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INTRODUCTION  

With the rapid changes in society, self-regulated learning (SRL) is an indispensable skill for succeeding in life, 

work, and citizenship on the 21st century (Dede, 2010). Local and overseas research show that SRL ability is 

associated with academic achievement (Cleary et al., 2021; Dignath & Büttner, 2008; Kistner et al., 2010; 

Kizilcec et al., 2017; Kuo, 2018; 2019; 2020; Schmitz & Perels, 2011; Perry & Winne, 2006; Zheng, 2016). 

Accurate measurement of SRL is essential for educators to formulate appropriate strategies for the promotion 

and facilitation of SRL skills among learners. Panadero et al. (2016) observed that approaches to measuring SRL 

capacities changed along with advancements in the conception of SRL and that we were in the third wave of 

measurement whereby measurement needed to not only assess but also to promote SRL skills. Using a quasi-

experiment, the current study explores effectiveness of the Cross-grade Diagnosis (縱貫測驗) in the Taiwan 

Adaptive Learning Platform (TALP, 因材網) in measuring and promoting SRL amongst primary students 

needing remedial instruction. Results of this study will inform educators on the effectiveness of Cross-grade 

Diagnosis as against conventional testing methods in facilitating students’ self-regulated learning and academic 

achievement. For educational software developers, the study will illuminate characteristics of enabling features 

in the design of technology-assisted learning systems that can give best support for students.  

BACKGROUND 

SRL refers to the self-directive learning processes whereby the learner initiates and sustains in order to attain 

their academic goals (Zimmerman, 2000). A self-regulated learner is one who actively takes care of their own 

learning towards achieving their learning goals (Zimmerman, 2008). SRL involve a complex interplay among 

the cognitive, metacognitive, behavioural, motivational, affective, and emotional aspects of the learner as well 

as the contextual and environmental variables during learning. It is therefore not surprising that over the years, 

as highlighted by meta-analyses (Dignath & Büttner, 2008; Panadero, 2017; Sitzmann & Ely, 2011), many 

models (e.g., Boekaerts & Corno, 2005; Efklides, 2011; Hadwin & Oshige, 2011; Pintrich, 2000; Zimmerman, 

2000) of SRL have been put forward by researchers, each grounded on different theoretical underpinnings and 

thus focussed on different aspects of self-regulated learning. Nonetheless, common to all models is the 

acknowledgement that the nature of SRL is cyclical and iterative, involving phases, processes and strategies in 

goal setting, strategy selection, progress monitoring, and self-reflection and self-regulation.  

Given the complexity of SRL, which is an internal process and cannot be directly accessed, its measurement has 

not been easy (Boekaerts & Corno, 2005), and various methods including self-report, think aloud protocols, 

classroom observations, microanalytic measures, data mining and learning analytics have been reported in the 

literature (Araka et al., 2020). According to Panadero et al. (2016) these assessment methods can be classified 

into three waves, which reflect researchers’ changing conception of SRL. In the first wave, self-regulation was 

conceived as a trait of the learner and therefore measured using self-report methods such as questionnaire and 

interviews. The drawback of self-report methods is that SRL process is difficult to articulate and learners might 

not be accurate in, or even aware of, the strategies they use (Boekaerts & Corno, 2005). Further, changes in 

learner’s strategy use cannot be captured by static measures. In the second wave, self-regulation was conceived 

as a dynamic process of behavioural, cognitive, metacognitive, motivational, and emotional events within a 

learner, and its measurement is undertaken from a process perspective (Winnie & Perry, 2000), including such 

stealth assessments as log data and learner traces collected during learning. Whilst these unobtrusive methods 

assess SRL objectively at real time, the measurement itself does not promote SRL skills. According to Panadero 

et al. (2016), we are in the third wave whereby measurement should both assess and promote SRL skills. The 
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study reported here aims to explore the effectiveness of Cross-grade Diagnosis in TALP as an intervention on 

promoting SRL skills and academic achievement in addition to assessing these variables.  

