2002), relational trust is shaping 

behavior, enabling social exchanges, and is strongly correlated to successful 

implementation of change initiatives. To create learning environments in which 

students take meaningful action in their learning, it seems that they need to trust 

their teachers. In parallel, it seems that teachers need to trust their administrators. 

It follows that when teachers are trusted, empowered, and facilitated to work 

together with colleagues and the wider community, they, in turn, can create an 

agency-supportive environment for their students. 

 

7.2.2. Descriptive evidence suggests that transactional proximity may be a 

helpful concept when promoting student agency in formal education.  

The literature review in chapter 4 highlights that interventions have varying effects 

on sovereign and relational agency, which cannot be directly connected to the 

characteristics of the interventions. Whether or not an intervention yields positive 

effects is not related to the extent of freedom versus structure in activities, the 

extent of dialogue, or the presence or absence of personalized learning materials. 

In this dissertation, transactional proximity is proposed to be the latent factor in 

interventions that successfully balance freedom and support in achieving student 

agency. Through transactional proximity, it is assumed that learners gain a better 
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understanding of their role in learning, learn what is important and meaningful to 

them, develop motivation and self-efficacy, and engage in regulation strategies 

that together set the stage for purposeful opportunities for learner control. 

Transactional proximity, furthermore, is argued here to play an important role in 

teacher-student negotiations of learner control. Transactional proximity enables 

both the teacher and the students to better estimate which opportunities for 

learner control will benefit both learning and the student’s sense of agency.  

 

The mechanism that connects the concepts of transactional proximity, control, and 

student agency is laid out in the ATP model. The advantage of such a model is that 

it offers a theoretical framework that integrates notions from different research 

traditions and paradigms, goes beyond extant models, and allows insight into the 

mechanisms of instructional design for student agency. The ATP model can be used 

in future research to bring to the surface the dynamic interaction between flexibility 

in the instructional design, development of dialogue, and learner control, and 

explain variation in achieved student agency. The ATP model serves as a 

heuristic device, a means of identifying questions for research, and a very practical 

instrument to be used in making instructional design decisions and educational 

policy. 

   

7.2.3. There are mutual benefits when researchers and practitioners work 

together to identify high-impact improvements in learning environments. 

Research shows that student agency initiatives are considered important but 

difficult to implement by researchers and educators (Kirschner & Stoyanov, 2020). 

The intricacies of promoting student agency are also demonstrated in this 

dissertation and the culture and resources within the institutional context seem to 

play an important role. The study presented in chapter 2 on the effects of 

implementation barriers on the uptake, underlines the importance of an 

organizational context that provides effective support resources for students 

during the implementation of innovations (Ertmer et al., 2012; Ruggiero, & Mong, 

2015). Next to the importance of allocated resources at the level of the educational 

organization, this work shows the importance of considering the role of educational 

leadership in efforts to support student agency.  
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Chapter 6 presents a first step in how researchers and practitioners can work 

together in creating, nurturing, and sustaining a climate in support of efforts to 

promote student agency. In educational contexts where many domains subject to 

improvement are interdependent and causal evidence is frequently lacking it is 

difficult, if not impossible, for policymakers and educational practitioners to decide 

which domain should be invested in. The application of the method presented in 

chapter 6 makes the point that while leaders have good insights as to which areas 

to focus on, the research efforts in the partnership allowed school leaders to see 

where they are excelling and where they need to focus for further growth. It 

furthermore underlines that within a partnership that honors the expertise of 

school leaders and teachers, researchers can empower those in schools who are 

working with teachers and students so that they can make informed decisions 

based on the needs of learners (Coburn & Penual, 2016; Cooper, MacGregor, & 

Shewchuk, 2020). Researchers may influence policies and implement new 

programs, but without empowering school leaders and creating a school culture 

where people feel valued and involved, it is unlikely that student learning will 

improve. 

  

7.3. Limitations and suggestions for future research  

As the studies presented here are exploratory work in a cross-disciplinary and 

complex field of learning environment research, several limitations and directions 

for future research can be distinguished.  

 

Firstly, while this dissertation presents the hypothesis that transactional proximity 

impacts student agency, the design and data collection methods applied in this 

dissertation provide limited evidence in this direction. This relates to several 

limitations of the current work. The SEP inventory captures measurable learning 

experiences and preferences. The distance between the preferred and perceived 

learning environment may approximate the level of transactional proximity, but 

this claim needs to be cross-validated in future research. The SEP inventory treats 

transactional proximity as a latent construct. Future research is needed to explore 

the possibilities to measure transactional proximity through direct questions to 
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the students (e.g., to what extent do you feel understood in your daily interactions 

with your teachers). Other qualitative methods for exploring transactional 

proximity could be considered too in future research. Furthermore, the comparisons 

in chapter 5 did not draw on data on student agency in addition to the data 

collected with the SEP inventory. As such, the descriptive data on these 

comparisons only shed light on a part of the ATP model. The proposed measures of 

SRL based on self-reports or trace data (see chapter 3) may provide a starting point 

for investigating the relation between transactional proximity and student agency. 

Another limitation is that the current work does not capture the potentially dynamic 

relationship between transactional proximity and student agency. To that end, both 

the effect of designer choices and teacher actions on the student and vice versa 

need further investigation. Especially considering the role of the learner in 

establishing transactional proximity given the possibility that learners can 

purposefully manipulate their environment (Dron, 2007; Saba, 2003).  

 

Secondly, the operationalizations of student agency based on SRL in chapters 2 and 

3 assume that expressions of student agency comply with the objectives of the 

teacher and the curriculum. For example, in chapter 3 student agency is measured 

through students’ strategy use in a university course, meaning that agency is 

expressed when students apply learning strategies that are effective considering 

the course objectives. The presented studies may have insufficiently interrogated 

the normative claims about student agency in an educational setting that underlie 

these operationalizations. One may argue that both compliance with and 

resistance to classroom norms can indicate student agency because student 

agency is more than acting in ways that support mastering the preset curriculum 

(Charteris & Smardon, 2018). Especially through qualitative data – which are not 

presented in the current dissertation – a better understanding of a student’s 

understanding about their role and what they consider agency can be achieved. 

Such an approach may also be more suitable in considering cultural differences in 

learning contexts and manifestations of student agency. The importance of 

students’ understanding of their role and identity, and the role of education in 

supporting this understanding, seems to have relevance in every context (Hughson 

& Wood, 2020). However, agency is perceived and interpreted differently around the 
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world; both articulated and quiet students can feel powerful about their learning, 

and agency can be present in contexts that prioritize attaining individual goals or 

contexts that prioritize maintaining harmony (Abiko, 2017; Desmond, 2017; OECD, 

2019; Steinemann, 2017; Xiang et al., 2018).  

 

Thirdly, an important caveat concerning the discussed agency-supportive learning 

environments is that they may work best for students who already exert agency 

upon entering. As such, these environments may amplify existing educational 

inequalities. For example, in terms of prior knowledge and prior experiences in 

taking control over everyday learning processes. These students may be more 

successful in handling the cognitive demands of shifting from selecting and 

processing externally organized stimuli to anticipating and seeking based on 

individual needs and goals (Hannfin & Hannafin, 2010). As a result, these students 

may perform better in agency-supportive environments. Out of all elements of an 

agency-supportive environment, the effects of learner control are most strongly 

related to individual differences among students (Clark, Kirschner, & Sweller, 2012). 

Used ill-considered, students who lack prior knowledge and learning skills tend to 

develop significant misunderstandings that are difficult to detect or repair (Dobber, 

Zwart, Tanis, & van Oers, 2017; Sweller, 2016). However, a learning environment that 

lacks learner control deprives the student of the opportunity to recognize their 

possible influence on activities (locus of agency), and therefore themselves as an 

agent (Bandura, 2006; Clarke et al., 2016; Giddens, 1984). It is, therefore, of the 

essence that future research addresses the tension between supporting the 

development of agency and inequitable outcomes of efforts that focus on student 

agency considering initial levels of student agency (see also Andersen & Andersen, 

2017; Tanchuk, 2020).  

 

Finally, this dissertation not only aims to contribute to agency-supportive learning 

environments for students but also for school leaders and policymakers. In 

particular around the concept of ‘data agency’, which is addressed with the CMIC 

and growth functions method that is presented in chapter 6. This presented 

application of the method showcased how it can provide a ranking of focus areas 

to effectuate improvements in instruction and the school culture and climate in 



 156 

which leaders, teachers, and students do their work. Even though the CMIC and 

growth functions method and the focus on a partnership may result in actionable 

knowledge, this dissertation did not examine whether this knowledge indeed led to 

action. Although this method can contribute to the detection of high-impact 

improvements, it does not diagnose which interventions benefit the school most 

(see the 5D model by van Klaveren & Cornelisz, 2021). In addition, leveraging work 

with external partners – such as researchers –requires organizational capacity in 

schools and districts to learn from others. This is called absorptive capacity, which 

describes the ability to recognize the value of new information, integrate it, and 

apply it in new ways in organizational policies and practices (Farrell, Coburn, & 

Chong, 2019). It was assumed that the absorptive capacity of district leaders (Farrell 

& Coburn, 2017; 2019) was increased by involving school leaders in this way in 

analyzing the research data. However, this assumption about absorptive capacity 

and what practitioners, in particular leaders, perceive as relevant knowledge, needs 

further investigation. Especially concerning the research-informed insights that 

researchers aim to feedback into the district or school organization. Senge's work 

on organizational learning (1994) provides a lens through which we understand how 

organizational conditions shaped deliberate consideration of new ideas. In line with 

the basic idea of the CMIC and growth functions method, the organizational 

learning perspective presents a challenge to the notion of knowledge as something 

created outside of the school and then “implemented” (Louis, 2010). It is therefore 

relevant to examine leaders’ experiences during participation in knowledge 

creation processes. Farell and Coburn (2017) defined a conceptual framework for 

understanding district office leaders’ learning and they contend that prior 

knowledge, communication pathways, strategic knowledge leadership, and 

resources to partner are preconditions for a district central office’s absorptive 

capacity. They furthermore point at the role of the nature of the interaction between 

the district and research partners. These factors could be examined in future efforts 

around applying the CMIC and growth functions method.  
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7.4. Implications for practice  

 

Given that learning outcomes can improve significantly when students are 

stimulated to direct their learning behavior and undertake activities to acquire 

knowledge and skills (De Boer, Donker, & Kostons, 2013), it is of importance to 

understand how learning environments can be designed in such a way that they 

foster student agency. The empirical studies in this dissertation examine an array 

of student agency initiatives. Previous research shows that well-intended student 

agency initiatives can have unintended negative effects on students who lack the 

skills or prior knowledge to benefit from it (Hannfin & Hannafin, 2010). Most likely, 

a mismatch between the given learner control and the student’s ability to 

independently navigate through the learning environment explains these 

unintended negative effects and, potentially impacts students who already 

struggle to meet the standards most. It is argued in this dissertation that these 

unintended negative effects can be prevented when student agency is promoted 

through transactional proximity by situating opportunities for learner control in an 

instructional design that is responsive to students’ needs and rich in dialogue. To 

design student agency initiatives based on the principle of transactional proximity, 

this dissertation presents the Agency Through Proximity (ATP) model and the 

Student Experiences of Proximity (SEP) inventory. The ATP model provides a 

framework for making and monitoring instructional design decisions. The SEP 

inventory provides school organizations with opportunities to identify growth areas 

based on the views of multiple stakeholders and can be used to facilitate the 

improvement of learning environments by catalyzing a conversation regarding 

targeted instructional domains. 

 

The studies in this dissertation argue that proximity, partnership, and relationships 

contribute more to student agency than solely increasing learner control and 

introducing tech solutions targeted at fostering voice and choice. Chapter 6 

illustrates that the school leaders who participated in a collective research effort 

did not consider the former domains to be the highest-impact improvements 

initially. In educational contexts where many domains subject to improvement are 

interdependent and causal evidence is frequently lacking it is difficult, if not 
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impossible, for policymakers and educational practitioners to decide which 

domain should be invested in. Research-Practice Partnerships are essential to 

accommodate opportunities for policymakers and practitioners to base their 

decisions on theory and data, providing them with a stronger degree of decision-

making authority for use of resources for improvement.  

