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ABSTRACT (THAI) 
 ญาณิกา ลุนราศรี : การวัดการรู้เรื่องการอ่าน พัฒนาการและศักยภาพการเรียนรู้ของนักเรียนชั้นมัธยมศึกษาปีที่ 3: การประยุกต์แนวคิดการ

ประเมินแบบพลวัตด้วยคอมพิวเตอร์. ( Measurement of Reading Literacy, Growth, and Learning Potential of Grade 9 
Students: Application of Computerized Dynamic Assessment Concept ) อ.ที่ปรึกษาหลัก : รศ. ดร.กมลวรรณ ตังธนกานนท์, อ.ที่
ปรึกษาร่วม : รศ. ดร.โชติกา ภาษีผล 

  
งานวิจัยเรื่องนี้มีวัตถุประสงค์เพื่อ (1) พัฒนาและตรวจสอบคุณภาพของเครื่องมือการประเมินแบบพลวัติด้วยคอมพิวเตอร์ในเรื่องการรู้เรื่อง

การอ่าน และ (2) ศึกษาผลของการทดสอบเครื่องมือการประเมินแบบพลวัติด้วยคอมพิวเตอร์ในเรื่องการรู้เรื่องการอ่านของกลุ่มที่ได้รับตัวช่วยค าชี้แนะที่
แตกต่างกันที่มีต่อความสามารถด้านการรู้เรื่องการอ่าน พัฒนาการและศักยภาพการเรียนรู้ กลุ่มตัวอย่างที่ใช้ในการตรวจสอบเครื่องมือ คือ นักเรียนชั้น
มัธยมศึกษาปีที่ 3 จ านวน 802 คน จาก 6 โรงเรียนในเขตพื้นที่การศึกษามัธยมศึกษา เขต 1  ตัวอย่างในการวิจัย คือ นักเรียนชั้นมัธยมศึกษาปีที่ 3 จ านวน 
541 คน จาก 11 โรงเรียนในเขตพื้นที่การศึกษามัธยมศึกษา เขต 1 และเขต 2   งานวิจัยนี้เป็นงานวิจัยแบบกึ่งทดลอง เครื่องมือที่ใช้ในการวิจัย คือ เครื่องมือ
การประเมินแบบพลวัติด้วยคอมพิวเตอร์ในเรื่องการรู้เรื่องการอ่าน สถิติที่ใช้วิเคราะห์ข้อมูล ได้แก่ 1) การวิเคราะห์ความแปรปรวนร่วมส าหรับการวิเคราะห์
ความสามารถในการรู้เรื่องการอ่าน 2) การวิเคราะห์โมเดลโค้งพัฒนาการที่มีตัวแปรแฝงส าหรับการวิเคราะห์พัฒนาการ และ 3) การวิเคราะห์ความแปรปรวน
แบบผสมและการวิเคราะห์ความแปรปรวนพหุคูณส าหรับการวิเคราะห์ศักยภาพการเรียนรู้   โดยผลการวิจัยพบว่า                                        
              1. งานวิจัยนี้ได้สร้างเครื่องมือการประเมินแบบพลวัติด้วยคอมพิวเตอร์ในเรื่องการรู้เรื่องการอ่านเป็นเครื่องมือที่มีการให้ข้อมูลย้อนกลับโต้ตอบแบบ
ออนไลน์ เนื้อหาของการรู้เรื่องการอ่านประกอบด้วย 1. การระบุสารสนเทศในเนื้อเรื่อง  2. การมีความเข้าใจในเนื้อเรื่อง  3. การประเมินและสะท้อนความ
คิดเห็น โดยเครื่องมือเป็นแบบสอบคู่ขนานแบบเลือกตอบ 2 ระดับ จ านวน 20 ข้อ มีทั้งหมด 3 ชุดเพื่อทดสอบจ านวน 3 ครั้ง ผลการตรวจสอบคุณสมบัติทาง
จิตมิติของเครื่องมือพบว่า ข้อค าถามส่วนใหญ่ในแบบสอบทั้งสามฉบับมีความตรงเชิงเนื้อหาและความเป็นคู่ขนาน  ผลการเปรียบเทียบโมเดลเพื่อหาความ
สอดคล้องของโมเดลพบว่า โมเดลสององค์ประกอบมีความสอดคล้องกับข้อมูลมากที่สุด ข้อค าถามส่วนใหญ่มีค่าอ านาจจ าแนกแบบพหุมิติอยู่ในระดับดีและมี
ค่าความยากแบบพหุมิติในระดับที่เหมาะสม เครื่องมือมีความเที่ยงแบบสอดคล้องภายในสูง เมื่อพิจารณาความเป็นคู่ขนานพบว่าแบบสอบมีความเป็นคู่ขนาน
ทั้งในระดับแบบสอบและระดับข้อสอบ                                                                                                                                    
               2. เมื่อพิจารณาความสามารถในด้านการรู้เรื่องการอ่าน รูปแบบการให้ตัวช่วยค าชี้แนะที่แตกต่างกันมีผลต่อคะแนนการรู้เรื่องการอ่านหลังเรียน
อย่างมีนัยส าคัญทางสถิติ กลุ่มตัวช่วยค าชี้แนะแบบยืนยันมีคะแนนการรู้เรื่องการอ่านหลังเรียนต ่ากว่ากลุ่มตัวช่วยค าชี้แนะแบบอื่น  ๆ อย่างมีนัยส าคัญทาง
สถิติ  เมื่อพิจารณาในด้านพัฒนาการการรู้เรื่องการอ่าน กลุ่มตัวช่วยค าชี้แนะแบบผสมมีพัฒนาการด้านการรู้เรื่องการอ่านมากกว่ากลุ่มอื่น  ๆ  เมื่อพิจารณา
ความสัมพันธ์ระหว่างการรู้เรื่องการอ่านในแต่ละด้าน พบว่า คะแนนพัฒนาการในแต่ละด้านไม่ได้มีความสัมพันธ์กับคะแนนพัฒนาการในด้านอื่น ๆ ยกเว้นกลุ่ม
ตัวช่วยค าชี้แนะแบบผสมที่มีคะแนนพัฒนาการในด้านการมีความเข้าใจในเนื้อเรื่องมีความสัมพันธ์กับคะแนนพัฒนาการในด้านการประเมินและสะท้อนความ
คิดเห็น  เมื่อพิจารณาด้านศักยภาพในการเรียนรู้ในด้านการรู้เรื่องการอ่าน พบว่าในด้านคะแนนช่องว่างพัฒนาการ ผลการวิจัยพบว่ากลุ่มที่ได้รับรูปแบบการให้
ตัวช่วยค าชี้แนะที่แตกต่างกันมีคะแนนช่องว่างพัฒนาการในการวัดครั้งที่สามแตกต่างกันอย่างมีนัยส าคัญ กลุ่มตัวช่วยค าชี้แนะแบบยืนยันมีคะแนนช่องว่างทาง
พัฒนาการมากกว่ากลุ่มตัวช่วยค าชี้แนะแบบผสมอย่างมีนัยส าคัญทางสถิติ  ในด้านคะแนนส่งผ่าน ผลการวิจัยพบว่ารูปแบบการให้ตัวช่วยค าชี้แนะที่แตกต่าง
และครั้งในการทดสอบไม่ได้มีปฏิสัมพันธ์กันต่อคะแนนส่งผ่านอย่างมีนัยส าคัญทางสถิติ  อย่างไรก็ตามรูปแบบการให้ตัวช่วยค าชี้แนะที่แตกต่างกันมีผลต่อ
คะแนนส่งผ่านอย่างมีนัยส าคัญทางสถิติ โดยที่กลุ่มตัวช่วยค าชี้แนะแบบยืนยันมีคะแนนส่งผ่านน้อยกว่ากลุ่มอื่น ๆ อย่างมีนัยส าคัญทางสถิติ  ในด้านระดับค า
ชี้แนะ ผลการวิจัยพบว่า กลุ่มที่ได้รับรูปแบบการให้ตัวช่วยค าชี้แนะที่แตกต่างกันมีการใช้ค าชี้แนะในระดับที่หนึ่ง ค าชี้แนะในระดับที่สอง ค าชี้แนะในระดับที่
สาม และค าชี้แนะในระดับที่สี่ แตกต่างกันอย่างมีนัยส าคัญทางสถิติ  กลุ่มตัวช่วยค าชี้แนะแบบยืนยันมีการใช้ระดับค าชี้แนะในทุกระดับในด้านการรู้เรื่องการ
อ่านมากกว่ากลุ่มตัวช่วยค าชี้แนะแบบผสม  

 

สาขาวิชา การวัดและประเมินผลการศึกษา ลายมือชื่อนิสิต ................................................ 
ปีการศึกษา 2563 ลายมือชื่อ อ.ที่ปรึกษาหลัก .............................. 
  ลายมือชื่อ อ.ที่ปรึกษาร่วม ............................... 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 iv 

ABSTRACT (ENGLISH) 
# # 5984230027 : MAJOR EDUCATIONAL MEASUREMENT AND EVALUATION 
KEYWORD: READING LITERACY, COMPUTERIZED DYNAMIC ASSESSMENT, GROWTH, LEARNING POTENTIAL, PROMPTING 
 Yanika Lunrasri : Measurement of Reading Literacy, Growth, and Learning Potential of Grade 9 Students: Application of 

Computerized Dynamic Assessment Concept . Advisor: Assoc. Prof. KAMONWAN TANGDHANAKANOND, Ph.D. Co-advisor: 
Assoc. Prof. Shotiga Pasiphol, Ph.D. 

  
The aims of this research were to (1) develop and validate the computerized dynamic assessment for reading literacy 

and (2) study the effects of different types of prompting of the computerized dynamic assessment on reading literacy, growth of 
learning, and learning potential. The pilot samples were a total of 802 ninth-grade students in six secondary schools in Bangkok. The 
data for the main study was gathered from 541 ninth-grade students in eleven secondary schools in Bangkok. A quasi-experimental 
design was adopted. Research instruments were reading literacy tests for computerized dynamic assessment. The data were 
analyzed as follows: 1) ANCOVA statistics for reading literacy performance, 2) latent growth modeling for growth of learning, and 3) 
mixed ANOVA and MANOVA statistics for learning potential. Findings were presented as follows:                                
                   1. This research developed computerized dynamic assessment for reading literacy, which was interactive and online 
feedback program. The tested contents were composed of three dimensions of reading literacy, including 1) locate information, 2) 
understand, and 3) evaluate and reflect. Three parallel tests were assessed at three different time points, each test comprised 
twenty two-tier items. For the psychometric properties of the instrument, most items for all reading literacy test forms were 
appropriate for content validity and parallelism. For the model comparison, the bifactor MIRT model was the best-fitting model. A 
majority of the items had good multidimensional discrimination values. The multidimensional difficulty estimates were in the 
acceptable range for most items. Moreover, the instruments yielded highly internal reliability. Regarding the statistical parallelism of 
the test forms, they showed satisfactory conformity at the test forms and item-by-item levels.                                   
                   2. For the results of reading literacy performance, different types of promptings of computerized dynamic assessment 
had a significant effect on students’ reading posttest scores. Verification prompting group received significantly lower posttest score 
than other prompting-based groups. For the growth of learning, mixed prompting group obtained the highest rate of growth in 
reading literacy than other groups.  For the results of the associations of reading literacy subscales, the growth rate in one subscale 
did not relate to the growth rate in other subscales, except mixed prompting group that the growth rate in understand was 
associated with the growth rate in evaluate and reflect. In terms of learning potential, the results of the availability score revealed 
that there were significant differences in availability scores measured at the third testing session among groups with different types of 
promptings. Verification prompting group had a significantly higher availability score when compared with mixed prompting group. For 
the mediated score, the result showed that there were no significant two-way interactions between prompting conditions and time 
on the mediated score. However, there was a significant main effect of prompting conditions. Verification prompting group had a 
significantly lower mediated score when compared with other groups. For the levels of prompting, the result showed that there were 
significant differences in first level of prompting, second level of prompting, third level of prompting, and fourth level of prompting 
among groups with different types of promptings. Verification prompting obtained significantly higher assistance than mixed 
prompting group in all levels of prompting. 

 Field of Study: Educational Measurement and Evaluation Student's Signature ............................... 
Academic Year: 2020 Advisor's Signature .............................. 
 Co-advisor's Signature ......................... 
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CHAPTER ONE  
INTRODUCTION 

 
Background of the Study 

Literacy is one of the universal education goals believed to be the foundation to 
create sustainable development. One of the goals of the United Nations’ Agenda of 
Sustainable Development Goals (SDGs) is the quality education to ensure that youth and 
adults equally achieve literacy and numeracy by 2030 (United Nations, 2018). Moreover, 
the 20-year National Education Plan of Thailand (2017-2036) has considered literacy as one 
of the strategies to improve Thai educational system; it states, “people of all ages have 
essential knowledge and skills as indicated in the educational and professional standards, 
and can use their potential to improve their lives” (Office of the Education Council, 2017). 
The mentioned indicators include the improvement of reading proficiency level and the 
rise of national and international assessment results,  the Programme for International 
Student Assessment (PISA) included (Office of the Education Council, 2017) . 

The Programme for International Student Assessment (PISA) is an international large-
scale assessment study administered by the Organization for Economic Co-operation and 
Development (OECD) (OECD, 2016). Thailand has participated in the study since 2000 as the 
partner country. The survey has administered three domains, including math, science, and 
reading literacy, for 15-year-old students to measure their knowledge and skills needed to 
be a successful member in the society (Dechsri, 2016). PISA is the measurement of future 
human capital, an indicator of the success and competitiveness in economic development 
(The Institute for the Promotion of Teaching Science and Technology, 2015). Moreover, PISA 
aims to improve the quality of education by providing a deeper perspective of the strengths 
and weaknesses in the education system whether the school system readily prepares 
students for the global economy in the twenty-first century (The Institute for the Promotion 
of Teaching Science and Technology, 2015). Reading literacy is the foundation of other 
subject areas in the educational system; it is essential skills needed for individual growth, 
educational and career success, and global citizenship (OECD, 2016). The attainment in 
reading literacy successfully leads to the prerequisite for participation in real-life situations in 
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the rapidly changing world. Moreover, if the population lacks basic skills, the impact will 
happen on a country’s long-term economic growth (OECD, 2016).   

The most recent evidence from PISA 2015 and PISA 2018 showed that there was 
no improvement of Thai students’ reading literacy results. The average reading literacy 
scores of Thai students decreased steadily since PISA 2000 (The Institute for the Promotion 
of Teaching Science and Technology, 2018). In recent PISA 2018, Thai students’ average 
scores in reading literacy were 393 points below the OECD average (487 points) (OECD, 
2019a; The Institute for the Promotion of Teaching Science and Technology, 2020). Half of 
students (50%) had reading literacy scaled scores below Level 2, which is the 
recommended minimum level benchmark (The Institute for the Promotion of Teaching 
Science and Technology, 2018). Those students who scored below Level 2 on the PISA 
reading scale are defined as low performers in PISA reading literacy (OECD, 2016). Level 2 is 
considered as the baseline level of proficiency for those who are required to fully 
participate in the society. Students below this baseline are those who cannot engage in 
solving complex reasoning and problems that are faced by adults in modern societies 
(OECD, 2016). Thus, it has been shown that the number of low-performing students in 
reading literacy are increasing in Thai education. This is coherent with UNESCO’s 2017/8 
Global Education Monitoring (GEM) Report who found that only 50% of students have 
achieved a minimum proficiency level in reading at the end of lower secondary education 
(UNESCO Bangkok, 2016).  

Reading literacy is the skill measured in how students understand the text, 
interpret the meaning of the text, evaluate the text and apply their reading ability into 
their real-life situations (Mullis et al., 2015; OECD, 2016). The international assessment 
programs assessing student’s reading literacy are the Programme for International Student 
Assessment (PISA) and Progress in International Reading Literacy Study (PIRLS). PISA has 
categorized reading literacy for 15-year-old students as the following: 1) Locate 
information, 2) Understand, and 3) Evaluate and reflect (OECD, 2016). PIRLS has divided 
reading literacy for students in their fourth year of schooling as 1) Focus on and retrieve 
explicitly stated information, 2) Make straightforward inferences, 3) Interpret and integrate 
ideas and information, and 4) Evaluate and critique content and textual elements (Mullis 
et al., 2015). Moreover, National Assessment of Educational Progress (NAEP) which 
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measures American student’s academic achievement has grouped reading literacy into 
three dimensions, including 1) Locate and recall, 2) Integrate and interpret, and 3) Critique 
and evaluate (National Assessment Governing Board, 2017). When considering research on 
reading literacy in Thailand, Diowvilai et al. (2012) have categorized reading literacy into five 
processes, including 1) Decoding, 2) Reading fluency, 3) Reading comprehension, 4) 
Analytical reading and interpretation, and 5) Critical reading. In addition, Praputtakun et al. 
(2013) have divided reading literacy into two aspects: 1 )  R etrieving information and 2 ) 
I nterpretation. As a result, reading literacy has been similarly divided into three main 
processes, including 1) the ability to locate and receive information, 2) the ability to 
understand, integrate and generate inferences, and 3) the ability to evaluate and reflect 
information (Diowvilai et al., 2012; Mullis et al., 2015; National Assessment Governing 
Board, 2017; OECD, 2016). This study adopted the reading framework from PISA 2018 as 
the research reading literacy framework due to its up-to-date framework emphasizing 
online reading literacy as well as the inclusion of competencies to measure the ability to 
read multiple texts. Moreover, PISA reading literacy has been promoted as one of the 
indicators for the quality of education in Thailand.  

The Office of the Basic Education Commission has encouraged teachers and 
educators to promote reading literacy through formative assessment for the benefits of 
improving students’ reading ability (Office of the Basic Education Commission, n.d.). 
Formative assessment has  been suggested to evaluate the process of learning. Good 
formative assessment helps teachers  to diagnose their students ’ learning needs and 
engage students in their own learning process (OECD/UNESCO, 2016). Moreover, formative 
assessment helps lower achieving students, who have little opportunity to develop their 
capacity and score poorly on the standardized assessment, to get the higher achievement. 
The formative assessment can provide appropriate learning strategies and remedial 
learning opportunities for them (OECD/UNESCO, 2016). 
 Dynamic assessment (DA) has been defined as a procedure integrating teaching 
and assessment simultaneously to assess and to promote learner’s zone of proximal 
development by offering appropriate forms of mediation to learners during the assessment 
process (Davin, 2013; Elliott, 2003; Lantolf & Poehner, 2004). The idea of dynamic 
assessment has originally come from the notion of Vygotsky’ Zone of Proximal 
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Development. In his belief, learner independent performance or ‘individual’s zone of 
actual development’ (ZAD) is interpreted as an ability  that has  fully formed. The ability 
that has not yet completed is called ‘individual’s zone of proximal development’ (ZPD), 
that is, what the individual is able to do with help presently, he or she is able to do it later 
alone (Grigorenko & Sternberg, 1998; Guthke & Wingenfeld, 1992).  

Dynamic assessment differs from the standardized assessment, the traditional 
paper-and-pencil test, especially in terms of mediation. Mediation is the combination of 
cooperative activity and interpersonal interaction to assist learners to improve their hidden 
performances (Poehner et al., 2015). The examiner plays a crucial role as a mediator 
intervening learners by using a variety of mediations to evaluate learners’ learning process 
and the quality of mediation (Grigorenko & Sternberg, 1998). Resultant diagnoses include 
not only whether learners answered correctly but also the amount of support or 
mediation they required during the test which can help learners  to attain their learning 
potential (Poehner et al., 2015). Grigorenko and Sternberg (1998)said that learning potential 
is something developing and modifiable rather than something developed. In other words, 
learning potential is the measurement of ability to learn by teaching them something and 
observing their learning to predict their future performance. Moreover, learning potential 
may be understood as a n  openness to mediation, providing insights into the degree of 
instructional effort that will likely be required to help individual learners attain their 
learning fulfillment (Poehner et al., 2015). According to McNeish and Dumas (2017), they 
said that learning potential takes account of (1) ability, the amount of skill that a student 
has at the current time; (2) availability, the differences between capacity and ability; and 
(3) capacity, the maximum amount of ability that a student can be expected to attain. The 
availability importantly captures the zone of proximal development showing learner 
responsiveness to mediation during the test, which is an essential part of diagnosis and 
more relevant to future teaching and learning. Poehner et al. (2015) said that learners who 
performed at the same level independently may differ in their learning potential or 
responsiveness to mediation, which can be supposed that learners require very different 
levels of instructional support in their learning in the future. Therefore, the goal of dynamic 
assessment is to evaluate, to intervene, and to change (Grigorenko & Sternberg, 1998).  
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     There are numerous approaches for dynamic assessment, varying in terms of the 
degree of structure and the timing of the intervention, as well as the content of the 
intervention procedure. Dynamic approaches can be categorized into two forms, 
interventionist DA and interactionist DA (Lantolf & Poehner, 2004). The interventionist DA 
addresses in more standardized and systematic ways. It measures learning potential by 
quantifying numerical scores and calculating the amount of help learner required to attain 
the predetermined endpoint. This form consists of learning potential testing from Budoff, 
Leipzig learning test approach from Guthke, testing-the-limits approach from Carson and 
Wiedl, and graduated-prompts approach from Campione and Brown. On the other hand, the 
interactionist DA focuses on more holistic and flexible measures to match with an individual 
without concerning the predetermined endpoint. This form of DA is mediated learning 
experience from Feuerstein and colleagues (Poehner, 2008). This study utilized the 
interventionist approach because of its standardized procedures to quantify learning 
potential in systematic ways and could generalize the results to the large number of 
students.  
      With the use of computer and communication technology, the computer-based 
dynamic assessment or computerized dynamic assessment (C-DA) can be administered to 
large numbers of students and generates results for the benefits of teachers and learners 
(Poehner & Lantolf, 2013). Learners are provided mediation, such as prompts, leading 
questions, or hints, during the assessment procedure. The survey of PISA study shows that 
Thailand still lacked teaching and learning resources especially internet connection and 
computer software for instruction, which is an important factor to promote student learning 
(Dechsri, 2016). Accordingly, computerized dynamic assessment can automate and 
individualize feedback to students, provide immediate and customized coaching, and 
generate progress and proficiency reports to teachers and students individually or in groups 
(Poehner & Lantolf, 2013; Poehner et al., 2015).  

Most C-DA studies have utilized the graduated-prompts approach as a training 
procedure (Poehner & Lantolf, 2013; Resing & Elliott, 2011; Stevenson et al., 2016; Teo, 
2012; Wang & Chen, 2016; Wang, 2011; Wu et al., 2017; Zhang & Lu, 2019; Zhang et al., 
2017). In this procedure, mediation is provided during the assessment procedure and relies 
on the use of ‘prompts’ that are graduated in the sense that they are arranged from most 
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implicit to most explicit (Poehner et al., 2015). There are several patterns of prompts in 
accordance with content as follows: 1) instructional prompt, 2) error-explanation prompt, 
3) mixed prompt, and 4) verification prompt. Regarding the instructional prompt, the 
prompt relies on instruction or reading strategies to guide students to answer the 
questions correctly (Poehner & Lantolf, 2013; Teo, 2012; Wang & Chen, 2016; Zhang et al., 
2017). For the multiple-choice questions with five answers, there are a total of four 
mediating prompts in each item (Poehner & Lantolf, 2013). Prompts are provided from the 
most general to more explicit until student could answer the question correctly. Prompts 
guided in gradually instructional method can assist students to discover or apply some 
principles to independently solve problems (Wang, 2010). Students can transfer the prompt 
to other questions by detecting similarities of the reading strategies between questions 
(Golke et al., 2015). For the error-explanation prompt, the prompt is provided in accordance 
with the incorrect option student selected, ranging from implicit to explicit. Each distractor 
provides different prompts to emphasize the error pattern that corresponded to 
selected response (Golke et al., 2015; Ting & Kuo, 2016). This type of prompt is preferred 
for tasks requiring higher-order cognitive processes because it aims to repair false links or 
gaps that student maintains (Golke et al., 2015; Petrović et al., 2017). In regard to mixed 
prompt, prompt is provided in accordance with the instruction to guide a student answers 
the question correctly and the reason why the option student chose is incorrect (Ting & 
Kuo, 2016). For verification prompt, the prompt is given only to tell a student that the 
response is either correct or incorrect. If a student answers incorrectly, the prompt is 
shown that the answer choice is incorrect (Golke et al., 2015). Different types of prompts 
might lead to different types of responses and possibly benefit students in different ways 
(Lin, 2016; Wu et al., 2017). As a result, the appropriate prompts are necessary to be 
implemented in classroom context.  

Utilizing graduated prompts enables educators to determine the amount and type 
of instruction a  student requires to perform to reach their potential levels (Stevenson et 
al., 2016). It is an effective approach in providing the assessment information for the 
teacher to provide remedial teaching and for students to give extra learning (King et al., 
2015; Stevenson et al., 2016; Wu et al., 2017). This approach matches with a wide range of 
tested contents and meets the need in using for classroom and individual settings. Wang 
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and Chen (2016) said that computer-based assessment is applicable for most students 
with a wide range of reading abilities. The questions had been raised whether 
computerized dynamic assessment for reading literacy matched with students in varying 
groups. As a result, this study investigated interaction effects between different prompting 
methods and other external factors, including gender and levels of learning achievement,  
on reading literacy.  

Dynamic assessment is also a technique featuring multiple testing occasions for 
estimating student potential (Dumas & McNeish, 2017). Feuerstein (1979, as cited in Dumas 
& McNeish, 2017) found out that cognitive abilities should be tested multiple times for 
increasing opportunities of learning integrated with measurement. According to Dumas and 
McNeish (2017), single-timepoint measurement underestimates the potential of students 
because they cannot provide valid information about the capacity of an individual or 
group in order to develop particular knowledge. Students who score poorly on the test 
may not be given the resources and attention or effort from educators to help them meet 
their potential; they may be perceived as low-capacity students. Stevenson et al. (2016) 
said that multiple learning opportunities through feedback or training are advantages 
because the resultant can take account of initial performance, learning rate, and 
instructional needs.  

Consequently, dynamic assessment is a tool helping students to determine their 
weaknesses and improve their performances to attain full potentiality. Several studies on 
dynamic assessment have paid attention to the measurement of current performance of 
students. There have been few studies addressing the measurement of growth and the 
measurement of learning potential; repeated measures of two or more time points are 
hardly used in dynamic assessment research (Zhang et al., 2017). Moreover, research on 
computerized dynamic assessment and how different types of prompts influence 
students’ performance is at a preliminary stage. There has been little research comparing 
different types of prompting methods (Wu et al., 2017). Although the graduated prompting 
method has been used to measure a wide range of subjects, little research has been 
conducted to measure reading literacy of students. Therefore, the goals of this research 
study were to measure reading literacy, growth, and learning potential of Grade 9 students 
by developing computerized dynamic assessment for reading literacy and comparing 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 
 
different types of prompting methods to find out what prompting method best suits Grade 
9 students. Ninth graders were selected to participate in this study because reading literacy 
is the solid foundation of basic knowledge and skills for pursuing their further education or 
career in the future. As a result, this study would bring usefulness in applying the 
theoretical concept of dynamic assessment into practice by developing the computerized 
dynamic assessment for measuring reading literacy, growth, and learning potential.  

 
Research Questions 

1. How computerized dynamic assessment for reading literacy of Grade 9 students 
is constructed and validated?  

  1.1 How computerized dynamic assessment for reading literacy of Grade 9       
                      students is constructed?  
  1.2. How are the qualities of the computerized dynamic assessment for reading   
                       literacy of Grade 9 students in terms of psychometric properties and test  
                       parallelism? 

2. Do different prompting methods of the computerized dynamic assessment for 
reading literacy affect reading literacy, growth of learning, and learning 
potential of Grade 9 students? 
2.1  Do different prompting methods of computerized dynamic assessment    

           affect reading literacy score of Grade 9 students?  
2.2 Do different prompting methods of computerized dynamic assessment affect   

          growth trajectories of reading literacy and reading literacy subscales of Grade  
                9 students?  

2.3 Do different prompting methods of computerized dynamic assessment  
     affect availability score, mediated score, and levels of promptings of  
     Grade 9 students?  
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Research Objectives 

1. To develop and validate computerized dynamic assessment for reading literacy of 
Grade 9 students 

  1.1 To develop computerized dynamic assessment for reading literacy of Grade 9 
       students  

  1.2 To validate the quality of computerized dynamic assessment for reading       
         literacy of Grade 9 students in terms of psychometric properties and test     

       parallelism 
2. To measure reading literacy, growth of learning, and learning potential of Grade 9 

students by comparing different prompting methods of the computerized dynamic 
assessment for reading literacy  
2.1 To measure reading literacy score of Grade 9 students by comparing different  

             prompting methods of computerized dynamic assessment for reading literacy  
2.2 To investigate growth trajectories of reading literacy and reading literacy  
      subscales of Grade 9 students by comparing different prompting methods of  
      computerize dynamic assessment for reading literacy  
2.3 To examine availability score, mediated score, and levels of promptings of  
      Grade 9 students by comparing different prompting methods of computerized  
      dynamic assessment for reading literacy  

 

Research Hypotheses  
 Hypotheses regarding the measurement of reading literacy, growth, and 
learning potential were as follows:   

Research studies on dynamic assessment have compared different types of 
prompting methods in assessing student performance (Ebadi et al., 2018; Wang, 2010; 
Wu et al., 2017). Some studies have utilized the instructional prompting compared with 
the control condition. Ebadi et al. (2018) said that students in computerized dynamic 
assessment had significantly higher vocabulary gains than those in the control group. 
Wang (2010) also said that students in web-based dynamic system enhanced learning 
effectiveness in Biology than those in the normal web-based test. When considering the 
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comparison between instructional prompting and error-explanation prompting, the study 
of Wu et al. (2017) compared three remedial instruction programs, including the direct 
instruction group, the instructional prompting group, and the error-explanation 
prompting group on Mathematics. It was found that students with the error-explanation 
prompting group outperformed other groups in learning mathematics. There has been 
no research focused on the combination between instructional prompting and the error-
explanation called mixed prompting. With the advantages of both prompting methods, 
the combination of both methods may lead to better performance of students. Thus, 
even though there are no studies comparing three prompting methods directly, it can be 
hypothesized that prompting-based groups might have higher reading literacy scores 
when compared to the control condition, and m ixed prompting might be the most 
effective method in measuring reading literacy score of Grade 9 students.  