RELEVANT THEORIES 

Zone of Proximal Development 
Vygotsky’s (1978) concept of Zone of Proximal Development (ZPD) describes how a child can go from his/her 

current development level to a higher potential level through continuous consultation with such other more 

capable persons as teachers, parents, or peers. The Zone of Proximal Development (ZPD) refers to the gap 

between what a child can learn independently and what he/she can learn with support from a more knowledge 

adult or peer (Vygotsky, 1978). Although development can be promoted by engaging the learner in activities 

beyond his/her actual level of development and scaffolding the learner in performing the new tasks, Vygotsky 

alerted that, for meaningful learning to take place, the new activities should be linked with the actual level of 

development of the learner instead of going too far ahead of the learner (Oers, 2020). In other words, the notion 

of ZPD is not a fixed characteristic of the learner, but is a range of tasks in which the learner aspires to take part, 

and is able to participate by drawing from his/her already established abilities, but cannot yet accomplish all the 

tasks on his/her own. With guidance from a more skilled person, the learner masters the tasks and develops a 

sense of ownership and personal agency as the new activities make sense to the learner.  

In the study reported here, Cross-Grade Diagnosis in TALP is used to help students to identify their ZPD 

(Vygotsky, 1978). For low-achieving students, on-grade learning materials/tasks can be overwhelming and 

impossible to learn. Through Cross-Grade Diagnosis, ZPD of individual students are identified. In this way, if a 

student is found to be operating at a grade level lower than the one at which the student is currently enrolled, the 

teacher can design instructions which better align with the specific ability level of the student and thus enable 

the student to learn.   

Feedback  

Feedback is central to self-regulated learning (Butler & Winne, 1995; Labuhn et al., 2010; Zimmerman, 2000). 

Self-regulation involves learners who take charge of their learning by proactively directing their behaviour and 

regulating their thoughts and feelings in order to achieve their self-set learning goals. Throughout the cyclical 

process of goal setting, strategy selection, performance self-monitoring, self-reflection and self-regulation, 

feedback generated from the previous phase or process is used to adjust behaviour and strategies in the following 

phase or process of learning (Zimmerman, 2000).  

As learners monitor their engagement with tasks, internal feedback is generated when the learners compare the 

gap between the actual and the targeted outcomes. External feedback is provided by another person, usually the 

teacher or peers, when the learning yields observable learning products (Butler & Winne, 1995). On basis of the 

feedback information, the learners may either continue with their pursuit, modify their learning tactics to closing 

the gap, or modify their learning goals altogether. The monitoring-feedback-regulation process is recursive and 

continues throughout the learning. It is crucial for the learners to accurately perceive and understand the feedback 

for it to be impactful on learning (Harks et al., 2014; Labuhn et al., 2010).  

Adaptive assessment is implemented and instant feedback is provided in this study to facilitate students’ 

diagnosis of the current status of their acquired knowledge as well as the strengths and weaknesses of their 

learning (Wu et al., 2017). The most optimal method for learners is to gain instant feedbacks, especially acquiring 

the diagnosis of their learning weakness immediately to adjust either goals or strategies (Proske et al., 2011). 

Further, the subject knowledge structure is presented explicitly in TALP such that the student and the teacher 

both have a clear road map of the student’s current knowledge status vis-à-vis the desired outcome.   

 

  YOUR RESEARCH METHODS AND WORK  

The study reported here is part of a larger project on the Taiwan Adaptive Learning Platform (TALP) sponsored 

by the Taiwan Ministry of Education.  In the current study, the effectiveness of Cross-Grade Diagnosis in TALP 

for remedial instruction in mathematics of primary students in Taiwan is investigated using a quasi-experimental 

design. The TALP platform organises learning materials as a hierachical concept network, in which higher level 

concepts are prerequisite for lower ones (Wu et al., 2017; Yang et al., 2021), and the platform makes use of an 

adaptive diagnostic assessment system (Ting & Kuo, 2016). The knowledge hierarchical network and the 

associated diagnosis are cross-grade in design. The cross-grade diagnosis identifies the students’ current ability 

level and facilitates alignment of students’ level of knowledge with the level of materials to be learned. In this 

way, materials are selected around the ZPD (Vygotsky, 1987) of individual students to facilitate their learning. 