 

I would like to end with practical recommendations for learners, in appreciation of 

all 3-12 graders and freshmen university students that participated in this work. 

Several implications can be drawn from the empirical studies that are presented in 

this dissertation. Chapter 3, for example, shows that student agency predicts 

academic achievement. Student agency is for example manifested in self-efficacy, 

which reflects the extent to which students believe in their capacity to learn and 

master a task. Concerning concrete learning behavior, chapter 3 shows that taking 

advantage of the opportunities to self-assess and spreading study efforts over the 

available time is positively associated with achievement. The research presented in 

chapters 4 to 6 suggest that it is beneficial for students if they – together with their 

teachers, school leaders, and parents – become aware of the centrality of their role 

in the classroom. This may not only benefit academic achievements but also 

promote the development of skills to learn and to navigate the academic career and 

the future job market.  
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8. Appendices  
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Appendix 3.1. Cronbach’s Alpha per Subscale of the MSLQ per Cohort 

 

Table I.1.  

Cronbach’s Alpha per Subscale of the MSLQ per Cohort 
  Cohort 2016 Cohort 2017 

Subscale Definition (adapted from Duncan & McKeachie, 2015) N α N α 

Intrinsic Goal 

Orientation  

Goal orientation refers to the student's perception of the reasons why she is 

engaging in the course. Having intrinsic goal orientation means participation 

is an end all to itself, rather than a means to an end.  

 

Sample item: In a class like this, I prefer course material that really challenges 

me so I can learn new things. 

 

341 0.65 466 0.58 

Extrinsic Goal 

Orientation 

Extrinsic goal orientation complements intrinsic goal orientation, with the 

degree to which the student perceives herself to be participating in a task for 

reasons such as grades, rewards, performance, evaluation by others, and 

competition; meaning engaging in the course is the means to an end.  

 

Sample item: Getting a good grade in this class is the most satisfying thing for 

me right now. 

 

347 0.73 465 0.59 

Task Value Task value differs from goal orientation in that task value refers to the student's 

evaluation of how interesting, how important, and how useful the course is. 

 

Sample item: I think I will be able to use what I learn in this course in other 

courses. 

 

342 0.81 458 0.79 

Self-Efficacy  Self-efficacy is a self-appraisal of one's ability to master a task. Self-efficacy 

includes judgments about one's ability to accomplish a task as well as one's 

confidence in one's skills to perform that task.  

 

Sample item: I believe I will receive an excellent grade in this class.  

 

341 0.86 462 0.92 

Test Anxiety  Test anxiety refers to students' negative thoughts that disrupt performance, 

and the affective and physiological arousal aspects of anxiety.  

 

Sample item: When I take a test, I think about how poorly I am doing compared 

with other students. 

 

345 0.82 464 0.82 

Control of Learning 

Beliefs 

Control of learning concerns the belief that outcomes are contingent on one's 

own effort, in contrast to external factors such as the teacher. If students 

believe that their efforts to study make a difference in their learning, they 

should be more likely to study more strategically and effectively.  

 

Sample item: If I study in appropriate ways, then I will be able to learn the 

material in this course. 

 

345 0.65 470 0.69 
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Metacognitive Self-

Regulation  

Metacognitive self-regulation refers to planning, monitoring, and regulating. 

Planning activities such as goal setting and task analysis help to activate, or 

prime, relevant aspects of prior knowledge that make organizing and 

comprehending the material easier. 0Monitoring activities include tracking of 

one's attention as one read, and self-testing and questioning: these assist the 

learner in understanding the material and integrating it with prior knowledge. 

Regulating refers to the fine-tuning and continuous adjustment of one's 

cognitive activities.  

 

Sample item: When reading for this course, I make up questions to help focus 

my reading. 

 

331 0.71 375 0.74 

Rehearsal  Basic rehearsal strategies involve reciting or naming items from a list to be 

learned. These strategies are best used for simple tasks and activation of 

information in working memory rather than acquisition of new information in 

long-term memory.  

 

Sample item: When I study for this class, I practice saying the material to myself 

over and over. 

 

338 0.65 377 0.65 

Elaboration  Elaboration strategies help students store information into long-term memory 

by building internal connections between items to be learned. Elaboration 

strategies include paraphrasing, summarizing, creating analogies, and 

generative note-taking.  

 

Sample item: When I study for this class, I pull together information from 

different sources, such as lectures, readings, and discussions. 

 

335 0.66 371 0.68 

Organization  Organization strategies help the learner select appropriate information and 

construct connections among the information to be learned. Examples of 

organizing strategies are clustering, outlining, and selecting the main idea in 

reading passages. Organizing is an active, effortful endeavor, and results in the 

learner being closely involved in the task.  

 

Sample item: When I study the readings for this course, I outline the material to 

help me organize my thoughts. 

 

339 0.64 381 0.66 

Critical Thinking Critical thinking refers to the degree to which students report applying previous 

knowledge to new situations to solve problems, reach decisions, or make 

critical evaluations concerning standards of excellence.  

 

Sample item: I often find myself questioning things I hear or read in this course 

to decide if I find them convincing. 

 

337 0.77 380 0.79 

Time and Study 

Environment  

Time management involves scheduling, planning, and managing one's study 

time. This includes not only setting aside blocks of time to study, but the 

effective use of that study time, and setting realistic goals. Time management 

varies in level, from an evening of studying to weekly and monthly scheduling. 

341 0.85 375 0.79 
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Study environment management refers to the setting where the student does 

her classwork.  

 

Sample item: I usually study in a place where I can concentrate on my 

coursework.  

 

Effort Regulation  Effort regulation is self-management in the face of distractions and 

uninteresting tasks and reflects a commitment to completing one's study 

goals.  

 

Sample item: I work hard to do well in this class even if I don't like what we are 

doing. 

 

341 0.70 375 0.73 

Peer Learning  Peer learning involves peer collaboration and dialogue, which can help a learner 

reach insight one may not have attained on one’s own.  

 

Sample item: When studying for this course, I often try to explain the material 

to a classmate or a friend. 

 

339 0.66 380 0.68 

Help Seeking Help-seeking involves knowing when one doesn’t know something and being 

able to identify someone to provide them with some assistance.  

 

Sample item: I ask the instructor to clarify concepts I don't understand well. 

338 0.71 378 0.63 
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Appendix 3.2. Example Questions from the 2016-2017 Exam 

 

An example of a knowledge question:* 

Fill in the blanks: The ….I…. test is used for testing the difference in proportions 

between dependent samples and the ….II…. test for testing the difference in 

proportions between small independent samples. 

a.  I: Binomial,                         II: Chi-squared 

b.  I: Chi-squared,                     II: binomial 

c.  I: McNemar,                       II: Fisher’s exact 

d.  I: Fisher’s exact,                  II: McNemar 

 

An example of an insight question: 

To evaluate differences in study success across different programs offered at the 

VU, an equal number of students are randomly selected from each program and 

asked to participate in the research. This is an example of: 

a. Systematic random sampling 

b. Cluster sampling 

c. Stratified random sampling 

d. Multi-stage sampling 

 

An example of a calculation question: 

Research results have revealed that intelligence in the Netherlands is normally 

distributed. The mean IQ score is 100 with a standard deviation of 15. John has an IQ 

score of 122.5. What percentage of people in the Netherlands will have an IQ lower 

than that of John? 

a. 3.34 % 

b. 6.68 % 

c. 93.32 % 

d. 96.66 % 

 

*The correct answer is provided in bold.  
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Appendix 4.1. Search Commands Used to Identify Studies in Web of 

Knowledge 

 

Table II.1.  

Search Commands Used to Identify Studies in Web of Knowledge 

Search command Hits: 

#1 = (TS=(Improv* OR advanc* OR boost* OR develop* OR enhanc* OR increas* OR promot* OR impact* OR 

affect* OR influenc*))  

1373388 

#2 = (TS=((Student* OR Pupil* OR Learner OR Novice*) AND (pedagogy OR teaching))) AND LANGUAGE: 

(English)  

36197 

#3 = (TS=(Agency OR Ownership OR Self-Regulation OR Independence OR autonomy OR self-determination))  115218 

#4 = (TS=((k-12 OR school OR in the classroom) NOT Higher Education NOT adult education NOT Tertiary 

education))  

125814 

(#3 AND #1 AND #2 AND #4) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article) 

 

Indexes=SSCI Timespan=2009–2019 

710 
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Appendix 5.1. Development of the SEP Inventory 

 

The Student Experiences of Proximity (SEP) inventory was developed using an 

intuitive-theoretical approach to instrument design and validation (Fraser, 1986; 

Hase & Goldberg, 1967), which entails measuring specific constructs that are 

contained in the theory of transactional proximity. This appendix contains 

additional information about the four steps in this approach to the validation of the 

SEP. To wit, the identification of salient dimensions, the writing of the items, the 

field testing and refinement, and the identification of the scale structure 

 

Identification of salient dimensions 

To identify and define the dimensions of the SEP inventory, a literature review on 

transactional proximity and student agency was conducted, analyzing a total of 89 

documents. Literature published in peer-reviewed journals or books in the past 

decade was consulted first. Using a snowball method, relevant shadow literature 

was identified, such as dissertations or policy documents, which were used to add 

to or underline conceptualizations described in the peer-reviewed publications. 

Salient dimensions were categorized based on the distinction between design and 

execution of educational activities (see Table III.1.).  

 

Table III.1.  

Salient Dimensions of Transactional Proximity Identified in the Literature.  
Concept Salient dimensions 

1. Design of the educational 

activities: 

The extent to which the design 

of educational activities 

accommodates each learner’s 

individual needs and 

preferences. 

The literature addressed the following dimensions of the design of educational 

activities. The dimensions were extracted from Garisson (2003), Huang, Chandra, 

DePaolo, Cribbs, and Simmons (2015), Jung (2001), Moore (1972), Saba and Shearer 

(1994; 2018), Swart and Wengrowicz (2017), Waldrip and colleagues (2014), and Walker 

(2003). 

 

 

Flexibility of the instructional design. 

 

Individualized instruction. This dimension addresses the extent to which 

content is expandable or adaptable; whether there is room for differentiation 

concerning pace and level of complexity; whether there is an opportunity for 

remediation, e.g., additional learning activities or scaffolds such as 

predefined work plans or worked-examples; and whether the formalities of 

the course clearly communicated (e.g., clarifications of objectives, schedule, 
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rubrics for assignments) (Huang, Chandra, DePaolo, Cribbs, & Simmons, 

2015; Jung, 2001; Waldrip et al., 2014). 

 

Learning outside of the school setting. This dimension addresses the extent 

to which education transcends the context of the school or the classroom, 

through excursions, flipped learning opportunities, and apprentice.  

 

Contextualized and relevant schoolwork. This dimension addresses whether 

the structure of the educational program leaves room for personal 

development through schoolwork with personal relevance; a connection 

between students’ out-of-school experiences and their classroom 

experiences; the extent to which students have the opportunity to solve 

authentic, real-world problems; the extent to which students have the 

opportunity take an active role in their learning. 

 

Learner control.  

 

Goals. This dimension addresses the extent to which learners articulate their 

goals, desires, and needs for their learning and development; whether 

learning is self-initiated and self-motivated; and the extent to which the 

learner is involved with identifying goals and objectives and selecting 

problems for study.  

 

Execution. This dimension addresses the extent to which learners have a 

choice in how (when, where, with whom, and with what materials, resources, 

and assignments) they work on learning goals; who determines the pace, the 

sequence, and the methods of learning; and what room there is for the 

development of learners' ideas and creative solutions to problems. 

 

Evaluation. This dimension addresses the extent to which learners have the 

opportunity and means to engage in self-initiated reflection and 

assessment; how flexible each instructional process is to the requirements 

of the learner; and how the usefulness and quality of learning are judged.  

 

2. Execution of learning 

activities:  

The quality and quantity of 

exchanges with partners in the 

learning environment aimed at 

fostering student learning.  

Modes of communication.  

 

Partners. This dimension identifies different dialogue partners in the 

learning environment (Zhang, 2003; Hillman, Willis, Gunawardena, 1994; 

Weidlich & Bestiaens, 2018, Zhang, 2003), including the teacher, fellow 

students, content, and technology.  