Regarding growth of learning, it was found that no studies related to dynamic 
assessment have compared different types of prompting methods to measure 
growth of learning. Most studies have utilized the instructional prompting method 
compared with control condition (Wang & Chen, 2016; Yang & Qian, 2020). Wang and 
Chen (2016) investigated the effects of the web-based dynamic assessment using the 
instructional prompting method on reading ability during four-week periods.  The 
results found that the assessment had significant effects on the change or growth in 
students’ reading ability. In addition, Yang and Qian (2020) showed that students in 
the experimental group performed significantly better than the control group in 
English language reading after four weeks of learning. As a result, computerized 
dynamic assessment probably lead to change of growth. In addition, prompt-based 
groups might have higher growth trajectories of reading literacy and reading literacy 
subscales than those in the control group.  

In terms of learning potential, it was found that no dynamic assessment 
studies have compared different types of prompting methods to measure learning 
potential. Most of them have utilized the instructional prompting method compared 
with control condition.  Concerning mediated score, Poehner et al. (2015) said that 
learners with high ability scores had higher mediated scores. Qiu and Van 
Compernolle (2021) said that students with high actual scores received higher 
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mediated scores. For levels of prompting, Wang (2011) showed that students in 
computerized dynamic assessment with instructional prompt needed fewer prompts 
to answer items correctly. Moreover, Resing and Elliott (2011) said that the number 
of prompts of students needed to solve the item decreased from the first training to 
the second training session. Consequently, in order to assess how students profited 
from the prompts, it can be hypothesized that students with prompting-based 
groups might have higher mediated scores than the control group. Moreover, 
prompting-based groups might have lower number of prompts required than the 
control condition from the first testing session to the third testing session.  

As has been shown previously, no studies have compared different types of 
prompting methods on reading literacy. Thus, it could be hypothesized that reading 
literacy, growth, and learning potential might probably be varied based on different 
prompting methods. The hypotheses of this study were: 
 H1: Prompting-based group might have higher reading literacy scores when  
                compared to the control condition, and mixed prompting might be the  
                most effective method in measuring the reading literacy score of Grade 9  
                students.  

H2: Prompting-based groups might have higher growth trajectories of reading  
      literacy and reading literacy subscales than those in the control group.  

  H3: Prompting-based groups might have higher mediated scores and lower     
                     number of prompts required over time than those in the control group.  
 

Scopes of the Study 
 1. Population 
 Population in this study was Grade 9 students studying at schools under the 
Secondary Educational Service Area Office 1 and the Secondary Educational Service 
Area Office 2. 
 2. Dynamic assessment approach 
 This study applied a graduated prompts approach from Campione and Brown, one 
of the interventionist dynamic assessment.  
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 3. Tested content  
  The content was adapted from the framework of PISA reading literacy 2018, 
which was the newest framework and the major assessed domain in 2018. The 
framework of PISA reading literacy comprised three dimensions including 1) locate 
information, 2) understand, and 3) evaluate and reflect.  
 4. Research Instrument  

The researcher developed two research instruments as follows: 1) a 
computerized dynamic assessment for reading literacy and 2) reading literacy pretest and 
posttest. There were three parallel tests of computerized dynamic assessment for 
reading literacy. Each test comprised 20 two-tier multiple-choice items with one correct 
answer.   
 5.  Prompting methods 

There were four prompting methods operated in computerized dynamic 
assessment for reading literacy as follows: 1) instructional prompting method, 2) error-
explanation prompting method, 3) mixed prompting method, and 4) verification prompting 
method operated as the control condition.   
 6. Time 
  Computerized dynamic assessment for reading literacy was measured three 
time points. Each time point was four-week interval.   
 
Definition of Terms 

1. Computerized dynamic assessment for reading literacy  
Computerized dynamic assessment for reading literacy refers to the system of 

computerized dynamic assessment developed to measure reading literacy skills. The 
system was based on research studies and theories related to dynamic assessment. 
The test format was 20 two-tier questions. For the first-tier item, there were five 
multiple-choice questions with one correct answer. The second-tier items were three 
multiple-choice questions that applied to avoid guessing. The instrument differed 
from other computer-based tests in terms of the application of graduated prompting 
approach and two-tier test. The graduated prompting approach was used during the 
assessment procedure as the mediated intervention provided student to learn and find 
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out the correct answer. Student would be allowed to do the second-tier item after 
he/she answered the first-tier item correctly at the first attempt. If student could not 
answer item correctly, prompts were provided in accordance wtih group conditions.  

2. Psychometric properties of the computerized dynamic assessment for 
reading literacy 

Psychometric properties of the instrument refer to the process of instrument 
validation. This study utilized the content validity to measure the reading literacy 
test items and the prompts written for different prompting methods. Moreover, this 
study demonstrated the application of item response theory for model fit and item 
parameter estimates, both item discrimination and item difficulty. Moreover, this 
study analyzed confirmatory factor analysis and reliability of the reading literacy 
instruments.   

3. Test parallelism of computerized dynamic assessment for reading 
literacy  

Test parallelism of the instrument refers to the content and statistical 
parallelism of the computerized dynamic assessment at the levels of test forms and 
individual items. The statistical parallelism of test forms was analyzed in terms of 
test information function (TIF) and test characteristic curve (TCC). Moreover, the item-
by-item parallelism was measured by item information function (IF) and item 
characteristic curve (ICC).   

4.  Graduated prompting approach  
Graduated prompting approach refers to the dynamic assessment approach 

that provided standardized prompts or mediation during the test administration. The 
outcome of this approach was the measurement of the student’s efficiency of 
learning; in other words, the number of prompts or mediation needed. The use of 
‘prompts were divided into four types of prompting methods as follows: 

            4.1 Instructional prompting method 
    Instructional prompting method was the prompt that relied on the 
instruction or reading strategies to guide a student better understood the text or 
answered the questions correctly. The prompts were arranged from most implicit to 
most explicit instructions. 
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           4.2 Error-explanation prompting method 
 Error-explanation prompting was the prompt that relied on the reason why 

the selected choice was wrong. If a  student selected the incorrect answer choice, they 
would receive the prompt showing why the choice was incorrect, ranging from implicit to 
explicit.   
            4.3 Mixed prompting method 

 Mixed prompting was the prompt that based on the instruction to 
guide a student answered the question correctly and the reason why the selected 
choice was incorrect. If a student answered incorrectly, they would receive the prompt 
showing why the choice was incorrect and the instructions provided to better 
understand the questions, ranging from implicit to explicit.  

 4.4 Verification prompting method 
 Verification prompt was the prompt that given only to tell a student 

that the response was either correct or incorrect. If a student answered incorrectly, 
the prompt would be provided that the answer choice was incorrect.  

5. Reading literacy 
Reading literacy refers to the constructive process involving interaction 

between the reader and the texts with the intention of reading for growth and for 
participation in society as a local and global citizen. Reading literacy comprises the 
ability of a student to locate information, to understand, to make inference, t o 
evaluate, and to reflect on information. There were three processes of reading 
literacy including: locate information, understand, and evaluate and reflect. The 
present framework was applied from PISA the 2018 reading literacy framework. The 
three dimensions or processes would be the following:  

 5.1 Locate information 
 Locate information was the ability of a  student to quickly read the 

texts for specific purposes, without considering the rest of them. There were two 
tasks including 1) access and retrieve information within a text and 2) search and 
select the relevant task. The former task required a student to scan a single text to 
retrieve target information in the form of words, phrases or numerical values. The 
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latter task required a student to search and select information from several texts to 
retrieve information given the demands of the task.  

 5.2 Understand 
 Understand was the ability of a student to understand the meaning of 

the text and draw a conclusion of the text; in other words, the ability to read 
between the lines. There were two tasks in this dimension including 1) represent 
literal meaning and 2) integrate and generate inferences. The former task required a 
student to comprehend sentences or short passages by matching a direct or close 
paraphrasing of information. The latter task required a  student to integrate and 
generate inferences from simple connecting inferences to more complex coherence 
relationships by creating the main idea, producing a summary, or giving a title for       
a passage. 

 5.3 Evaluate and reflect 
 Evaluate and reflect was the ability of a student to reflect on the content 

and form of the text and to evaluate the quality and validity of the information. There 
were three tasks  in this dimension including 1) assess quality and credibility, 2) reflect on 
content and form, and 3) detect and handle conflict. The first task required a  student to 
evaluate the quality and credibility of the text in terms of validity, accuracy, and bias. In 
addition, the task sometimes required a  student to evaluate the source of information 
such as author, content, and form. The second task required a  student to reflect on the 
quality and style of the writing from their own experience by determ ining the author’s 
purpose of writing and the author’s point of view. The third task asked a student to detect 
the soundness of the claims and handle conflict of the contradicting information within a 
text or multiple texts. 

6. Growth  
Growth refers to the measurement of change in reading literacy from multiple 

measurement occasions. The study aimed to investigate whether computerized 
dynamic assessment led to change in reading literacy over three time points by using 
latent growth curve models. The growth in reading literacy was estimated as follows: 
1) the univariate latent growth curve models estimated the overall reading literacy 
and three measured constructs separately, which were locate information, 
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understand, and reflect and evaluate, to determine the most fitted shape of curve of 
each construct and understood which prompting groups changed in each construct 
over time. Moreover, the multivariate growth curve model estimated the association 
among the three measured constructs over time in order to understand how change 
in one variable related to change in other variables. The model would estimate all 
three constructs from each univariate growth curve model simultaneously. The 
covariances of intercepts and covariances of slopes of the interrelated constructes 
were compared among different prompting groups.  

7. Learning potential 
Learning potential refers to the reading literacy ability that a student could 

not do presently but needed help or assistance to develop his or her own potential 
in reading literacy in order to be able to accomplish it independently in the future. It 
was consistent with the idea of the zone of proximal development (ZPD) of Vygotsky. 
Learning potential in reading literacy could be presented by estimating the mediated 
score in reading literacy. Otherwise, in order to support the efficiency of prompting, 
this study estimated three terms of learning potential as follows: availability score, 
mediated score, and levels of prompting.  

 7.1 Availability score  
 Availability score in reading literacy was the measurement of distance 

between the estimated reading literacy capacity and the current performance in 
reading literacy of a student over time. Availability score in reading literacy was 
individually calculated by subtracting the estimated ability from the subject-specific 
capacity estimate. It indicated how far a student would reach the attainment. The 
availability score in reading literacy of different prompting methods in each time 
point would be compared. 

 7.2 Mediated score 
  Mediated score in reading literacy was the amount of external 

mediation or support a student needed to attain their goals and it was also an 
evidence of learning occured during the assessment. The number of prompts 
counted in the form of mediated scores in reading literacy, ranging from 4-0 points. In 
each item, the total 4 points decreased by 1 if a student received each mediating 
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prompt. The total number of mediated scores in each treatment would be counted 
and compared. It was assumed that a  student who benefitted from the prompts 
would require fewer prompts during the course of training and obtain higher 
mediated scores.   

 7.3 Levels of prompting 
  Levels of prompting were the count of prompts in each level that a 

student required to answer items correctly. The prompts were arranged from implicit 
to explicit. The first level of prompting was the most implicit prompt a student 
needed for the first time when he/she answered incorrectly. The second level of 
prompting was the implicit prompt a student required for the second time when 
he/she answered incorrectly. The third level of prompting was the explicit prompt 
provided for a student when he/she responded incorrectly. The fourth level of 
prompting was the correct answer choice provided for a student when he/she 
answered incorrectly. The levels of promptings in each different prompting treatment 
would be analyzed and compared.  
 

Significance of the Study  
 1 . The results of this study would be  beneficial for teachers to employ 
computerized dynamic assessment as an alternatively innovative instrument to 
measure student’s reading literacy.  
 2 . The results of this study would provide guidance for teachers to use 
appropriate prompting methods to measure both current ability, growth and learning 
potential in the classroom. 
 3. The results of this study would provide useful information on a student’s 
growth and learning potential for teachers to diagnose students and design their 
future classroom instructions that might help students achieve his/her fulfillment in 
reading literacy.
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CHAPTER TWO   
LITERATURE REVIEW 

 

This chapter involved reviewing theoretical and practical concepts of research 
related to dynamic assessment, computerized dynamic assessment, measurement of 
reading literacy, measurement of growth, measurement of learning potential, and 
test validation using item response theory, equivalence analysis, and research 
framework. This study consisted of eight parts as follows:  
 Part 1:  Dynamic assessment 
 Part 2:  Computerized dynamic assessment (C-DA) 
 Part 3:  Measurement of reading literacy 
 Part 4:  Measurement of growth  
 Part 5:  Measurement of learning potential 
 Part 6:  Test validation using item response theory 
 Part 7:  Equivalence analysis  
 Part 8:  Research framework  
 
Part 1: Dynamic Assessment 

Dynamic assessment (DA), an alternative assessment approach, is widely 
popular in the areas of clinical and pedagogical research. It is grounded by Vygotsky’s 
notion on the zone of proximal development which aims to promote learner’s 
potential development. It is believed that using appropriate forms of mediation can 
help a learner to attain his/her learning potential. In this part, the concept, theory 
and approaches related to dynamic assessment are reviewed.   

1.1 Concept of dynamic assessment  
 1.1.1 Definition of dynamic assessment  
    The term ‘dynamic assessment’ is an umbrella term for the 

assessment with mediation. It has been defined as a procedure integrating teaching 
and assessment simultaneously to assess and promote learner’s zone of proximal 
development or learning potential by offering assistance to learners during the 
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assessment process (Davin, 2013; Elliott, 2003; Lantolf & Poehner, 2004).  Moreover, it 
has been referred to an assessment procedure combined with active teaching to 
modify cognitive functioning (Feuerstein et al., 2003; Tzuriel, 2001). Therefore, it can 
be said that the definition of dynamic assessment is the assessment to evaluate, to 
intervene, and to change a learner’s ability (Grigorenko & Sternberg, 1998). Several 
names have been used referring to ‘dynamic assessment’, including interactive 
assessment, process assessment, measuring the zone of proximal development, 
assisted assessment, and tests of learning potential (Grigorenko & Sternberg, 1998). 

 1.1.2 Theory grounded for dynamic assessment  
     The central idea of dynamic assessment attaches with Vygotsky’s 
notion about a zone of proximal development and mediation (Guthke & Wingenfeld, 
1992). The theoretical work of Lev Vygotsky about a zone of proximal development 
(ZPD) has been applied to the research on dynamic assessment. ZPD is the 
discrepancy between the actual development level of learner determined by the 
number of solved tasks independently and the higher level of potential 
development that measured by solving a problem through assistance or guidance 
from adults or capable peers (Grigorenko & Sternberg, 1998; Guthke & Wingenfeld, 
1992). This notion has initially been developed to stress the problem of measuring 
mental age which may not disclose the true performance. Instead of focusing on the 
learner’s developed ability, Vygotsky is interested in learner’s developing ability. He 
believed that what the learner currently does by being assisted of others will lead to 
what h e  o r sh e  can do independently in the future (Davin, 2013; Ku et al., 2014; 
Lantolf & Poehner, 2004; Poehner et al., 2015; Shrestha, 2017; Wu et al., 2017). The 
ability that has fully formed or the test task that student is able to solve by 
themselves is called independent performance or an individual’s zone of actual 
development (ZAD), whereas the ability has just emerged from interaction or help 
with mediator or more capable peer is referred to learner responsiveness to support 
or individual’s zone of proximal development (ZPD). In Vygotsky’s view, most 
assessments reveal only ZAD because they do not allow mediation into the process 
(Lantolf & Poehner, 2004; Poehner et al., 2015). Therefore, the heart of DA is not only 
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to find out actual abilities but also to stress developing potential (Guthke & 
Wingenfeld, 1992; Lantolf & Poehner, 2004). 

 The developing potential is not static but varies from person to 
person. Two persons who have the same level of actual development or ZAD may 
be different in their level of potential development or ZPD even though the same 
assistance has been provided; one child may be more capable when he is assisted 
with mediator than others (Elliott, 2003; Lantolf & Poehner, 2004). A learner with 
broad ZPD benefits more from the intervention and needs less help than a learner 
with narrow ZPD (Tzuriel, 2001). Therefore, the nature of ZPD comprises 
development, social interaction and forward-looking concepts (Cotrus & Stanciu, 
2014; Grigorenko & Sternberg, 1998; Lantolf & Poehner, 2004).  

 The core concept of a zone of proximal development (ZPD) is 
‘mediation’ which emerges from learner interaction with stimuli. Cognitive ability is 
not constructed directly by itself, but it is mediated from the surroundings by using 
various resources in the form of examples, leading questions, and correctly answering 
demonstrations (Lantolf & Poehner, 2004). Relying on the internalization process, the 
actual development can be transformed and becomes internalized after guidance 
and responsiveness to assistance (Grigorenko & Sternberg, 1998).  

 1.1.3 Goal of dynamic assessment  
     The goal of dynamic assessment differs from other measures. It is aimed to 

measure learning potential, not current performance. The initial idea of learning potential 
came from Vygotsky’s notion of the zone of proximal development. He mentioned the 
greater development of learner performance through the assistance of older or more 
capable peers (Grigorenko & Sternberg, 1998; Lantolf & Poehner, 2004; Tzuriel, 2001). 
Regarding Haywood and Lidz (2007, p.321), learning potential is: “the capacity to learn 
more effectively than was either demonstrated by present performance or predicted by 
standardized tests of intelligence.” In other words, the concept emphasizes the greater 
capacity of learning rather than the learner’s current abilities (Haywood & Lidz, 2007).  
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 1.1.4 Discrepancy between dynamic assessment and static 
assessment 

    Standardized assessment is often called static assessment, which refers to 
assessment conducted without intervention to change or improve a learner’s performance 
(Tzuriel, 2001). In order to better understand the term ‘dynamic assessment’, several 
scholars have compared it with a static assessment in several dimensions.  

 There are several differences between dynamic assessment and static 
assessment including goals, process, and result interpretation. In terms of goals of 
assessment, Feuerstein et al. (2003) stress that while static tests focus on stage and 
progress of development, dynamic assessment emphasizes the character and 
process of mental development. Lantolf and Poehner (2004 ) and Feuerstein et al. 
(2003) state that dynamic assessment’s perspective helps a learner to attain the 
future by taking into account of learning potential or modifiability based on changes 
during the assessment, whereas static assessment mentions on the current state of a 
learner which developed abilities take place. This is consistent with Grigorenko and 
Sternberg (1998) and Tzuriel (2001) that mention the focus of dynamic assessment is 
on what a learner achieves with adult’s assistance, the process of learning, deficient 
cognitive function, and strategies to facilitate learning, whereas the static assessment 
is focused on a product of existed skills.  

 When taking into account the assessment process, Lantolf and 
Poehner (2004) state that dynamic assessment is involved with mediation, not the 
instrument itself. Grigorenko and Sternberg (1998) and Elliott (2003) point out that 
feedback is considered as a crux of learning for dynamic assessment to help a 
learner formulate their knowledge, whereas there is no feedback for static 
assessment due to the concern of the quality of testing. Moreover, for the 
relationship between examiner and examinee, Grigorenko and Sternberg (1998) and 
Elliott (2003) mention that it has a closer relationship for dynamic assessment since 
involvement and interaction play the main role mediating a  learner to transform 
his/her knowledge.  Moreover, Tzuriel (2001) says that the static test does not relate 
the non-intellective factors such as intrinsic motivation, anxiety, frustration, self-



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 
 
confidence, locus of control, while DA is more holistic that involves cognitive and 
affective factors.   

 Regarding result interpretation, Haywood and Lidz (2007) and 
Feuerstein et al. (2003) state that static assessment and dynamic assessment differs 
in terms of comparison of the results. Score or interpretation of static assessment is 
generally applied to all learners and influences learners to compare their results with 
normative groups of peers. On the other hand, for dynamic assessment, the 
comparison is within the person and leads the learner to compare the results with 
himself/herself at different times and under different conditions.  
  1.1.5 Target groups of dynamic assessment  
      Dynamic assessment can probably be applied to multiple contexts. 
Normally, it can be used as a basis for teaching and improving cognitive skills. 
Teaching is an intervention to strengthen learners’ ability and help them to learn 
independently. In addition, it can be used with certain groups of learners, especially 
disadvantaged learners, to promote learning potential. Disadvantaged learners are 
defined as those who performed poorly on traditional testing, who lacked an 
opportunity to learn, who suffered from language problems, who had cultural 
differences, and who suffered from mental retardation, learning disability, emotional 
disturbance, personality disorder, or motivational deficit. Dynamic assessment is fair 
and equitable for assessing learning (Grigorenko & Sternberg, 1998; Haywood & Lidz, 
2007). It is believed that these learners were deprived of learning experiences more 
than others which caused them to fail from cognitive functioning. Kozulin (2014) said 
that creating an assessment situation for disadvantaged learners to learn prerequisite 
skills and demonstrating the ability to apply these skills in problem solving is one of 
the goals of dynamic assessment.  
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1.2 Approaches of dynamic assessment 
As mentioned before, dynamic assessment is an umbrella term for 

assessment with mediation. Dynamic assessment has been categorized in various 
ways (Feuerstein et al., 1987, as cited in Lantolf & Poehner, 2004; Sternberg & 
Grigorenko, 2002; Tzuriel, 2001) as follows:  

Sternberg and Grigorenko (2002) have categorized DA approaches into two 
formats: ‘the sandwich format’ and ‘the cake format’. (1) For the sandwich format, 
the intervention or instruction is sandwiched between the pretest and posttest.  

The content of the pretest should be beyond the learner’s zone of actual 
development. After taking the pretest, intervention is provided. The intervention can 
be either an individual or group setting. Type of instruction and amount of instruction 
can be varied in an individual setting, but they will be the same for all learners in 
group settings. Following the intervention, posttest will be provided to measure 
performance. Posttest should be the parallel form of the pretest; they may be the 
same test in some situations.  (2) For the cake format, the intervention is layered 
during test administration. Examinees will be provided item by item. If the examinee 
responds to the item correctly, they will turn to do the next one. If their answers are 
incorrect, the series of prompts will be provided immediately, ranging from implicit 
to explicit.  The layered format shows how many and what kind of prompts the 
examinee needs to solve the problem (Elliott, 2003; Sternberg & Grigorenko, 2002; 
Wang & Chen, 2016).  

Feuerstein et al. ( 1987, as cited in Tzuriel, 2001) have proposed two 
approaches of DA: ‘functional modification’ and ‘structural modification’. (1) The 
functional modification is the intervention intended to change the functioning of a 
person related to a specific task such as the coaching of learning potential testing 
from Budoff and graduated prompting from Campione and Brown. It is a more 
standardized procedure than another approach. (2) The concept of structural 
modification, on the other hand, aims to produce and seek changes in cognitive 
ability inside. Structural changes are the outcome of this approach such as the 
mediated learning experience from Feuerstein and colleagues.  
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Lantolf and Poehner (2004) have proposed two forms of dynamic assessment 
which are ‘interventionist’ and ‘interactionist’. (1) Interventionist DA, which is a more 
standardized form that focuses on quantifying the number of assistance provided to 
help a learner achieves their learning potential.  Mediators do not allow providing 
free responses to an examinee but they have to follow pre-scripted procedure that 
prompts, hints and leading questions are sequenced from implicit to explicit. (2) On 
the other hand, interactionist DA, that is closely related to Vygotsky’s notion of the 
zone of proximal development. It emphasizes the process of learning and how the 
mediator interacts with the learner to help his/her development. The decision to use 
either interventionist or interactionist depends on the goal and circumstances of the 
assessment (Davin, 2013; Lantolf & Poehner, 2014).  
 In summary, there are similarities between Feuerstein’s and Lantolf and 
Poehner’s types of approaches. Both studies divide approaches based on their 
functioning. However, the study of Sternberg and Grigorenko emphasized the 
importance of formats of learning as shown in Table 1. 
   Table 1 Summary of types of approaches 

Study Type of approach 

Feuerstein et al. 
(1987, as cited 
in Tzuriel, 2001) 

Functional modification  
e.g., learning potential testing (Budoff) and graduated prompting (Campione 
and Brown)  

Structural modification  
e.g., mediated learning experience (Feuerstein and colleagues) 

Lantolf and 
Poehner (2004) 

Interventionist  DA   
e.g., learning potential testing (Budoff), Leipzig learning test (Guthke and 
colleagues), and graduated prompting (Campione and Brown) 

Interactionist  DA    
e.g., mediated learning experience (Feuerstein and colleagues) 

Sternberg and 
Grigorenko 
(2002) 

The sandwich format   
e.g., learning potential testing (Budoff), long-term Leipzig learning test (Guthke 
and colleagues), and mediated learning experience (Feuerstein and 
colleagues) 

The cake format   
 e.g., graduated prompting (Campione and Brown), short-term Leipzig learning 
test (Guthke and colleagues) 
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1.3 Graduated prompting approach  
  1.3.1 Concept of graduated prompting approach 

         This approach is proposed by Campione and Brown to assist learner’s 
ability in solving problems gradually. The emphasis is on learning gradually (Campione & 
Brown, 1985). The student’s learning should be guided by an adult, and mediation or 
guided instruction should highlight the acquisition or rules or principles (Campione & 
Brown, 1985). The standardized hints and leading questions are provided during the 
administration of the test, along with mediation arranged from most implicit to most 
explicit (Poehner, 2008). The uniqueness of this approach is transfer (maintenance of 
learning) which aims to explore not only the ability of learners to master relevant 
principles but also the ability to apply what they have learned to the new situation or in a 
variety of contexts (Poehner, 2008). The outcome of this approach is to measure the 
learner’s efficiency of learning, which is defined as the number of prompts or mediations 
needed to be required as well as how far a learner transfer their knowledge to reach the 
intended level (Grigorenko & Sternberg, 1998; Lantolf & Poehner, 2004; Poehner, 2008; 
Tzuriel, 2001; Wu et al., 2017). 

             1.3.2 Tested content  
             Assessment should be conducted in a specific domain rather than general 

intelligence, especially the domain that rules and principles can learn and can be adapted 
to novel problems or tasks (Campione & Brown, 1985). Types of tasks for this approach are 
composed of inductive-reasoning problems (e.g., progressive-matrices problems, geometric 
matrices, series-completion problems), mathematics problems, reading, and listening 
comprehension tasks.  
               1.3.3 Testing procedure 

            Normally, the sequence of testing comprises 1) pretest stage, 2) learning or 
testing stages, which includes mediation and transfer task, and 3) posttest stage (Grigorenko 
& Sternberg, 1998). In this procedure, the initial evaluation of a student competence is 
tested as the pretest. Then, a student will be placed in a mini-learning environment where 
they collaborate with a mediator until they are able to solve problems autonomously. 
When a student has struggle or failure in answering the question, he or she will be offered 
mediation as predetermined hints, prompts, and leading questions, ranging from implicit to 
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explicit, to help them apply principles necessary for problem solving. The mediation 
procedure aims to measure the minimum amount of help a student needs to solve each 
problem as the learning efficiency of each student (Campione & Brown, 1985). When a 
student is finally able to master their task independently, he or she will be tested on the 
ability to transfer their knowledge to novel problems (Campione & Brown, 1985; Poehner, 
2008). After this session, the posttest is given (Campione & Brown, 1985). 
             1.3.4 Prompting procedure  

 For the promptings used in this approach, the prompting often ranges from 
implicit to explicit. The example of using prompting is from Stevenson et al. (2016), 
learners were assigned into three groups: graduated prompts, practice control, and 
attention control. For pretest and posttest, learners were assessed 22 analogy problems. 
During the intervention session, the first group received the graduated prompts training. 
The second group received no mediation and the final group received a maze coloring 
task. In the group of graduated prompting procedure, the task was analogical reasoning 
presenting in 2×2 matrix format as shown in Figure 1  learners performed the task by 
inferring the relation of horizontal and vertical pictures to solve the analogy (A:B::C:?) and 
responded by choosing the animal cards. If they answered correctly, the mediator asked 
the child for his/her reasoning before moving to the next question. If the child answered 
incorrectly, the prompt was provided as follows: 1) the first prompt helped learners to 
recognize the problem and redefined how the learners previously solved such a problem. 
2) In the second prompt, learners received the aid card presenting the general steps to 
solve the analogies: compare, think, solve, and check. 3) The third prompt was related to 
guiding and inference in which the examiner worked through the aid card showing 
solutions by using words and gestures. 4) The fourth prompt was related to 
transformations both horizontally and vertically as well as inference and mapping. 5) For 
the final prompt, the examiner provided scaffold questions such as “Which color should 
the elephant be?” or “Which direction should the dog face?” After that, direct feedback 
was provided to guide learners step-by-step to the correct solution. The flowchart of the 
graduated prompting procedure was shown in Figure 2 (Stevenson et al., 2016, p.30).  
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Figure 1 The AnimaLogica training item 
                

 
 
 
 
 
 

 

    

Figure 2 Graduated prompting flowchart 
 

        1.3.5 Scoring  
        The indicators of learning of this approach are on how much 

assistance needed and how far an individual can apply to novel tasks or situations. 
The outcome of this approach emphasizes the amount of help or assistance needed 
to reach the predetermined endpoint or to acquire a rule or procedure  (Campione & 
Brown, 1985). 

 Therefore, the graduated prompting approach was used in this study 
because of its suitability to measure cognitive ability in specific areas as well as its 
adaptability to measure the normal groups of students.  
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1.4 Mediation of dynamic assessment  
 Mediation is considered as the center of dynamic assessment. It provides an 
opportunity for development. Shrestha (2017) said that mediation is the process that 
humans use artifacts, concept, activity and other people to mediate or regulate any 
human abilities’ mental functions. 

There are several types of mediation for interventionist DA such as leading 
questions, models, prompts, and feedback.  The type of mediation has relied on the 
format of dynamic assessment. In a sandwich format, the mediation is explicit for the 
individuals, but it will be more implicit in a group. There are three conditions related 
to mediation to the ZPD. First, the assistance should be graduated from implicit to 
explicit. Second, help should be offered only when needed. Explicit assistance 
should be provided only when implicit assistance is done unsuccessfully. Third, help 
should be provided in dialogue form conveying the intended meaning between 
mediator and learner (Davin, 2013). 

The widely used mediation is prompting. Prompts are questions or hints to 
guide and support students’ solving problems indirectly as well as promote 
metacognitive strategies (Davis, 2009). Prompts can be simple questions (e.g., “What 
is the first step of doing this activity”), incomplete sentences (e.g., “To solve the 
problem step by step, I have to….”), explicit instruction (e.g., “First,……) or pictures or 
graphics provided (Bannert, 2009, as cited inIfenthaler, 2012). 