Wu et al. (2017) reported high effectiveness and efficiency of order theory algorithms on knowledge structure 
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for adaptive testing in that there was 90% accuracy in identifying learning weakness, and it saved about 80% 

items in the assessment. Empirical study by Ting and Kuo (2016) found that adaptive dynamic assessment 

offered the best instructive effect compared to either self-study or traditional remedial instructions.  

The study sample comprised 991 primary grade students who did not pass the National Screening Test (篩選測

驗) in mathematics administered by the Taiwan Ministry of Education in May 2020. These students needed to 

undergo remedial instruction on mathematics. Teachers made the decision on whether the Cross-grade Diagnosis 

or the Conventional testing, both available in TALP, was used for the individual students’ remedial instruction. 

After six months, in December 2020, the two groups of students were assessed and compared, (a) using 

MANCOVA on their SRL skills as measured by the Self-Regulated Learning Integrated Questionnaire (Kuo et 

al., 2020), and (b) using ANCOVA on their academic performances as measured by the National Progress Test.  

Results showed that students who had undergone Cross-grade Diagnosis for remedial instruction had better SRL 

skills and better performance than their counterparts whose remedial instruction was through Conventional 

testing.  

REAL WORLD APPLICATIONS  

The TALP is available freely to all primary students in Taiwan. Teachers are free to select either Cross-grade 

Diagnosis or conventional testing methods within TALP for remedial instruction. Results of this study will 

facilitate teachers in making evidence-based decisions when designing remedial instructions for their students.  

FUTURE DIRECTIONS 

Items in traditional testing are confined to curriculum materials within a certain grade level. In contrast, the 

Cross-grade Diagnosis in TALP measures students’ knowledge level by adaptively assessing the student with 

items from the current as well as lower or higher grade levels. The benefit of assessing students with items at a 

different grade level is that it enables the ZPD of individual students to be gauged, and the teacher can use this 

information to tailor instruction that optimally targets specific strengths and weaknesses of individual students. 

Previous studies (Wu et al., 2017; Yang et al., 2021) found Cross-grade Diagnosis effective in promoting 

academic performance of low-achieving students. As TALP is knowledge-structure based, each student in 

consultation with the teacher can make use of the Cross-grade Diagnosis results to identify his/her own learning 

paths on the knowledge-structure map in TALP, and select the appropriate online learning materials and 

instructional videos that aligns with his/her ability level for remedial support. Without doubt accurate 

measurement is fundamental to understanding students’ SRL states but educators need to go beyond 

measurement and make use of the measurement data to enhance students’ SRL capacity and academic learning. 

This study demonstrated how the measurement-intervention couple can be beneficial for boosting both SRL 

skills and academic performance of students needing remedial instruction in mathematics. The study capitalised 

on the relatively well-defined hierarchical knowledge structure of concepts in mathematics. Would the 

measurement-intervention couple be as effective for remedial instruction in domains (e.g., Chinese language) 

with less well-defined hierarchy in their knowledge structure? Future research might explore replication of this 

study in such other domains. 

 

Further, it should be noted that in this study, teachers made the choice of whether Cross-grade Diagnosis or 

conventional testing was to be used for students’ remedial instruction. Nonetheless, recent studies found that 

SRL instruction was only rarely implemented in classroom or as school-wide policy (Kistner et al., 2010), and 

that teacher professional development only had little effect in changing teachers’ beliefs regarding importance 

of SRL or enhancing their SRL self-efficacy (Heirweg et al., 2021). Future research is recommended on exploring 

in greater depth contributing factors to success or otherwise of Cross-grade Diagnosis in relation to teachers’ 

pedagogical content knowledge as SRL agent. Findings from this future research will inform teacher educators 

on designing professional development programmes on the application of Cross-grade Diagnosis for the 

promotions of SRL capacity and academic performance of students. 

SUMMARY 

This study provides empirical evidence on the effectiveness of Cross-grade Diagnosis for measuring SRL and 

academic achievement of students while affording intervention that promote development in these areas.  Our 

results have practical implications in at least two ways. Firstly, results of this study will inform educators on the 

effectiveness of Cross-grade Diagnosis as against conventional testing methods in facilitating students’ self-

regulated learning and academic achievement. Secondly, for educational software developers, the study will 

illuminate characteristics of enabling features in the design of technology-assisted learning systems that can give 

best support for students. 
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