 

Availability. This dimension addresses the availability of opportunities for 

dialogue (Wheeler, 2007; Stein & Wanstreet, 2003), for example through 

social presence and immediacy.  

 

Focus. This dimension addresses the extent to which learner-teacher provide 

the student with insight into their learning process (e.g., dialogue focused on 

what is learned, on organizational aspects of learning, or interpersonal 

aspects of learning) (Jung, 2001; Shearer, 2009). 
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Medium. This dimension addresses the possible communication channels 

per dialogue partner (Moore, 2013), for example, the extent to which different 

types of media are used to establish learner-teacher (e.g., Exchanges via 

social media, exchanges in the learning platform, offline exchanges). 

 

The salient dimensions were accordingly translated into a list of possible scales 

within the inventory and presented to a group of seven experts, consisting of 

European, Australian, and American scholars that have published on transactional 

proximity and/or student agency. These experts were asked to comment on 

substantial overlap between scales and to provide general suggestions for 

improvement. Table III.2. presents the average scores concerning the relevance for 

measuring transactional proximity, appropriateness for promoting student agency, 

and suitability for the context of elementary and middle school. In addition, each of 

the experts commented on the scales. The review was handled with individual 

replies to the experts until an agreement was reached. In addition to the experts, 

five teachers from two middle schools and two elementary schools in the sample 

were interviewed. These teachers were asked what elements they would expect to 

observe in a hypothetical learning environment that promotes student 

agency. Afterward, the salient dimensions of the literature review were presented to 

the teachers, and the teachers were asked to what extent these dimensions were 

visible in their current teaching practice. Finally, teachers were asked to describe 

how the dimensions that they had mentioned are visible in their current teaching 

practice. These interviews revealed that they expect very limited variation between 

classrooms on several theoretically relevant dimensions in the context of 

compulsory education, such as the dimension of learner control on evaluation. The 

input from the experts and the teacher interviews were taken together to define a 

more parsimonious list of dimensions. The far-right column of Table III.2. presents 

the resulting list of scales that was ultimately established. 

 

Table III.2. 

Results of the Expert Panel Survey on the Identified Salient Dimensions Based on the 

Literature Review 

Proposed scales Relevance score Appropriateness score Suitability score Revised scales 
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1. Design 

1.1. Contextualized and 

relevant 

2.71 2.67 2.33 1.1. Relevancy of schoolwork 

1.2. Open wallet 2.40 2.75 2.80 1.2. Individualized instruction 

1.3. Individualized 

instruction 

2.86 2.83 2.17 

1.4. Learner control     

1.4.1. Goal 2.29 2.50 2.00 1.3. Learner control 

1.4.2. Execution 3.00 2.83 2.17 

1.4.3. Evaluation 2.57 2.50 1.80 

 

2. Dialogue 

2.1. Focus of student-

teacher interactions 

2.86 2.57 2.00 2.1. Student-teacher dialogue  

2.2. Availability of student-

teacher interactions 

2.86 2.71 2.33 

2.3. Medium of student-

teacher interactions 

2.43 2.57 2.00 

2.4. Focus of student-peer 

interactions 

2.71 2.43 2.20 2.2. Student-peer dialogue 

2.5. Availability of student-

peer interactions 

2.86 2.71 2.33 

2.6. Medium of student-

peer interactions 

2.43 2.57 2.00 

2.7. Focus of student-

technology interactions 

2.57 2.57 2.20 2.5. Student-technology exchanges 

2.8. Availability of student-

technology interactions 

2.67 2.67 2.50 

 

Writing of the items 

The second step in the intuitive-rational approach is to achieve coverage of the 

identified scales with a set of items (Fraser, 1986; Hase & Goldberg, 1967). The items 

of the SEP are based on existing items from questionnaires and rubrics on 

transactional distance. Questionnaires were identified through the literature review 

that was conducted for the identification of the scales. The items of the selected 

questionnaires and rubrics were listed and assigned to the scales of the SEP by the 

authors. If aspects of a scale definition were not covered by the items from the 

existing questionnaires, new items were formulated. A member check of the quality 

of the items was performed with five teachers from elementary and middle schools. 
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Teachers were asked to read and review the items while thinking aloud. Next, two 

teachers participated in filling out an item sort task, in which they were asked to 

assign the list of items to the defined scales and note down any feedback on the 

items. These results were used to adjust the list of items in preparation for an 

expert review round of the items; the expert panel participated in the same item 

sort task and provided feedback on the coverage of the scales. After the expert 

review, items were kept in the inventory when there was at least 60% agreement 

with the initial classification. In addition, the expert feedback pointed out validity 

problems with measuring ‘individualized instruction’ based on student 

perceptions. Therefore, student items of the ‘individualized instruction’ scale were 

removed, meaning this scale is only included in the teacher, parent, and leader 

survey. Furthermore, the items defined for school leaders and parents were limited 

to one item per salient dimension.  

 

Field testing and refinement 

Field tests were conducted in three school districts in California to refine the 

instrument prior to examining the structural and content validity. The first field test 

took place in December 2018. This field test tested the instrument based on a 39-

items student version of the instrument, with a 5-point Likert answer scale ranging 

from almost never to almost always. In total, 220 students completed the survey: 

85 grade 4 students, 64 grade 5 students, and 68 grade 6 students. Forty-nine (29%) 

students did not complete the survey. Feedback from the students’ teachers 

suggested that the list of items, especially for the elementary grades, was lengthy. 

A full range of responses for each item was received with no evidence of a 

significant floor or ceiling effect. There were no items to which a high proportion of 

subjects did not respond. This is important as high levels of nonresponse can 

indicate problems with an item such as subjects finding it difficult to understand 

or upsetting. However, there were substantially more responses missing to the 

answer scale for the preferred situation per item, most likely because some 

students struggled to fill out two answer scales per item. Based on the first field 

test, several items were rewritten and replaced (“I check my own work” and “My 

teacher knows about my family and where I live”) resulting in a version of 37 items 
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for students. Similar changes were implemented in the teacher version. In addition, 

the answer scale for elementary students was simplified to a 3-point Likert scale.  

 

The second version of the instrument was implemented in the second field test in 

the spring of 2019 among students, teachers, school leaders, and parents. 1598 

students participated, consisting of 53% female students, 24% grade 3 students, 

63% grade 6 students, and 13% grade 9 and 12 students. This corresponds to a 

response rate of 54%. 370 teachers participated, consisting of 175 elementary school 

teachers. This corresponds to a response rate of 85%. 73% were female teachers and 

87% finished at least a master’s program. All 43 district administrators participated 

and 327 parents participated corresponding to a response rate of 59%. The response 

distributions were examined per group, as well as missing data patterns and 

loadings of the items on the salient dimensions. Several student and teacher items 

were removed as a result. These items initially belonged to the dimensions 

‘Individualized instruction’ and ‘Student-teacher dialogue’. In addition, several 

items were added for the dimension ‘Relevancy of schoolwork’ and ‘Student 

technology exchanges’. The formulation of several student items was improved 

based on feedback from participants.  

 

In the spring of 2020, the third version of the instrument was implemented in one 

district among students, teachers, school leaders, and parents and in a second 

district among teachers. In the first district, 1199 students participated, consisting 

of 53% female students, 60% grade 4 students, 35% grade 7, 10, and 12 students. This 

corresponds to a response rate of 40%. 310 teachers participated, consisting of 153 

elementary school teachers. This corresponds to a response rate of 72%. 75% were 

female teachers and 87% finished at least a master’s program. All 41 district 

administrators participated and 373 parents participated. All of the leader 

responses, 84% of the student responses, 26% percent of the teacher responses, 

and 36% of the parent responses were collected before the school closures due to 

the COVID-19 pandemic. Comparative analysis showed that the responses before 

and after the school closures did not differ significantly and therefore all responses 

were included in the analysis. However, compared with the response rates in 2019, 

fewer students and teachers responded to the survey. In the second district, 982 
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teachers responded, consisting of 49% elementary school teachers. This 

corresponds to a response rate of 73%. 53% were female teachers and 73% finished 

at least a master’s program. All leader responses and 76% of the teacher responses 

were collected before the school closures in the spring of 2020. 

 

The degree of deviation of scores from normal distribution was analyzed by 

examining asymmetry and kurtosis. The central tendency statistics and the forms 

of the items that compose the evaluation instrument are presented below in Table 

III.3 and Table III.4. According to the obtained values, the asymmetry of the items is 

negative and for seven teacher items and no student items, this exceeds −1. For 75% 

of the teacher items and 95% of the student items, asymmetry occurs in absolute 

values of less than 0.6. These results suggest that the data by and large follows a 

normal distribution. Regarding kurtosis, three teacher items exceed the limits of 

the interval [−2, 2]. Multivariate kurtosis, calculated from Mardia’s coefficient, was 

2205.14 for the teacher items and 1577.36 for the student items. Based on the 

criterion proposed by Bollen (1989), this value is compatible with the multi-

normality of the set of observed variables since it is less than p·(p + 2), where p is 

the number of variables.  

 

Table III.3.  

Response Distributions for the Teacher Items. 
 

N M S.D. Skewness Kurtosis 

 In my classroom, students’ laptop or tablet helps them to plan and structure 

their school day. 

779 2.44 1.23 0.45 -0.75 

 In my classroom, students can incorporate their learning interests. 848 3.51 0.81 0.07 -0.09 

 I ask every student about how they feel about an assignment, due date, or topic. 806 2.94 1.14 0.02 -0.69 

 I document individualized learning plans for each student. 844 3.01 1.31 0.01 -1.05 

 In my classroom, students learn about things they find important. 847 3.48 0.74 -0.02 0.46 

 In my classroom, students know about each other’s family and where they live. 789 3.06 0.85 -0.03 0.40 

 In my classroom, students apply their everyday experiences. 849 3.79 0.79 -0.10 -0.41 

 I provide students the opportunity to choose the learning goals they work on. 881 3.22 0.98 -0.11 -0.19 

 I provide students the opportunity to design or suggest new ways to 

demonstrate their learning. 

883 3.28 0.95 -0.17 -0.18 

 I know about my students’ family and home context. 815 3.75 0.86 -0.18 -0.39 

 I provide students the opportunity to choose their learning activities.  883 2.95 0.83 -0.19 0.59 

 I provide students the opportunity to choose instructional materials (such as 

which app they want to use or which text they want to read). 

876 3.07 0.95 -0.19 -0.01 

 I provide students the opportunity to choose where they want to work during the 

school day. 

882 3.18 1.19 -0.23 -0.67 
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 In my classroom, students ask for help from peers before seeking my help. 798 3.57 0.93 -0.25 -0.14 

 I provide immediate feedback to students' work. 804 3.94 0.77 -0.27 -0.27 

 I discuss assessment results together with every student. 806 3.36 1.06 -0.29 -0.41 

 I have opportunities during the school day for individualized support for 

students. 

823 3.41 1.11 -0.30 -0.50 

 I help individual students to create learning goals. 887 3.52 0.93 -0.31 0.07 

 In my classroom, students talk to each other about what they do outside of 

school. 

798 3.89 0.84 -0.33 -0.26 

 In my classroom, students value each other’s input. 801 3.92 0.82 -0.35 -0.30 

 In my classroom, students learn about real-world problems. 847 3.89 0.78 -0.36 0.20 

 I give students opportunities to review or practice new material until they fully 

understand it. 

812 3.75 0.85 -0.37 0.01 

 In my classroom, instruction time varies for individual students. 839 3.44 1.07 -0.38 -0.27 

 I am usually online available to students when I am not available face-to-face. 796 3.36 1.42 -0.38 -1.17 

 I provide students the opportunity to create goals for their own learning. 898 3.60 0.91 -0.39 0.21 

 I require students to show that they understand a topic before they can move 

onto a new topic. 

841 3.41 1.00 -0.39 -0.03 

 I provide students the opportunity to self-assess their own work. 885 3.62 0.91 -0.40 0.11 

 I consider student needs via flexible scheduling. 833 3.26 1.20 -0.42 -0.62 

 I provide students the opportunity to work at their own pace. 884 3.78 0.89 -0.42 0.11 

 I meet students’ needs by providing additional assignments, resources, and 

activities for remediation or enrichment. 