According to Davin (2013) who conducted graduated prompt in the classroom 
context, she utilized mediation in language classroom to assess lexical and 
grammatical errors of 17 Grade 4 and Grade 5 primary school students. The 
mediation was prompted on the level of explicitness as follows: 1) prompt 1 – pause 
with a questioning look, 2) repetition of the entire phrase, 3) repetition of the specific 
site of error, 4) forced choice option, and 5) correct response and explanation 
provided. It was found that this approach could mediate lexical and grammatical 
errors that were routine and predictable. She found two advantages in systematic 
mediation. First, it helped mediators to respond and correct learners’ errors 
systematically by using the same pre-scripted prompts. Second, the mediator could 
respond quickly and kept track of learners’ progress more easily by pointing to the 
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number and types of prompts learners require. She suggested that it was useful for 
both mediator and learner for remedial classrooms in the future. This method was 
useful to develop individual ZPDs. Even though the interaction took place between 
teacher and a learner, other learners in class benefited indirectly from the mediation.  

1.5 Transfer  
Transfer is the ability to transform learning into a new context (Shrestha, 2017). 

Regarding Poehner and Lantolf (2013), transfer is important to diagnose the learner ability 

from the increasing level of task difficulties as well as to predict learning potential in the 

future. The concept of transfer is used in Brown’s and Feuerstein’s approaches. The 

graduated prompt approach from Brown and colleagues applies transfer to use in 

standardized format of pre-scripted prompts ranging implicit to explicit. Transfer items are 

provided to measure the ability of learners to apply what they have learned to new 

situations or in a variety of contexts or the ability to encounter difficult tasks. The outcome 

of this approach is to measure the learner’s efficiency of learning, which is defined as the 

number of prompts or mediations needed to be required as well as the breadth of 

transfer or how far learners transfer their knowledge to reach the intended level. In 

Feuerstein’s approach, the concept of mediated learning experience (MLE) also involves 

transfer. It is the concept of transformation that the cognitive change is applicable in other 

contexts and tasks. Mediators play an essential role in order to reinforce a learner’s 

progression from the task they previously perform with help to the task they will be able 

to perform independently in the future (Poehner & Lantolf, 2013; Shrestha, 2017). 

There are two main types of transfer: ‘near transfer’ and ‘far transfer’. Near 

transfer is the transfer of knowledge and skill to the context or task that is similar to 

the previous state. On the other hand, far transfer refers to the transfer of 

knowledge and skill to more complex and challenging contexts or tasks  (Shrestha, 

2017). However,  Lantolf and Poehner (2004) argued that the breadth of transfer can 

be extended to ‘very far transfer’. Learners will be provided specific questions to 
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tackle the learner’s ability to transfer. Firstly, the learner is given ‘novel exemplars’ 

of the relevant principles. After that, ‘near transfer’ problems are given which 

integrate the same principles and the new ones. Then, the ‘far transfer’ problems 

are presented combined with the new problem but related to the same principle. 

Finally, the ‘very far transfer’ problems are presented with more complex 

problems to be solved (Lantolf & Poehner, 2004; Tzuriel, 2001).  

The example of transfer task using the breadth of transfer developed by 

Ferrara, as cited in Grigorenko and Sternberg (1998), are shown as follows: (1) the 

pretest stage, learner was tested the ability to solve simple two-digit problem (e.g., 

3+2 = ?). (2) During the learning session, the examiner worked with the examinee 

collaboratively, and the math problem was presented as word problems for better 

understanding.  In this stage, the examiner provided a sequence of hints and 

suggestions. The amount of help to master the procedure was the outcome of 

learning. (3) Following the learning session, the transfer problems were presented, 

sequencing from near transfer (e.g., 3+1 = ?), far transfer (e.g., 4+3+2=?), and very 

far transfer (4+? = 6). The outcome of this session was the amount of help provided 

to solve these transfer items. (4) The posttest stage, the learner was assigned to 

master the task.  

Several studies have included transfer in their procedures especially in the 

context of higher education (Gellert & Elbro, 2017; Poehner & Lantolf, 2013; Shrestha, 

2017). The study of Shrestha (2017) revealed the potential of dynamic assessment 

may contribute to transfer to the new assessment context. She studied the writing 

assignment in distance learning. There were two DA tasks and a transfer assignment. 

She said that the differences between DA and transfer assignments were (1) the 

transfer task was longer than the DA task; (2) there were no data provided for 

students; they had to find their own data to support the analysis; and (3) the TA task 

required students to apply several business concepts and framework taught in the 
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modules rather than the only one framework. The results showed that each 

participant had a different level of transfer. The detail of transfer assignment was as 

presented in Table 2:  

Table 2 Comparison between DA task and TA task  (Shrestha, 2017, p.6) 
Task Question 

DA 2 task Read the three case study texts about Vodafone’s broadband market 

mentioned above and write a SWOT analysis of this product based on 

the articles. Your SWOT analysis should be of about 500 words.  

TA task Using tools and concepts from Units 1-4 of Block 3 (including, if you 

wish, the analysis referred to in Part 1 of this assignment), write a 

report which identifies the key challenges facing an organisation with 

which you are familiar (you may use the same organization you 

described in Part 1, or in Assignment 01 Part 2 or Assignment 02). 

(2000 words) 

 

The study of Gellert and Elbro (2017) also applied the transfer in their study for 

predicting students’ ability of decoding at the end of kindergarten to the end of the first 

grade. Children in this study were taught 3 novel letters and how to blend the sound into 

the new words. Then, they were assessed on different words combining these three 

letters. After that, the parallel test was assessed after 5 months of the first administration 

which employed the same learning concept but different letters and sounds. The ability of 

transfer was measured by scoring of reading outcome which resulted from the unaided 

performance in independent reading. According to Poehner and Lantolf (2013), they 

included transfer items in their computerized dynamic assessment (C-DA) of French and 

Chinese listening and reading tests. The transfer items were the same as other test items in 

terms of response options, prompts and particular constructs. However, it differed in terms 

of level of difficulty. It was not intended to recall a particular lexical item but to interpret 

the texts with the higher level of lexical, grammatical, cultural, and phonological 
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dimensions of the texts. The example of a transfer item was a listening test about family 

dinner routine as in Figure 3 (Poehner & Lantolf, 2013, p.333). The learner had to interpret 

the meaning of the dialogue he or she heard and make a conclusion. The scores of 

transfer items were calculated as ‘the transfer scores’ which was later compared with 

learning potential scores (LPS), the scores predicting learning outcomes in classrooms.  

 

              According to the passage: (a) The family is vegetarian 
                                         (b) The family almost always has a dessert. 

                                         (c) The family eats mostly meat. 

                   (d) The family rarely has dessert. 

                                         (e) The family always eats cheese with their meal.  

 
Figure 3 Listening transferred item  (Poehner and Lantolf, 2013, p.333
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Part 2: Computerized Dynamic Assessment (C-DA) 
In order to lower the drawbacks of dynamic assessment in terms of the need of 

experienced mediator and the large quantity of time for test administration, the concept 
of using dynamic assessment procedure on computer called computerized dynamic 
assessment (C-DA) has been developed (Ku et al., 2014; Lin, 2016; Poehner & Lantolf, 
2013; Poehner et al., 2015; Shih et al., 2013; Ting & Kuo, 2016; Wu et al., 2017; Zhang et al., 
2017). This instrument is used as an assessment to better capture learner’s independent 
performance and mediated performance as well as to predict learning potential hidden in 
each learner (Poehner & Lantolf, 2013; Poehner et al., 2015). The C-DA has been popular 
because of its advantages in administering a large number of students as well as generating 
the diagnostic results for the classroom settings (Poehner & Lantolf, 2013). This instrument 
has been widely applied in many fields of education such as accounting, mathematics and 
second language learning.   

2.1 Procedures of computerized dynamic assessment    
The computerized dynamic assessment is developed based on the cake format, 

in which mediation will be provided during the test administration. Students will receive 
the prompt while having some difficulty during the assessment. Several studies have 
developed the computerized dynamic assessment (Poehner & Lantolf, 2013; Teo, 2012; 
Wang & Chen, 2016). The work of Poehner and Lantolf (2013) and Poehner, Zhang, and 
Lu (2015) developed the computerized dynamic assessment of L2 reading and listening 
comprehension tests. Before administering on a computer, the developed test was 
piloted in paper-based form and administered without mediation to investigate whether 
the test items were in line with the intended constructs. Then, the test was re-
administered in the paper-based version by using mediation during the administration 
provided prompts and feedback to help a student attained the intended level. This 
session was used to develop the appropriate mediating prompts for the computerized 
version afterward. Then, the computerized dynamic assessment based on intervention 
approach was administered. Mediation provided as cake format during the computerized 
dynamic assessment procedure. Several studies have represented the C-DA procedures 
similarly. If a student’s first response is incorrect, a mediating prompt will be offered and 
he or she will be able to re-attempt the question. The first mediating prompt is the most 
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implicit. If the second response is incorrect, another and the more explicit mediating 
prompt will be offered. This process continues until student answer correctly or all 
prompts have been disclosed. The procedures C-DA are as shown in Figure 4.  

 
Figure 4 Construction of computerized dynamic assessment  (adapted from Wu, Kuo, 

& Wang, 2017) 
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2.2 Mediation of computerized dynamic assessment  
 The mediation of computerized dynamic assessment is different based on the 

tested contents, approaches, and intended measure. Most of the mediations in the 

computerized dynamic assessment are prompting.  

  2.2.1 Levels of prompting 

 The prompts are statements, hints, leading questions that are 

provided gradually from most implicit to most explicit in order to help a student 

achieve their attainment which is coherent with the notion of zone of proximal 

development ( ZPD). The prompt will be provided when a student answers 

incorrectly. The first prompt will be the most implicit or the most general. If a 

student answers incorrectly again, the explicit prompt will be provided. A student 

will be allowed to answer the question again. If he or she answers incorrectly, the 

third prompt with more explicit information will be shown. This process continues 

until either a student answers correctly or a student gets all four mediating prompts. 

For the multiple-choice questions with five answers, there will be a total of four 

mediating prompts in each item.  

 According to Poehner and Lantolf (2013), they initially developed the 
C-DA of L2 reading and listening comprehension tests for Chinese, French, and 
Russian languages. The format used was multiple-choice questions with four 
distractors and one correct choice. The test questions and prompts were in English. 
The instructional prompts layered from most implicit to most explicit were provided 
to a learner if he or she did not answer correctly. In the mediation process, the first 
prompt presented if a learner answered incorrectly, “Sorry, that’s not the right 
answer.” Then, the C-DA provided text highlighting in color or with auditory 
repetition of the main text. If the second attempt failed, the text appeared, “Sorry, 
that’s not right either.” It then showed the narrower scope of the text. Each item 
followed this pattern. The explanation was shown if the correct response was 
selected in order to avoid uncertainty and guessing (Poehner & Lantolf, 2013). The 
example of mediation is presented in Figure 5. 
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The screen Mediation (prompts) 

 

 

 

 

 

If the first response is incorrect, learner received the 

mediating prompt which said, “that’s not the right 

answer. Read the text again, but pay more 

attention to the part highlighted in green.” This 

prompt is most implicit.  

 

If the second response is also incorrect, learner 

received another mediating prompt which said, 

“That’s not right either. Does the author say 

what he liked the most here?” This prompt is 

more explicit than the first one.  

 

If the third response is incorrect, learner receives a 

more explicit prompt saying, “That’s not right 

either. The author says it wasn’t the animals he 

like the most, but…”  

 

If the learner answers incorrectly, the fourth and 

most explicit prompt is revealed, which shows the 

correct answer. 

Figure 5 Prompted items of a French reading comprehension test  (adopted from 

Poehner & Lantolf, 2013, p.341) 
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               2.2.2 Types of prompting 
             There are two types of prompting from related studies: the 
instructional prompting and error-explanation prompting 
                        2.2.2.1 Instructional prompting 

             Instructional prompting can be used for both ‘cognitive 
construct’ and ‘practical construct’ (Poehner & Lantolf, 2013; Wang & Chen, 2016; 
Zhang et al., 2017). Each construct has differed in terms of the format used in 
computerized version, multiple-choice questions for cognitive constructs and open-
ended questions for practical ones (Poehner & Lantolf, 2013; Wang & Chen, 2016; 
Zhange et al., 2017). The pattern of mediation will be as follows: 1st incorrect 

attempt → prompt 1 (most implicit), 2nd incorrect attempt → prompt 2 (more 

explicit), 3rd incorrect attempt → prompt 3 (very explicit), and 4th incorrect attempt 

→ prompt 4 (most explicit, show the correct answer). 
  The study of Wang and Chen (2016) is cognitive-based 

assessment. The DARCST utilized a graduated prompts approach in the assessment 
procedure providing multiple-choice questions with four options. The assessment was 
administered online. Students could review the texts for re-reading and oral reading. It 
consisted of 14 text units with 73 follow-up items and 52 instructional prompts. The 
instructional prompts were designed to help students better understand the texts. 
There were three sequential instructional prompts as follows (Wang & Chen, 2016, 
p.378): “(1) IP1 rephrase the question in an oral form; (2) IP2 showed the reading 
strategy; and (3) IP3 explained why the remaining choice was the correct answer 
derived from the appropriate reading strategy. Students clicked on the option. If the 
selected option was wrong, the IP1 appeared on the right side of the screen. Then, if 
the second response was wrong, the next IP2 appeared. If the third attempt was 
incorrect, the final IP3 was shown to represent the correct answer. The statements of 
IPs differed depending on the reading passages. The pattern of mediation was: 1st 

incorrect attempt → prompt 1 (rephrasing the question), 2nd incorrect attempt → 

prompt 2 (showing reading strategies), 3rd incorrect attempt → prompt 3 (providing a 
correct answer). The example of mediation is shown in Figure 6.   
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Do you agree with scientists’ prediction that the neck of the Queen’s Head rock will break and the rock will lose 
its head in the future? 

(a)  Agree, because the neck of the Queen’s Head rock is being eroded and becoming too thin, and    
     eventually cannot support the head. 
(b)  Agree, because the gravity will pull the head of Queen’s Head rock down. 
(c)  Not agree, because the Queen’s Head rock is very hard and cannot be broken down. 
(d)  Not agree, because of erosion effects, the head will become smaller and stand on the top. 

IP1: Will the neck of Queen’s Head rock break down in the future? 
IP2: Please make a reasonable inference based on the statements in the fourth paragraph  
      regarding the future crisis of the Queen’s Head. 
IP3: The neck of Queen’s Head rock is formed of sandstone, which contains only small grains.  
      Without sediments of carbonate grains of marine organisms, the neck is very fragile and can  
      be easily eroded by strong winds and ocean waves.  

Figure 6 Prompted item  (Wang & Chen, 2016, p.379) 

  Another example is from Teo (2012) who investigated the 
effect of computerized dynamic assessment on EFL students’ inferential reading 
ability. The task was inferential reading. After students finished reading the passage, 
the questions with five-multiple choices were provided. If students answered 
incorrectly, four-level mediation, ranging from implicit to explicit was provided. The 

pattern of mediation was: 1st incorrect attempt → prompt 1 (most implicit), 2nd 

incorrect attempt → prompt 2 (more explicit), 3rd incorrect attempt → prompt 3 

(very explicit), and 4th incorrect attempt → prompt 4 (most explicit, show the 
correct answer). The example of mediation is in Table 3 (Teo, 2012, p.14).   
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Table 3 Mediation of the inferential reading task  (Teo, 2012) 

Mediation Level Details Example 

Level1: the most 

implicit mediation 

 Explaining the meaning of 

inferential reading 

 Asking a general question to 

help the learners to find the 

main idea in the passage.  

 Providing the definitions of 

keywords in the passage 

“To make inferences successfully, you need to read 

between the lines. This means that an inferential 

question cannot be answered by looking at the text 

itself. Instead, you will need to use the information 

stated in the passage to infer what is not stated. Your 

job is to make your best guess based on what you 

read. First, think about what the main idea of the 

passage is. The list below gives you the meanings of 

the keywords and places where you can possibly find 

the main ideas. Use the information to help you.”  

Level2: more 

explicit mediation 

 Narrowing hints to guide 

learners focusing on certain 

paragraphs or sentences.  

“Read the third sentence through the last sentence 

of the passage very carefully. The author is trying to 

point out something serious about the society at that 

time. What is it? ” 

Level3: very 

explicit mediation 

 Focusing on ONE sentence, 

phrase, or word 

 Giving specific explanation 

“Pay attention to the second sentence. The author 

said two things “bore little relation,” So, ask yourself: 

according to the author, what are the two things that 

were not related to each other? Since these two 

things were not related, it caused some serious 

societal problems. Think about it, and then answer 

the inferential question.  

Level4: providing 

the correct answer 

 Providing the correct answer 

 Explaining the answer 

“The word “critical” in the 5th sentence gives out a 

sense of urgency. The author used this word to 

express how serious the air pollution problem is. 

Although she did not say it directly in the passage, she 

was implying that the problem needed to be solved 

urgently because of its critical condition.  

 

  In terms of a practical construct, the work of Zhang et al. 
(2017) utilized the graduated prompting approach for computerized dynamic 
assessment. They assessed 2D graphic drawing in Graphing course. Students were 
assessed by drawing freely from their thoughts, no multiple-choice questions. If 
students encountered difficulty in performing the task, three levels of instructional 
prompting were provided, including abstract, semi-specific and specific. The abstract 
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prompt provided only text describing the graphic task. The semi-specific prompt 
added texts and numbers and the third prompt, which was most specific, described 
more details about the operational steps. The system provided the first prompt to a 
student if he or she was unable to perform the task. There was a five-minute lock-up 
for clicking the next prompt to prevent a student from taking a more explicit prompt 
without thinking. Then, if students still did not perform successfully, the next prompt 
was provided. A student could make a decision to use more prompts or move to the 
next item depending on their awareness of the picture or their understanding of the 

task. The pattern of mediation was: 1st facing difficulty → prompt 1 (abstract), 2nd 

facing difficulty → prompt 2 (semi-specific), and 3rd facing difficulty → prompt 3 
(specific). The example is shown in Figure 7.  

 
Stage Screen Feature Example 

Stage 1: 

Abstract 

prompt 

 

Uses only text 

to describe  

Observe the relations 

between circles, 

between circles and 

lines, and between 

letters. 

Stage 2: 

Semi-

specific 

prompt 

 

Uses texts and 

numbers to 

describe it 

a subsidiary line 

between the parallel 

lines with a distance of 

15 is required for the 

circle, and the letter 

requires rotation.  

Stage 3: 

Specific 

prompt 

(  

Uses texts, 

numbers, and 

operation steps 

to describe it.  

Have a small circle 

symmetric to two circles 

and tangent to the 

subsidiary line for graph; 

draw a letter with an 

R150 circle and further 

rotate it 65 

Figure 7 Abstract, semi-specific, and specific prompts (Zhang et al., 2017, p.187) 
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Table 4 Summary of instructional prompting from related studies 

Study Construct Mediation Patterns 

Poehner and 
Lantolf (2013) 

Cognitive construct 1st incorrect attempt → prompt 1 (most implicit) 

2nd incorrect attempt → prompt 2 (more explicit) 

3rd incorrect attempt → prompt 3 (very explicit) 

4th incorrect attempt → prompt 4 (most explicit, show the 
correct answer 

Wang and Chen 
(2016) 

Cognitive construct 1st incorrect attempt → prompt 1 (rephrasing the question) 

2nd incorrect attempt → prompt 2 (showing reading 
strategies) 

3rd incorrect attempt → prompt 3 (providing correct 
answer) 

Teo (2012) Cognitive construct 1st incorrect attempt → prompt 1 (most implicit) 

2nd incorrect attempt → prompt 2 (more explicit) 

3rd incorrect attempt → prompt 3 (very explicit) 

4thincorrect attempt → prompt 4 (most explicit, show the 
correct answer) 

Zhang et al. 
(2017) 

Practical construct 1st facing difficulty → prompt 1 (abstract) 

2nd facing difficulty → prompt 2 (semi-specific) 

3rd facing difficulty → prompt 3 (specific) 

    

   In summary, Table 4 addresses the instructional prompting 

used on studies related to computerized dynamic assessment to help students 

better understand the texts. Studies emphasized the cognitive constructs used 

multiple-choice questions. If a student answered incorrectly, the provided prompts 

ranged from most implicit to most explicit. On the other hand, the study focused on 

the practical constructs used for practical task with no multiple-choice questions. 

Mediation was provided when students had difficulty in performing the task. The 

mediation was the prompts ranging from abstract to specific.    
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              2.2.2.2 Error-explanation prompting  

             The system provides different prompts in accordance with 
selected options. When a student chooses the incorrect answer, the prompt will be 
provided depending on the number of times the student answers incorrectly and the 
error from his or her selected response. Each distractor provides different prompts to 
emphasize the error he or she chooses ranging from implicit to explicit (Ting & Kuo, 
2016). Error-explanation prompts can be formatted as follows:     if the correct 

answer is choice C, a student’s 1st attempt answers incorrect choice A→ most 
implicit prompt 1 from choice A, a student’s 2nd attempt answers incorrect choice 

B→ explicit prompt 2 from choice B, a student’s 3rd attempt answers incorrect 

choice D→more explicit prompt 3 from choice D, and a student’s 4th attempt 

answers incorrect choice E→show correct answer  

  Wu et al. (2017) studied the computerized dynamic error-
explanation prompting methods compared with other two methods, namely the 
instructional prompting dynamic assessment and the traditional classroom 
instruction. They mentioned that this type of prompt, error-explanation prompting, 
not only provided individualized instruction to meet students’ needs but also 
assisted students in learning mathematics. Figure 8  showed the general prompt 
popping up in the interface which occurred when a student responded incorrectly for 
the first time. It said, “The denominators of these two fractions are different. Use 
reduction to a common denominator so that we can add or subtract.”  
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Figure 8 Prompting interface  (Wu, Kuo, & Wang, 2017, p.65) 

  In Table 5 , prompts will be provided based on a number of 

times each student responded incorrectly and the distractor they chose. For 

example, if Adam answers choice A for the first time, he will be presented with the 

popping up prompt, “Incorrectly! Your answer is 40÷5 = 8. What is an expansion?” 

Then, Adam chooses choice D for the second time; prompts showed, “Incorrectly! 

Expansion of a fraction is not the numerator minus the denominator. How to 

expand the denominator?” For the last time, Adam decides to choose choice B 

which is also an incorrect answer. The correct answer is provided, “The expansion 

refers to multiplying the numerator and denominator of a fraction by the same 

(bigger than 1) integer, which results in a fraction that is equivalent to the original 

fraction. Multiplying the numerator and denominator of 
4

5
 by 8, that is, 

4

5
 = 

4 ×8

5 ×8 
 = 

32

40
, the number in ( ) is  32.  
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Table 5 Error-explanation prompts  (Wu, Kuo, & Wang, 2017) 
Prompt Item1: 4/5 = (   )/40, what is the number in (  )?  

(A) 8 (B) 10 (C) 32 (D) 39 

Without 

instructional 

prompt 

  Great! 

Respond 

correctly 

 

First level prompt: 

general prompt 

Incorrectly! Your 

answer is 40÷5 = 

8. What is 

expansion?  

Incorrectly! Your 

answer is 40÷4 = 

10. What is 

expansion? 

 Incorrectly! Your answer 

is 40-1 = 39. What is 

expansion? 

Second level 

prompt: keywords, 

concrete prompt 

Incorrectly!  

The numerator is 5 

× 8 = 40 How to 

expand the 

dominator?  

Incorrectly!  

The numerator is 5 

× 8 = 40 How to 

expand the 

dominator? 

 Incorrectly! 

Expansion of a fraction is 

not the numerator 

minus the denominator. 

How to expand the 

denominator?  

Third level prompt: 

direct instruction 

The expansion refers to multiplying the numerator and denominator of a fraction by 

the same (bigger than 1) integer, which results in a fraction that is equivalent to the 

original fraction.  

Multiplying the numerator and denominator of 
4

5
 by 8, that is, 

4

5
 = 

4 ×8

5 ×8 
 = 

32

40
, the 

number in ( ) is  32 

  In the study of Ting and Kuo (2016) , they utilized error-
explanation prompting into their studies of finding an area using an integral by 
comparing five prompting conditions, three conditions of dynamic assessment 
mediation and two conditions of static assessment. When a student answered an 
item incorrectly, he or she would receive the appropriate prompt depending on the 
error pattern that corresponded to his selected response, ranging from implicit to 
explicit. The example was as the following: The question was ‘Find the area 

enclosed by the left line X = -3 and the right parabola y2= -x + 1’ and the prompt 
based on the error pattern corresponding to selected choice was provided. For 
example, choice A, prompt 1 was ‘Does the left integrator or the right integrator 
contain an error?’ and prompt 2 was ‘Please note that your right integrator was x = 
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y-1 and your left integrator was x = y2-1. Did you do something wrong?’. Then, a 
student will be allowed to make another choice again.  

  In summary, from the previous studies, there were two types 
of prompting, including instructional and error-explanation promptings. However, this 
study combined the advantages of both instructional prompting and error-
explanation prompting called mixed prompting. Three different promptings were 
utilized in my study to compare the effectiveness of the prompting methods and 
measured the learning potential of students from different treatment groups. Each 
prompting benefitted students and examiners in different ways. Instructional 
prompting helped a student to better understand the text and the question. For the 
error-explanation prompting, students’ error or misunderstanding was disclosed. The 
mixed prompting explored the content and helped students to realize their 
misunderstanding.  

2.3 Scoring procedures  
The system of computerized dynamic assessment can present both scores 

and profiles. The scoring procedure of computerized dynamic assessment in this 
review is based on the study of Poehner and Lantolf (2013). In addition, the profile 
can elaborate not only the individual profile but also the group profiles.  
        2.3.1 Scoring 
                    Poehner and Lantolf (2013) developed the C-DA as diagnostic 
assessment and reported the C-DA scores as actual score, mediated score, gain 
score, and learning potential score (LPS) for each learner. A learner who had the 
same actual score might have different mediated scores. Figure 9  represents the 
summary of scores, except the transfer scores is as follows:  
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           Figure 9 Scores of the Chinese listening test  (Poehner, Zhang, & Lu, 2015) 

                     2.3.1.1 Actual score 
         The score represented a learner performance without mediation or 

independent performance or the developed ability. It showed nothing about the ZPD. The 
actual scores ranged from either 4 or 0. If the first response was correct, a learner obtained 
a score of 4. If a learner answered it incorrectly, he or she received a score of 0 (Poehner 
et al., 2015).  
                     2.3.1.2 Mediated score 

         The score represented the total number of mediating prompts 
a learner used during the test administration. Mediated scores represented how well 
a learner responded to mediation, but the scores did not reflect learning. The scores 
ranged from 0 to 4. It was reduced by 1 from each mediating prompt a learner 
received (Poehner et al., 2015). 

  The study from Poehner et al. (2015) found that two learners 
who obtained the same actual scores did not receive the same mediated scores. The 
actual and mediated scores could be compared to show the abilities of learners 
after the mediation. It was found that learners with high actual scores also had higher 
mediated scores. Some learners were profitable from mediation, whereas some had 
less improvement which might be because of a ceiling effect, individuals who got 
high pretest scores had less room for improvement, or floor effect, individuals who 
had taken the test beyond their current development level (Lantolf & Poehner, 
2004).  
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                      2.3.1.3 Learning potential score (LPS) 

           Previously, Budoff categorized learners depending on pre-
training scores, post-training scores, and post-training score adjusted for pretest level. 
His viewpoint of the learner’s performance was based on the difference between 
pretest and posttest. Poehner and Lantolf (2013) argued that it represents test 
analysis rather than child analysis. Kozulin and Garb (2002) proposed a formula for 
calculating LPS in order to capture the degree of change between independent 
performance and mediated performance in a single score. It measured openness to 
mediation. Also, it could distinguish between those students who had high learning 
potential and those who had low learning potential. Following Poehner et al. (2015), 
the learning potential score was used to predict how well learners responded to 
instruction in the future. It represented the maximum possible score.  

 

Figure 10 Learning potential score formula  (Kozulin & Grab, 2002) 

  Kozulin and Garb (2002) divided learners into three subgroups 
based on their LPS scores: “High scorers (LPS ≥ 1.0); Mid-range scorers (.99 ≥ LPS ≤ 
.72) and Low scorers (LPS ≤ .71)”. An LPS of 1 or higher represented the score 
improved by one standard deviation; on contrary, An LPS under 1 represented a 
change of less than one standard deviation (Poehner & Lantolf, 2013). Learners in 
different groups required different supports to enhance their abilities.  

  Following the study of Poehner et al. (2015), the LPS of 
learners ranged from .59 to 1.24 in the listening test and from .77 to 1.19 in the 
reading test. The interesting findings were learners with the same actual scores had 
different mediated scores and LPS scores. If LPS scores represented the learners’ 
zone of proximal development, learners who had the same independent 
performance but different LPS scores might require different levels of support in the 
classroom in the future.  
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  2.3.2 Profiling  

     The learner profile had been part of studies of C-DA (Poehner et al., 
2015; Teo, 2012; Wang & Chen, 2016). It emphasized on independent functioning of 
learners and responsiveness to mediation. The results from C-DA could be used to 
generate a learner profile which depicted particular constructs of a learner to show 
both strengths and weaknesses of their performances as well as to inform instructors 
about specific areas that needed remedy (Poehner et al., 2015; Teo, 2012). Teo 
(2012) said that C-DA helped her to capture her students’ reading ability by 
determining the number of attempts and level of prompts. Poehner et al. (2015) 
showed that learners who had the same actual score, mediated score, and LPS might 
have different areas of potential or weakness. The learner profile could be formatted 
in both a group profile and individual profile. A group profile in Figure 12  depicted 
the number of items, a wide range of constructs and scores. An individual profile in 
Figure 11  described the scores of each individual on each construct and the 
mediation learner required or a number of prompts used in each item to emphasize 
the difficulty of the learner.  

 

Figure 11 Learning profile of the C-DA Chinese listening test   (Poehner, Zhang, & Lu, 

2015, p.356) 
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Figure 12 Group profile of the C-DA Chinese listening test  (Poehner, Zhang, & Lu, 

2015, p.357) 

2.4 The application of the two-tier test 
This study utilized multiple-choice questions as the measurement of learning 

potential. A multiple-choice question was the form of assessment that students were 
asked to respond to one best answer from a list. There were many advantages of 
using this kind of tests such as validity and reliability, easy scoring, and large-scale 
administration(Gurel et al., 2015). The validity of the test result is important in 
educational measurement. One of the concerns of measurement is guessing, which 
can be considered as error variance and does not reveal the true ability of test-
takers. It also reduces the reliability of the test (Gurel et al., 2015; Medawela et al., 
2018). According to Yang et al. (2017), they mention the possibility of students’ 
partial understanding or misunderstanding in answering multiple-choice questions. 
Students who answered correctly may have partial knowledge or even 
misunderstand the relevant concept. In order to circumvent guessing and examine 
students’ true ability, the two-tier test was applied in this study.  

 The two-tier test has been widely used for diagnostic testing approaches, 
which can diagnose students’ misconceptions. The multiple-choice questions cannot 
provide insight into students’ idea or reason behind their chosen choice (Gurel et al., 
2015). The advantage of this approach is in diagnosing learning problems and 
providing assistance to overcome the problems (Yang et al., 2017). Two-tier testing 
comprises a set of two multiple-choice questions. The assessment of the first tier is 
on students’ factual or relevant concept or knowledge, also called the phenomenon 
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tier, while the second tier, which is called the reason tier, is on the rationale behind 
the selected choice as shown in Figure 13.   

                            

Figure 13 Two-tier testing process adapted in this study 
         This concept provides a deeper insight in examining students’ understanding 
than traditional multiple-choice tests (Gurel et al., 2015; Lin, 2016). Students’ 
correctly succeeded answer will combine both correct answer choice and reason 
(Gurel et al., 2015). If students cannot answer correctly, the system can identify the 
misconception and the reason caused the misconception (Kilic & Saglam, 2009; Yang 
et al., 2017). With regard to Tamir (1989, as cited in Kilic & Saglam, 2009), the 
selection of the rationale in two-tier tests is an effective way to measure learning 
purposefully. The concept of two-tier testing is widely renowned because of its time-
efficient, labor-saving, and generalization purposes (Kilic & Saglam, 2009; Lin, 2016). 

   The two-tier test is more practical and convenient to use for avoiding guessing 
(Gurel et al., 2015). It has been reported to reduce the chance of guessing. In the task 
of four answer choices in the multiple-choice questions, students have 25% chance 
of getting the correct answer from guessing, but it is reduced to only 6.25% when 
adding the second-tier item (Milenkovic et al., 2016). Milenkovic et al. (2016) 

Question No.1

First tier

(Knowledge)

Correct

Second tier 
(Reason)

Incorrect

prompt 1

prompt 2

prompt 3
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employed the 15 two-tier items, each comprising four answer choices for high school 
students and reported the positive results in eliminating the guessing correct answer 
and the misconceptions of the students.  

Yang et al. (2017) employed second-tier items in diagnostic and guiding learning 
to assess mathematics of undergraduate students as shown in Figure 14 . Students’ 
factual knowledge of Calculus was assessed in the first-tier items, whereas the 
second-tier items revealed students’ reasons for their choice chosen in the first tier. 
Each item comprised three choices. They reported the positive impacts of this 
approach on correcting students’ misunderstanding and guiding students to improve 
their skills. In addition, Kilic and Saglam (2009) employed two-tier multiple-choice 
tests on genetics concepts for secondary education students. The first-tier items 
composed three answer choices, whereas the second-tier items had five optional 
choices. They also reported the positive two-tier approach in diagnosing students’ 
understanding of the concepts of genetics.  

 

Figure 14 Second-tier options  (Yang et al., 2017, p.65) 

To sum up, in the current study, the two-tier test had been applied to the 

prevention of guessing. The concept of a two-tier test in the ongoing study had slightly 

been changed from the original concept. In this test, there was a set of two items. The 

first-tier item comprised multiple-choice questions with five choices, whereas the 

second-tier item consisted of three rational choices. Students who answered the first tier 

correctly were moved to answer the second tier automatically. On the other hand, if 

some students could not answer the first tier correctly, they would be provided with the 
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graduated promptings until they responded to the first-tier item correctly and were 

allowed to move to subsequent items. 

2.5 Relevant studies on computerized dynamic assessment (C-DA) 
There are numerous findings on computerized dynamic assessment. Some 

studies have mentioned the performance change. Others have addressed the growth 
of learning while a few have paid attention to learning potential.  
              2.5.1 C-DA on performance change  

   Several studies have found that students increased their posttest scores 
after the intervention (Ku et al., 2014; Teo, 2012). Ku et al. (2014) developed a 
computerized dynamic assessment of Accounting subject to measure vocational 
students. A paired t-test was used to analyze learning performance between pretest 
and posttest. The computerized dynamic assessment lasted for three weeks. The 
results indicated that students had higher gain from posttest scores in all three 
groups (high, medium, and low scores). After using the computerized dynamic 
assessment, students had better understand of the concepts and improved their 
learning outcomes. Teo (2012) investigated the progress of students’ inferential 
reading skills before and after receiving the C-DA program by using a paired samples 
t-test, she found that the participants’ performance scores were significantly higher 
on the posttest than pretest. The participants had metacognition and monitored 
their reading process actively. 

Research showed that the dynamic assessment group outperformed control 
group or other groups (Stevenson et al., 2016; Wu et al., 2017). The study of Wu et 
al. (2017) used a pair sample t-test to investigate the student improvement from the 
three remedial instruction programs, including the direct instruction group, the 
instructional prompting group, and the error-explanation prompting group. The 
results showed that the posttest scores were higher than the pretest scores for all 
three groups which demonstrated that students showed the improvement. The 
analysis of ANCOVA was used to compare the effectiveness of the treatments. It was 
found that students with error-explanation prompting group outperformed other 
groups in learning mathematics. Stevenson et al. (2016) applied the Multidimensional 
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Rasch model for learning and change (MRMLC) to estimate performance change 
scores of students. They reported that students improved from the intervention. It 
was found that those who received the graduated prompts obtained higher gain from 
pretest to posttest than those who were assigned to practice and attention-control 
groups. Also, performance change between native and ethnic minority children did 
not differ after the intervention.  

                 2.5.2 C-DA on growth of learning 
      Regarding research on growth, DA studies on measurement of growth 

found that growth of student performance varied and showed different changes over 
time (Wang & Chen, 2016; Zhang et al., 2017). Wang and Chen (2016) used item 
response theory (IRT) and a two-way repeated measures analysis of variance to 
investigate the reading comprehension growth of students through the web-based 
dynamic assessment. It revealed that the instrument was suitable for most students 
with a variety of reading abilities. The test information function (TIF) represented that 
the test was appropriate for students whose ability ranged from -1.08 to 3.0. When 
analyzing growth, time and initial reading ability (high-, average-, and low-level 
students) will be used to measure the group of reading ability. It was found that the 
web-based dynamic assessment had significant effects on the changes or growth in 
students’ reading ability. The results showed that 53% of growth in reading ability 
contributed by the repeated web-based dynamic assessment. Moreover, students 
with different initial levels of reading comprehension improved differently. The high-
level students dropped from week 1 to week 2 and then had steady growth from 
week 2 to week 4. On the contrary, low-level students showed growth dramatically 
from week 1 to week 4. Average-level students grew steadily from week 1 to week 4. 
Therefore, low-level students benefited the most from the web-based dynamic 
assessment. Zhang et al. (2017) investigated longitudinal study of computer-based 
graduated prompting assessment on academic performance over time by testing the 
growth model of hierarchical linear modelling (HLM). The results showed that 
students who used the computer-based graduated prompting achieved higher 
academic performance than those who did not. It found out that prompts provided 
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in a graduated way could improve students’ academic performance in 2D graphing. 
Regarding the effect of graduated prompting over time, although the growth of the 
experiment group was higher than the control group, the rate didn’t reach a 
significant level. The academic performances of freshmen during three years did not 
have a higher growth over time compared to the assessment without a computer. 
Thus, the C-DA did not lead to change over time.  
               2.5.3 C-DA on learning potential  
    As regards learning potential, research on dynamic assessment has computed 

learning potential in different ways (Poehner et al., 2015). Poehner et al. (2015) 

developed the computerized dynamic testing of L2 Chinese reading and listening 

comprehension. They reported students’ learning potential by calculating a learning 

potential score for each learner. In their term, learning potential is an openness to 

mediation that provides insights into the degree of instructional effort required to 

help learners advance.  The pilot study reported that students who had the same 

current ability in Chinese language had different learning potential scores. Thus, it 

could be believed that even though students had similar current Chinese skills, they 

required very different levels of instructional support in a Chinese language class in 

the future.  

  It was found that both control and trained groups showed progression 
patterns from pretest to posttest; however, trained students outperformed control-
group students on a number of corrected series completion items. Moreover, they 
paid attention to the number of prompts needed for overtraining as a good 
operationalization of student potential for learning. It was found a significant 
decrease in the number of prompts needed to solve the questions from training 1 to 
training 2. Students required fewer prompts at the second training. Thus, it indicated 
that students profited from the prompts especially when taking the more difficult 
items. Consequently, as shown in Table 6, most studies related to dynamic 
assessment have studied the performance change or the current performance of the 
students. Some studies have focused on the growth of learning and few research has 
examined learning potential.   
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Table 6 Summary of previous studies on computerized dynamic assessment 

Study Participants Course Duration for 
intervention 

Research 
method 

Treatment 
group 

DA format Learning 
potential 
indices 

Data analysis 

Ku, Shih, & 
Hung 
(2014)  

34 2nd-year 
vocational 
students  
 

Accounting 3 weeks Experiment 
(pretest, 
intervention, 
and posttest) 

One group Sandwich Performance 
change 

A paired 
sample  
t-test 

Poehner, 
Zhang, & 
Lu (2015) 

68 students 
for listening 
test and 82 
students for 
reading test 

L2 listening 
and reading 
Chinese 
language 

- Research and 
development 

 Cake 
(graduated 
prompts) 

Learning 
potential 

Learning 
potential 
scores 
 

Ting & Kuo 
(2016) 

257 
freshmen 

Calculus 2 weeks Experiment 
(pretest, 
intervention, 
and posttest) 

Five 
treatment 
groups 

Sandwich 
(Pretest/ 
posttest) 

Performance 
change 

One-way 
ANCOVA 

Teo (2012) 68 university 
EFL students 

Inferential 
reading 

8 weeks Experiment 
(pretest, 
intervention, 
and posttest) 

One 
treatment 
group 

Sandwich 
(pretest 
/posttest) 

Performance 
change  

A paired 
samples t-
test  
 

Wang and 
Chen 
(2016) 

213 students 
 

Science 4 weeks Experiment  
(initial and 3-
week follow-
up) 

Three 
groups 
(initial 
levels of 
reading 
ability) 

Cake 
(graduated 
prompts) 

Pattern of 
growth  

A  two-way 
repeated 
measures 
analysis of 
variance 
(ANOVA) 

Wu, Kuo, & 
Wang 
(2017) 

118 Grade 5 
students 
 

Mathematics 1 period Experiment 
(pretest, 
intervention, 
and posttest) 
 

Three 
groups 
(direct 
instruction, 
fixed, 
mixed) 

Sandwich 
(pretest 
and 
posttest) 

Performance 
change 

A paired 
sample t-test 
and analysis 
of covariance 
(ANCOVA) 

Zhang et 
al. (2017) 

120 
freshmen 
students  

Graphing  Three years 
(Each cohort 
for 12 weeks)   

Experiment 
(pretest, 
intervention, 
and posttest) 

two 
treatments 

Sandwich 
(pretest 
and 
posttest) 

Performance 
change 

Hierarchical 
linear 
modeling 
(HLM) 

Resing & 
Elliott 
(2011) 

77 children 
(mean age 
8.9 years) 

Inductive 
reasoning 

2 periods Experiment 
(pretest, 
intervention, 
posttest) 

Two 
treatments 

Sandwich Performance 
change and 
learning 
potential 

Repeated 
measures 
analysis of 
ANOVA 

Stevenson, 
Heiser, & 
Resing 
(2016) 

111 children 

(56 Native 

Dutch and 

55 ethnic 

minorities) 

Reasoning 1 period Experiment 
(pretest, 
intervention, 
and posttest) 

Three 
treatments 

Sandwich 
(pretest 
and 
posttest)  

Performance 
change 

Multidimensi
onal Rasch 
Model for 
Learning and 
Change 
(MRMLC) 
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Part 3: Reading Literacy   

Reading literacy is the foundation of other subject areas in the educational 
system; it is an essential skill needed for individual growth, educational and career 
success, and global citizenship. The attainment in reading literacy successfully leads 
to the prerequisite for participation in real-life situations in the rapidly changing world 
(OECD, 2016). Reading literacy is one of the major three domains measured in the 
Programme for International Student Assessment (PISA), an international survey 
aimed to evaluate international educational systems. PISA has been developed from 
the Organization for Economic Co-operation and Development (OECD). The 
adolescents, 15-year-old students, are assessed for their scholastic performances. 
The tested contents are not based on the basic curriculum or what is being taught in 
the classroom, but the wide range of contents necessary for the real-life situations 
that students may experience in the future are tested. The assessment started in 
2000 and then has continued every three years (The Institute for the Promotion of 
Teaching Science and Technology, 2018).   

3.1 Definition of reading literacy  
OECD (2016) has defined reading literacy in PISA 2015 as the competency to 

understand, to use, and to reflect on written texts for developing knowledge and 
potential to achieve goals and participate in the society. From then on, the term has 
been updated and extended due to the rapidly changing society. The tomorrow 
students will be required to use digital tools to succeed with complex and massive 
information. Students are required to achieve an expanding set of knowledge and 
skills in various contexts. Reading literacy in 2018 is defined as, “understanding, using, 
evaluating, reflecting on and engaging with texts in order to achieve one’s goals, to 
develop one’s knowledge and potential and to participate in society” (OECD, 2016, 
p.8 ). The new term has been added is “evaluation” of texts which is considered as 
an indispensable part of reading that learners should have the ability to investigate 
the arguments in the text and discover the point of view of the author. Moreover, 
the “written” has been removed because of the included both fixed and dynamic 
texts. When considering reading literacy for PIRLS2016, it has been grounded by 
International Association for Evaluation of Educational Achievement (IEA)’s 1991 
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study, defining reading literacy as “the ability to understand and use those written 
language forms required by society and/or valued by an individual.”(Mullis et al., 
2015, p.11).  PIRLS focuses on the ability to read, which extends to the ability to 
apply what is read to the new situations or contexts (Mullis et al., 2015). 
Furthermore, Diowvilai et al. (2012) have defined reading literacy as the ability to 
retrieve texts in the form of written language, pictures, or symbols, to identify the 
components of text, and to evaluate the reliability of the text. 

Therefore, reading literacy is the constructive process involving interaction 
between the reader and the texts with the intention of reading for growth and for 
participation in society.  It measures how students understand the text, interpret the 
meaning of the text, evaluate the text and apply their reading ability into their real-
life situations.  

3.2 Dimensions of reading literacy 
 Reading literacy has been categorized into different ways depending on 

assessment programs or research studies as the following:  

 3.2.1 PISA 2018  
 Based on the framework of PISA 2018, it has been adjustably focused 

on finding, selecting, interpreting, integrating and evaluating information from the full 
range of texts beyond the classroom context. The emphasis is on the skills required 
for reading and interacting with non-digital and digital texts in various contexts. The 
term “cognitive process” has been replaced from “cognitive aspects”, which was 
used in the previous assessment cycle. In the older version of PISA reading literacy, 
there were three aspects of reading literacy test including (1) Access and retrieve, 
learners are required to access and retrieve a particular piece of stated information; 
(2) Integrate and interpret, learners are required to integrate and interpret on what to 
read by forming a broad understanding and developing an interpretation; and (3) 
Evaluate and reflect, learners are required to evaluate and reflect beyond the text in 
which learner could do on both content of the text and form of the text (OECD, 
2016; Thomson et al., 2013). The differences between PISA 2009-2015 and PISA 2018 
are shown in Table 7.   
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Table 7 The PISA 2009-2015 and PISA 2018 reading framework processes  (as 

adapted from OECD, 2016, p. 13; Thomson, Hillman, & Bortoli, 2013, p. 9) 
Reading Literacy PISA 2009-2015 Reading Literacy PISA 2018 

Access and 
Retrieve 

Retrieve information Locate 
Information 

Access and retrieve information within 
a text 

Search and select relevant text 

Integrate 
and 
Interpret 

Form a broad understanding Understand Represent literal meaning 

Develop an interpretation Integrate and generate inferences 

Reflect and 
Evaluate 

Reflect on and evaluate content of 
text 

Evaluate and 
Reflect 

Assess quality and credibility 

Reflect on and evaluate form of text Reflect on content and form 

Detect and handle conflict 

For the newer version, the processing has been categorized into 3 processes 
including 1) locate information, 2) understand, and 3) evaluate and reflect (OECD, 
2016).  

1) Locate Information 
           Locating information is an important process when a learner uses 

texts for specific purposes on a daily basis with little or no time to consider the rest 
of the text. It is the learner’s awareness of information needs. There are two main 
tasks in locating information which is: (1) Access and retrieve information within a 
text, learners are required to scan a single text for retrieving target information in the 
form of a few words, phrases or numerical values with no need to comprehend the 
rest of the text and (2) Search and select relevant text, learners are required to 
search for information among several texts to select the most relevant text 
information required for the task by using the help of text descriptors such as 
headers or source information (e.g. author, medium, date).  

2) Understand 
          Reading involves the understanding of the meaning conveyed in the 

passage or what the text is about. The two tasks are provided including (1) 
Representing literal meaning, learners are required to comprehend the literal 
meaning of sentences or short passages by matching a direct or paraphrasing 
information in the question with information in a passage and (2) Integrating and 
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generating inferences, in a single text, learners are required to integrate information 
across sentences or an entire passage by identifying the main idea, summarizing, 
creating title name. Integrating and generating inferences for multiple texts requires 
learners to integrate pieces of information located within two or more texts.   

3) Evaluate and Reflect 
                     Reading involves reflecting on the content and form of the text as 
well as assessing the quality and validity of the information provided. This topic is 
composed of three tasks as follows: (1) Assessing quality and credibility, learners are 
required to evaluate the quality and credibility of the text whether the information is 
valid, accurate, unbiased, and reliable. Moreover, the reader is required to identify 
the source of information, the content, and form of the text or how the author is 
presenting the information; (2) Reflecting on content and form, learners are required 
to reflect on the quality and style of the writing such as evaluating the form of 
writing and how contents are connected that determining the author’s purposes and 
point of view. Students are also required to reflect on their own knowledge and 
experience to compare, contrast or hypothesize different viewpoints; and (3) 
Detecting and handling conflict, learners are required to deal with conflict in case of 
facing multiple texts that contradict each other by identifying each author’s stance 
and selecting one source that has better soundness of the claims and/or more 
credibility of the source.  
  3.2.2 PIRLS 2016 

 Progress in International Reading Literacy Study (PIRLS) is organized to 
measure reading achievement of young students in their fourth year of schooling to 
provide internationally comparative data on how well children read. PIRLS first 
assessment was in 2001 and continued every 5 years. Reading literacy framework was 
based on IEA’s Reading Literacy Study. Reading literacy framework for PIRLS 2016, the 
fourth assessment cycle, is composed of four processes: 1) Focus on and retrieve 
explicitly stated information, 2) Make straightforward inferences, 3) Interpret and 
integrate ideas and information, and 4) Evaluate and critique content and textual 
elements (Mullis et al., 2015) as shown in Table 8.  
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Table 8 PIRLS 2016 reading literacy framework  (Mullis, Martin, & Sainsbury, 2015) 

PIRLS literacy 

Focus on and 

retrieve explicitly 

stated information 

 Identifying information that is relevant to the specific goal of reading 

 Looking for specific ideas 

 Searching for definitions of words or phrases 

 Identifying the setting of a story (e.g., time and place) 

 Finding the topic sentence or main idea (when explicitly stated) 

Make 

straightforward 

inferences 

 Inferring that one event caused another event 

 Concluding what is the main point made by a series of arguments 

 Identifying generalizations made in the text 

 Describing the relationship between two characters 

Interpret and 

integrate ideas and 

information 

 Discerning the overall message or theme of a text 

 Considering an alternative to actions of characters 

 Comparing and contrasting text information 

 Inferring a story’s mood or tone 

 Interpreting a real-world application of text information 

Evaluate and 

critique content and 

textual elements 

 Judging the completeness or clarity of information in the text 

 Evaluating the likelihood that the events described could really happen 

 Evaluating how likely an author’s argument would be to change what people think 

and do 

 Judging how well the title of the text reflects the main theme 

 Describing the effect of language features, such as metaphors or tone 

 Determining an author’s perspective on the central topic 

 

  3.2.3 NAEP  
  National Assessment of Educational Progress (NAEP) is a mandated 
project administered by the National Center for Education Statistics (NCES) to 
measure what students know and can do in their academic achievement. There have 
been four main subject areas including mathematics, reading, science, and writing. 
The assessment has been conducted with Grade 4, Grade 8, and Grade 12 American 
students. NAEP reading framework has been guided by scientifically-based reading 
research. Reading has been defined as the cognitive process involving to understand 
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written texts, to develop and interpret meaning, and to use meaning that match with 
appropriate text types. There has been three reading cognitive targets of NAEP as the 
following: 1) Locate and recall, 2) Integrate and interpret, and 3) Critique and 
evaluate (National Assessment Governing Board, 2017) as shown in Table 9.  
Table 9 NAEP reading framework  (National Assessment Governing Board, 2017) 

NAEP Reading Framework 

Locate and Recall  Identify explicitly stated information 

 Focus on specific elements of a story 

Integrate and Interpret  Make complex inferences within and across texts 

 Explain character motivation 

 Infer the main idea of an article 

 Infer and explain the theme of a story 

Critique and Evaluate  Consider the text critically by viewing it from 

numerous perspectives 

 Evaluate overall text quality or the effectiveness 

of particular aspects of the text 

 
 3.2.4 Thai research 
 In the context of Thailand, reading literacy has been categorized into 

five levels, namely decoding, reading fluency, reading comprehension, analytical 
reading and interpretation, and critical reading (Diowvilai et al., 2012). Five levels of 
reading literacy are the following:  

1) Level one: decoding 
 Decoding skill is important for a reader to start learning to read. It is 

the ability of a reader to recognize and apply letter-sound relationships to 
pronounce written words correctly. A reader should initially have knowledge of letter 
patterns and should recognize the basic sounds, as well as try to pronounce the 
word correctly.  

2) Level two: reading fluency 
 Fluency is the ability of a reader to read a text accurately, 

automatically, and confidently. Their reading tones are natural with the proper speed 
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and their tones stick to emphasize certain words so that it is easy for the listener to 
understand what they are reading.  

3) Level three: reading comprehension 
 Reading comprehension is the ability of a reader to comprehend the text 

and to access the information in the forms of words, sentences, phrases. Moreover, it is 
the ability to locate the specific information about the five W’s (who, what, where, when 
and why) and identify the main idea of the text.   

4) Level four: analytical reading and interpretation 
 Analytical reading and interpretation is the ability of a reader to 

identify the components of the texts, make inferences and interpret the meaning of 
the text, both the overt and hidden messages. The examples of this skill are the 
following: Identifying facts and opinions within the texts, identifying cause-and-effect 
relationship within the texts, determining the purpose of the text, determining the 
viewpoint of the author or what the author trying to say, making prediction while 
reading, and interpreting author’s attitude of writing.   
  5) Level five: critical reading 

 Critical reading is the ability of a reader to evaluate and make a 
judgment about the strengths and weaknesses of the text. A reader should be able 
to make a judgment by examining evidence given to support the arguments, whether 
the text is accurate or unbiased. Moreover, a reader needs to form the evaluation 
based on the judgment he/she made and provide opinions and reasons supporting 
agreement or disagreement of the text.  
   Moreover, Praputtakun et al. (2013)  have categorized reading literacy 
into two aspects: retrieving information and interpretation. (1) Retrieving information 
is used to assess the ability of the reader in identifying the specific information within 
the text to answer the five W’s and one H (who, what, where, when, why, and how). 
This aspect represents a reader’s ability in remembering and understanding. (2) 
Interpretation is used to assess a reader’s ability in interpreting the meaning within 
the text, which represents a reader’s ability in applying the knowledge.  

 In sum, the reading literacy frameworks of both international projects and 
Thai research are shown in Table 10 and Table 11. It has been revealed that they have 
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similar dimensions in terms of 1) the ability to locate and receive information, 2) the ability 
to understand, integrate and generate inferences, and 3) the ability to evaluate and reflect 
information. In this way, the current study adopted the reading literacy framework of PISA 
2018 as a core framework for developing the reading literacy tests due to its up-to-date 
framework emphasizing online reading literacy as well as the inclusion of competencies to 
measure the ability to read multiple texts.  Moreover, PISA was considered as one of the 
indicators for the quality improvement of the educational system in Thailand.  

Table 10 Reading literacy dimensions among international programs and Thai research 
Reading literacy 

International  Thai  

PISA 2009-2015 
(OECD,2016) 

PISA2018 
(OECD, 2016) 

PIRLS NAEP Diowvilai et al. (2012) Praputtakun  
et al. (2013) 

 Access 
and 
retrieve 

 Integrate 
and 
interpret 

 Reflect 
and 
evaluate 

 Locate 
information 

 Understand 
 Evaluate 

and reflect 

 Focus on and 
retrieve 
information 

 Make 
inferences 

 Interpret and 
integrate 

 Evaluate and 
critique 

 Locate 
and recall 

 Integrate 
and 
interpret 

 Critique 
and 
evaluate 

 Decoding 
 Reading fluency 
 Reading 

comprehension 
 Analytical reading 

and 
interpretation 

 Critical reading 

 Retrieving 
information 

 Interpreting 

 

Table 11 Similarity and discrepancy on reading literacy between PISA2018 and the others  
 

PISA 2018 

International Thai 

PISA2009-

2015 

PIRLS NAEP Diowvilai 

et al. 

(2012) 

Praputtakun 

et al. (2013) 

Locate Information      

 Access and retrieve information within a text (in forms of 

a few words, phrases or numerical values)  

          

 Search and select relevant task      

Understand      

 Represent literal meaning (a direct or paraphrase type of 

match between the question and target information 

within a passage) 

         
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PISA 2018 

International Thai 

PISA2009-

2015 

PIRLS NAEP Diowvilai 

et al. 

(2012) 

Praputtakun 

et al. (2013) 

 Integrate and generate inferences (at the level of an 

entire passage, such as identifying the main idea, 

summarizing, or giving a title) 

         

Evaluate and reflect      

 Assess quality and credibility of the text (whether the 

information is valid, up to date, accurate, unbiased and 

whether the author is competent, well-informed and 

benevolent) 

         

 Reflect on content and form (such as the quality and 

style of writing) 

         

 Detect and handle conflict      

 

3.3 Reading literacy framework  
Reading literacy is composed of three sources of influence including 1) the 

reader factors, which composed of motivation, prior knowledge, and other cognitive 
abilities; 2) the text factors, which constitute the format of the text, the complexity 
of the language used, and the number of texts reader encounters; and 3) the task 
factors, which contain the purposes of the task and the complexity or number of 
tasks to be completed. The interaction of the three factors drives a reader to apply 
reading literacy processes to complete the tasks (OECD, 2016) as shown in Figure 15. 
In this study, reading literacy is based on the two sources, namely text factors and 
task factors.  
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Figure 15 Dimensions of reading literacy  (OECD, 2016, p.11) 

  Framework of PISA reading literacy is composed of three dimensions, 
including cognitive processes, texts, and the reading situations.  
  3.3.1 Texts 
  All texts in reading literacy are based on the daily contents that a 
student may encounter in their real lives. There are no specific types of texts to 
assess because learners should encounter a wide range of texts. Thus, the texts will 
be characterized in several features. In PISA 2009-2015, the texts used in PISA are 
composed of four classifications: (1) text format, which is continuous texts (e.g., 
newspaper report, novels) and non-continuous texts (e.g., tables, schedules, indexes 
and forms, lists, graphs, diagrams, advertisements, catalogues); (2) text type, which 
represents the purpose of the text (e.g., description, narrative, essay, argumentation 
or instruction.); (3) medium, which is the form presented in the text including 
print(paper) or digital(hypertext); and (4) environment, which are divided into an 
authored environment (the text cannot be modified such as web page) and a 
message-based environment (the reader can add or change the content such as 
email, blog) (OECD, 2016; Thomson et al., 2013). 
 For PISA 2018, the representation of a broader range of texts in the 
assessment is provided. Texts are both printed and digital medium. There are four 
dimensions of texts as follows: 
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 (1) Source is either single (e.g. having a definite author, publication date, and 
reference) or multiple texts (e.g. having different authors, being published at different 
times, or bearing different titles).   

(2) Organization and navigation are static (the simple organization and low 
density of navigation tools; text) and dynamic (the more complex, non-linear 
organization and high density of navigation tools).  

(3) Format is continuous texts (e.g. newspaper reports, essays, novels, short 
stories, reviews and letters), non-continuous texts (e.g. lists, tables, graphs, diagrams, 
advertisements, schedules, catalogues, indexes and forms), and mixed texts (e.g. 
magazines, reference books and reports where both continuous and non-continuous 
texts are placed together).  

(4) Type  
    4.1 Description – texts with information related to properties of objects in 

space. It provides an answer to “what” questions. Examples of description are: a 
depiction of a place in a travelogue, a catalogue, a geographical map, an online flight 
schedule or a description of a feature, function or process in a technical manual.  

   4.2 Narration – texts with information related to time. It provides answers 
to “when” or “in what sequence”. Examples of narration are: a report, a news story, 
a novel, a short story, or a play, a biography, a comic strip and a newspaper report of 
an event.  

   4.3 Exposition – texts with information related to how different elements 
interrelate in a meaningful way. It provides answers to “how” questions. Examples of 
exposition are: a scholarly essay, a diagram showing a model of memory, a graph of 
population trends, or a concept map for an entry in an online encyclopedia. 

  4.4 Argument- texts with information related to relationship among concepts 
or propositions, expressing opinions or points of view. It provides answers to “why” 
questions. Examples of argument are: a letter to the editor, a poster advertisement, 
posts in an online forum or a web-based review of a book or film. 

  4.5 Instruction- texts with information related to instructions on what to do. 
Examples of instruction are: a recipe, a series of diagrams showing how to give first 
aid or guidelines for operating software. 
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 4.6 Transaction- texts with information aiming to achieve a purpose such as 
requesting that something is done, organizing a meeting or making a social 
engagement with a friend. Examples of transactions are: a letter, an everyday email, 
or a text message exchanged between colleagues or friends.  

In sum, the texts in PISA 2018 have been extended in the topics of source 
and organization and navigation, which are different from PISA 2009-2015 to assess 
the more resourceful and current trends in both digital and non-digital texts.  
  3.3.2 Tasks  

 Tasks or situations are involved with the contents related to real-life 
situations. Reading literacy is scenario-based to help readers accomplish a particular 
goal. The tasks in the test are provided with a wide range of situations (OECD, 2016, 
2019b; Thomson et al., 2013).   