844 3.81 0.90 -0.44 -0.08 

 In my classroom, students’ laptop or tablet helps them to keep track of students' 

learning progress. 

788 3.46 1.21 -0.56 -0.49 

 I give every student comments to let them know what they did right and wrong 

on assignments. 

812 3.94 0.85 -0.57 0.16 

 I ask every student questions to make sure each student is following along with 

what they are being taught. 

812 3.84 0.95 -0.66 0.28 

 I use competency descriptions (such as rubrics) to assess student learning. 838 3.86 1.00 -0.69 0.12 

 In my classroom, students have opportunities to work together. 801 4.37 0.66 -0.77 0.76 

 In my classroom, students can easily find the information they need on their 

laptop or tablet. 

785 3.79 1.14 -0.89 0.21 

 In my classroom, students’ laptop or tablet supports their learning. 793 4.01 0.97 -0.99 0.98 

 I give students clear assessment guidelines prior to assignments, projects, or 

other school-related tasks. 

838 4.22 0.86 -1.08 1.21 

 In my classroom, students can turn to each other when they need help. 801 4.49 0.66 -1.13 0.84 

 I take time to get to know my students. 822 4.56 0.62 -1.17 0.57 

 In my classroom, students like working with their laptop or tablet. 793 4.18 0.96 -1.19 1.35 

 I make time for students if they want to discuss something. 811 4.61 0.59 -1.47 2.45 

 I show respect towards every student’s ideas and suggestions. 825 4.73 0.49 -1.61 2.07 

 I am available to answer students' questions throughout the school day. 821 4.57 0.69 -1.69 3.02 
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Table III.4. 

Response Distributions for the Student Items.  
 

N M S.D. Skewness Kurtosis 

When I work with other students, we respect each other’s ideas. 863 3.79 1.05 -0.49 -0.23 

Other students know about my family and my community. 854 2.86 1.12 -0.02 -0.43 

I talk to other students about what I do outside of school. 860 3.50 1.16 -0.32 -0.44 

Working together with other students is helpful. 860 3.79 1.10 -0.47 -0.41 

I can ask other students for help. 856 3.65 1.12 -0.37 -0.47 

I ask for help from students before I ask for help from my teachers. 847 3.52 1.20 -0.38 -0.50 

My teacher and I work together to set goals for my learning. 939 3.45 1.06 -0.29 -0.11 

 I choose the learning goals I work on. 938 2.90 1.23 0.13 -0.68 

My teachers respect my ideas and suggestions. 936 3.43 1.22 -0.28 -0.70 

My teachers make time for me if I want to talk about something. 884 3.70 1.15 -0.48 -0.52 

My teacher gives feedback on my work when I need it. 857 3.46 1.23 -0.36 -0.64 

My teacher asks about how I feel about my schoolwork. 855 3.60 1.17 -0.45 -0.47 

My teacher explains to me what I did right and wrong on assignments. 884 2.57 1.23 0.32 -0.71 

My teacher asks questions to make sure I understand my schoolwork. 888 3.44 1.21 -0.28 -0.71 

My teacher and I reflect on my test answers together. 884 3.51 1.21 -0.39 -0.57 

My teacher knows about my family and my community. 885 2.60 1.25 0.28 -0.76 

My teacher takes time to get to know me. 872 2.59 1.34 0.40 -0.86 

My teacher is available when I need him or her. 865 3.10 1.27 -0.02 -0.85 

I learn things about my community outside of school. 860 3.51 0.98 -0.16 0.00 

I learn about things I am interested in. 887 3.16 1.12 -0.03 -0.37 

I learn about important things. 886 3.11 1.05 -0.04 -0.06 

I learn about real-world problems. 886 3.83 1.08 -0.57 -0.34 

I reflect on my work. 884 3.38 1.11 -0.25 -0.35 

I can show what I have learned in my own way. 936 3.50 1.11 -0.32 -0.35 

I can choose where I want to work. 934 3.36 1.11 -0.20 -0.36 

I can choose my learning activities at school. 933 2.72 1.12 0.27 -0.24 

I can choose what materials work best for me (such as books, pen and paper, or 

my mobile device). 

931 2.91 1.21 0.01 -0.68 

I can work at my own speed. 932 2.75 1.24 0.19 -0.74 

I can choose partners I want to work with. 936 3.30 1.23 -0.15 -0.73 

My mobile device helps me to keep track of my learning. 934 2.99 0.89 0.07 0.91 

My mobile device helps me to plan my assignments. 845 3.76 1.14 -0.64 -0.17 

It is easy to find the information I need on my mobile device. 843 3.34 1.27 -0.25 -0.78 

My mobile device supports my learning. 845 4.08 1.06 -0.87 0.01 

I like working with my mobile device. 846 3.98 1.05 -0.77 0.10 

 

Identification of the scale structure 

The scale structure was statistically examined based on field test data of the third 

version of the instrument. The teacher data (N = 734) and student data (N = 797) were 
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analyzed consecutively with factor analysis. Principal factor extraction with 

Varimax rotation was performed through SPSS version 26 based on the Principal 

Axis Factoring package. Principal component extraction was used before principal 

factors extraction to estimate the number of factors, presence of outliers, absence 

of multicollinearity, and factorability of the correlation matrices with a p = .001 

cutoff level; these cases were deleted from the analysis. When analyzing the teacher 

data, it was found that oblique rotation correlations were modest and limited to 

three (out of 19) pairs of factors (correlations are presented below). Therefore, the 

outcomes of the orthogonal rotation are presented. When oblique rotation was 

requested when analyzing the student data, several pairs of factors appeared 

correlated (correlations are presented below). Therefore, a Promax rotation was 

chosen. To that end, the pattern matrix produced by SPSS was inspected to examine 

the unique relationship (uncontaminated by overlap among factors) between each 

factor and item.  

 

The number of factors was established through examination of Eigenvalues and 

the scree plots. From the teacher data, six factors were maintained. All six factors 

were internally consistent and adequately defined by the items, as indicated by the 

factor score correlations in Table III.5; the lowest of the factor score covariances was 

0.61. The reverse was not true, however; variables were, by and large, not well defined 

by this factor solution. Communality values tended to be low. With a cutoff of 0.4 

for inclusion of an item (including two items with a factor loading of 0.39), 10 of the 

44 items did not load on any factor. This reflects apparent heterogeneity of the 

items on the SEP for teachers, yet, only one item was complex. The alpha levels 

indicate acceptable to sufficient levels of reliability given that α values >0.7 are 

recommended for group-level hypothesis testing (Hulin, Netemeyer, & Cudeck, 

2001; Nunnally & Bernstein, 1994). From the student data, five factors were 

maintained. These five factors accounted for 43% of the variance in the items and 

the factor score covariance ranged from .61 to .77. Communality values varied 

between .3 and .5, meaning that variables were not well defined by these factors. 

With a cutoff of 0.4 for inclusion of an item, 4 of the 35 items did not load on any 

factor and no item was complex. The Cronbach’s Alpha levels indicate acceptable 

internal consistency. Loadings of variables on factors, communalities, percent of 
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the variance, and Cronbach’s Alpha’s are shown below in Table III.6, Table III.7, and 

Table III.8. Variables are ordered and grouped by the size of loading to facilitate 

interpretation. Loadings under 0.40 are not presented. Interpretive labels are 

suggested for each factor in a footnote.  

 

Table III.5.  

Matrix of Correlations Between Factor Scores in the Teacher Data 
 F1 F2 F3 F4 F5 F6 

F1 1.00      

F2 0.09* 1.00     

F3 0.04 0.05 1.00    

F4 0.00 0.03 -0.01 1.00   

F5 0.04 0.03 -0.03 0.03 1.00  

F6 0.04 0.09* 0.07 -0.03 0.08* 1.00 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

Table III.6. 

Matrix of Correlations Between Factor Scores in the Student Data 
 F1 F2 F3 F4 F5 

F1 1.00     

F2 0.15** 1.00    

F3 0.04 -0.01 1.00   

F4 0.09* 0.02 0.11** 1.00  

F5 0.09** 0.14** 0.05 0.06 1.00 

     

 * Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

Table III.7. 

Factor Loadings, Communalities (h2), and Percent Variance and Covariance for Principal Axis 

Factoring and Varimax Rotation on SEP Items for Teachers 
Item F1a F2 F3 F4 F5 F6 h2 

I give students opportunities to review or practice new 

material until they fully understand it. 

0.67      0.58 

I have opportunities during the school day for individualized 

support for students. 

0.58      0.41 

I document individualized learning plans for each student. 0.51      0.48 

I ask every student questions to make sure each student is 

following along with what they are being taught. 

0.50      0.42 
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I discuss assessment results together with every student. 0.49      0.40 

In my classroom, instruction time varies for individual 

students. 

0.48      0.39 

I meet students’ needs by providing additional 

assignments, resources, and activities for remediation or 

enrichment. 

0.46      0.36 

I require students to show that they understand a topic 

before they can move onto a new topic. 

0.46      0.30 

I consider student needs via flexible scheduling. 0.46      0.39 

I provide immediate feedback to students' work. 0.46      0.35 

I give every student comments to let them know what they 

did right and wrong on assignments. 

0.41      0.41 

I provide students the opportunity to work at their own pace.  0.40     0.30 

I know about my students’ family and home context.       0.50 

I provide students the opportunity to choose their learning 

activities.  

 0.71     0.56 

I provide students the opportunity to choose instructional 

materials (such as which app they want to use or which text 

they want to read). 

 0.61     0.44 

I provide students the opportunity to choose where they 

want to work during the school day. 

 0.52     0.37 

I provide students the opportunity to design or suggest new 

ways to demonstrate their learning. 

 0.40     0.44 

I provide students the opportunity to choose the learning 

goals they work on. 

  0.55    0.53 

I provide students the opportunity to create goals for their 

own learning. 

  0.79    0.74 

I help individual students to create learning goals.   0.78    0.77 

In my classroom, students’ laptop or tablet supports their 

learning. 

   0.83   0.76 

In my classroom, students like working with their laptop or 

tablet. 

   0.71   0.55 

In my classroom, students can easily find the information 

they need on their laptop or tablet. 

   0.55   0.49 

In my classroom, students’ laptop or tablet helps them to 

keep track of students' learning progress. 

   0.50   0.59 

In my classroom, students can turn to each other when they 

need help. 

    0.60  0.44 

In my classroom, students have opportunities to work 

together. 

    0.53  0.33 

I make time for students if they want to discuss something.     0.46  0.30 

I am available to answer students' questions throughout the 

school day. 

    0.40  0.29 

I show respect towards every student’s ideas and 

suggestions. 

    0.40  0.30 

In my classroom, students learn about things they find 

important. 

     0.67 0.55 

In my classroom, students apply their everyday experiences.      0.54 0.42 
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In my classroom, students can incorporate their learning 

interests. 

     0.52 0.50 

In my classroom, students learn about real-world problems.      0.50 0.39 

In my classroom, students ask for help from peers before 

seeking my help. 

      0.34 

I take time to get to know my students.       0.44 

I provide students the opportunity to self-assess their own 

work. 

      0.35 

I give students clear assessment guidelines prior to 

assignments, projects, or other school-related tasks. 

      0.39 

I use competency descriptions (such as rubrics) to assess 

student learning. 

      0.39 

I ask every student about how they feel about an 

assignment, due date, or topic. 

      0.27 

I am usually online available to students when I am not 

available face-to-face. 

      0.31 

In my classroom, students value each other’s input.       0.32 

In my classroom, students know about each other’s family 

and where they live. 

      0.37 

In my classroom, students talk to each other about what 

they do outside of school. 

      0.31 

In my classroom, students’ laptop or tablet helps them to 

plan and structure their school day. 

      0.58 

        

Percent of variance 21.42 6.30 5.07 4.80 4.43 3.21  

Factor Score Covariance 0.77 0.72 0.80 0.81 0.67 0.66  

Cronbach’s Alpha 0.84 0.72 0.84 0.78 0.64 0.75  

aFactor labels: 

 F1 – Individualized instruction 

 F2 – Learner control over strategies 

 F3 – Learner control over goals 

 F4 – Student-technology exchanges 

 F5 – Student-peer dialogue  

 F6 – Relevancy of schoolwork 

 

Table III.8. 