(1) Personal – situations that contain the satisfying texts for personal 
interests in both practical and intellectual ways. Examples of personal texts are 
personal letters, fiction, diary-style blog, personal emails, instant messages and blogs.  

(2) Public – situations that contain texts for activities and concerns of the 
society. Examples of public texts are official documents, information about public 
events, message boards, news websites, and public notices.  

(3) Occupational – situations that contain texts for the accomplishment of 
an immediate task. Examples of occupational texts are job advertisements in a 
newspaper or online job websites, and texts that provide workplace directions.  

(4) Educational – situations that contain text for the instruction and are 
chosen by the instructor rather than the reader. Examples of education texts are 
printed or electronic textbooks and interactive learning software.  

3.4 Reading passages 
         Reading passages of PISA comprise a wide range of text types, difficulty, and 
scenarios or situations. The composition of reading passages was based on PISA 2009 
when the main emphasis was on reading literacy.  
  3.4.1 Text types 
   The reading test covered both the continuous-texts and the non-
continuous texts. The non-continuous texts were in the categories of argumentation, 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

68 
 
exposition, and transaction. The most common text type in PISA 2009 was 
exposition, whereas the least common text type was narration.  
  3.4.2 Difficulty   
  Readability formulas were used to measure the passage difficulty. The 
formulas for continuous text were Dale-Chall and Flesch-Kincaid. The average grade 
level was the 8th grade for Dale-Chall and the Grade 9 for Flesch-Kincaid. The 
formula for non-continuous text was FORCAST. The average grade level was 10th 
grade. On the other hand, continuous texts were more difficult than non-continuous 
texts.  
                3.4.3 Length 
                In PISA 2009, there were 2 to 5 items per passage. The test had an average 
of 354 words per passage and the range of words in passages were 53-758 words.  
               3.4.4 Scenarios  
      The reading literacy test was designed to cover a wide range of 
reading purposes. Passages were selected to represent a wide range of texts and 
applicability in real-world settings, which covered four scenarios, namely personal, 
public, occupational, and educational scenarios.  
            In summary, the passages in this study were based on text types and 
scenarios. Moreover, the concept of transfer was applied for three testing occasions. 
Readability formulas were not considered in this study because the formulas had 
been particularly created for passages in English version, which might not be reliable 
to be used in Thai language.  

3.5 Levels of reading literacy proficiency 
 Levels of reading literacy proficiency provide the progression of reading 
literacy demand with the composite scale and each subscale. The scale summarises 
the proficiency in terms of his or her ability, along with the complexity of an item in 
terms of its difficulty. The reading proficiency scale represents the idea that students 
are likely to be able to complete tasks mapped at the same level or lower, and less 
likely to be able to complete tasks mapped at a higher level on the scale as shown 
in Figure 16. Higher levels represent the knowledge, skills, and capabilities needed to 
perform tasks of increasing complexity (OECD, 2016, 2019c). The composite reading 
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literacy scale and each subscales in reading literacy PISA 2018 were divided into eight 
levels as follows:  Level 1c, Level 1b, Level 1a, Level 2,  Level 3, Level 4, Level 5, 
and Level 6 (OECD, 2019c). The eight levels of reading literacy proficiency are 
presented in Table 12.   

 
Figure 16 Relationship between items and students on a proficiency scale 

 
Table 12 Levels of reading literacy and descriptions of reading proficiency  
Level Score  Descriptions of reading proficiency Characteristics of tasks 

6 Above 
697 

 Readers can comprehend lengthy and abstract 
texts in which the information of interest is 
deeply embedded and only indirectly related to 
the task. They can compare, contrast and 
integrate information representing multiple and 
conflicting perspectives, using multiple criteria 
and generating inferences across distant pieces of 
information to determine how the information 
may be used.  

 Readers can reflect deeply on the text’s source 
in relation to its content, using criteria external to 
the text. They can compare and contrast 
information across texts, identifying and resolving 
inter-textual discrepancies and conflicts through 
inferences about the sources of information, their 
explicit or vested interests, and other cues as to 
the validity of the information.  

 Tasks require the reader to set 
up elaborate plans, combining 
multiple criteria and generating 
inferences to relate the task and 
the text. Materials at this level 
include one or several complex 
and abstract text(s), involving 
multiple and discrepant 
perspectives. Target information 
may take the form of details that 
are embedded within or across 
texts and obscured by competing 
information. 

5 626  Readers can comprehend lengthy texts, inferring  Tasks involve dealing with 
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Level Score  Descriptions of reading proficiency Characteristics of tasks 

- 
697 

which information in text is relevant even though 
the information of interest may be easily 
overlooked. They can perform causal or other 
forms of reasoning based on a deep 
understanding of extended pieces of text. They 
can answer indirect questions by inferring the 
relationship between the question and one or 
several pieces of information distributed within or 
across multiple texts and sources. 

 Readers can establish distinctions between 
content and purpose, and between fact and 
opinions as applied to complex or abstract 
statements. They can assess neutrality and bias 
based on explicit or implicit cues pertaining to 
both the content and/or source of the 
information. They can also draw conclusions 
regarding the reliability of the claims or 
conclusions offered in a piece of text.  

concepts that are abstract and 
going through several steps until 
the goal is reached. Moreover, 
tasks may required readers to 
handle several long texts, 
switching back and forth across 
texts in order to compare and 
contrast information.  

4 553 
– 

625 

 Readers can comprehend extended passages in 
single or multiple-text settings. They interpret the 
meaning of nuances of language by taking into 
account the text as a whole. Readers can 
compare perspectives and draw inferences based 
on multiple sources. 

 Readers can search, locate and integrate several 
pieces of embedded information in the presence 
of plausible distractors. They are able to generate 
inferences based on task in order to assess the 
relevance of target information. They can handle 
tasks that require them to memorise prior task 
context.  

 They can evaluate the relationship between 
specific statements and a person’s conclusion 
about a topic. They can reflect on the strategies 
that author use to convey their points, based on 
salient features of texts such as titles and 
illustrations. They can compare and contrast 
clains made in several texts and assess reliability 
of a source based on salient criteria.  

 Tasks are often long or complex, 
and their content or form may 
not be standard. Many of tasks 
are situated in multiple-text 
settings. The texts and the tasks 
contain indirect or implicit cues.  

3 480 
– 

552 

 Readers can represent the literal meaning of 
single or multiple texts in the absence of explicit 

 Tasks require reader to take 
many features into account 
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Level Score  Descriptions of reading proficiency Characteristics of tasks 

content. They can integrate content and 
generate both basic and more advanced 
inferences. They can also integrate several parts 
of a piece of text in order to identify the main 
idea, understand a relationship or construct the 
meaning of a word or phrase. 

 They can search for information based on 
indirect prompts, and locate target information 
that is not in a prominent position. In some 
cases, readers can recognize the relationship 
between several pieces of information based on 
multiple criteria. 

 They can reflect on a piece of text and compare 
and contrast several authos’ viewpoints based on 
explicit information. They may be required to 
perform comparisons, generate explanations or 
evaluate a feature of the text.  

when comparing, contrasting or 
categorizing information. The 
required information is  not 
preminent or there might be a 
fair amoung of competing 
information. Texts may include 
other obstacles, such as ideas 
that are contrary to expectation 
or negatively worded.  

2 407 
– 

479 

 Readers can identify the main idea in a piece of 
text of moderate length. they can understand 
relationship ore meaning within a limited part of 
the text when the information is not preminent 
by producing basic inferences. 

 They can select and access a page and locate 
one or more pieces of information based on 
multiple, partly implicit creteria.  

 They can reflect on overall purpose in texts of 
moderate length. They can reflect on simple 
visual or typographical features. They can 
compare claims and evaluate the reasons 
supporting them based on explicit statements.  

 Tasks involve comparisons or 
contrasts based on a single 
feature in the text. Typical 
reflective tasks at this level 
require readers to make a 
comparison or several 
connections between text and 
outside knowledge by drawing 
on personal experience and 
attitudes.  

1a 335 
– 

406 

 Readers can understand the literal meaning of 
sentences or short passages. Readers can 
recognize the main theme or the author’s 
purpose in a piece of text about a familiar topic 
and make a simple connection between the 
given information and their own prior knowledge.  

 Readers can select a relevant page based on 
simple prompts, and locate one or more 
independent pieces of information within short 
texts.  

 Readers can reflect on the overall purpose, and 

 Tasks contain explicit cues as 
regards what needs to be done, 
how to do it, and where in the 
texts readers should focus their 
attention.  
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Level Score  Descriptions of reading proficiency Characteristics of tasks 

on the relative importance of information in 
simple texts containing explicit cues. 

1b 262 
– 

334 

 Readers can evaluate the literal meaning of 
simple sentences. They can interpret the literal 
meaning of texts by making simple connections 
between adjacent pieces of information in the 
question 

 They can scan for and locate a single piece of 
placed, stated information in a single sentient, a 
short text or a simple lise. They can access a 
relevant page from a small set based on simple 
prompts when explicit cues are present.  

 Tasks direct readers to consider 
relevant factors in the task and in 
the text. Texts are short and 
provide support to reader, such 
as repetition of information, 
picture of familiar symbols.  

1c 189 
- 

261 

 Readers can understand and affirm the meaning 
of short, simple sentences on a literal level, and 
read for a clear and simple purpose within a 
limited amoun of time.  

 Tasks involve simple vocabulary 
and syntactic structures.  

 
 

3.6 Related studies on reading literacy 
  There have been two types of research design in studies on reading literacy in 
Thailand. The first research design is research and development (R&D). Research aimed 
to develop a model or some methods to improve reading literacy. However, the results 
of student’s reading literacy were still unsatisfactory. Diowvilai et al. (2012) studied the 
development of the Lampang learning enrichment network to enhance reading literacy 
of elementary Grade 4-6 students. The main purpose was to develop learning activities 
to improve reading literacy. The instruments were reading literacy multiple-choice tests 
for pretest and posttest and the supportive activities. There were supportive activities to 
develop learning management potential for teachers and supportive learning activities to 
improve reading literacy for students. The research duration started from September 
2009 to March 2012. Reading literacy was categorized into 3 levels as the following: 
reading comprehension, analytical reading, and critical reading. Reading literacy is 
measured from 50 multiple-choice questions combined with four levels of proficiency - 
very good, good, fair, and needs improvement. The results have shown that students’ 
posttest scores improved significantly, but the level of students’ reading literacy was 
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below 50%; in other words, they still needed improvement in reading literacy. In 
addition, Chandai (2016) developed an instructional model based on the scaffolding 
approach and self-regulated learning for enhancing reading literacy and evaluatin g  the 
effectiveness of the developed model. The sample was 70 Grade 9 students. The 
experimental lessons were two hours per week and they lasted for 8 weeks. The reading 
strategies comprised three aspects: access and retrieve, interpret and integrate, and 
reflect and evaluate. The instrument was a reading comprehension and implementation 
test. The result revealed that reading literacy of students in the experimental group not 
only improved from pretest to posttest but was also significantly higher than the control 
group.  
 Another research design is survey research to investigate the students’ reading 
literacy or factors affecting reading literacy. Praputtakun et al. (2013) reported the case 
study of Grade 6 students’ scientific literacy and reading literacy. The sample was 175 
Grade 6 students in Bangkok. The instrument was a scientific literacy and reading ability 
test, which was 30 multiple-choice questions. Reading literacy was assessed in two 
aspects – retrieving information and interpretation. The result revealed that, in terms of 
reading literacy, the mean score of retrieving information was 4.58 of 7, which counted 
as 65.5%, whereas the mean score of interpretation was 5.72 of 11, which counted as 
52%. Jumnaksarn (2013) studied the development of a causal relationship model of 
factors affecting the reading literacy of Thai students. Research instruments were 
secondary data from PISA 2009 international database consisting of 4,866 15-year-old 
students from 228 schools in Thailand. The results showed that the model fitted 
between the conceptual model and empirical data. The direct factors affecting reading 
literacy were reading engagement, metacognition in reading and teaching strategies 
perceived by students, while the indirect effect was teaching strategies. Nilsawang (2011) 
investigated the factors affecting reading literacy of Grade 9 students in Srisaket province. 
The sample was 665 Grade 9 students. The instruments were reading literacy tests and 
questionnaires on attitude toward reading literacy, learning motivation, learning 
environment, and family relationship. Factors positively affected reading literacy were 
time spent on reading and learning environment, whereas factors negatively affected 
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reading literacy were the relationship with a family. The summary of research studies 
related to reading literacy in Thailand are presented in Table 13.  
 
Table 13 Summary of reading literacy research in Thailand 
Researcher Research 

objective 
Reading literacy Sample Instrument Duration Result 

Diowvilai et 
al. (2012) 

To develop 
learning activities 
to enhance 
reading literary 
(R&D) 

Three levels: 
(1) Reading   
    comprehension 
(2) Analytical   
    reading 
(3) Critical reading 

Grade 4-6 
students in 
Lampang 
province 

-reading literacy 
tests 
-supportive 
activities 

September 
2009-March 
2012 

(1) The students’  
   posttest improved  
   significantly 
(2) The students’  
   reading literacy  
   level was need   
   improvement 

Praputtakun 
et al. (2013) 

To assess 
student’s 
scientific literacy 
and reading 
ability (Survey) 

Two aspects: 
(1) Retrieving  
    information 
(2) Interpretation 

175 Grade 
6 students 
in Bangkok 

-scientific literacy 
and reading ability 
test 

- The mean scores   
of retrieving 
information was   
65.5% and 52%  
for interpretation. 

Chandai 
(2016) 

To develop and 
assess the 
instructional 
model for 
enhancing 
reading literacy 
(R&D) 

Three aspects: 
(1) Access and  
    retrieve 
(2) Integrate and  
    interpret 
(3) Reflect and  
    evaluate 

70 Grade 9 
students 

-reading 
comprehension 
and 
implementation 
test 

8 weeks The experimental 
group’s reading literacy 
scores was higher than 
the control group 

Jumnaksarn 
(2013) 

To develop 
causal 
relationship 
model affecting 
reading literacy 
(Survey) 

- Secondary 
data from 
PISA2009 
database 

PISA instruments 
(13 booklets and 
student 
questionnaire) 

-  The model fitted 
between conceptual 
model and empirical 
data 

Nilsawang 
(2011) 

To investigate 
factors affecting 
reading literacy 
(Survey) 

- 665 Grade 
9 students 

-reading literacy 
test 
-questionnaire 

-  Factors positively 
affected reading 
literacy were time 
spending on reading 
and learning 
environment. 
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Part 4: Measurement of Growth 

Dynamic assessment is an assessment to estimate the change in multiple 

testing occasions in order to provide valid information about the potential of an 

individual or group to develop particular knowledge (Dumas & McNeish, 2017). There 

are two measurement methods to quantify change: 1) the traditional method of 

measuring change and 2) the modern method of measuring change.  

 4.1 The Traditional method of measuring change  
                4.1.1 Gain scores  

     Gain score is widely used in the field of dynamic assessment to 

quantify change or improvement after the intervention. Most of the format of 

dynamic assessment is Sandwich format from Grigorenko and Sternberg (1998) which 

is the pretest-training-posttest format. In order to quantify change, the gain scores 

between pretest and posttest are calculated. The calculation of gain score is as 

follows 

     Y2 -  Y1 

Where,                   Y1   =    Pretest 

          Y2   =    Posttest 

      However, this method has been criticized for measuring change of 

latent ability. Sternberg and Grigorenko (2002) addressed the problems of using gain 

scores as follows: (1) lack of reliability of gain scores; (2) the ceiling effects in the 

subgroup; and (3) the inequality in latent ability gains. They argued that gain scores 

can be varied in accordance with groups of test-takers and the characteristics of the 

test, especially item difficulty and discrimination. For example, the high ability group 

will get the smaller gain on pretest to posttest for the easier test because they 

perform well on both the pretest and posttest, but they will get the higher gain on 

the harder one. Unlike the high ability group, the low ability group will get higher gain 

for the easier test, but they will get smaller gain for the harder one because they 

perform poorly on both pretest and posttest.  
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            4.1.2 Logistic regression analysis  

 The logistic regression analysis (LRA) extends from the multiple 

regression analysis in which the outcome is categorical. It is used for testing 

hypotheses about the relationship between a categorical outcome variable (e.g., 

success or failure/ improved or not improved) and one or more categorical or 

continuous predictor variables.  However, logistic regression analysis does not model 

the categorical outcome variable directly, it is assumed to be based on probabilities 

associated with the value of Y, which is considered as the dichotomous taking on the 

value 1 (e.g., the positive outcome or success) and the value 0 (e.g., the negative 

outcome or failure) (Sternberg & Grigorenko, 2002).   

 4.2 Modern method of measuring change 
Nowadays, there are several mathematical models using item response 

theory or structural equation model to measure change of dynamic assessment as 

follows:  

  4.2.1 Multidimensional Rasch-family model for learning and 
change (MRMLS) 

          This method has been developed by Embertson as a method integrating 

Item Response Theory (IRT) to investigate the change in dynamic assessment (Sternberg & 

Grigorenko, 2002). It has been called the multidimensional Rasch-family model for learning 

and change (MRMLS) to investigate how much better the learner performs the task at 

posttest. This model estimates the initial level of ability, indexes of modifiability, and item 

difficulties indexes. The chance that an item i is solved correctly by person p (𝑃𝑝𝑖 ) depends 

on item difficulty (𝛽𝑖) and latent ability (𝜃𝑝), which included both pretest performance 

(𝜃𝑝1), and change performance calculated by posttest minus pretest (𝜃𝑝2) (Stevenson et 

al., 2016). The equation of MRMLS is as the following:   
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    Stevenson et al. (2016) studied the cognitive potential of children with diverse 

cultural backgrounds by using the multidimensional Rasch-family model for learning and 

change (MRMLC). MRMLC was calculated to determine the change in ability over time 

from the initial ability of students (pretest performance) and performance change (posttest 

minus pretest score called ‘performance change scores’). The results revealed that 

dynamic testing of analogical reasoning was able to reduce the effect of the cultural 

background. The performance change between indigenous and ethnic minority children 

did not differ in graduated prompts. Also, there were higher gains from pretest to posttest 

in children who received the graduated prompt treatment.  

                 4.2.2 Linear logistic test model 
        One method developed by Fischer (1983, as cited in Grigorenko & 

Sternberg, 1998) called the linear logistic test model. He has suggested the specified 

scores for pretest and posttest. The zero scores are for incorrect answers, whereas 

unity scores are for correct answers. The changes between pre- and posttest answers 

from 0 to 1 and from 1 to 0 are treated as the change data. 

      4.2.3 Latent class analysis (LCA) 

      Another method for investigating dynamic assessment is latent class 

analysis (LCA). LCA is one of the multivariate analysis methods to classify objects into 

exclusive groups. The variability within clusters should be minimized, whereas 

between-cluster variability should be maximized. Membership in a latent class is 

probabilistic. Each individual can get probabilities to be a member in each class. In 

dynamic assessment, the unconditional probabilities of being in a latent class can be 

gainers versus non-gainers. Moreover, the conditional probabilities of making a 

particular response or demonstrating a particular behavior can be a member in the 

acquisition of mastery (Sternberg & Grigorenko, 2002).  
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      4.2.4 A Mixed population Rasch model (MIRA) 

      The combination of item response theory and latent class analysis has 

successfully been proposed by Rost (1990, as cited in Sternberg & Grigorenko, 2002). 

He developed a mixed population Rasch model (MIRA). Regarding Sternberg and 

Grigorenko (2002), an individual will be characterized by only one trait level which is 

the concept of IRT, and the trait level depends on the class to which the individual 

belongs. The class is the concept for latent class analysis. Consequently, item 

difficulties will be interpreted or scored differently based on latent-class 

membership.  

           4.2.5 Latent growth curve model (LGM)  

      Latent growth curve model (LGM) is developed within structural equation 

modeling (SEM) and is an extended confirmatory factor analysis technique to 

consider a change. LGM is used to examine changes over time. This approach utilizes 

both slope (rate of change) and intercept or initial levels (group means) as latent 

variables to investigate where an individual begins and how the individual changes. 

According to Duncan and Duncan (2004), this procedure describes an individual’s 

developmental trajectory, capturing individual differences in the trajectories over 

time and focusing on predictors of individual differences to find out which variables 

have important effects on the rate of development. The LGM approach provides 

some of the tools for modeling within-person changes and between-person 

differences in change (Grimm & Ram, 2009). This approach involves two different 

analyses which are: (1) the repeated measures of each individual across time (linear 

or nonlinear) and (2) the individual parameters (slope and intercept values) to 

determine the growth differences from a baseline measure (Bowles & Montroy, 

2013).  

    LGM approach is effective for the research design that subjects must be 

measured repeatedly at least three occasions (Bowles & Montroy, 2013). Moreover, it 

enables us to test both linear and nonlinear growth models. The data generally 
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requires large samples, multivariate normal data and equal time intervals for all 

subjects (Duncan & Duncan, 2004). There are several latent growth curve models as 

follows: 1) latent curve models, 2) nonlinear latent curve models, and 3) multivariate 

latent curve models.   

                4.2.5.1 Latent curve model 

       Latent curve model is the combination of the basis functions, the 

level and the slope, plus a set of measurement errors specified to the individual as: 

                                          yi = Λiηi+εi 

                 The matrix of basis functions, Λi, indicates that the matrix may 

vary between individuals in terms of its elements. A set of coefficients, ηi, represents 

change that may vary between individuals. The error of the model, εi, shows the 

discrepancy between an individual’s observed score and that based on the fitted 

trajectory. The error is assumed to be independent with constant variance across 

time (Blozis et al., 2007). The common formulations of a latent curve model in the 

present study are no-growth model, linear growth model, quadratic growth model, 

and unspecified growth model.  

     1) No-growth latent growth curve model 

                               Latent growth curve with no change can be considered as 

the baseline model in the examination of change. The model predicts that subjects 

will maintain the same outcomes or scores across all occasions. In this model, the 

observed variables, in the form of the squares, are the outcomes or the scores on 

four occasions. The outcomes also have residual errors which are assumed to be 

related to other variables in the model. The only latent variable, in the form of the 

circle, is the level factor or intercept. In the no-growth model, the intercept factor 

predicts the level of individuals on the outcome variable across all occasions. The 

intercepts are constrained for an individual across time. The factor loadings are all 

set to 1 showing that the factor has the same influence on the outcomes at each 

time point (Bowles & Montroy, 2013).  The diagram is shown in Figure 17. 
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Figure 17 Path diagram for no change latent growth curve   (adapted from Bowles & 

Montroy, 2013, p. 268) 

       The example is from Bowles and Montroy (2013), using the 

data from the Letter-Word Identification (LWI) subscale of the Woodcock-Johnson III 

Tests of Achievement. There were a total of eight occasions, but this example 

limited the data only from four occasions, namely Occasions 3, 4, 6, and 7, which 

were labeled as LWI3, LWI4, LWI6, and LWI7, respectively. The outcomes or the 

scores of individuals on any occasion are equal to the individual’s unobserved value 

on the intercept factor plus random error. The formula of this no-growth model is 

expressed as  

Yn = Ln + en 

Where,                         Yn =  the outcome variable 

      Ln = the Level factor or intercept  

      en = the random residual error  

  In Figure 17, the outcomes were LWI scores. The Level was all 

set to 1 indicating that the factor had the same influence on the outcomes at each 

time point. The random residual error also included that is assumed to be unrelated 

to other variables in the model (Geiser et al., 2013).  
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                      2) Linear latent growth curve model  

                       The widely used form of change in the latent growth curve 

model is linear change. The construct is assessed by a single variable measured at 

each time point (Geiser et al., 2013). There are two latent variables which are the 

level or intercept factor and the slope factor. The newly second factor labeled S or 

slope is added in the model representing the growth or rate of change per unit of 

time. The intercept and slope are latent because they are not variables that exist in 

the dataset. They are estimated based on the collection of trajectories obtained for 

each individual. Interestingly, the factor loadings on the slope factor are called the 

basis coefficients which are used to define the shape of change and interpret the 

level and slope factors (Bowles & Montroy, 2013). The model of linear growth curve 

is shown in Figure 18. 

 

Figure 18 Path diagram of linear latent growth curve  (adapted from Bowles & 

Montroy, 2013, p. 270) 

  In Figure 18 diagram, it shows the basis coefficients are linearly 

set to 0, 1, 2, and 3. The intercept or the initial value is still constant across time, but 

there are linear growths of change in the slope (Bowles & Montroy, 2013). The 
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diagram shows that the outcomes were LWI at each time point. The intercept 

parameters were coded 1, 1, 1, and 1 to represent the same starting value. Because 

this study focused on a test of the linear rate of growth, the slope parameters were 

linearly coded 0, 1, 2, and 3. The zero was the starting point (Bowles & Montroy, 

2013).   

  The correlation between the intercept and slope should be 

interpreted carefully. The positive correlation represents the high initial status had a 

greater rate of change, whereas the negative correlation determines the high initial 

status had a lower rate of change (Schumacker & Lomax, 2010). The equation of 

linear latent growth curve model is influenced by a first-order intercept factor, a first-

order slope factor, and an error term as follows: 

Yt,n = Ln + BtSn + en 

Where,                Yn =  the outcome variable 

   Ln = the level factor or intercept when time=0 

   Bt = the basis coefficients or the factor loadings on  

the slope factor 

   Sn = the slope or rate of change per unit of time 

   en = the random residual error  

                   The means and variances of intercept and slope are used to 
estimate growth.   The mean of the intercept factor represents the average value of 
the initial status parameter, and its variance represents individual differences in initial 
status. The mean of the slope factor, that is different from zero, indicates the linear 
growth trajectory or the group growth parameter, and its variance represents 
individual differences in change over time (Schumacker & Lomax, 2010).  

                     3) Quadratic growth model 

                    The model is specified to include a linear change rate and an 

acceleration rate. The linear slope represents the rate of change and the quadratic 

slope shows the rate of change is changing rapidly. The factor loadings of the 

quadratic factor are the squared loadings of the linear factor.  The intercept, linear 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

83 
 
slope, and quadratic slope have means (μi, μsl, and  μsq) variances (σi

2, σsl
2 , and  σsq

2 ), and 

covariances (σi,sl, σi,sq, and σsl,sq ). The residual scores have a mean of zero and an 

estimated variance (σe
2) (Grimm & Ram, 2011). The formula of the quadratic growth 

model is expressed as  (Bowles & Montroy, 2013): 

Yt,n = Ln + Sn*t + Qn*t2 + etn 

Where,                Yn =  the outcome variable 

   Ln = the level factor or intercept when time=0 

   Sn = the slope or rate of change per unit of time 

   Qn = the quadratic factor 

   t = time 

   en = the random residual error  

   The basis coefficients of the slope are equal to time (t), and 

the basis coefficients of the quadratic are equal to t2. The example path diagram of 

quadratic is shown in Figure 19.  

 

Figure 19 Path diagram of quadratic latent growth curve  (adapted from Duncan, 

Duncan, & Strycker, 2006, p. 27) 
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  In Figure 19, there were two slope factors for linear change 

and curvilinear change. The factor loadings of intercept fo r th ree  m easu rem en t 

occasions were similarly fixed to 1. The factor loadings of the linear factor were fixed 

to 0, 1, 2, and 3 showing the rate of growth in the trajectory, whereas the quadratic 

factor estimates the squared loading of the slope by fixing the factor loadings to the 

specific values, that is, 0, 1, 4, and 9. The model estimated 3 means, 3 variances, and 

3 covariance for the intercept, linear, and quadratic latent factors.  

      One of the drawbacks of the quadratic model is that the 

parameters of the model are difficult to interpret because the linear and quadratic 

slopes affect the rate of change. Also, the quadratic model cannot present the 

asymptotic level of development.  

                   4) Unspecified growth model 

                   The basis coefficients can be either specified or unspecified. If 

the shape of trajectory is not known, the data can determine the shape of the 

growth curve. The basis coefficients are equivalent to factor loadings and they will 

be estimated rather than being predefined. The factor loading in the slope factor will 

be allowed to be freely estimated in the unspecified growth model to explore what 

growth process is the most likely (Duncan, Duncan, & Strycker, 2006). In order to 

estimate a linear or a nonlinear growth process, three measurement occasions are 

required. The unspecified growth model can be called a latent basis model. The 

straightforward constraints are to select one basis coefficient to be 0 to identify the 

level factor and another to be 1 to identify the slope factor. The basis coefficient for 

the first measurement occasion is often fixed to 0 and the last occasion to 1. Other 

basis coefficients are estimated freely as the proportion of the total change over 

time (Bowles & Montroy, 2013). The path diagram of the unspecified growth model is 

shown in Figure 20.   
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Figure 20 Path diagram of unspecified latent growth curve  (adapted from Duncan, 

Duncan, & Strycker, 2006, p. 31) 

 In Figure 20, the factor loadings of the intercept factor were fixed to 1 

in every measurement occasion. Two factor loadings on the slope factor were fixed 

to 0 and 1 for the first and second measurement occasions, but the third and fourth 

loading were estimated freely.  

            4.2.5.2 Nonlinear latent curve model 

           The well-known model of the latent growth curve is linearity; 

however, the actual change or growth may not be linear in some conditions. Latent 

growth curve can be tested as nonlinearity for the measurement of three or more 

time points (Duncan & Duncan, 2004). There are several models to be tested as 

nonlinearity. According to Harring et al. (2012), selection of a nonlinear function can 

be justified based on previous research or based on expected behaviors of the 

underlying change process. Even if other curves perform better, one function might 

still be preferred and selected because it replicates the development in important 

ways or captures interesting scientific characteristics.  
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              The nonlinear models describe a series of growth that have specific 

nonlinear patterns characterized by mathematical functions such as the Gompertz, 

Richards, logistic, and exponential curves (Grimm & Ram, 2011). They can be 

categorized into two types as follows: 1) Additive nonlinear latent curves or 

nonlinear structured latent curve models and 2) Multiplicative nonlinear latent 

curves (Grimm & Ram, 2011). 

                  1) Additive nonlinear latent curves or nonlinear structured 

latent curve model 

  Browne (1993, as cited in Blozis et al., 2007) proposed a 

structured latent curve model which allows individuals to differ in terms of a 

nonlinear change rate. A structured latent curve model differs from a latent curve 

model in terms of trajectory. Under a latent curve model, all individual-level 

trajectories are assumed to follow the same form of change; however, the mean 

response is assumed to follow a particular function under a structured latent curve 

model. It is limited with regard to the kind of functions that may be specified (Blozis 

et al., 2007) . For the additive nonlinear model, it has been referred to as partially 

nonlinear random coefficient models (RCM) because of its random coefficients 

entering the model linearly, whereas the parameters enter the model nonlinearly. 

Additive models follow specific nonlinear functions and have additive random 

coefficients. Predicted scores are the sum of the participant’s scores on random 

coefficients multiplied by a function of time that does not vary across participants. 

Because of the additive random coefficients, the estimation of models requires the 

ability to impose nonlinear constraints. The models have interpretable parameters 

and are able to model complex patterns with few parameters  (Grimm & Ram, 2011).   

                2) Multiplicative nonlinear latent curves 

                 The model is referred to as fully nonlinear random coefficient 

models (RCM). They cannot be estimated directly in SEM because the random 

coefficients enter the model. The random coefficient, or the rate of change, is 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

87 
 
distinct from the total amount of change at the individual level. Individual predicted 

scores are the sum of the participant’s scores on random coefficient, the rate of 

change, multiplied by another random coefficient, the total amount of change, 

varying across time and participants. This model is needed if the research focuses on 

the separating variation in rates of change, timing, and total amounts of change  

(Grimm & Ram, 2011).  

  Moreover, the nonlinear model can be divided into two groups 

regarding growth trajectories including: 1) J-shaped growth trajectories and 2) S-

shaped growth trajectories (McNeish & Dumas, 2017).  

                2.1) J-Shaped Growth Trajectories 
    The J-shaped growth trajectories feature the rapid growth at 

the beginning and then slow down after the time progresses to approach the 

asymptote. This particular feature is appropriate with a wide variety of constructs 

such as vocabulary. They do not have a lower asymptote and the inflection points. 

The parameters in these trajectories are initial value, upper asymptote, and the rate 

parameter. The models in these trajectories are Michaelis-Menten and Von 

Bertalanffy.  

              2.2) S-Shaped Growth Trajectories 
             They feature the lower growth at the beginning and get more 

rapid in the middle and eventually grow slowly before approaching the asymptote. 

These features are used to measure the field of second language acquisition. The 

parameters in S-shaped trajectories are 1) a lower asymptote; 2) rate parameter, 3) 

an inflection point, and 4) a rate-of-approach parameter. The inflection point in an S-

shaped trajectory is the point at which the rate of growth no longer is increasing and 

the outcome variable continues to grow at a decreasing rate. The rate-of-approach is 

how quickly an inflection point occurs. The models in these trajectories are Schnute 

curves, the Richards curve, Gompertz, and Logistic.  
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           4.2.5.3 Multivariate latent curve model  

           A multivariate latent curve model can provide estimates of individual 

change in measured constructs and provides information on the degree to which 

change in different constructs are associated. It is useful in measuring relationships in 

terms of covariances among intercepts, linear slopes, and occasion-specific residuals 

across different outcomes. A multivariate model for two measures can be specified 

as 

[
y1i
y2i

] = [
Λ1i 0
0 Λki

] [
η1i
η2i

] + [
ε1i
εki

] 

Where,       n1i and n2i are the random coefficients for the two measures 

                        Λ1i and Λki are the common matrices corresponding to two measures  

  The benefits of multivariate models are the intraindividual change and 

interindividual differences in the level and slope. Also, it can answer how one 

variable is associated with change in another. There are several approaches to 

multivariate latent growth models. The first-order multivariate latent growth model is 

associative LGM and the second-order multivariate latent growth models are factor-

of-curves and curve-of-factors models. 

              1) Associative latent growth model 

             The model examines the correlations among parameters of the 

measured constructs. It is necessary to estimate the univariate model of each 

construct before formulating an associative latent growth model in order to examine 

intraindividual and interindividual variation whether intercept and slope factor 

variances are significantly different from zero. Then, each model will be combined to 

estimate simultaneously to examine relationships among the individual parameters 

for measured constructs (Duncan et al., 2006) as shown in Figure 21. 
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Figure 21 Path diagram of associative latent growth model  (adapted from Duncan, 

Duncan, & Strycker, 2006, p. 66) 

 Figure 21 displays the associative form of growth among the growth 

parameters of adolescent alcohol, tobacco, and marijuana use. The factor loadings 

are constrained at 0,1,2, and 3 to show linear growth over time.  

             2) factor-of-curves model 

             The model examines whether a higher order factor describes 

relationships among lower order functions. The higher order model has a similar 

structure as the first-order associative model, whereas the covariance among the first 

order constructs are fixed at 0 and are changed to be explained by the higher order 

factor instead. The factor loading between the second-order factor and the first-

order factor are restricted to be equal over time for each measured construct. 

Hence, the first-order factor describes individual differences within each univariate 

series, whereas the second-order factor describes individual differences among the 

first-order latent growth model (Duncan et al., 2006). 
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Figure 22 Path diagram of the factor-of-curves latent growth model  (adapted from 

Duncan, Duncan, & Strycker, 2006, p. 70) 

             Figure 22 shows whether the higher order common factor, which is 

substance use construct, could describe the relationships among the growth factors 

of alcohol, tobacco, and marijuana use. The loadings between the second-order for 

substance use and the first-order tobacco factors were fixed to 1 for all 

measurement occasions. For the loadings of alcohol factors and the marijuana 

factors with second-order substance use are restricted to be equal over time.  

             3) curve-of-factors model  

             The model represents what measured variables have in common at 

each time point. The observed variables at each time point are factor-analyzed to 

produce factor scores that will be used for modeling growth curves. Because the 

model requires factor pattern invariance, the common factor elements must be 

equal over time (Duncan et al., 2006). 
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Figure 23 Path diagram of the curve-of-factors latent growth model  (adapted from 

Duncan, Duncan, & Strycker, 2006, p. 72) 

     In Figure 23,  it represents what the three substance use behaviors 

have in common at each time point in order to analyze substance use factor scores. 

Tobacco use (V5 to V8) was used as the scaling reference, fixing to be 1 over time. 

The alcohol use and marijuana use were constrained to be equal across time.  

                       4.2.5.4  Latent growth curve model in multiple populations 
   The LGM model can be used to investigate group differences. The group 

differences can be fixed (e.g. race or gender) or can be varied by time (e.g. memory 

retention or cognitive ability). Data from different individuals may provide comparable 

information (Duncan & Duncan, 2004).  

 The example of Schumacker and Lomax (2010) tested gender as group 

differences on the cell phone customer satisfaction. The gender was tested as a dummy 

variable (1=male; 0=female) across four fixed time points (3, 6, 9, 12 months). The 

intercepts and slopes were tested across four time periods to investigate changes over 

time; group differences across time periods were tested. The slope coefficients were 0, 1, 

2, and 3 to indicate a linear test across the time periods. The intercept coefficients were 1, 
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1, 1, and 1 to represent the means for the time periods. The diagram of the latent growth 

curve in multiple populations is shown in Figure 24.    

 

Where,   a = slope, b= intercept, c = error terms for slope, d = error terms for 

intercept, and D1 = group difference variable (dummy variable)  

Figure 24 Latent growth curve model with gender differences  (adapted from 

Schumacker & Lomax, 2010, p. 214) 

The formulas for measuring latent growth curve model for group differences 

were as follows:  

The level 1 model: 

YiT = αi + λTβi + εiT 

The level 2 model: 
αi = μα + γαD1D1i + ςαi 

βi = μβ + γβD1D1i + ςβi 
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Where, 

γαD1D1i  =  the slope parameter estimate for the dummy coded variable 

(Male = 1)       

γβD1D1i  =  the intercept parameter estimate for the dummy coded variable 

(Male = 1) 

ςαi       =   the error term for slope 

ςβi       =   the error term for intercept 
 

                      4.2.5.5 Second-order latent growth curve model 
           The second-order latent growth model or curve-of-factors model uses 

multiple observed variables, whereas the first-order latent growth curve models 

(FGMs) are used to estimate change from a single observed variable. In SGMs, the 

construct is assessed by at least two observed variables at each time point. The 

intercepts are constrained to be equal to present that change over time. The growth 

process is modeled at the level of latent rather than observed variables (Hancock et 

al., 2001). The benefits of SGMs include: separating measurement error from true trait 

change, enabling to test the assumption of measurement invariance across time, 

having the greater statistical power to detect individual differences in change, and 

using multiple indicators (Geiser et al., 2013). The diagram of the second-order latent 

growth curve is shown in Figure 25.   
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Figure 25 Linear second-order latent growth curve model for four measurement 
occasions  (adapted from Geiser, Keller, & Lockhart, 2013) 

          The formulas of second-order latent growth curve model are as 

follows (Hancock et al., 2001):  

The level 1 model:  
𝑌𝑖𝑡 = 𝜏𝑡 + 𝛬𝑡𝜂𝑖  +  𝜀𝑖𝑡 

The level 2 model: 
           𝜂𝑖  = 𝛼 + Γ𝑥 + 𝜍𝑖 

Where, 

Y =  the observed variable measured at time t 

𝜏 =  a vector of variable intercepts 

Λ =  a matrix of loading relating each ηj construct to its measured   

              variable indicators 

 η =  the vector of growth factors 

ε       =  a vector of random normal error 

Γ       =  a matrix of second-order factor loading reflecting the growth 

pattern underlying the ηj constructs 

𝑥     =   a vector of covariate values 

𝜍      =   a vector of random effects  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

95 
 

In conclusion, there are many statistical techniques to measure change in 

dynamic assessment studies as presented in Table 14. The traditional method of 

measuring gain scores is the widely popular method; on the other hand, little DA 

research has utilized the modern statistical methods. In the present study, 

multivariate latent growth curve model was used to indicate change or growth of a 

student’s performance of three constructs of reading literacy because the model 

enabled the relationships among the measured constructs. 

Table 14 Summary of the methods for measuring change 
 Method Uniqueness Advantages Disadvantages  Related DA 

studies  

Traditional M
ethods 

Gain scores The tradition method for 
measuring change from pretest to 
posttest 

-Easy to calculate -The ceiling effect 
-Re-testing effect 

 

Logistic regression 
analysis 

The relationship between 
outcome variable and predictor 
variables 

-Use predictor variables 
to predict the 
outcomes 

-The outcome variable 
is only categorical. 

Shrestha (2017) 

M
odern M

ethods  
 

Multidimensional 
Rasch-family model 
for learning and 
change (MRMLC) 

The investigation of how learner 
performs the task at posttest 

-Estimate the initial 
level of ability, indexes 
of modifiability, and 
item difficulties 
indexes. 
-Use small samples 

-The complexity of the 
approach 
 

Stevenson, 
Heiser, & Resing 
(2016) 

Linear logistic test 
model  

The changes between pre- and 
posttest answers 

- - The limited estimation 
only dichotomous 
score (0,1)  

- 

Latent class 
analysis 

The classification of objects into 
exclusive groups. 

-Focusing on structure 
of the cases 

-Latent variable and 
manifest variable are 
only categorical 

- 

Mixed population 
Rasch model (MIRA) 

The combination of item response 
theory and latent class analysis 

-The combination of 
item response theory 
and latent class 
analysis 

-The complexity of the 
approach 

- 

Latent growth curve  The measurement of individual 
growth 

-Estimating both linear 
and nonlinear curves 
- Detecting group and 
individual differences in 
changes 

- The complexity of the 
approach 
-The selected model 
should match with the 
empirical data 

McNeish and 
Dumas (2017) 
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Part 5: Measurement of Learning Potential 
 In the educational field, measurement of learning potential gradually gains 

popularity  because of the increasing focus of students’ progress. However, in the field of 

dynamic assessment, it is unclear on how to define the true meaning of learning potential 

and how to measure it. In the current study, there will be two topics relating to the 

measurement of learning potential as follows: 1) concept of learning potential and 2) 

measurement of learning potential.   

 5.1 Concept of learning potential  
Dynamic assessment is capable of estimating students’ potential for developing 

a particular skill or ability (Dumas & McNeish, 2017). The goal of dynamic assessment is 

to evaluate, to intervene, and to change (Grigorenko & Sternberg, 1998) According to 

Grigorenko and Sternberg (1998), learning potential is something developing and 

modifiable rather than something developed; it is the means of assessing students’ 

ability to learn by teaching them something and observing their learning to predict future 

performance. Learning potential of students can be quantified during the acquisition of 

new cognitive operations. This is coherent with Stevenson et al. (2016), addressing that 

learning potential provides information on one’s ability to learn from instruction. Resing 

and Elliott (2011) said that potential for learning, or learning potential, is defined as 

successful outcomes and strategies employed by an individual student while solving 

tasks. 

 As regards to Poehner and Lantolf (2013), learning potential is defined as the 

openness to mediation that enables individuals to take over the mediational process 

and to use it for their own learning independently. This predicts future 

responsiveness to instruction and provides insights into the degree of instructional 

effort that will likely be required to help learners learn in their future learning. 

Therefore, several scholars in the field of dynamic assessment believe that learning 

potential is the students’ ability to learn through the assistance received during 

learning and assessment that can predict their future performances.  
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Furthermore, Dumas and McNeish (2017) have defined learning potential as 

the conceptualization of three components which are: ability, capacity, and 

availability as follows:  

     1.) Ability is the amount of skill that a student has at a particular time or 

the capability of measuring a student’s current ability at that time point. Ability 

provides limited information about an individual’s potential for future growth 

because of its focus on developed ability, not developing ability. In order to 

understand the potential for growth in ability, multiple testing occasions are 

necessary and ability should be measured several times.  

       2.) Capacity is the maximum amount of ability that a student can be 

expected to attain. Dynamic assessment framework normally assumes the capacity 

to grow in linear function over time, but some abilities are unlikely to grow linearly.  

     3.) Availability is the discrepancy between capacity and ability (i.e. 

availability = capacity - ability) which resembles Vygotsky’s concept of the zone of 

proximal development (ZPD). Research on dynamic assessment has paid attention to 

gain insight into the zone of proximal development (McNeish & Dumas, 2017)as 

shown in Figure 26.    

 

Figure 26 Three components of potential  (adapted from McNeish & Dumas, 2017, p. 

62) 
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From McNeish and Dumas’s viewpoint, if instructor says that someone has 

potential, it may mean that the individual has already developed skills and can 

presently show in their tasks (high ability) and the individual has a high ceiling for 

developing relevant skills (high capacity), or that the individual could develop in the 

future but has yet to do presently (high availability), or some combination of those 

three aspects (McNeish & Dumas, 2017).   

 5.2  Measurement of learning potential 
Learning potential is the capability hidden inside which is beyond the 

measurement of a static test. In the field of dynamic assessment, learning potential 

has been measured by calculating the learning potential scores and quantifying the 

efficiency of prompts as the following:  

  5.2.1 Calculating the learning potential scores 
   5.2.1.1 Learning potential score (LPS) 

  Kozulin and Garb (2002) proposed a formula for calculating 

Learning Potential Score (LPS) in order to capture the degree of change between 

independent performance and mediated performance in a single score by including 

the maximum scores in the formula. Following Poehner et al. (2015), the learning 

potential score is used to measure an openness to mediation and to predict how 

well a learner responds to instruction in the future as follows:  

 
      Kozulin and Garb (2002) categorize learners into three 

subgroups based on their LPS scores as follows: 1) High scorers (LPS ≥ 1.0), 2) Mid-

range scorers (.99 ≥ LPS ≤ .72), and 3) Low scorers (LPS ≤ .71). The result of LPS 

scores shows that learners in different groups may need different supports to 

enhance their learning abilities.  

      Following the study of Poehner et al. (2015), the LPS of 

learners ranged from .59 to 1.24 in the listening test and from .77 to 1.19 in the 
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reading test. The interesting findings were learners with the same actual scores had 

different mediated scores and LPS scores. If LPS scores represented the learners’ 

zone of proximal development, learners who had the same independent 

performance but different LPS scores might require different levels of support in a 

classroom in the future.  

                            5.2.1.2 Dynamic measurement modeling 
                Dumas and McNeish (2017) proposed dynamic measuring 

modeling to measure potential using the second-order nonlinear growth model. 

When considering the concept of learning potential, capacity and availability which 

are the developing components, cannot be measured by using the single-timepoint 

measure. The capacity is the upper limit of ability growth that cannot be directly 

measured by the linear trajectory. A suitable model for measuring these components 

needs to be longitudinal and nonlinear with a functional form to reach an upper 

asymptote (McNeish & Dumas, 2017). Moreover, the ability and capacity should be 

measured on the same scale as one another that can be directly comparable. The 

model should include random effects on each of its parameters to provide the 

subject-specific information rather than the average information and allows the data 

of each individual capacity or availability to be estimated (McNeish & Dumas, 2017). 

Therefore, the dynamic measuring modeling (DMM) will be selected to analyze 

learning potential because of its capability in estimating subject-specific ability and 

availability at each time point as well as a subject-specific time-invariant capacity 

asymptote. DMM incorporates individualized growth trajectories for every student in 

a data set. DMM conceptualizes nonlinear growth models in a novel way as a 

method to measure student capacity (McNeish & Dumas, 2017).  

  Dynamic measurement modeling has applied the Michaelis-

Menten nonlinear growth function to analyze the data. Nonlinear models truly benefit 

trends in the data and also the growth parameters can vary among individuals (Cameron 

et al., 2015). The Michaelis-Menten model is the conditionally linear mixed effects 
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model that can enter the function in a nonlinear fashion or called an inverted J-shaped 

growth (Harring et al., 2012). It is appropriate to investigate the nonlinear change in a 

continuous latent variable that is repeatedly measured over time (Harring et al., 2012). 

The model is composed of three parameters- initial value, upper asymptote, and mid-

point. The mid-point or rate parameter is the midpoint at which the outcome variable is 

halfway between the initial value and the asymptote. The upper asymptote is the 

maximum capacity that a student can attain (Dumas & McNeish, 2017).   

         In order to analyze the nonlinear growth trajectory using the 

dynamic measurement modeling, the procedures are based on the study of McNeish and 

Dumas (2017) as the following: 

                       1) Because of the longitudinal data, the longitudinal invariance 

model will be established using confirmatory factor analysis. Moreover, the best fitting 

nonlinear growth model will be selected from several nonlinear curves (e.g., Gompertz, 

Michaelis-Menten, Exponential, von Bertalanffy etc.). McNeish and Dumas (2017) 

suggested how to select the most appropriate model by choosing a small number of 

models that align well with the theoretical modeling goals and then comparing the 

empirical fit of these models without subject-specific growth parameters.  

            2) It was found that the Michaelis-Menten trajectory yielded a 

lower Bayesian information criterion (BIC) compared to other trajectories. Moreover, the 

rate parameter, showing the point at which growth is halfway between the intercept and 

asymptote, gives more rich information than other models. Hence, the Michaelis-Menten 

(MM) model, which specifically emphasizes information about the growth in a students’ 

ability over time to estimate capacity, seems to fit the type of trajectory most. The 

capable program of estimating this model is structural latent curve model from Mplus and 

non-linear mixed effect model from SAS Proc NLMIXED. The formulas of this model are as 

follows: 
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(1)          Yit   =   𝜏𝑡 + Ʌtηit + εit 

 

where 

Yit  =       a p x 1 vector of manifest indicator variables at time for the ith individual 

𝜏𝑡  =       a  p x 1 vector of manifest indicator variable intercepts at time t                   

Ʌt  =       a p x q matrix of factor loading at time t 

ηit  =       a q x 1 vector of latent variable for the ith person at time t   

 
  
εit

  =       a p x 1 vector of residuals for the ith individual at time t  

p   =       the number of manifest variables 

q   =       the number of latent variables  

 

(2)         𝜂𝑖𝑡    =   𝛽0𝑖 + (𝛽𝑈𝑖− 𝛽0𝑖)

𝛽𝑅𝑖+𝑡
 𝑡 + 𝑑𝑖𝑡 

where       

 𝛽0𝑖     =    the initial value which captures ability when time is 0 (𝛼0 + ϛ0i) 

 𝛽𝑈𝑖    =    the maximum value of the outcome as time reaches infinity (𝛼𝑈 + ϛ𝑈𝑖) 

 𝛽𝑅𝑖   =     the point in time when ability is halfway between the initial value and the asymptote     

               (𝛼𝑅  + ϛ𝑅𝑖) 

𝑑𝑖𝑡   =      a residual term that captures the difference between model-implied and observed    

               values for the ith person at time t 

𝛼    =      a population-averaged fixed effect that represents the growth factor means 

ϛi    =     a student-specific random effect which allows each person to have their own unique  

              growth curve 

 

 According to Equations (1) and (2), they show the statistical equations 

to measure the latent growth model in general. Equation 1 is the first-order 

measurement model to measure the overall scores or sum scores of students’ 

performance on the measured construct across each time point. Whereas, the 

Equation 2 points out the second-order growth model that measures each aspect of 

the measured construct across each time point. A Michaelis-menten equation is used 

in Equation 2. The three beta parameters are composed of a population-averaged 
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fixed effect (𝛼) and a student-specific random effect (ϛ). The random effects allow 

each person in the data to have their own unique growth curve.  

 

Figure 27 Michaelis-Menten function (Harring et al., 2012) 

            As shown in Figure 27, the  complex system can be treated with the 

same estimation strategies used in linear growth models (Harring et al., 2012). The 

three parameters of the Michaelis-Menten functions are: 1 )  the initial value (𝛽0𝑖) , 

which captures ability when time is 0; 2) the rate parameter (ρ), which represents the 

point in time when ability is halfway between the initial value and the asymptote; 

and 3) the asymptote (𝛽𝑈i), which represents the maximum value of the outcome as 

time approaches infinity. The upper capacity asymptote is modeled with a subject-

specific random effect that makes each individual student in the data set receive a 

unique estimate; it represents the amount of the measured ability that a student is 

predicted to develop in the future (McNeish & Dumas, 2017).  

             Because the Michaelis-Menten model has parameters that enter the 

model in a nonlinear fashion, namely the rate parameter, that makes the model 

cannot be directly fit in structural equation software. The structured latent curve 

model (SLCM) can be linearized by setting constraints on the loading from the 

second-order growth factors to the first-order factors. The constraints are based upon 

the first partial derivatives of the target function of each parameter. The parameters 

need to be constrained to follow a pre-specified nonlinear function (Dumas & 

McNeish, 2017) as shown in Equations 4-6.  
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The mean response of the Michaelis-Menten target function is shown in Equation 3.  

(3)                              f(𝛼0, 𝛼𝑈, 𝛼𝑅 , 𝑡)     =       (𝛽𝑈𝑖− 𝛽0𝑖)

𝛽𝑅𝑖+𝑡
 𝑡 

The partial derivatives are as follows:   

   (4)                              
𝜕

𝜕𝛼0
 f(𝛼0, 𝛼𝑈, 𝛼𝑅 , 𝑡)   =      1- 

𝑡

𝑡+𝛼𝑅
 

   (5)                               
𝜕

𝜕𝛼𝑈
 f(𝛼0, 𝛼𝑈, 𝛼𝑅 , 𝑡)    =     

𝑡

𝑡+𝛼𝑅
   

   (6)                                
𝜕

𝜕𝛼𝑅
 f(𝛼0, 𝛼𝑈, 𝛼𝑅 , 𝑡)   =  − 

(𝛼𝐴−𝛼0)𝑡

(𝛼𝑅+𝑡)2
 

                In order to measure the learning potential, three components of learning 

potential are composed of (1) Ability, the realized ability at the specific time; (2) 

Availability, the untapped potential at time t; and (3) Capacity, the upper 

asymptote of ability. Each of the growth model coefficients has a random effect; 

each individual has a unique initial value, upper asymptote, and growth. Estimation 

of these parameters can lead to quantifying the ability, capacity, and availability. 

Ability and capacity are directly estimated from the model, but availability is 

calculated by subtracting the estimated ability from the subject-specific capacity 

estimate (McNeish & Dumas, 2017). 

            (7)              Ability      =   ηit   

(8)              Capacity   =   𝛼𝑈 + ϛui  

(9)              Availability =   𝛽𝑈𝑖 - ηit  =    𝛼𝑈 + ϛui - ηit 

Where, 

      𝛼    =    a population-averaged fixed effect that represents the growth factor means 

      ϛi    =    a student-specific random effect which allows each person to                                    

                   have their own unique growth curve 

Based on Equations (7) - (9), they address how to measure learning potential 

regarding ability, capacity, and availability. The ability and capacity will be directly 

estimated from the model. The ηit represents the estimated ability or the scale 

score for the ith person at time t. The Equation (8) shows capacity or the upper 
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asymptote for the ith person modeled with a subject-specific random effect to make 

sure that each individual receives a unique estimate. Random effects (ϛui) are defined 

to have a mean of 0 as the average capacity for person i.  The availability is 

represented in the Equation (9) to calculate the differences between capacity and 

ability at time t (McNeish & Dumas, 2017). 

                 5.2.2 Quantifying the efficiency of prompts  
             Several computerized dynamic assessment studies have utilized a 

graduated prompting approach in their studies. Computing the mediating prompts are 

essential to better understanding how much help or assistance a student relies on 

during the test.  

 The prompts are statements, hints, leading questions that are 

provided gradually from most implicit to most explicit. If a student answers 

incorrectly, he or she is provided with the most implicit prompt and then a student 

will be able to re-attempt the question. If a student’ s second answer is incorrect, 

the more explicit mediating prompt will be offered. This process continues until 

either a student answers correctly or a student gets all four mediating prompts. For 

the multiple-choice questions with five answers, there will be a total of four 

mediating prompts in each item.  

 Efficiency of prompts can be measured by counting the total number 

of prompts that students require. It is essential to indicate the amount of external 

mediation or support a student needs to attain his or her learning goal (Poehner et 

al., 2015). Resing and Elliott (2011) said that the amount of prompts is an indication 

to predict future school success.  

 Several studies have investigated the amount of prompts. Resing and 

Elliott (2011) investigated the minimum amount of prompts a student needed for 

solving the test items. The prompts will be arranged as the instructional prompting 

method, ranging from implicit to explicit. The results revealed that students needed 

fewer prompts in their second training than their first training which could indicate 
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that students clearly profited from the prompts. The students who scored poorly on 

the pretest tended to need more prompts than others as shown in Figure 28. 

Stevenson et al. (2016) investigated the number of prompts required from the 

graduated prompting approach. The study revealed that both students with 

constructed-response condition and with multiple-choice condition required fewer 

prompts during the training. The students with multiple-choice conditions required 

fewer prompts on average than the other group. Poehner et al. (2015) investigated 

the difference between the independent and mediated performance. The results 

showed that student scores improved as a result of mediation. Students with higher 

actual scores had higher mediated scores.  

 

Figure 28 Number of prompts per training session  (adopted from Resing and Elliott, 

2011, p.591) 

 Hence, this study applied the dynamic measurement modeling as the 

statistical technique to compute capacity and availability scores of each individual. 

Moreover, the efficiency of prompts was measured in terms of mediated score and 

levels of promptings. Counting the sum of mediated scores determined the amount 

of mediating prompts required to finish the test and levels of promptings determined 

what kind of mediation students required whether it is explicit or implicit.  
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Part 6: Test Validation Using Item Response Theory  

6.1 Concept of item response theory 
           Item Response Theory (IRT) is based on the notion of Item Characteristic 
Curve (ICC), estimating the probability of a correct response on a test item as a 
function of the item characteristics (e.g. difficulty, discrimination, and guessing) and 
the ability level of the test-takers. IRT estimates and interprets item statistics referred 
to parameters. In IRT, parameters of the items are invariant across individuals, and 
parameters of the persons are invariant across items (Kanjanawasee, 2012).  
           Item parameters in IRT are estimated directly using three logical 
unidimensional models (Kanjanawasee, 2012). The unidimensional models will be 
presented as follows:  
            The one- parameter logistic (1-PL) model differs only in difficulty (b); the 
slopes (a) are constant and no guessing (c). 1PL model assumes equal discrimination 
parameter (a) across items. The equation of one-parameter logistic (1-PL) model is 
presented as: 

Pi(θ)= 
1

1+ e-(θ-bi)
 

            The two-parameter logistic (2-PL) model presents that items are different in 
terms of difficulty (b) and slopes (a), without guessing (c). Th e  equation of tw o -
parameter logistic (2-PL) model is presented as: 

Pi(θ)= 
1

1+ e-D𝑎𝑖(θ-bi)
 

            The three-parameter logistic (3-PL) model presents that items differ in terms 
of difficulty (b) and slopes (a), and pseudo-guessing (c). Th e  equation of three-
parameter logistic (2-PL) model is presented as: 

Pi(θ)= 𝐶𝑖 +
1-𝐶𝑖

1+ e-D𝑎𝑖(θ-bi)
 

          

6.2 Assumptions of IRT  
          IRT assumptions that need to be met are unidimensionality, local 
independence, and non-speeded tests. Unidimensionality shows that each test item 
should measure a single latent trait. The common IRT models assume that a single 
underlying ability accounts for the performance on the test. Local independence 
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emphasizes the probabilities that each student’s correct answer is not affected by 
other examinees and other items on the test. Students’ responses to test items are 
affected solely by the trait intended to measure. Also, IRT assumption is that tests 
are non-speeded because speeded tests provide additional dimensions that are not 
related to the measured ability (Kanjanawasee, 2012). Because the passage-based 
assessment may violate these first two assumptions, the testlet effect should be 
checked.  

6.3 Testlet effect 
         Testlet effect is the study of the effect of item grouping. Testlet is a group of 
items sharing the same stimuli such as shared reading passages, scenarios, figures, or 
tables (Baghaei & Ravand, 2016). Wainer and Kielly (1987, as cited in Ha, 2017)and 
Byun and Lee (2016) mentioned that several IRT studies have considered passage-
based reading tests as testle t-based tests. The items sharing the same subskills or 
passages which lead to correlated responses to other items within the same testlet 
are called local item dependence (LID).  
        Local dependence included in the testlet-based test violates the local 
independence assumption, which is the fundamental IRT assumption. The violation 
of using the standard item response theory (IRT) models when LID is present causes 
significant problems such as biased item parameter estimates, underestimated 
standard errors (SE) and overestimated reliability and test information (Baghaei & 
Ravand, 2016; Byun & Lee, 2016). As a result, ignoring the presence of LID probably 
leads to problems in the valid test score and interpretation. In order to investigate 
the local dependence of the unidimensional model, the best fitted unidimensional 
model will be selected. The standardized local dependence (LD) χ2 statistics will be 
computed, representing the extent of item dependence for each item pair (Byun & 
Lee, 2016). Min and He (2014) propose a guideline for the interpretation of LD-χ2 

values as follows: if the values exceed 4, it shows clear local dependence between 
items and if the values exceed 10 shows the extreme local dependence.  
         The solutions to addressing local item dependence are as follows: 1) using 
score-based polytomous IRT models such as the graded response model and 
polytomous logistic regression and 2) using the testlet-effects models. Score-based 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

108 
 
approaches have been criticized for reporting biased parameter estimates and 
substantial overestimation of reliability and test information values (Ravand, 2015). 
The application of testlet-effects models, namely Bifactor and Testlet Response 
Theory (TRT) models, are preferred in order to account for LID without loss of 
information. TRT models are multidimensional Item Response Theory (MIRT) (Ha, 
2017). The Testlet-effects models have been proposed by several researchers. The 
two-parameter testlet model and three parameter model have been proposed by 
Bradlow, Wainer, and Wang in 1999 and Wainer, Bradlow, and Du in 2000, 
respectively (Kim, 2017).  
  1) The testlet model 
            The uniqueness of the testlet model is the inclusion of the random 

effect parameter 𝛾, which describes the interaction between persons and items, 

representing the local dependency within each testlet 𝑔(𝑖) (Bradlow et al., 1999). 