Unique Relationships with the Factors, Communalities (h2), and Percent Variance and 

Covariance for Principal Axis Factoring and Promax Rotation on SEP Items for Students 
Item F1a F2 F3 F4 F5 h2 

My teacher asks about how I feel about my schoolwork. 0.769         0.55 

My teacher explains to me what I did right and wrong on 

assignments. 

0.671         0.49 

My teacher and I reflect on my test answers together. 0.665         0.41 

My teachers respect my ideas and suggestions. 0.644         0.51 
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My teacher knows about my family and my community. 0.644         0.42 

My teachers make time for me if I want to talk about 

something. 

0.61         0.45 

My teacher takes time to get to know me.  0.604         0.30 

My teacher gives feedback on my work when I need it. 0.534         0.42 

My teacher asks questions to make sure I understand my 

schoolwork. 

0.532         0.43 

My teacher is available when I need him or her. 0.486 0.412       0.36 

My teacher and I work together to set goals for my learning. 0.408         0.38 

I can choose where I want to work.    0.622       0.43 

I can choose partners I want to work with.   0.609       0.26 

I can work at my own speed.   0.544       0.41 

I can choose what materials work best for me (such as 

books, pen and paper, or my mobile device). 

  0.502       0.33 

I make goals for my learning.     0.735     0.48 

I choose the learning goals I work on.     0.705     0.35 

I reflect on my work.     0.575     0.25 

I can show what I have learned in my own way.     0.453     0.29 

I learn about important things.     0.447     0.51 

My mobile device helps me to keep track of my learning.       0.798   0.59 

My mobile device supports my learning.       0.739   0.50 

I like working with my mobile device.       0.716   0.29 

My mobile device helps me to plan my assignments.       0.693   0.43 

It is easy to find the information I need on my mobile device.       0.523   0.40 

I can ask other students for help.         0.674 0.51 

I ask for help from students before I ask for help from my 

teachers. 

        0.612 0.27 

Other students know about my family and my community.         0.606 0.55 

I talk to other students about what I do outside of school.         0.587 0.40 

Working together with other students is helpful.         0.509 0.37 

When I work with other students, we respect each other’s 

ideas. 

        0.453 0.29 

I can choose my learning activities at school.           0.28 

I learn things about my community outside of school.           0.27 

I learn about things I am interested in.           0.38 

I learn about real-world problems.           0.30 

       

Percent of variance 23.71 6.94 4.65 4.42 3.64  

Factor Score Covariance 0.77 0.64 0.75 0.61 0.61  

Cronbach’s Alpha 0.86 0.65 0.68 0.75 0.67  

aFactor labels: 

 F1 – Student-teacher dialogue 

 F2 – Learner control over strategies 

 F3 – Learner control over goals 

 F4 – Student-technology exchanges 

 F5 – Student-peer dialogue  
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Appendix 5.2. Supplementary Information on the Analysis of the SEP Data 

 

Criterion based triangulation 

Perceptions of the learning environment are part of the classroom climate 

(Wheldall and Beaman, 1999). Therefore, it is expected that the SEP scale scores 

positively correlate with other school climate measures such as teacher trust and 

sense of belonging. These climate variables are based on multi-item scales derived 

from existing instruments and tailored to the context of the research-practice 

partnerships with the district. Below, the scales are listed and example items are 

provided. To examine the predictive validity of the SEP scales, the correlations of 

these scales with the SEP scales based on the identified factor structure were 

examined. The data show that the SEP scales are indeed positively correlated with 

other climate measures. The correlations in the teacher data are modest but 

significant between all pairs and indicate that the SEP scales hold predictive value 

for school and classroom climate (see Table III.9). The student data revealed 

moderate to high correlations, except for weaker correlations with students’ 

perceived safety (see Table III.10).  

 

Teacher Climate Variables: 

• Collegial trust: It’s OK in this school to discuss feelings, worries, and 

frustrations with other teachers.  

• Climate about innovation: In this school, teachers are continuously 

developing new approaches to support instruction. 

• Peer collaboration: Teachers at this school collaboratively review student 

work to share and improve instructional practices. 

• Resources: Time and resources are provided to facilitate collaborative work 

and continuous learning.  

• Equity practices: An important part of being an educator is examining one’s 

own attitudes and beliefs about race, class, gender, disabilities, and sexual 

orientation.  

 

Student Climate Variables: 

• Belonging: I fit in with the students at this school.  
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• Culture and climate: I’m included in lots of activities at school. 

• Principal trust: It’s OK in this school to talk openly with my principal. 

• Safety: Students at this school are not threatened or bullied. 

• Teacher trust: When my teacher tells me not to do something, I know he/she 

has a good reason.  

 

Table III.9. 

Correlations Between the SEP Scales and Climate Variables in the Teacher Data 
 1 2 3 4 5 6 

Individualized instruction 1.00      

Learner control over strategies 0.51** 1.00     

Learner control goals 0.47** 0.46** 1.00    

Student-technology exchanges 0.23** 0.23** 0.23** 1.00   

Student-peer dialogue 0.35** 0.30** 0.23** 0.23** 1.00  

Relevancy of Schoolwork 0.45** 0.44** 0.48** 0.21** 0.35** 1.00 

Innovative Climate 0.19** 0.18** 0.19** 0.10** 0.16** 0.20** 

Collegial Trust 0.11** 0.12** 0.09** 0.08* 0.16** 0.16** 

Peer Collaboration 0.20** 0.18** 0.18** 0.09* 0.18** 0.22** 

Resources (Time and Structure) 0.24** 0.23** 0.20** 0.14** 0.19** 0.26** 

Equity Practices 0.13** 0.17** 0.18** 0.14** 0.14** 0.19** 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

Table III.10. 

Correlations Between the SEP Scales and Climate Variables in the Student Data 
 1 2 3 4 5 

Student-teacher dialogue 1.00     

Learner control over strategies 0.53** 1.00    

Learner control goals 0.55** 0.48** 1.00   

Student-technology exchanges 0.35** 0.18** 0.32** 1.00  

Student-peer dialogue 0.39** 0.28** 0.33** 0.41** 1.00 

Belonging 0.41** 0.28** 0.37** 0.26** 0.48** 

Culture and Climate 0.47** 0.33** 0.41** 0.29** 0.42** 

Principal trust 0.55** 0.35** 0.46** 0.26** 0.30** 

Safety 0.15** 0.07* 0.15** 0.10** 0.10** 

Teacher trust 0.64** 0.45** 0.49** 0.26** 0.28** 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 
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Know-group Comparisons 

Student data were analyzed with a Multivariate Analysis of Variance. Assumptions 

of multivariate normality and homogeneity of variances were met. Given the smaller 

sample sizes, the teacher and parent data were compared with independent 

samples t-test. Equal variances were not assumed. The chosen Alpha level for 

teachers in comparison 3 was 0.10 given the small sample size. For all other 

comparisons, the chosen Alpha level was 0.05. The expected and observed 

differences for each of the known-group comparisons: 1. Grade 9 and grade 10 

students, 2. Elementary school students and middle school students, and 3. Grade 

6 students in a ‘lab school’ and regular middle schools.  

 

Data analysis yielded the following results for comparison 1. The results show a 

statistically significant difference in SEP scale scores of grade 9 and grade 10 

students, F (5, 167) = 6.31, p < .001; Wilk's Λ = 0.84, partial η2 = .06. A-priori planned 

contrasts revealed that grade 9 students scored significantly lower on ‘Learner 

control over goals’, D = -0.40, p = .003, and ‘Dialogue between the student and the 

teacher’, D = -0.24, p = .023. The results of the analysis also show significant 

differences between grade 9 and grade 10 students’ reports on the preferred 

instructional design and communication, F (5, 164) = 3.81, p = .003; Wilk's Λ = 0.90, 

partial η2 = .04. A-priori planned contrasts revealed that grade 9 students scored 

significantly lower on preferred ‘Learner control over goals’, D = -0.27, p = .011.18 

Teachers reported lower levels of ‘Dialogue between the students’, D =-0.19, p = 0.040, 

and ‘Student-technology exchanges’, D =-0.63, p = 0.009, in 2019. Finally, parents 

reported lower levels of ‘Learner control over strategies’ in 2019, D = -0.69, p = .028. 

Furthermore, the results show that in 2019, parents reported lower levels of 

preferred ‘Learner control over strategies’, D = -0.65, p = .002 and ‘Learner control over 

goals’, D = -0.42, p = .028.  

 
18 For completeness, changes in students’ preferences in primary and middle schools from 2019 to 

2020 were examined too. In contrast, these comparisons showed that students preferred control 

over strategies decreased from 2019 to 2020, D = -0.21, p < .001, and preferred dialogue with teachers 

decreased too, D = -0.09, p = .016. 
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Data analysis yielded the following results for comparison 2. The results show a 

statistically significant difference in SEP scale scores of elementary and middle 

school students, F (5, 735) = 29.18, p < .001; Wilk's Λ = 0.83, partial η2 = .05. A-priori 

planned contrasts revealed that elementary school student scored significantly 

higher on ‘Dialogue between the student and the teacher’, D = 0.28, p <.001, ‘Learner 

control over strategies’, D = 0.30, p <.001, and ‘Learner control over goals’, D = 0.21, p 

<.001. A-priori planned contrasts also revealed that elementary school students 

scored significantly lower on ‘Dialogue between the students’, D = -0.33, p <.001, and 

‘Student-technology exchanges’, D = -0.36, p <.001. When looking at the reports on 

preferred levels, the results show that elementary school students differ from 

middle school students, F (5, 735) = 29.18, p < .001; Wilk's Λ = 0.83, partial η2 = .05. A-

priori planned contrasts revealed that elementary school student scored 

significantly higher on preferred ‘Dialogue between the student and the teacher’, D 

= 0.14, p =.014, ‘Learner control over strategies’, D = 0.33, p <.001, and ‘Learner control 

over goals’, D = 0.16, p =.006. Teachers in the lab school reported higher levels 

‘Individualized instruction’, D =0.31, p =.009, ‘Learner control over strategies’, D = 0.40, 

p =.003, and ‘Learner control over goals’, D = 0.41, p =.005. Reports on preferred levels 

did not differ. Finally, parents of elementary school students reported higher levels 

of ‘Individualized instruction’, D =0.65, p <.001 and ‘Dialogue between the student 

and the teacher’, D = 0.68, p <.001. Furthermore, parents of elementary school 

students reported higher preferred levels of ‘Dialogue between the student and the 

teacher’, D = -0.20, p =.029.  

 

Data analysis yielded the following results for comparison 3. The results show a 

statistically significant difference in SEP scale scores based on a students’ 

attendance of the lab school or a regular middle school, F (1, 704) = 6.46, p < .001; 

Wilk's Λ = 0.956, partial η2 = .03. A-priori planned contrasts revealed that students 

in the lab school scored significantly higher on ‘Learner control over strategies’, D = 

0.57, p < .001 and ‘Learner control over goals’, D = 0.60, p < .001. Teachers in the lab 

school reported higher levels of ‘Individualized instruction’, D =0.93, p = 0.002, 

‘Relevancy of schoolwork’, D =0.63, p = 0.097, ‘Learner control over goals’, D =0.73, p = 
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0.037, and ‘Student-technology exchanges’, D =1.16, p = 0.001. Teachers in the lab 

school also reported higher levels of preferred ‘Individualized instruction’, D =0.56, 

p < 0.001, ‘Learner control over strategies’, D =0.58, p = 0.001, ‘Learner control over 

goals’, D =0.63, p = 0.001, and ‘Student-technology exchanges’, D =0.93, p = 0.001.   
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Appendix 6.1. Deriving Conditional Mean Independent Correlation 

Equation 1 provides a general empirical representation – without imposing 

theoretical restrictions regarding potential dependencies between outcome 

variables – of a baseline model with N outcome variables: 

 

 

(1) 

 

The left-hand side of Equation 1 represents the set of N –potentially- interdependent 

outcome variables !%, … , 	!* . The right-hand side represents that these outcome 

variables are associated with k observed characteristics X, l unobserved 

characteristics Z, and that each outcome is measured with classical measurement 

error ,+ . Unobserved characteristics cannot be included in the actual estimation 

model, but it is important to acknowledge that omitting these unobserved 

characteristics can potentially bias all estimation parameters -- . We can rewrite 

Equation 1 more concisely as: 

   

 (2) 

  

Equation 2 considers that outcome-specific error terms may be correlated (i.e., non-

zero off-diagonal in Equation 1), but it does not impose – or allow – for specific 

outcome interdependencies, as no outcome variables appear on the right-hand 

side of Equation 2 when estimating !+ .  