The larger variance indicates a greater effect for testlet 𝑔 (DeMars, 2006, 2012). The 

model yields two ability parameters, a general ability 𝜃 and a testlet specific ability 

𝛾𝑔(𝑖), which is fixed across items and random across persons (Baghaei & Ravand, 

2016) When 𝛾𝑔(𝑖) is zero, the model reduces to the standard 2PL IRT model as there 

is no testlet effect (Eckes, 2014). The two-parameter testlet model is presented as:  

Pi(𝜃)= 
1

1+ eD𝑎𝑖(𝜃-bi-𝛾𝑔(𝑖)) 

where  Pi(𝜃) is the probability that an examinee answers item i correctly, (𝜃) is the 

latent trait representing person ability,  𝑎𝑖 is the item discrimination parameter,  bi is 

the item difficulty parameter,  e  is 2.71828, D is 1.7, and 𝛾𝑔(𝑖) is the random testlet 

effect parameter for person j on testlet g(i).  

                  2) The bifactor model 

                Within the bifactor analysis, the model assigns separate discrimination 

parameters to the general and group dimensions. Each item response is a function of 

the primary trait 𝜃𝑃 and one testlet trait 𝜃𝑇𝑔, in which 𝑔 is the testlet. Each item has 

a nonzero value for the discrimination in the general dimension and for one of the 

testlet dimension. The mean and variance of each θ are set to 0 and 1 (DeMars, 
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2006). The other discriminations in the vector are fixed to zero. Using di as item 

difficulty, easier items have higher values for d, as opposed to unidimensional 

notation. The formula of the two-parameter bifactor model equation was presented 

(DeMars, 2006, 2012).   

Pi(𝜃)= 
1

1+ eD(𝑎𝑃𝑖𝜃𝑃 +𝑎𝑇𝑖𝜃𝑇−𝑑𝑖) 

where  Pi(𝜃) is the probability that an examinee answers item i correctly given the 𝜃 

and the item parameters, (𝜃) is composed of 𝜃𝑃 and the vector 𝜃𝑇 of the testlet 

traits, 𝑎𝑃𝑖 is the item discrimination on the primary trait, 𝑎𝑇𝑖 is a vector of testlet 

discrimination parameters for item i,  di is the item difficulty parameter,  e  is 

2.71828, and D is 1.7.   

              In order to investigate the testlet-effects model, the most fitted 
unidimensional model was compared with the testlet-effects model to estimate the 
best-fitting model by comparing the goodness-of-fit indices such as -2loglikelikhood 
values, which is known as a kind of deviance statistic indicating model fit, as well as 
Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC). The model 
which had the lowest -2likelihood, AIC or BIC values would be considered to have 
the best fit and the most suitable model for the dataset  (Byun & Lee, 2016; Ha, 
2017). According to Eleje and Esomonu (2018), the analysis of model fit was a check 
on internal validity; if the model was acceptable, the items were valid.  

6.4 Item parameter analysis 
The item parameters are estimated using the data from students’ responses 

to select the good items that have appropriate values. There are three item 

parameters to be selected, namely the item discrim ination (a-parameter), item 

difficulty (b-parameter), and guessing item (c-parameter). The selection of item 

parameters will be as the following:  

  6.4.1 The a-parameter  
 The measure of the steepness of the item characteristic curve (ICC) 

known as item discrimination (slope). If a parameter value is positive, it refers that 

students with higher ability have a high probability of answering an item correctly 
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and students with lower ability have a low probability of answering an item correctly. 

When a-parameter is negative, it means that students with higher ability have a low 

probability of answering an item correctly, but students with lower ability have a high 

probability of answering an item correctly. A high discrimination value indicates that 

the item discriminates well between low-and high-level students. It typically ranges 

from 0 to 3. The values above 1.0 are considered highly discriminant. The acceptable 

discrimination values that are good for item selection ranges from 0.50 to 2.50 

(Kanjanawasee, 2012).   

  6.4.2 The b-parameter  

 The location index along the x-axis that tells how easy or how difficult 

an item is, which is known as item difficulty. The negative item difficulty indicates 

that the item is easy, whereas a positive item difficulty shows that the item is 

difficult. The difficult item functions for the high-ability students and the easy one 

function for the low-ability students. According to Baker (2001), the difficulty values 

usually range from -3 to +3. An item is considered good for selection if the item has 

b-value between -2 to +2 (Kanjanawasee, 2012) 

 6.4.3 The c-parameter 

 It is known as a pseudo-guessing parameter to estimate the likelihood 

that an examinee with very low ability can guess the correct answer. The c-value 

should be 0.20 or lower to be considered a desirable value. The probability of 

correct guessing for 0.25, showing that student who randomly selects the item from 

four options can answer correctly about 1 out of 4 times (Kanjanawasee, 2012) 

6.5 Item and test information functions 
          The information functions represent the precision of measurement at each 

ability level for either an individual test item or the entire test. The greater 

information presents the more precise or reliable measurement at each ability level 

(Baker, 2 0 0 1 ) . The information functions reveal the reliability of the scale at the 

different levels of the measured dimensions.  (1) Item information function (IF) is the 
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amount of information of a single item can be computed at any ability level  and is 

denoted by 𝐼𝑖(𝜃), where i indexed the item. The amount of item information 

corresponds to the item’s difficulty parameter. The highest amount of information 

shows the greatest precision at the ability level. (2) Test information function (TIF) is 

the amount of information yielded by the test at any ability level, in other words, 

the sum of the item information at that level. It is denoted by 𝐼(𝜃). The more items 

in the test, the greater the amount of information (Baker, 2001; Kanjanawasee, 2012). 

The equation of test information function will be:  

𝐼(𝜃) =  ∑ 𝐼𝑖(𝜃)

𝑘

𝑖=1

 

The equation of item information function will be:  

𝐼𝑖(𝜃) =  
[𝑃𝑖

′(𝜃)]2

𝑃𝑖(𝜃)𝑄𝑖(𝜃)
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Part 7:  Equivalence Analysis  
            Parallel test forms are needed in this research study. According to Rogers 
(1995, as cited in Bordens & Abbott, 2011), parallel forms should have the same 
number of items and the same response format, along with the same issues and 
items are equally difficult. Moreover, the parallel test forms need to be equivalent in 
terms of statistical and content related properties so that the test scores are 
comparable. In short, the parallel versions of a test must be as equivalent as 
possible. The equivalence analysis will be assessed as follows:  
           (a) Content-related property: The item-objective congruence (IOC) index  
             Test contents are assessed before the administration by the group of 
experts to check the parallelism of the test contents. The item-objective congruence 
(IOC) index is used to depict the agreement of experts on the equivalent tests. 
Experts are asked to rate their opinions by using three-point rating scales, giving a 
rating of 1 (items are in parallel forms), -1 (items are not in parallel forms) and 0 
(uncertainty). The index score of each item ranges from -1 to +1. If the IOC is higher 
than .5, the items are parallel forms and are appropriate to use in the main study. If 
the IOC is .5 or less than .5, the items are not in parallel forms and need revisions 
(Kantiwong, 2017).  
            (b) Statistical-related property: Item response theory (IRT) 
                Item response theory (IRT) is used to check parallel test forms. Items are 
parallel if they have equal parameters. In this sense, the TCC and TIF are the same 
(Ali & van Rijn, 2016). There are two methods to analyze parallel forms of the test, 
namely using the test characteristic curve (TCC) and using the test information 
function (TIF). The test characteristic curve focuses on the parallel forms in terms of 
difficulty, whereas the test information function addresses the parallel forms in terms 
of precision. The test information function is commonly used as the statistical 
function rather than the test characteristic curve. According to Ali and van Rijn (2016), 
differences in difficulty can be lessened by equating, but differences in precision 
cannot. Checking the parallel forms by using the test information function (TIF) and 
item information function (IIF) are more appropriate. The item information function 
provides the amount of information at specific ability values and the test information 
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function is a summation of the all item information functions. In order to compute 
the parallel forms, the root mean square deviation (RMSD) statistic is used to 
quantify the average difference between the test scores of the assembled test form 
and the reference test form (Debeer et al., 2017 ; Kantiwong, 2017 ). If RMSDIFand 
RMSDTIF values are smaller than .50, it is considered to be a parallel test form 
(Debeer et al., 2017). The formation of IIF- and TIF-parallel test forms are presented 
below.  
              The IIF-parallel test forms will be computed as follows: 

RMSDIF  = √
∑ [𝑖(𝜃𝑗)−𝑖′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

 The TIF-parallel test forms will be computed as follows (Ali & van Rijn, 2016):  

RMSDTIF = √
∑ [𝐼(𝜃𝑗)−𝐼′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

 
Where,  RMSDIIF     =  Root mean square deviation of item information 
            RMSDTIF      =  Root mean square deviation of test information 

            q          =    The number of ability levels at which the functions are     

                                          evaluated 
            𝐼(𝜃)           = Test information 
          𝑖(𝜃)           = Item information 
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Part 8: Research Framework 

This research aimed to develop the computerized dynamic assessment to 

measure reading literacy, growth of learning, and learning potential of Grade 9 

students. The conceptual framework was drawn upon the theories and the research 

studies related to the construction of the computerized dynamic assessment, the 

reading literacy framework, the test validation, and the measurement of current 

reading literacy, growth, and learning potential as the following: 

1. Psychometric properties of the reading literacy instruments 
 1.1 Content validity was how well the reading literacy instruments 

measured what it was intended to measure and the prompts matched the prompt 
guidelines defined.  

      1.2 Model fit and item analysis was determined to measure the 
most fitted model to the reading literacy data. Both unidimensional IRT models and 
multidimensional IRT models were computed and compared. Item analysis was the 
selection of the test items in terms of item discrimination and item difficulty. 

 1.3 Confirmatory factor analysis was determined to measure 
whether the reading literacy instruments matched with theorectical constructs.  

      1.4 Reliability was the degree to which the instrument produced 
consistent results. Omega coefficient was used for internal consistency. 

      1.5 Test and item parallelism was the equivalence of test forms in 
terms of test information function (TIF) and test characteristic curve (TCC). Moreover, 
the item-by-item parallelism was measured by item information function (IF) and 
item characteristic curve (ICC).   

2. Computerized dynamic assessment for reading literacy  

Computerized dynamic assessment for reading literacy was developed to 

measure reading literacy, growth, and learning potential using the graduated 

prompting approach. Dynamic assessment was the procedure integrating teaching 

and assessment simultaneously by offering the appropriate forms of mediation to 

students during the assessment process (Davin, 2013; Elliott, 2003; Lantolf & 

Poehner, 2004). In this procedure, mediation was provided during the assessment 
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procedure. Mediation in this study was the use of prompts which could determine 

the amount and type of assistance students required to perform well in classrooms 

in the future (Poehner et al., 2015). It is noted that different types of prompting 

methods could lead to different types of responses and probably benefited students 

in different ways (Lin, 2016; Wu et al., 2017). In this study, there were four different 

prompting methods to assess and mediate students as follows: 1) instructional 

prompting, 2) error-explanation prompting,  3) mixed prompting, and 4) verification 

prompting (control condition) (Poehner et al., 2015; Ting & Kuo, 2016; Wu et al., 

2017).  

        2.1 Instructional prompting was the prompt or mediation to help a 

student better understand the text or the question. The prompt was arranged from 

most implicit to most explicit. The most implicit prompt was provided when a 

student answered incorrectly at the first try. If a student answered incorrectly again, 

the second prompt was more explicit. The pattern of prompting was based on the 

incorrect attempt of students.  

        2.2 Error-explanation prompting was the prompt or mediation based 

on the answer choice a student selected and the incorrect attempt of the student in 

order to provide the reason why the selected choice was wrong. If a student 

selected the incorrect answer choice, the prompt was provided depending on the 

error of his or her selected response, ranging from implicit to explicit.  

       2.3 Mixed prompting was the prompt based on the number of times 

a student answered incorrectly and a choice he or she selected incorrectly. The 

prompt showed the reason why the chosen answer was not the correct answer and 

would help a student to better understand the text or the question.  

       2.4 Verification prompting was the prompt given only to tell a 

student that the response was either correct or incorrect.  

    3. Reading literacy was the measurement of a student’s reading literacy 
posttest score that a student had at the current time without the assistance or 
mediation provided. Reading literacy measured in this study comprised three 
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subscales followed the reading literacy framework of PISA 2018 proposed by OECD 
(2016), including 1) locate information, 2) understand, and 3) evaluate and reflect. 

     3.1 Locate information was the ability of a student to quickly read 

the texts for specific purposes. The tasks required a student to scan a single text and 

retrieve target information in the form of words, phrases or numerical values and to 

search information from one or several texts by using the help of text descriptors 

such as headers, source information etc.  

     3.2 Understand was the ability of a student to understand the 

meaning of the text and draw a conclusion of the text’s meaning and purpose. The 

tasks required a student to comprehend sentences by finding the main idea or 

making a summary and to integrate and generate inferences from simple connecting 

inferences to more complex coherence relationships.  

     3.3 Evaluate and reflect was the ability of a student to reflect on the 

content and form of the text and to evaluate the quality of the information. The 

tasks required a student to evaluate the quality and credibility of the text, to reflect 

on the quality and style of the writing, to detect the soundness of the claims and 

handle conflict of the contradicting multiple texts.  

    4. Growth of learning was the measurement of growth trajectories from the 
computerized dynamic assessment for reading literacy. Reading literacy growth was 
estimated from univariate latent growth and multivariate latent growth curves.  

 4.1 Univariate latent growth was the measurement of growth in overall 
reading literacy and each reading literacy subscale over three time points.  

 4.2 Multivariate latent growth was the measurement of interrelation 
among the reading literacy subscales over three time points.  

    5. Learning potential was the measurement of the hidden reading literacy 
ability of an individual student that could not do it presently but needed help or 
assistance to develop their potential in order to do it independently in the future. 
Learning potential was measured in terms of availability score, mediated score, and 
levels of prompting.  
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 5.1 Availability score was the measurement of distance between the 
predicted capacity and the current ability of a student over three time points. It 
indicated how far a student would reach their attainment.  

 5.2 Mediated score was the measurement of efficiency of prompting. 
It measured the amout of support a student needed to answer the questions 
correctly or to attain their goals.  

 5.3 Levels of prompting was the measurement of the prompts 
counted in each level that a student required to answer items correctly. The first 
level of prompting was the most implicit that a student needed for the first time 
when he/she answered incorrectly. A student was obtained prompting until he/she 
answered correctly or received the last prompt as the correct answer.  

As a result, the research framework of the present study was shown in Figure 
29.
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CHAPTER THREE  
RESEARCH METHODOLOGY 

 

 This chapter discussed the research design and methodology that were used 

in the study. The population and participants, research procedure, research 

instrument, data collection, and data analysis were presented in this chapter.  

1. Participants 
1.1 Groups of participants 

   1.1.1 Participants for the large-group pilot study 
               A group of Grade 9 students at schools under the Secondary Educational 
Service Area Office 1 were recruited from those who had similar characteristics to the 
participants but did not take part in the experiment.  

There were a total of 277 Grade 9 students for pilot study for the validation 
of reading literacy pretest and posttest. The multi-stage random sampling was used 
to select the participants. In the first stage of sampling, the researcher used stratified 
random sampling to select schools based on school size as follows: medium, large, 
and extra large schools. For the second stage, random sampling was used to select 
schools. There were a total of 6 schools under the Secondary Educational Service 
Area Office 1. For the third stage, students were randomly selected to take part in 
the pilot study. The majority of the participants were female (n = 168, 60.64%) and 
39.35% (n = 109) were male. Most of them were studying at extra-large schools (n = 
186, 67.14%), followed by medium schools (n = 47, 16.96%) and large schools (n = 
44, 15.88%). The data was carried out in January-March 2020.  
 Moreover, 525 Grade 9 students of six secondary schools in Bangkok were 
recruited to validate the reading literacy instruments  for computerized dynamic 
assessment. The selection of the participants was designed by using a multi-stage 
random sampling procedure. Of these individuals, 52.19% (n = 274) were female and 
47.81% (n = 251) were male. The majority of the participants (63.05%, n = 331) were 
recruited from extra-large schools. These samples span a broad range of their grade 
point average(GPA). Half of the participants (55.23%, n = 290) indicated having a GPA 
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ranging from 3.00-4.00. Approximately 42% (n = 220) of the participants had a GPA of 
2.00 to 2.99. Based on this data, they were divided into three groups as sub-samples. 
The demographic data of sub-samples are presented in Table 15.   
Table 15 Characteristics of the samples 
Characteristic   Sub-sample 1 

 ( n1 = 181) 
Sub-sample 2 
 ( n2 = 178 ) 

Sub-sample 3 
 ( n3 = 166 ) 

Total Sample 
( n = 525) 

Gender: (%) 
   Female 
   Male 

 
81 (44.75)  
100 (55.25) 

 
105 (58.98)  
73 (41.02) 

 
88 (53.02) 
78 (46.98) 

 
274 (52.19) 
251 (47.81) 

School size: (%) 
   Extra large 
   Large 
   Medium 

 
111 (61.32) 
30 (16.58) 
40 (22.10) 

 
110 (61.79) 
30 (16.86) 
38 (21.35) 

 
110 (66.26) 
24 (14.46) 
32 (19.28) 

 
331 (63.05) 
84 (16.00) 
110 (20.95)  

GPAX: (%) 
   3.00-4.00 (High) 
   2.00-2.99 (Mid) 
   0.00-1.99 (Low) 

 
93 (51.38) 
86 (47.51) 
2 (1.11) 

 
107 (60.11) 
65 (36.52) 
6 (3.37) 

 
90 (54.22) 
69 (41.57) 
7 (4.21) 

 
290 (55.23) 
220 (41.90) 
15 (2.85) 

 
               1.1.2 Participants for the main study  
               The participants were Grade 9 students in eleven secondary schools under 
the Secondary Educational Service Area Office 1 and the Secondary Educational 
Service Area Office 2 in the academic year 2019. The participants were selected using 
a multi-stage random sampling method. Stratified random sampling was used to 
select schools in accordance with school size. Moreover, schools in each school size 
were randomly selected. For the final stage, ninth-grade classrooms in each school 
were randomly selected to participate in this study. The participants were 600 ninth 
grade students selected from 11 secondary schools in Bangkok.  Of these students, 
541 students had valid data and had no missing data on the dependent variables. As 
a result, a sample size of 541 was used for answering research questions. They were 
randomly assigned into the instructional-based group (n=148), the error-explanation 
group (n=139), the mixed prompting group (n=131), and the control group (n=123). 
Of these students, 56.93% (n = 308) were female and 43.06% (n = 233) were male. 
They were studying at medium schools (40.11%, n = 217), followed by extra-large  
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schools (27.35%, n = 148) and large schools (21.07%, n = 114). Most of them were 
very high achievers (38.81%, n = 210), followed by high achievers (29.39%, n = 159), 
mid achievers (17.37%, n = 94), and low achievers (14.41%, n = 78), respectively.  
 In terms of levels of learning achievement, the participants were classified 

into groups by using their grade point averages (GPAs) on last semester as 1) very 

high achievers (those who received 3.51-4.00 of their GPAs), 2) high achievers (those 

who received 3.01-3.50 of their GPAs), 3) mid achievers (those who obtained 2.51-

3.00 of their GPAs), and 4) low achievers (those who obtained 0.00-2.50 of their 

GPAs). The participants’ demographics are shown in Table 16.  

Table 16 The demographics of the participant 
Variables Group Total 

Group A Group B Group C Group D 

Gender: (%) 
    Female 
    Male 

 
86 (15.89) 
62 (11.46) 

 
74 (13.67) 
65 (12.01) 

 
76 (14.04) 
55 (10.16) 

 
72 (13.30) 
51 (9.42) 

 
308 (56.93) 
233 (43.06) 

Size of schools: (%) 
    Extra-large 
    Large 
    Medium 
    Small 

 
38 (7.02) 
31 (5.73) 
61 (11.27) 
18 (3.32) 

 
42 (7.76) 
29 (5.36) 
52 (9.61) 
16 (2.96) 

 
36 (6.65) 
27 (4.99) 
55 (10.16) 
13 (2.40) 

 
32 (5.91) 
27 (4.99) 
49 (9.05) 
15 (2.77) 

 
148 (27.35) 
114 (21.07) 
217 (40.11) 
62  (11.46) 

Learning achievement: (%) 
   Very high 
   High 
   Mid 
   Low 

 
61 (11.27) 
42 (7.76) 
23 (4.25) 
22 (4.06) 

 
56 (10.35) 
39 (7.20) 
27 (4.99) 
17 (3.14) 

 
48 (8.87) 
41 (7.57) 
21 (3.88) 
21 (3.88) 

 
45 (8.31) 
37 (6.83) 
23 (4.25) 
18 (3.32) 

 
210 (38.81) 
159 (29.39) 
94 (17.37) 
78 (14.41) 

           

 1.2 Sample size 
 The sample size was based on statistical analysis. In this study, the latent growth 
curve model was used to analyze the data, which required larger sample sizes than other 
approaches. The acceptable sample size for structural equation modeling was varied 
depending on many factors, especially the complexity of the model. Most importantly, 
the sample size must be adequate to represent the population of interest (Hair et al., 
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2010). Bentler and Chou (1987, as cited in Kelloway, 2015)and Hair et al. (2010) suggest the 
minimum sample size of SEM based on the ratio of cases per estimated parameters. The 
widely accepted sample size is a 10:1 ratio or a 5:1 ratio. In the present study, the 
multivariate model had a total of 39 model parameters. Thus, the minimum number of 
samples was 390 for a 10:1 ratio. Moreover, the sample size estimate was calculated using 
the G*power for the analysis of covariance (ANCOVA) of four group means. The estimated 
samples were 107 students to achieve a power of 0.95 with the moderate effect size 
(d=0.50). Accordingly, in order to avoid the missing data, the total number of 541 samples 
in this study was appropriate and met the minimum required samples of the parameter 
estimation and the analysis of power from G*power.  

1.3 Ethical issues 
    This research was approved by the Research Ethics Review Committee for 
Research Involving Human Subjects: The Second Allied Academic Group in Social 
Sciences, Humanities and Fine and Applied Arts at Chulalongkorn University with the 
COA No. 068/2563. The researcher informed the participants about the right of any 
individual to refuse to participate or to withdraw at any time. Also, the participants 
were informed that they were protected from physical and mental harm and danger 
that may arise during the research study.  As a result, their information was protected 
and confidential.  
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2. Research Procedure 
          The research procedure consisted of three phases. The first phase associated 
with the construction of the instrument. The second phase involved psychometric 
validation of the instrument. Then, the third phase involved the implementation of 
computerized dynamic assessment for reading literacy in order to measure current 
performance of reading literacy, growth of learning, and learning potential. The 
research procedure is shown in Figure 30.  
 
 
 
 
 
 
 
 
 
 
 
        
 
 

Figure 30 Research procedure of the present study 
 

2.1 Phase 1: Construction of the instrument 
               2.1.1 Review literature and related studies 
                The researcher studied the basic concepts and related documents related to 

reading literacy, especially the aspects of reading literacy, test components, and examples 

of reading literacy tests. Moreover, the researcher studied the theory and concepts about 

dynamic assessment, especially the notion of the zone of proximal development, 

dynamic assessment approaches, the graduated prompting approach, and the prompting 

Construction of the instruments 

- Develop pretest and posttest 

- Develop computerized dynamic assessment for reading literacy 

 

Instrument Validation 

-Model fit and Item analysis 

-CFA and reliability 

- Parallelism analysis 

Implementation of C-DA 
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-Growth of learning 

-Learning potential 
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as mediation. Those related documents were synthesized and applied to develop the 

newly computerized dynamic assessment for reading literacy. The aspects of the reading 

literacy test relied upon the research foundation of reading literacy. As a result, the  te st 

content areas were based on the PISA 2018 reading literacy framework from OECD (2016). 

The reading literacy framework comprised three aspects as shown in Table 17. 

Table 17 Aspects of the reading literacy test 
Aspects Meaning Sub-aspects 

Locate 
information 

It is the ability of the 
student to read the 
texts for some specific 
purposes, not read the 
whole passage.  
 

1) access and retrieve information within a text 
The  task requires a student to scan a single text to retrieve target 
information in the form of words, phrases or numerical values. 

2) search and select the relevant task 
The task requires a student to search and select information from 
one or several texts to retrieve the most relevant information given 
the demands of the tasks   

Understand 
 

The ability of the 
student to understand 
the meaning of the text 
and draw a conclusion 
of the text meaning and 
purpose. 

3) represent literal meaning 
The task requires a student to comprehend sentences or short 
passages by matching a direct or close paraphrasing of information  

4) integrate and generate inferences 
The task requires a student to integrate and generate inferences 
from simple connecting inferences to more complex coherence 
relationship across sentences or an entire passage in order to create 
a main idea, produce a summary or make inferences within the text  

Evaluate and 
reflect 
 

The ability of the 
student to reflect on 
the content and form 
of the text and to 
evaluate the quality 
and validity of the 
information. 

5) assess quality and credibility 
The task requires a student to evaluate the quality and credibility of 
the text in terms of validity, accuracy, and bias a n d  requires the 
student to evaluate the source of information such as author, 
content, and form 

6) reflect on content and form 
The task requires a student to reflect on the quality and style of the 
writing from their own experience to evaluate the form of writing 
and how the content are connected that determine the author’s 
purpose of writing and the author’s point of view 

7) detect and handle conflict 
The task requires a student to detect the soundness of the claims 
and handle conflict of the contradicting information within a text or 
multiple texts. 
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 2.1.2 Construct the instruments 
               The researcher developed computerized dynamic assessment for reading 
literacy tests as well as a pretest and a posttest for Grade 9 students. The 
instruments drew upon existing theoretical information on reading literacy. The 
procedures of test construction were as follows: 1) review the literature on reading 
literacy, 2) develop the table of specification, 3) select reading passages, and 4) write 
test items (Creswell, 2012). The test content areas were based on three dimensions, 
namely 1) locate information, 2) understand, and 3) reflect and evaluate. There were 
two research instruments in this study which included 1) the pretest and posttest 
and 2) the computerized dynamic assessment for reading literacy as the following: 
                    2.1.2.1 The reading literacy pretest and posttest  
          Each reading literacy pretest and posttest comprised 20 items with five 
multiple-choice questions based on four reading passages. The pretest and posttest 
were parallel items. The items were written in Thai. The tests were online test 
administered without mediation. Reading literacy pretest was used to measure 
students’ prior knowledge before receiving the dynamic assessment intervention, 
and the posttest was used to measure students’ independent performance after 
receiving the dynamic assessment intervention. The table of specification was shown 
in Table 18.  
Table 18 Table of specification of reading literacy pretest and posttest 

Aspects Sub-aspects Percentage Pretest Posttest 

Locate 
information 

Access and retrieve information within a 
text 

15% 3 3 

search and select the relevant task 15% 3 3 

Understand 
 

represent literal meaning 20% 4 4 

integrate and generate inferences 20% 4 4 

Evaluate and 
reflect 
 

assess quality and credibility 10% 2 2 

reflect on content and form 10% 2 2 

detect and handle conflict 10% 2 2 

Total  100 20 20 
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                          2.1.2.2 Computerized dynamic assessment for reading literacy  
               Computerized dynamic assessment for reading literacy comprised 20 

items with four reading passages. The test items consisted of five multiple-choice 

questions with one correct answer written in Thai. There were three sets of tests, 

which were parallel to each other. In each set of items, there were two items, the first-

tier item and the second-tier item. The researcher developed both the first- and 

second-tier items for reading literacy tests. The first-tier item measured the intended 

construct and the second-tier item measured the rationale behind the correctly 

selected choice. Students were permitted to answer the second-tier item if they 

answered the first-tier ite m  correctly for the first attempt. Students would obtain a 

point when they answer a set of two items correctly. Table of specification covered 

the three subscales of reading literacy. The number of items were proportionally 

arranged in accordance with the framework of PISA 2018 from OECD (2016). The 

distribution of each subscale was presented as shown in Table 19.  