 

The conditional mean independent linear correlation for pair {!" , !!} can be 

estimated with the following 2-equation system using Seemingly Unrelated 

Regression:  
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(3) 

 

With N domains, the system in Equation 3 has to be estimated ./
2
1 times such that 

correlations are estimated for outcome pair. In Equation 3, the estimation 

parameters "% and "& represent the obtained CMIC for a particular outcome pair 

{!" , !!}.19  

 

Conditional mean independence is achieved by the inclusion of ∑ ∑ ('!#",#!
'(

')%
*
+)% , 

where n refers to the nth domain included and subscripts –i and –j indicate that all 

domains, except !" and !! , are included as control variables as to achieve 

conditional mean independence for each outcome pair {!" , !!}. The inclusion of 

higher-order polynomials allows for a flexible functional form (quadratic, cubic, 

quartic, …) and superscript m refers to the order of the polynomial included for 

variable !+' . Higher-order polynomials of !#",#! are added stepwise to the estimation 

model until the next polynomial added does not statistically significantly explain 

variation in !" or !! .20   

  

 
19 For expositional purposes, we assume here that the relationship between 3! and 3% is linear, but 

the model is able to account for non-linear correlations. 
20 To be specific, for each pair of domains {3! , 3%}, we first include 6& ∙ 3#!,#%&  and only if 3#!,#%&  is 

significant in the equations, we add 6' ∙ 3#!,#%' . In the second step, we include 6& ∙ 3#!,#%& + 6' ∙ 3#!,#%'  

and if 3#!,#%'  is significant, we add 6( ∙ 3#!,#%( . This stepwise process is repeated until the next added 

variable is not statistically significant. As such, the functional form can be different for both 

domains {3! , 3%}. 
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Appendix 6.2. Normative Growth Functions 

The three growth functions that utilize the CMIC to generate an overall growth score 

)," (Maximize Growth, MG; Maximize Growth with Preference Weights, MG-PW; 

Maximize Growth with Inequality Penalty, MG-IP) are empirically represented as 

follows: 

 

)," = ∑ "(,),,*)
*
+)%                              for 2 = 1,… ,/ (MG) 

(4) )," = 45,* ∙ "(,),,*)

*

+)%
																	 for 2 = 1,… ,/ (MG-WP) 

)," = (1 + ( ∙ "(,),012(,),…,,*)))/(1 + () ∙ ∑ "(,),,*)
*
+)%  	 for 2 = 1,… ,/ (MG-IP) 

 

The Maximize Growth (MG) decision rule first calculates for each domain the sum 

of the estimated CMIC (),"). Next, domains are ranked from high to low, to indicate 

which are likely to be high-impact improvement domains. A MG rule then 

maximizes growth as determined by max{),%, ),&, … , ),+}. Consider, for example, 

three standardized outcome variables. The MG approach then creates the following 

values for each of the three outcome variables: 

),% = "(,+,,+) + "(,+,,,) + "(,+,,-) = 1 + "(,+,,,) + "(,+,,-), 

),& = "(,,,,+) + "(,,,,,) + "(,,,,-) = "(,,,,+) + 1 + "(,,,,-), 

),4 = "(,-,,+) + "(,-,,,) + "(,-,,-) = "(,-,,+) + "(,-,,,) + 1, 

 

where "(∙) represents the estimated CMIC for a particular outcome pair {!" , !!}. The 

outcome variable that should be improved according to this MG rule is then 

determined by max{),%, ),&, ),4}. 

 

For the nine domains considered in the empirical application, the MG rule 

determines for each domain the total growth of all domains if this domain 

increases with one standard deviation. The MG rule thus determines 

),% = 1 + "(,+,,,) + "(,+,,-) +⋯+ "(,+,,.) 

),& = "(,,,,+) + 1 + "(,,,,-) +⋯+ "(,,,,.) 

⋮ 
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),5 = "(,.,,+) + "(,.,,,) + "(,.,,-) +⋯+ 1, 

 

and filling in the estimated CMIC of Table 6.3, this yields the following values for 

),! : 

),% = 1 + 0.72 + 0.19 +⋯− 0.06 = 2.03 

),& = 0.72 + 1 − 0.20 +⋯− 0.07 = 1.97 

⋮																						⋮ 

),5 = −0.06 − 0.07 + 0.22 +⋯+ 1 = 1.71. 

The domain that should be improved according to this MG-PW rule is then 

determined by max{),%, ),&, ),4}. 

 

When calculating Maximize Growth with Preference Weights (MG-PW), each domain 

first receives a relative importance/preference weight 5,* . These preference weights 

reflect the relative importance of domains. In the case of Maximize Growth (MG), 

changes in each of the nine domains were weighted equally in deriving the sum of 

CMIC. As such, each domain had a preference proportion of 1/9 (i.e., 1/n) associated 

with it, yielding an implicit weight of 1. Instead, when applying MG-PW, weights are 

adjusted based on the preference of the policymaker, yielding preference 

proportions (p) for each domain.  

 

Translated to the educational context it is, for example, possible that student safety 

and school culture/climate (at a given point in time) are considered to be more 

important by decision-makers than student autonomy as domains of impact. A MG-

PW rule then maximizes growth as determined by max{),%, ),&, … , ),+}, while 

considering that the former two dimensions should be weighted relatively more 

heavily than the latter. Consider again three standardized outcome variables. The 

MG-PW approach then creates the following values for each of the three outcome 

variables: 

),% = 5,+ ∙ "(,+,,+) + 5,, ∙ "(,+,,,) + 5,- ∙ "(,+,,-) = 5,+ ∙ 1 + 5,, ∙ "(,+,,,) + 5,- ∙ "(,+,,-), 

),& = 5,+ ∙ "(,,,,+) + 5,, ∙ "(,,,,,) + 5,- ∙ "(,,,,-) = 5,+ ∙ "(,,,,+) + 5,, ∙ 1 + 5,- ∙ "(,,,,-), 

),4 = 5,+ ∙ "(,-,,+) + 5,, ∙ "(,-,,,) + 5,- ∙ "(,-,,-) = 5,+ ∙ "(,-,,+) + 5,, ∙ "(,-,,,) + 5,- ∙ 1, 

 



 188 

The domain that should be improved according to this MG-PW rule is again then 

determined by max{),%, ),&, ),4}. 

 

MG-IP maximizes growth similar to MG, but adds a penalty that is decreasing in the 

correlation between the evaluated domain !" 	and the domain with the lowest 

standardized mean value (i. e. , min(!" , … , !+)).21 Considering again the example with 

three outcome variables, and assuming that the observed mean for the third 

outcome variable !4	is currently the lowest, the. MG-IP approach then creates the 

following values for each of the three outcome variables: 

),% = (1 + ( ∙ "(,+,,-))/(1 + () ∙ J1 + "(,+,,,) + "(,+,,-)K, 

),& = (1 + ( ∙ "(,,,,-))/(1 + () ∙ J"(,,,,+) + 1 + "(,,,,-)K, 

),4 = (1 + ( ∙ 1)/(1 + () ∙ J"(,-,,+) + "(,-,,,) + 1K, 

 

where the penalty parameter ( is a value between 0 and 1 and needs to be 

determined for normative rankings can be determined. A larger value for ( indicates 

that more weight (i.e., preference) is given to relative equality across domains in the 

sense that weak (or even negative) correlations between the evaluated domain and 

the domain with the lowest mean are more heavily penalized. As such, setting ( = 0 

(i.e., inequality in domains is considered irrelevant) renders the MG-IP equivalent 

again to the aforementioned MG approach. Furthermore, irrespective of the value 

chosen for (, no inequality penalty is imposed on improving the domain that is 

currently lowest (i. e. , %67.%%67 = 1), such that the Growth-score generated for this 

particular domain with MG-IP is always equivalent to the one derived with a MG 

approach. The domain that should be improved according to this MG-PW rule is 

again then determined by max{),%, ),&, ),4}. 

 

 

 

 
21 It thus follows that if 3! is itself the domain that currently has the lowest standardized mean value, 

a maximum pair-wise correlation of 1 is observed and no penalty (penalty=0) is imposed for 

improving 3! . 
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Appendix 6.3. CMIC and Growth Functions Applied to the Teacher Data 

 

Parallel to the student data, data on the following nine domains were gathered from 

teachers in 2019, see Table IV.1.  

 

Table IV.1.  

An Overview of the Domains Subject to Improvement. 
Domains: Example items: 

y1 Peer Collaboration Teachers at this school work together to seek knowledge, strategies, and 

solutions to address diverse student needs and apply this new learning to their 

work.  

y2 Principal Trust I feel respected by the site administrators in this school.  

y3 Outreach to Parents Parents are involved with their child’s instructional program. 

y4 Equity Practices Part of the responsibilities of an educator is to challenge school arrangements 

that maintain social inequalities. 

y5 Student-Teacher Dialogue I discuss assessment results together with every student.  

y6 Individualized Instruction I have opportunities during the school day for individualized support for 

students. 

y7 Learner Control I provide students the opportunity to create goals for their own learning.  

y8 Technology Exchanges In my classroom, students’ laptop or tablet supports their learning. 

  

370 teachers participated, consisting of 175 elementary school teachers. This 

corresponds to a response rate of 85%. 73% were female teachers and 87% finished 

at least a master’s program. Table IV.2 provides the descriptive statistics for each 

domain. Table IV.3 presents the CMIC between domains and the ranking of highest-

impact improvement based on Maximize Growth.  

 

Table IV.2.  

Descriptive Statistics of Teacher Perceptions on the Domains Subject to Improvement. 
Scales and variable names N M SD Min Max 

Peer Collaboration y1 198 4.90 0.74 1 6* 

Principal Trust y2 198 4.92 1.28 1 6 

Outreach to Parents y3 198 4.75 0.72 1 6 

Equity Practices y4 198 4.65 0.66 1 6 

Student-Teacher Dialogue y5 198 3.76 0.42 1 5** 

Individualized Instruction y6 198 3.51 0.54 1 5 

Learner Control y7 198 3.32 0.51 1 5 

Technology Exchanges y8 198 3.41 0.76 1 5 

*Scores are based on a six-point Likert multi-item scale varying from strongly 

disagree to strongly agree.   
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** Scores are based on a five-point Likert multi-item scale varying from almost 

never to almost always.  
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Table IV.3.  

Estimated Conditional Mean Independent Correlations (CMIC) between domains and ranking based on Maximize Growth (MG). 
  y1 y2 y3 y4 y5 y6 y7 Rank Growth 

score !!"   CMIC* SE** C SE C SE C SE C SE C SE C SE 

Peer Collaboration y1 1.00 0.00             3 2.05 

Principal Trust y2 0.63 0.04 1.00 0.00           6 1.89 

Outreach to Parents y3 0.29 0.05 0.35 0.05 1.00 0.00         5 1.93 

Equity Practices y4 -0.03 0.05 0.04 0.05 0.20 0.05 1.00 0.00       8 1.60 

Student-Teacher Dialogue y5 -0.13 0.05 0.05 0.05 0.02 0.05 0.03 0.05 1.00 0.00     1 2.12 

Individualized Instruction y6 0.07 0.05 -0.26 0.05 0.28 0.05 0.09 0.05 0.42 0.04 1.00 0.00   2 2.11 

Learner Control y7 0.04 0.05 0.31 0.05 -0.29 0.05 -0.04 0.05 0.25 0.04 0.66 0.03 1.00 0.00 4 1.95 

Technology Exchanges y8 0.18 0.05 -0.23 0.05 0.08 0.05 0.31 0.05 0.50 0.04 -0.15 0.05 0.02 0.05 7 1.71 

* Conditional Mean Independent Correlation 

** Standard Error 
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Internationally, schools engage in efforts to promote student agency, hoping it will 

increase attainment, better prepare students for their employment future, and 

enhance a sense of active membership of the school community and society. 

Student agency is promoted when students are encouraged and supported to exert 

influence, make choices, and take stances in ways that affect their learning. 

Student agency initiatives depart from the idea that students benefit from the 

freedom afforded in the learning environment because they will engage in activities 

that are meaningful, relevant, and in their interest, and they will be stimulated by 

this freedom to develop their self-concept and a sense of belonging. A growing body 

of research supports the belief that student agency has direct positive effects in 

the context of formal education, for example by turning students into more 

engaged and motivated investors in their education. Yet, other studies produce 

seemingly opposite results. In environments where students are given ‘freedom’ in 

their learning, learners may be unable to detect inaccurate information even in the 

face of contradictory evidence and be unable to reflect or enact metacognitive 

processes, sometimes at the expense of their motivation to learn. Eventually, the 

observation that learner control may diminish learning outcomes will eviscerate 

the beliefs of both the teacher and the student about the desirability of student 

agency. To understand what makes student agency initiatives effective, there is a 

need for further educational theory and empirical research.  

 

This dissertation contributes with theory on how student agency can be promoted 

in formal education. We propose the Agency through Transactional Proximity (ATP) 

model. Transactional proximity, we argue, is a requisite in interventions that 

promote student agency. Transactional proximity is a product of the dynamic 

interaction and trade-offs between concepts of instructional design, learner 

control, and dialogue. The empirical studies in this dissertation also investigated 

the challenges that teachers, school leaders, and researchers are confronted with 

while attempting to promote student agency. These are, among others, how student 

agency can be measured, how to balance the tension between input from the 

learner and teacher guidance, and how to identify high-impact school 

improvements. By utilizing various theories (transactional proximity and self-

regulated learning) and methods (e.g., learning analytics, evaluation methods) from 
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several academic domains (e.g., instructional sciences, educational psychology, 

distance learning, organizational learning), this work showcases the potential of 

educational research to accommodate organizational change towards supporting 

student agency and sustain those initiatives that meet a need and fit the context. 

Specifically, this dissertation focused on 1) the relationship between measures of 

student agency through self-reports and online trace data, 2) the contribution of 

the notion of Transactional Proximity in understanding agency-supportive learning 

environments in formal education, and 3) a method for researchers and 

practitioners to collaboratively identify high-impact improvements for agency-

supportive learning environments using descriptive data. 

 

Chapter 2 focused on the effects of implementation barriers in the context of the 

implementation of online proctoring technology, on participation in the formative 

exam, thereby considering students’ ability to self-regulate their learning. This 

technology was expected to promote student agency by giving students the 

freedom to decide about where they want to do the exam. In this field experiment, 

students were randomly assigned to online proctoring or traditional on-campus 

examination to evaluate the effect, nature, and timing of implementation barriers 

for online proctoring in higher education. The results showed that the uptake in the 

traditional examination setting in this study was six times higher due to technical 

hurdles that students experienced with the online proctoring software. When 

alleviating these implementation barriers by offering all students the chance to 

participate in an unproctored retake, students initially assigned to online 

proctoring still showed a significantly lower uptake rate. Contrary to the 

hypotheses, the extent to which students succeeded to use this new technology 

was not related to self-reported motivation and self-regulation or performance 

levels.  

 

Chapter 3 examined the relationship between measures of student agency through 

self-reports and online trace data. For this purpose, this study triangulated 

constructs suggested in theory on self-regulated learning and measured these 

using self-reported data with revealed online traces of learning behavior. The 

results showed that online trace data of learning behavior are complementary to 
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self-reports, as they explained a unique proportion of variance in student academic 

performance. The results showed that that trace data predicts students’ self-

reported strategy use but not students’ self-reported motivation. This suggests that 

the relevance of trace data, compared to self-reported data, is that they can be used 

to gauge particularly effective learning strategies more accurately, such as 

distributed practice and self-monitoring. Measuring and monitoring strategy is 

especially relevant for efforts aiming at increasing student agency. Feedback on the 

use of strategies can be directly relevant for adjusting the level of transactional 

proximity because it allows educators to detect possible negative effects of student 

agency initiatives on learning outcomes in time. 

 

Chapter 4 examined how the notion of Transactional Proximity can help to 

understand agency-supportive learning environments in formal education and 

reviewed empirical work on student agency interventions that took place in the 

context of primary and secondary education between 2009 and 2019. Participants 

of the reviewed studies ranged from four to nineteen years old, including students 

with special educational needs. The literature review revealed that increased 

classroom dialogue generally yields positive effects on student agency. However, 

altering the instructional design and increasing learner control had varying effects 

on student agency. Accordingly, this paper proposed the Agency through 

Transactional Proximity (ATP) model, which addresses the dynamic interaction and 

trade-offs between concepts of instructional design, learner control, and dialogue 

in bringing about student agency in primary and secondary education. The ATP 

model serves as a heuristic device, a means of identifying questions for research, 

and a very practical instrument to be used in making instructional design 

decisions. 

 

Chapter 5 describes the development of the Students’ Experiences of Proximity 

(SEP) inventory and data relevant to its validity. The SEP inventory measures the 

climate about teaching strategies for student agency. The inventory operationalizes 

and validates the dimensions contained by the ATP model and includes items for 

students, teachers, parents, and school leaders in primary and secondary 

education. The validation of the scales took place in three districts in Southern 
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California. This study presents data from approximately 1600 students, 1300 

teachers, 400 parents, and 40 school leaders that support the construct validity of 

the instrument. The results supported the content, structural, and discriminant 

validity of the instrument. In addition, three comparisons of educational contexts 

are described to provide descriptive evidence of the ATP model. These educational 

contexts differed on determinants of transactional proximity and allocated 

resources for student agency. Data showed the expected differences between 

educational contexts in terms of learner control and dialogue among the three 

stakeholder groups, providing first descriptive indications of the validity of the ATP 

model. In contexts with a higher teacher/student ratio and or a flexible 

instructional design, the data show a trend of more perceived flexibility, learner 

control, and dialogue across groups. 

 

Chapter 6 proposes a method to enable researchers and practitioners to 

collaboratively identify high-impact improvements for policy outcomes based on 

descriptive data. In this chapter, we used policy outcome data related to school 

climate and teaching approaches, such that the results of the method are directly 

linked to student agency initiatives. The objective of the method is to generate 

interdependencies between pairs of policy-outcome domains not driven by 

observed variation in other outcome domains. These are called Conditional Mean 

Independent Correlations (CMIC). As such, it aims to generate an empirical ‘best 

guess’ for how one domain changes with another and vice versa. In addition, the 

method provides rankings of high-impact improvement domains intending to 

better guide decision-making processes based on growth functions. Using CMIC 

and growth functions simultaneously offers an opportunity to define a set of 

decision-making rules that can guide improvement efforts. This method thereby 

contributes to theory development, in the sense of challenging researchers to 

define comprehensive models of educational quality and collect data that inform 

on all constructs included in such models. This method assigns an important role 

to (educational) theory and lends itself for empirical evaluation of the 

comprehensiveness of models about (educational) quality. Chapter 6, provides an 

empirical application of CMIC and growth functions in which data on school 

climate and teaching approaches were used, including the constructs contained in 
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the ATP model. As such, this dissertation showcases how CMIC can be used to test 

and further develop the theory on and school improvement around student agency. 

Whereas the empirical results showed that learner control and students’ trust in 

their educators have the highest average associations with all areas that together 

make up the student’s school experience, school leaders themselves ranked these 

domains only fourth and seventh (out of eight) in terms of importance. 

 

The general picture that emerges, taking the results of all five studies together, is 

that attending to the relationships within a school is key in promoting student 

agency through learner control. Students’ trust in their educators (principal and 

teacher trust) is shown to have a relatively high average association with all areas 

that together make up the student’s school experience. In accordance, teachers 

indicated that it is key to build a relationship with students to identify and create 

beneficial opportunities for learner control. Furthermore, the literature review 

shows that dialogue (e.g., group work, the use of non-controlling language, 

explaining the relevance of an uninteresting task) positively impacts 

manifestations of student agency. The importance of relationships and dialogue 

suggest that students do not always recognize learner control as an opportunity to 

benefit from it and that they need additional support and guidance. Descriptive 

evidence suggests that transactional proximity may be a helpful concept when 

promoting student agency in formal education. Transactional proximity enables 

both the teacher and the students to better estimate which opportunities for 

learner control will benefit both learning and the student’s sense of agency. The 

mechanism that connects the concepts of transactional proximity, control, and 

student agency is laid out in the ATP model. The Student Experiences of Proximity 

(SEP) inventory provides school organizations with opportunities to identify growth 

areas based on the views of multiple stakeholders and can be used to facilitate the 

improvement of learning environments by catalyzing a conversation regarding 

targeted instructional domains. Finally, this dissertation shows that while leaders 

have good insights as to which areas to focus on, research-based methods and 

instruments can allow school leaders to see where they are excelling and where they 

need to focus for further growth. Within a partnership that respects the expertise of 

school leaders and teachers, researchers can empower those in schools working 
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alongside teachers and students so that they can make informed decisions based 

on the needs of learners. Researchers may influence policies and implement new 

programs, but without empowering school leaders and creating a school culture 

where people feel valued and involved, it is unlikely that student learning will 

improve. 
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11. Nederlandse samenvatting  

(Dutch Summary) 
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Internationaal geven scholen leerlingen meer regie in het leerproces, in de hoop dat 

dit leerprestaties zal bevorderen, leerlingen voorbereidt op hun toekomstige baan 

en leerlingen meer onderdeel laat voelen van de school en de samenleving. Regie 

voeren in het leerproces houdt in dat leerlingen worden aangemoedigd en 

ondersteund om invloed uit te oefenen, keuzes te maken en standpunten in te 

nemen op manieren die hun leerproces beïnvloedt. Scholen die de regie van 

leerlingen willen vergroten gaan er vaak vanuit dat leerlingen kunnen profiteren van 

bepaalde vrijheden in de leeromgeving, als vanzelfsprekend dingen gaan 

ondernemen die zinvol, relevant en in hun belang zijn en dat hierdoor hun zelfbeeld 

en het gevoel erbij te horen verbeterd. Een groeiend aantal onderzoeken bevestigd 

dat leerlingen die meer regie krijgen in hun leerproces meer betrokken en 

gemotiveerd worden. Toch leveren andere onderzoeken schijnbaar tegengestelde 

resultaten op. In leeromgevingen waar leerlingen de ‘vrijheid’ krijgen om te bepalen 

hoe zij willen leren, zijn leerlingen minder goed in staat om hun aannames te 

onderzoeken, zelfs niet in het licht van tegenstrijdig bewijs, en wordt er minder 

gereflecteerd door leerlingen. Soms doet het zelfs afbreuk aan hun motivatie om te 

leren. Uiteindelijk zorgt dit ervoor dat zowel de leraar en de leerling twijfelen over de 

wenselijkheid van regie bij de leerling. Om te begrijpen waarom bepaalde 

initiatieven van scholen rondom regie bij de leerling wel effectief zijn, is meer 

theorie en empirisch onderzoek noodzakelijk. 

 

Dit proefschrift draagt bij met theorie over hoe leerlingen de regie kunnen voeren 

over hun leerproces in het funderend onderwijs. We stellen het Regie Door Nabijheid 

(Agency through Transactional Proximity [ATP])-model voor. Wij stellen dat 

transactie gebonden nabijheid een vereiste is in schoolinitiatieven die de regie bij 

de leerling willen vergroten zonder afbreuk te doen aan schoolprestaties en 

motivatie. Transactie gebonden nabijheid is een product van de dynamische 

interactie tussen concepten van instructieontwerp, leerlingcontrole en dialoog. De 

empirische studies in deze dissertatie onderzoeken ook de uitdagingen waarmee 

leraren, schoolleiders en onderzoekers worden geconfronteerd bij het vergroten van 

regie bij de leerling. Dit zijn onder andere hoe de regie kan worden gemeten, hoe de 

spanning tussen de regie bij de leerling en de begeleiding van de leraar in evenwicht 

kan worden gebracht, en hoe impactvolle schoolverbeteringen kunnen worden 
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geïdentificeerd. Door gebruik te maken van verschillende theorieën (transactie 

gebonden nabijheid en zelfregulerend leren) en methoden (bijvoorbeeld learning 

analytics, evaluatiemethoden) uit verschillende academische domeinen 

(bijvoorbeeld onderwijswetenschappen, onderwijspsychologie, afstandsonderwijs, 

leren in organisaties), toont dit werk het potentieel van onderwijsonderzoek om 

organisatorische veranderingen mogelijk te maken rond leerling regie en om de 

initiatieven te ondersteunen die in een behoefte voorzien en in de context passen. 

Concreet richt dit proefschrift zich op 1) de relatie tussen metingen van regie bij de 

leerling middels zelfrapportage en online traceergegevens; 2) de bijdrage van het 

begrip transactie gebonden nabijheid aan het begrijpen van leeromgevingen die 

regie bij de leerling ondersteunen en vergroten; en 3) een methode voor 

onderzoekers en (onderwijs)professionals om op basis van beschrijvende data 

verbeteringen met een grote impact (in leeromgevingen) te identificeren. 

 

Hoofdstuk 2 richt zich op de effecten van implementatiebarrières tijdens de 

implementatie van online proctoring-technologie in het hoger onderwijs, in relatie 

tot het vermogen van studenten om hun leren zelf te reguleren. De verwachting was 

dat deze technologie de regie bij studenten zou vergroten door hen de vrijheid te 

geven om te beslissen waar ze het examen willen doen. In dit veldexperiment 

werden studenten willekeurig toegewezen aan online proctoring of een traditionele 

examensetting op de campus om het effect, de aard en de timing van 

implementatiebarrières tijdens het invoeren van online proctoring te evalueren. De 

resultaten laten zien dat de deelname in de traditionele examensetting in dit 

onderzoek zes keer hoger was vanwege technische hindernissen die studenten 

ondervonden die waren toegewezen aan de online proctoring software. Bij het 

wegnemen van deze implementatiebarrières door alle studenten de kans te bieden 

deel te nemen aan een niet-gesurveilleerde herkansing, lieten studenten die 

aanvankelijk waren toegewezen aan online proctoring nog steeds een significant 

lager deelnamepercentage zien. In tegenstelling tot de hypothesen, was de mate 

waarin studenten erin slaagden om deze nieuwe technologie te gebruiken, niet 

gerelateerd aan zelf gerapporteerde motivatie en zelfregulatie of prestatieniveaus. 
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Hoofdstuk 3 onderzoekt de relatie tussen metingen van regie bij studenten in het 

hoger onderwijs met zelfrapportage en online traceergegevens op basis van theorie 

over zelfregulerend leren. De resultaten laten zien dat online traceergegevens van 

leergedrag complementair zijn aan zelfrapportages, omdat ze een uniek deel van de 

variantie in de academische prestaties van studenten verklaren. De resultaten laten 

zien dat traceergegevens het zelf gerapporteerde strategiegebruik van studenten 

voorspellen, maar niet de zelf gerapporteerde motivatie van leerlingen. Dit 

suggereert dat de relevantie van traceergegevens, vergeleken met zelf 

gerapporteerde gegevens, is dat ze bruikbaar zijn om het gebruik van 

leerstrategieën nauwkeuriger te meten, zoals gedistribueerde oefeningen en het 

monitoren van het leerproces. Feedback over het gebruik van strategieën kan direct 

relevant zijn voor het aanpassen van het niveau van transactie gebonden nabijheid, 

omdat het docenten in staat stelt om mogelijke negatieve effecten van de 

initiatieven van scholen rondom regie bij de leerling op leerresultaten tijdig te 

detecteren. 

 

Hoofdstuk 4 onderzoekt hoe de notie van transactie gebonden nabijheid kan helpen 

om te begrijpen hoe leerlingen kunnen worden ondersteunt in het voeren van de 

regie over het leerproces in het funderend onderwijs. Dit hoofdstuk presenteert een 

studie van wetenschappelijke evaluaties van interventies voor het ondersteunen en 

vergroten van leerling regie in het basis en middelbaaronderwijs tussen 2009 en 

2019. Deelnemers aan de beoordeelde studies varieerde van vier tot negentien jaar 

oud, inclusief studenten met speciale onderwijsbehoeften. Uit het 

literatuuronderzoek blijkt dat meer dialoog in de klas over het algemeen positieve 

effecten heeft op de keuzevrijheid van leerlingen. Het veranderen van het 

instructieontwerp en het vergroten van de controle door de leerling heeft echter niet 

altijd het gewenste effect. Daarom presenteert dit hoofdstuk het Regie Door 

Nabijheid (Agency through Transactional Proximity [ATP])-model, welke de 

interacties tussen het instructieontwerp, leerlingcontrole en dialoog beschrijft om 

te begrijpen hoe leerlingen kunnen worden ondersteunt in het voeren van de regie 

over het leerproces in het funderend onderwijs. Het ATP-model dient als een 

instrument om onderzoeksvragen te identificeren en kan door 
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onderwijsprofessionals worden gebruikt bij het nemen van beslissingen over het 

ontwerp van de leeromgeving en specifieke lessen. 

 

Hoofdstuk 5 beschrijft de ontwikkeling van de Door Leerlingen Ervaren Nabijheid 

(Students’ Experiences of Proximity [SEP])-vragenlijst en data die relevant zijn voor 

het beoordelen van de validiteit van het instrument. De SEP-vragenlijst meet het 

klimaat over onderwijsstrategieën die als doel hebben om de regie van leerlingen 

te vergroten. De vragenlijst operationaliseert en valideert de dimensies van het ATP-

model en omvat items voor leerlingen, leerkrachten, ouders en schoolleiders in het 

basis- en middelbaar onderwijs. De validatie van de vragenijst vond plaats in drie 

districten in Zuid-Californië. Deze studie presenteert gegevens van ongeveer 1600 

studenten, 1300 leraren, 400 ouders en 40 schoolleiders die de constructvaliditeit 

van het instrument ondersteunen. De resultaten ondersteunen de inhoudelijke, 

structurele en onderscheidende validiteit van het instrument. Daarnaast worden 

drie vergelijkingen van onderwijscontexten gemaakt om beschrijvend bewijs te 

leveren van het ATP-model. Deze onderwijscontexten verschilden in determinanten 

van transactie gebonden nabijheid en de mate waarin was geïnvesteerd in het 

bevorderen van regie bij de leerling. Data tonen de verwachte verschillen tussen 

onderwijscontexten in termen van leerling controle en dialoog onder leerlingen, 

docenten en ouders, wat de eerste beschrijvende aanwijzingen geeft van de 

validiteit van het ATP-model. In contexten met een hogere leraar/leerling-ratio en/of 

een flexibel instructieontwerp, laten de gegevens een trend zien van meer 

waargenomen flexibiliteit, leerling controle en dialoog. 

 

Hoofdstuk 6 stelt een methode voor om onderzoekers en (onderwijs)professionals 

uit de praktijk in staat te stellen om samen, en op basis van beschrijvende data, 

beleids-uitkomstdomeinen met een grote impact voor beleidsresultaten te 

identificeren. In dit hoofdstuk hebben we data gebruikt met betrekking tot 

schoolklimaat en onderwijsbenaderingen, zodat de resultaten van de methode 

direct gekoppeld zijn aan initiatieven rond leerling regie. Het doel van de methode 

is om onderlinge afhankelijkheden te genereren tussen beleids-uitkomstdomeinen 

die niet worden gedreven door waargenomen variatie in andere uitkomstdomeinen. 

Dit worden Conditional Mean Independent Correlaties (CMIC) genoemd. Daarmee 
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kan men inschatten hoe het ene domein verandert met het andere en vice versa. 

Daarnaast geeft de methode rangschikkingen van beleids-uitkomstdomeinen met 

een hoge impact op basis van groeifuncties, met de bedoeling 

besluitvormingsprocessen die aan de basis liggen van beleid beter te sturen. Het 

gelijktijdig gebruiken van CMIC- en groeifuncties biedt de mogelijkheid om een set 

besluitvormingsregels te definiëren die als leidraad kunnen dienen voor bepaald 

beleid. Deze methode draagt ook bij aan theorieontwikkeling, in de zin dat 

onderzoekers worden uitgedaagd om uitgebreide modellen van onderwijskwaliteit 

te definiëren en gegevens te verzamelen die informatie geven over alle beleids-

uitkomstdomeinen die in dergelijke modellen zijn opgenomen. Deze methode kent 

een belangrijke rol toe aan (onderwijs)theorie en leent zich voor empirische 

evaluatie van de volledigheid van modellen over (onderwijs)kwaliteit. Hoofdstuk 6 

geeft een empirische toepassing van CMIC en groeifuncties waarbij gebruik is 

gemaakt van gegevens over schoolklimaat en onderwijsbenaderingen, inclusief de 

beleids-uitkomstdomeinen in het ATP-model. Als zodanig laat dit proefschrift zien 

hoe CMIC kan worden gebruikt om de theorie over en schoolverbetering rond 

leerling regie te testen en verder te ontwikkelen. De resultaten toonden aan dat 

controle van de leerling en het vertrouwen van leerlingen in hun docenten en 

schooldirecteuren de hoogste gemiddelde associatie hebben met alle gebieden die 

samen de schoolervaring van de leerling vormen. Leiders rangschikten deze 

domeinen zelf als vierde en zevende (van de acht). 

 

Het algemene beeld dat naar voren komt, als we de resultaten van alle vijf 

onderzoeken samen bekijken, is dat aandacht voor de relaties binnen een school 

essentieel is bij het bevorderen van leerling regie. Het vertrouwen van leerlingen in 

hun docenten en schooldirecteuren blijkt een relatief hoge gemiddelde associatie 

te hebben met alle gebieden die samen de schoolervaring van de leerling vormen. 

In overeenstemming hiermee gaven leraren aan dat het essentieel is om een relatie 

met leerlingen op te bouwen om gunstige mogelijkheden voor leerling regie te 

identificeren en te creëren. Verder blijkt uit het literatuuronderzoek dat dialoog 

(bijvoorbeeld groepswerk, het gebruik van niet-controlerende taal, het uitleggen 

van de relevantie van een oninteressante taak) een positieve invloed heeft op 

leerling regie. Het belang van relaties en dialoog suggereert dat leerlingen bepaalde 
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vrijheden niet altijd zien als kansen om van te profiteren, en dat ze ondersteuning 

en begeleiding nodig hebben hierin. Beschrijvend bewijs suggereert dat transactie 

gebonden nabijheid een nuttig concept kan zijn bij het bevorderen van leerling 

regie in het funderend onderwijs. Transactie gebonden nabijheid stelt zowel de 

leraar als de leerlingen in staat om beter in te schatten welke mogelijkheden voor 

leerling controle zowel het leren als het gevoel van regie van de leerling ten goede 

zullen komen. Het mechanisme dat de concepten transactie gebonden nabijheid, 

controle en leerling regie verbindt, is gevisualiseerd in het ATP-model. De SEP-

vragenlijst biedt schoolorganisaties mogelijkheden om groeigebieden te 

identificeren op basis van de standpunten van leerlingen, ouders, en docenten en 

kan worden gebruikt om de verbetering van de leeromgeving te vergemakkelijken 

door een gesprek op gang te brengen over gerichte instructiedomeinen. Ten slotte 

laat deze dissertatie zien dat leiders weliswaar goede inzichten hebben op welke 

gebieden ze zich moeten concentreren, maar dat op onderzoek gebaseerde 

methoden en instrumenten schoolleiders nieuwe inzichten bieden over waar ze 

uitblinken en waar ze zich moeten concentreren voor verdere groei. Binnen een 

partnerschap dat de expertise van schoolleiders en leraren respecteert, kunnen 

onderzoekers degenen op scholen die met leraren en studenten werken 

ondersteunen in het nemen van weloverwogen beslissingen. Onderzoekers kunnen 

beleid beïnvloeden en nieuwe programma's implementeren, maar zonder 

onderwijsprofessionals te betrekken en schoolleiders te ondersteunen om een 

schoolcultuur te creëren waarin mensen zich gewaardeerd en betrokken voelen, is 

het onwaarschijnlijk dat het onderzoek het leren van leerlingen ook zal verbeteren.   
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