Table 19 Table of specification of reading literacy instruments  
Subscale  Reading 

literacy 
Form  
C-DA1 

Reading 
literacy 
Form  
C-DA2 

Reading 
literacy 
Form  
C-DA3 

Percentages 

Locate 
information 

Access and retrieve information within 
a text 

3 3 3 15% 

search and select the relevant task 3 3 3 15% 

Understand 
 

represent literal meaning 4 4 4 20% 

integrate and generate inferences 4 4 4 20% 

Evaluate 
and reflect 
 

assess quality and credibility 2 2 2 10% 

reflect on content and form 2 2 2 10% 

detect and handle conflict 2 2 2 10% 

Total  20 20 20 100 
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  2.1.3 Select reading passages 
                The researcher chose four reading passages for a set of reading literacy tests.  
The passages were selected based on tasks (personal, public, occupational, and 
educational), texts, and level of complexity. The level of complexity of passages related to 
the level of transferability (near transfer, far transfer, and very far transfer) in the concept of 
dynamic assessment proposed by Campione and Brown (1985). In each assessment time 
point, the first passage was near transfer passages. The second and third passages were far 
transfer passages and the fourth was very far transfer passage. There were a total of 12 
passages for three sets of reading literacy tests for three testing timepoints. Each passage 
was taken from non-curriculum books, newspapers, magazines, posters, brochures, or 
website texts. For the pretest and posttest, there were four passages selected in this study. 
      The researcher selected the reading passages in accordance with task, text, and 
the complexity of the passages as the following:  
                       2.1.3.1 Task 
                        The reading literacy passages were based on real-life situations. The 
tests were scenario-based for some reading purposes to achieve the particular goals 
as proposed in OECD (2019a).  The reading situations in personal, public, 
occupational, and educational situations were shown in Table 20.  
Table 20 The examples of tasks 
Task Example 

personal personal letters, fiction, diary-style blog, personal emails, instant messages and 
blogs 

public official documents, information about public events, message boards,  news 
websites, and public notices 

occupational  job advertisement in a newspaper or online job websites, and texts that provide 
workplace directions 

educational education texts are printed or electronic textbooks and interactive learning 
software 

                           
             2.1.3.2 Text  
              Dimensions of text comprised: type, source, and format (OECD, 2019a). 
The researcher selected four text types presented in the reading texts including 
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description, narration, exposition, and argument. There were two sources including single 
and multiple texts. The format combined continuous texts, non-continuous texts, and 
mixed format as shown in Table 21.  
Table 21 Three dimensions of text taxonomies 
Text  Explanation Example 

type of text description texts with information 
related to properties of 
objects in space 

a depiction of a place in a travelogue, a 
catalogue, a geographical map, an online 
flight schedule or a description of a feature, 
function or process in a technical manual 

narration 
 

texts with information 
related to time 

a report, a news story, a novel, a short 
story, or a play, a biography, a comic strip 
and a newspaper report of an event 

exposition texts with information 
related to how different 
elements interrelate in a 
meaningful way 

a scholarly essay, a diagram showing a 
model of memory, a graph of population 
trends, or a concept map for an entry in an 
online encyclopedia 

argument 
 

texts with information 
related to relationship 
among concepts or 
propositions, expressing 
opinions or points of view 

a letter to the editor, a poster 
advertisement, posts in an online forum or 
a web-based review of a book or film 

source single texts have a definite author 
(or group of author), 
publication date, and 
reference 

traditional printed books, the pseudonyms 
in a blog post, or the sponsors of a website 

multiple texts have different authors, 
being published at different 
times, or bearing different 
titles 

printed newspapers, textbooks, forums, 
customer reviews, or question and answer 
websites 

format continuous 
texts 

texts formed by sentences 
that are organized into 
paragraphs 

newspaper reports, essays, novels, short 
stories, reviews and letters 

non-
continuous 
texts 

texts composed of a 
number of lists or elements 

lists, tables, graphs, diagrams, 
advertisements, schedules, catalogues, 
indexes and forms 

mixed 
texts 

texts combining both 
continuous and non-
continuous elements 

magazines, reference books and reports 
where both continuous and non-continuous 
texts are placed together 
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  2.1.3.3 Level of complexity  
                        The level of complexity was based on the transferability. The 
concept of transfer aimed to measure student’s ability to transform learning into a 
new context by increasing levels of complexity in reading passages. Students were 
assessed reading literacy over three timepoints. In each timepoint, the complexity of 
passages increased from near transfer passage to far transfer and very far transfer 
passages. As a result, there were one near transfer passage, two far transfer passages, 
and one very far transfer passage.  
                                  1) Near transfer was the transfer of knowledge and skill to 
the context or task that was similar to the previous state so that the near transfer 
passage was locally related to students’ experience and students were familiar with 
particular topics well.   
                                  2) Far transfer was the transfer of knowledge and skill to 
the context or task that combined the new problem with the same previous state. 
The far transfer passage was generally a passage combining previous knowledge and 
new knowledge to students.  
                                 3) Very far transfer was the transfer of knowledge and skill 
to more complex and challenging contexts or tasks. The very far transfer passage was 
a passage that students hardly encountered in their daily lives but necessary to know 
in order to become a global citizen.  
  As a result, there were four reading passages for each test form. Each 
test form had reading passages with different tasks, texts, and levels of complexity 
based on the concept of transfer as shown in Table 22.  
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Table 22 Selection of passages based on task, text, length, and transferability 
Assessment Passage Transferability Reading 

material 
Context/task text 

type source format 

first 
assessment 
timepoint 

1 near transfer a short 
story 

personal 
 

narration single Continuous 
text 

2 far transfer public 
notices 

public 
 

exposition multiple Mixed text 

3 far transfer online 
job-
related 
website 

occupational 
 

description multiple Mixed text 

4 very far transfer Featured 
article 

educational argument single Continuous 
text 

second  
assessment 
timepoint 

5 
 

near transfer a short 
story 

personal 
 

narration  single Continuous 
text 

6 
 

far transfer public 
notices 

public 
 

exposition multiple Mixed text 

7 
 

far transfer online 
job-
related 
website 

occupational 
 

description multiple Mixed text 

8 very far transfer Featured 
article 

educational argument single Continuous 
text 

third  
assessment 
timepoint 

9 
 

near transfer a short 
story 

personal narration single Continuous 
text 

10 
 

far transfer  public 
notices 

public 
 

exposition  multiple Mixed text 

11 
 

far transfer online 
job-
related 
website 

occupational 
 

description multiple Mixed text 

12 very far transfer Featured 
article  

educational argument single Continuous 
text 
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  When considering the measured constructs and reading passages, 
items were matched with each measure construt and reading passage, test blueprint 
of the computerized dynamic assessment for reading literacy was developed as 
shown in Table 23. There were a total of three test forms. Each form comprised 20 
multiple choice items, along with four passages. In locate information subscale, there 
were a total of six items (i.e., Items 1, 6, 7, 11, 12, and 16). Understand subscale was 
consisted of eight items (i.e., Items 2, 3, 8, 9, 13, 14, 17, and 18). Evaluate and reflect 
subscale had six items (i.e., Items 4, 5, 10, 15, 19, and 20). 
Table 23 Test blueprint of instruments for computerized dynamic assessment for 
reading literacy 
Subscale Measured 

construct 
Reading literacy 
form 
(Total items) 

Percent Item 
no. 

 

Passage 

C-
DA1 

C-
DA2 

C-
DA3 

One 
(Personal) 

Two 
(Public) 

Three 
(Occupational) 

Four 
(Educational) 

Locate 
information 

Access and 
retrieve 
information 
within a text 

3 3 3 15% 1      

6      

16      

search and 
select the 
relevant task 

3 3 3 15% 7      

11      

12      

Understand 
 

represent literal 
meaning 

4 4 4 20% 2      

8      

13      

17      

integrate and 
generate 
inferences 

4 4 4 20% 3      

9      

14      

18      

Evaluate 
and reflect 
 

assess quality 
and credibility 

2 2 2 10% 5       

15      

reflect on 
content and 
form 

2 2 2 10% 4      

19      

detect and 
handle conflict 

2 2 2 10% 10       

20      

Total  20 20 20 100 20     
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 2.1.4 Write test items  
                    2.1.4.1 Test format 
                    The researcher constructed the test that was in line with the table of 
specification, combining three aspects: 1) locate information, 2) understand, and 3) 
evaluate and reflect. The items were written in Thai language and formatted as 
multiple-choice questions requiring students to select one correct answer from a list 
of five options. The test integrated mediation during the assessment to support 
students and the two-tier test to prevent guessing. The tests consisted of 20 items, 
with five items related to each passage.  
                    2.1.4.2 Test characteristics  
                     The computerized dynamic assessment for reading literacy combined 
the second-tier item in order to prevent student’s guessing. The first tier asked about 
the knowledge intended to measure. If a test-taker was able to solve the first-tier 
question correctly, he or she was allowed to answer the second-tier item related to 
the rationale behind the correct answer. Furthermore, because of th e  re p e a te d 
measure in the intervention to measure growth, students were assessed over three 
time points. There were three sets of parallel tests, each consisting of 20 items.  
                     2.1.4.3 Scorings 
  Scorings were divided into two scores based on the work of Poehner 
and Lantolf (2013): actual score (0,1) and mediated score (4-0). The actual score and 
mediated score were adapted for the computerized dynamic assessment for reading 
literacy in the present study.                       
   1) Actual score was the score that a  student received either 
one point or zero points depending on the correct first response. For those who 
answered a set of two items correctly at the first attempt, they received one point. 
For those who did not answer either first-tier item or second-tier item correctly, they 
obtained zero points. Student’s answer score was marked as either correct (1 point) 
or incorrect (0 points) to represent their independent, unassisted performance.                           
   2) Mediated score is the score represents the amount of 
mediating prompt students received. Mediated score ranged from 4 to 0 based on 
how much mediation students required to complete the test. The mediated score 
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was fully 4 points in case a student answered the first-tier item correctly at the first 
try without using any prompts. The 3 point for the mediated scores was provided in 
case a student answered the first-tier item correctly after receiving the first prompt. 
The 2-point was provided when a student could respond to the first-tier item 
correctly when the second prompt was provided. The 1-point score was provided in 
case a student answered the first-tier item correctly after receiving the third prompt. 
The 0-point score was provided when a student received the third prompt but they 
still could not answer the first-tier item correctly. The scoring was shown in Table 24. 
Table 24 Scoring procedure example 
First-tier 
attempt 

Answer Second-tier 
answer 

Prompt needed Actual score 
(0,1) 

Mediated 
score (1-4) 

First try Right Right  1 4 

Wrong       - 0 4 

Wrong - First prompt   

Second try Right -        - 0 3 

Wrong - Second prompt   

Third try Right -        - 0 2 

Wrong - Third prompt   

Fourth try Right -         - 0 1 

Wrong - Show answer 0 0 
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 2.1.5 Develop the prompts 
          The researcher studied the theoretical concept and related documents on 
dynamic assessment and the concept of graduated prompting approach, which was 
one of the interventionist approaches of dynamic assessment, and developed the 
specification of prompts for reading literacy. There were four prompting methods in 
this study as follows: 1) instructional prompting method, 2) error-explanation 
prompting method, 3) mixed prompting method, and 4) verification prompting 
method (control condition). Each prompt differed in terms of the pattern of prompts 
and the content of prompts. They were developed individually for each item 
following the guideline of the specification of prompts.           
               The table of specification of prompts were developed from three different 
types of prompts for reading literacy. Each was different in terms of pattern of 
prompts and the content or prompts. The table of specification was shown as 
follows:   
          2.1.5.1 The instructional prompting 
          The prompt relied on the instruction to guide students to answer the 
questions correctly. It was arranged in a graduated way based on attempts students 
chose the incorrect answer, ranging from most implicit to most explicit as shown in 
Table 25.  
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Table 25 Table of specification of instructional prompts 
Type of prompt Levels of prompting Dimension of 

reading literacy 
Content of prompt 

Instructional 
prompt 

First level General prompt: 
ask students the general 
questions related to the 
measured dimensions 

Locate 
information 

ask students to identify the 
information within the text or to 
select relevant information from 
texts 

Understand 

Reflect and 
evaluate  

Second 
level 

Concrete prompt: guide 
students to the basic 

concepts of what to be 
measured 

Locate 
information 

guide students how to identify the 
information within the text or how to 
select relevant information from 
texts 

Understand guide students to better 
understanding of the key concept 
within the text, to interpret the 
meaning of the text, to detect the 
main idea of the text , or to generate 
inferences from the text 

Reflect and 
evaluate 

guide students to evaluate the 
quality and credibility of the text, to 
make judgments from the text, to 
detect and handle conflict 

Third 
 level 

Direct instruction: 
direct students to the specific 
sentence or explain students 
the main concept of the text 

Locate 
information 

direct students to focus on certain 
paragraphs or sentences  

Understand 
 
 

direct students to focus on certain 
paragraphs or sentences, give 
explanation about the meaning of 
the text, state the key concept of the 
text, or state relationships within the 
text 

Reflect and 
evaluate 

state the judgement of the 
information within the text, state the 
evaluation of the quality or 
credibility of the text, or state the 
conflict of the texts 

Fourth 
level 

Explain the answer: 
demonstrate how to solve 

the problem 

Locate 
information 

provide the correct answer and 
demonstrate how to solve the 
problem 

Understand 

Evaluate and 
reflect 
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  2.1.5.2 The error-explanation prompting 
  The prompt was provided in accordance with the choice of incorrect 
answer students chose, ranging from implicit to explicit as presented in Table 26.  
Table 26 Table of specification of error-explanation prompts 

Type of 
prompt 

Levels of prompting Dimension of 
reading 
literacy 

Content of prompt 

Error-
explanation  
prompt 

First 
level  

General prompt: 
ask students to answer again 

Locate 
information 

 tell students that the chosen 
choice is not correct answer and 
ask them to answer again   
 

Understand 

Reflect and 
evaluate  

Second 
level 

Concrete prompt: tell students 
the reason why their chosen choice 
is not correct 

Locate 
information 

 tell students the implicit reason 
why their chosen choice is not 
correct answer Understand 

Reflect and 
evaluate 

Third 
level 

Specific prompts: 
tell students the explicit reason 
why their chosen choice is not 
correct by stating textual 
information or certain sentences or 
phrases related to the choice  

Locate 
information 

 tell students the explicit reason 
why their chosen choice is not 
correct by stating textual 
information or referring to certain 
sentences or phrases related to 
that choice 

Understand 

Reflect and 
evaluate 

Fourth 
level 

Explain the answer: demonstrate 
how to solve the problem 

Locate 
information 

 provide the correct answer and 
demonstrate how to solve the 
problem Understand 

Evaluate and 
reflect 
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  2.1.5.3 The mixed prompting 

            The mixture between instructional prompting and error-explanation 

prompting was operated. Prompting was based on the instruction to guide students 

to answer the question correctly and the reason why the selected choice was 

incorrect as depicted in Table 27. 

Table 27 Table of specification of mixed prompts 
Type of 
prompt 

Levels of prompting Dimension of 
reading 
literacy 

Content of prompt 

Mixed 
prompt 

First 
level  

General prompt: 
ask students the general 
questions related to the 
measured dimensions 

Locate 
information 

 tell students that the chosen choice is not 
correct answer 

 ask students to identify the information 
within the text or to select relevant 
information from texts 

Understand 

Reflect and 
evaluate  

Second 
level 

Concrete prompt: guide 
students to the basic 
concepts of what to be 
measured 

Locate 
information 

 tell students the implicit reason why their 
chosen choice is not correct answer 

 guide students how to identify the 
information within the text or how to select 
relevant information from texts 

Understand  tell students the implicit reason why their 
chosen choice is not correct answer 

 guide students to better understanding of 
the key concept within the text, to interpret 
the meaning of the text, to detect the main 
idea of the text , or to generate inferences 
from the text 

Reflect and 
evaluate 

 tell students the implicit reason why their 
chosen choice is not correct answer 

 guide students to evaluate the quality and 
credibility of the text, to make judgments 
from the text, to detect and handle conflict 

Third 
level 

Direct instruction: 
direct students to the 
specific sentence or explain 
students the main concept 
of the text 

Locate 
information 
 

 tell students the explicit reason why their 
chosen choice is not correct by stating 
textual information or referring to certain 
sentences or phrases related to that choice  

 direct students to focus on certain 
paragraphs or sentences 
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Type of 
prompt 

Levels of prompting Dimension of 
reading 
literacy 

Content of prompt 

Understand 
 
 

 tell students the explicit reason why their 
chosen choice is not correct by stating 
textual information or referring to certain 
sentences or phrases related to that choice  

 direct students to focus on certain 
paragraphs or sentences, give explanation 
about the meaning of the text, state the key 
concept of the text, or state relationships 
within the text 

Reflect and 
evaluate 

 tell students the explicit reason why their 
chosen choice is not correct by referring to 
certain sentences or phrases related to that 
choice  

 state the judgement of the information 
within the text, state the evaluation of the 
quality or credibility of the text, or state the 
conflict of the texts 

Fourth 
level 

Explain the answer: 
demonstrate how to solve 
the problem 

Locate 
information 

 provide the correct answer and demonstrate 
how to solve the problem 

Understand 

Evaluate and 
reflect 

 
               2.1.6 Validate the test content and test parallelism  
                Before administration, the reading literacy tests were validated by a group of 
experts to check the content validity and test parallelism. There were five groups of 
experts for the content validation. The first group of experts were asked to review the 
content validity and test parallelism of the reading literacy pretest and posttest. The other 
four groups of experts were invited to review the content validity and the parallelism of 
the computerized dynamic assessment for reading literacy. The instruments were 
separated into four sets of tests based on the similarity of tasks (personal, public, 
occupational, and educational). Each set of reading literacy tests comprised five experts, 
four of them were experts in the field of Thai language and reading literacy and the other 
expert was in the field of educational measurement and evaluation. They were asked to 
validate the test contents as follows: (1) the description of each text, items, and prompts 
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were correct, clear and understandable;  (2) the statement of each item matched the 
reading literacy components defined; and (3) the prompts clearly matched the prompt 
guidelines defined.  Moreover, they were asked to depict their agreement on each item 
pair of the equivalent tests in terms of the measured constructs and language use.  
 There were a total of twenty-five experts taking part in the content validation. The 
item-objective congruence (IOC) was used to conclude the experts’ opinions. For the 
validity of content, items with the IOC higher than .5 was appropriate. Items with the IOC 
lower than .5 needed revision in accordance with experts’ comments (Rovinelli & 
Hambleton, 1977). In terms of parallelism of the tests, items are parallel forms if the IOC is 
higher than .5. If the IOC is .5 or less than .5, the items are not in parallel forms and need 
revisions (Debeer et al., 2017; Kantiwong, 2017).  
The equation of the item-objective congruence was as follows: 

IOC = 
∑ 𝑅

𝑁
 

Where,          ∑ 𝑅   =   The sum scores of experts’ rating opinions 

                     N     =   The number of experts 
 

With respect to the IOC index of reading literacy pretest, the results suggested 
that all items had an IOC index ranging from 0.6 - 1.0, except for item 3 and item10 
that needed to be revised. The experts also suggested that some items needed 
minor changes in language use. Some Thai words should be added or changed to 
make it more comprehensible. In addition, the result of the IOC index of the reading 
literacy posttest revealed that all items had an IOC index ranging from 0.6 – 1.0, 
except for item 30. The experts also suggested that some items had to be revised in 
terms of language use. Thus, some items were revised in terms of language use. A list 
of experts was presented in Appendix A.  The result of the IOC index of the reading 
literacy pretest and posttest was shown in Appendix B.  

In terms of content equivalence, the results suggested that all item pairs had 
IOC index higher than 0.5, except for the pair of item 3 pretest and item 3 posttest 
that needed to be revised.  
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               2.1.7 Revise the test items 
                After reviewing the content validity and parallelism, the tests  were 
revised based on the suggestion and comments of experts and were ready for the 
pilot study.  

2.2 Phase 2: Validation of the research instrument 
               2.2.1 Administer a pilot study 
                Both instruments  were piloted with a large group of Grade 9 students 
who had the similar characteristics to the participants but did not take part in the 
experiment. There were two groups of pilot study. The first group comprised 277 
grade ninth students to validate reading literacy pretest and posttest, and the 
second group was 525 grade ninth students recruited to validate computerized 
dynamic assessment for reading literacy. The pilot study was carried out in January-
March 2020. The main purpose of this pilot study was easy-to-read test content, 
readiness of equipment, and task difficulty. Participants were asked if any of the 
items were problematic, or had confusion or misinterpretation. Participants were also 
asked to provide direct feedback about the clarity of the items. Some items would 
be deleted or revised. 
                 2.2.2 Analyze the model fit and item parameter estimates 

      Data were analyzed in terms of model fit as well as item parameter 
estimates using the “mirt” package of the freeware R (Chalmers, 2012). For model fit 
and model comparison, several statistical tests were applied, including the likelihood 
ratio test, AIC (Akaike information criterion), BIC (Bayesian information criterion) 
indices, deviance statistic (𝐺2), and RMSEA. The model with the smaller statistical 
tests was preferable (Bock & Aitkin, 1981; Gibbons & Hedeker, 1992). Moreover, the 
item parameter analysis was determined in terms of the item discrimination (a-
parameter) and item difficulty (b-parameter).  
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 The formula of the two-parameter bifactor model equation was presented 
(DeMars, 2006, 2012).  

Pi(𝜃)= 
1

1+ eD(𝑎𝑃𝑖𝜃𝑃 +𝑎𝑇𝑖𝜃𝑇−𝑑𝑖) 

where  Pi(𝜃) is the probability that an examinee answers item i correctly given the 𝜃 

and the item parameters, (𝜃) is composed of 𝜃𝑃 and the vector 𝜃𝑇 of the testlet 

traits, 𝑎𝑃𝑖 is the item discrimination on the primary trait, 𝑎𝑇𝑖 is a vector of testlet 

discrimination parameters for item i,  di is the item difficulty parameter,  𝑒  is 

2.71828, and D is 1.7.   

 For the multidimensional IRT model, the multiple item discrimination 
estimates are turned into multidimensional item discrimination (MDISC) estimates (Cai 
& Kunnan, 2018) presented as:  

MDISC =𝐴𝑖 = 
−𝑑

𝐵𝑖
 

  
 For the multidimensional IRT model, the multiple item difficulty estimates 
are transformed into multidimensional item difficulty (MDIFF) estimates (Cai & 
Kunnan, 2018) presented as:  

MDIFF=𝐵𝑖 = 
−𝑑

√𝑎0
2+𝑎𝑠

2
 

 
Where, d is the item intercept, 𝑎0 is the discrimination parameter on the general 
factor, and 𝑎𝑠 is the discrimination parameter for the specific-related factors.  

For the result of the reading literacy pretest and posttest, the 2PL bifactor 

model was used to examine the psychometric properties of reading literacy pretest 

and posttest.  For the item parameter estimates, a majority of the pretest items had 

good multidimensional discrimination estimates. It was found that most items were 

at moderate level and 5 items were highly MDISC items (i.e., Items 1, 6, 7, 13, and 

16). Only 2 items (i.e., Items 5 and 10) needed to be improved as its MDISC was very 

low discriminating value. Regarding the multidimensional difficulty estimates, all 
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pretest items were produced in the acceptable range, except for two items (i.e., 

Items 10 and 20) that had highly MDIFF values and needed to be improved.  

In addition, for the multidimensional discrimination estimates of the posttest, 
a majority of the posttest items had good MDISC. It was found that most items were 
at moderate and relatively high MDISC. None of them needed to be improved. 
Regarding the multidimensional difficulty estimates, all posttest items were produced 
in the acceptable range, except for the item 24 and item 25 which had highly MDIFF 
values and needed to be improved.  
                2.2.2 Check the construct validity 
               Construct validity of reading literacy instruments were analyzed using the 
second-order confirmatory factor analysis to support whether the reading literacy 
instrument matched with the measured constructs. Reading literacy was considered 
as functions of locate information, understand, and evaluate and reflect subscales. 
Goodness-of-fit statistics were investigated.  
       2.2.3 Check the reliability  
                The reliability of reading literacy instruments  were analyzed with pilot 
groups. Internal consistency was calculated using Cronbach alpha coefficient and 
Omega coefficient. Reliability coefficients range between 0.00 and 1.00, with a higher 
value indicating a higher degree of internal consistency. The desirable values should 
be .70 as recommended by Nunnally (1978) for the scale in the initial development 
and .80 for basic research scale.  

     Internal consistency using Cronbach’s alpha coefficient and Omega 
coefficient were calculated for reading literacy pretest and posttest. The Cronbach’s 
alpha reliability estimates for pretest and posttest were 0.72 and 0.77, respectively. 
For the Omega coefficient, the reliability estimates of pretest and posttest were 0.76 
and 0.80, respectively. This indicated that the highly acceptable reliability values for 
the overall reading literacy pretest and posttest, which yielded highly internal 
reliability. 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

143 
 
                 2.2.4 Check the parallelism of the reading literacy instruments 
                The parallel forms of the computerized dynamic assessment for reading 
literacy were analyzed by using the test information function (TIF) and test 
characteristic curve (TCC). The researchers used a root mean square deviation (RMSD) 
statistic to quantify the closeness among the tests. For the test form parallelism, If 
RMSDTIF and RMSDTCC values are smaller than .50, it is considered to be parallel test 
forms (Debeer et al., 2017; Kantiwong, 2017).  For the item parallelism, item pairs 
were analyzed in terms of item information function (IF) and item characteristic curve 
(ICC). They were presented below. 
             The test parallelism was computed as follows (Ali & van Rijn, 2016; Debeer 
et al., 2017): 

RMSDTIF = √
∑ [𝐼(𝜃𝑗)−𝐼′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

 

RMSDTCC = √
∑ [𝑇(𝜃𝑗)−𝑇′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

         The item parallelism was computed as follows: 

RMSD IIF =√
∑ [𝑖(𝜃𝑗)−𝑖′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

 

RMSD ICC =√
∑ [𝑡(𝜃𝑗)−𝑡′(𝜃𝑗)]2𝑞

𝑗=1

𝑞
 

Where,   q     =    The number of ability levels at which the functions are evaluated 
         𝐼(𝜃) and  𝐼′(𝜃)   =   Test information functions at a particular 𝜃  level of  
                                 the assembled test and the reference test  
         𝑖(𝜃) and  𝑖′(𝜃)    =  Item information function at a particular  𝜃 level of  
                                 the assembled test and the reference test  
       𝑇(𝜃) and  𝑇′(𝜃) =   Expected test scores of the assembled test and the reference  
                                  test  
        𝑡(𝜃) and  𝑡′(𝜃)   =   Expected item scores of the assembled test and the reference  
                                test  
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For the parallelism of reading literacy pretest and posttest, the analysis of 

reading literacy pretest and posttest were calculated using information functions and 

characteristic curves along with seven ability levels (i.e. -3.0, -2.0, -1.0, 0, 1.0, 2.0, 3.0). 

The data contained responses from 277 students. With respect to item parallelism, it 

can be seen that RMSDIIF estimates range from 0.00 to 0.13 and the RMSDICC range 

from 0.00-0.17, showing satisfactory closeness in terms of item information functions 

and item characteristic curves between the two assembled forms. Moreover, when 

considering the closeness of test forms, RMSDTIF and RMSDTCC were 0.44 and 0.18, 

respectively, representing the conformity of the two forms. Thus, both pretest and 

posttest were parallel in terms of test forms and individual items.  

    2.2.5 Select the test items for the main study 
               After validating the test items and checking the parallel forms of the tests, 
the item parameters, a-parameter (item discrimination) and b-parameter (item 
difficulty), were estimated from the suitable IRT model.  Test items with good 
discrimination, along with good difficulty estimates were selected for the main study. 
Hence, the reading literacy instruments were revised based on the results of content 
validity, reliability, and item analysis.  
                2.2.6 Develop the computer-based instrument called computerized 
dynamic assessment for reading literacy  
     The researcher then developed computerized dynamic assessment (C-DA) 
fo r  reading literacy using iSpring Suite. The program was designed to examine the 
students’ reading literacy ability by assessing a set of reading literacy tests, combining 
the two-tier test and a series of graduated prompts.  
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2.3 Phase 3: Implementation of the computerized dynamic assessment for 
reading literacy  

                2.3.1 Allocate students into groups 
               After sampling a group of subjects from the general population, students 
in each classroom were assigned to four conditions, including 1) instructional 
prompting condition, 2) error-explanation prompting condition, 3) mixed prompting 
condition, and 4) controlled condition.  Participants were assigned to groups on a 
random basis by using their student ID numbers so that each participant had an 
equal chance of appearing in any group of experiments. They received different 
codes to enter into the classes in Google classrooms. Each code represented 
different prompting methods.  Each individual student could be able to join only 
one class based on their randomly Google classroom code. All of them were 
involved in the study for three testing sessions at different time points as shown in 
Figure 31.   
     

 
Figure 31 Classes in Google classroom for different prompting groups 

      
     2.3.2 Conduct the pretest 
                Reading literacy pretest was used to assess Grade 9 students’ reading 

literacy. The test was 20 multiple-choice questions with four choices.  Students were 

given the pretest in the first week of the study to help researchers know the level of 

reading literacy skills. Students had to work independently without receiving any 

mediation during the test. The researcher constructed a reading literacy pretest in 

Google Form as presented in Figure 32.  
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Figure 32 Reading literacy pretest in Google Form 
 

               2.3.3  Conduct the computerized dynamic assessment for reading 
literacy  
              This study adopted a quasi-experimental design that aimed to determine 
whether discrepancy existed between two or more treatment conditions in the 
educational settings (Campbell & Stanley, 1963). In order to account for threats of 
external or confounding variables to internal validity, statistical technique using 
analysis of covariance (ANCOVA) was performed by examining for differences in 
reading literacy scores between groups, while controlling for the effect of pretest as 
the covariate. Moreover, this study analyzed two-way analysis of variance (ANOVA) to 
investigate the effects of group differences and characteristics of samples, including 
gender and levels of learning achievement, on reading literacy.  
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 Before the experiment, Students were instructed to use the computerized 
dynamic assessment and practiced until they felt more acquainted with the system. 
During the experiment, they were administered a computerized dynamic reading 
literacy test with 20 multiple-choice items with five  choices. When they responded 
incorrectly, he/she received the prompt based on their group conditions. They were 
assessed three parallel sets of reading literacy tests for three testing timepoints. The 
study lasted eight weeks. The following experimental design is shown in Table 28.  
Table 28 The experimental design of this study  

Group A OPre Ox1A Ox2A Ox3A OPost 

Group B OPre Ox1B Ox2B Ox3B OPost 

Group C OPre Ox1C Ox2C Ox3C OPost 

Group D OPre Ox1D Ox2D Ox3D OPost 
Where,        

             OPre    =  The pretest 

             OPost   =  The posttest 

             OXA     =  The group received the instructional prompting condition    

             OXB     =  The group received the error-explanation prompting condition 

             OXC     =  The group received the mixed prompting condition 

             OXD     =  The group received the verification prompting condition  
 
                2.3.4 Conduct the posttest 
               After finishing the training sessions, the students took a reading literacy 
posttest, which was parallel with the reading literacy pretest. The results of the 
experiment were prepared for the analysis in terms of current reading literacy ability, 
growth in reading literacy, and learning potential. The researcher constructed a 
reading literacy posttest in Google Form as presented in Figure 33.  
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Figure 33 Reading literacy posttest in Google Form 
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3. Data Collection 
  In the present study, the researcher collected the data in three periods: 
before the experiment, during the experiment, and after the experiment. The 
following section explained the data collection of each step in detail.  

3.1 Before the experiment 
             During this procedure, the reading literacy pretest was administered to 
Grade 9  students at the first week of the testing session. The test lasted 20 minutes. 
Then,  the participants were briefly introducted to the computerized dynamic 
assessment. Before taking the test, students were instructed to read or listen to 
instructions carefully on the computer and in order to make them acquainted with 
the system, they were allowed to practice the computerized dynamic assessment 
prior to the real assessment.  

3.2 During the experiment 
    Students’ reading literacy was assessed through the computerized dynamic 
assessment for three testing periods. The whole experiment lasted 8-9 weeks. Each 
time point was the four-week interval. Computerized dynamic assessment was 
administered in classroom context. The program recorded the number of correct and 
incorrect responses as well as the number of prompts required during training for 
each student. Participants were administered in their school computer lab or in their 
classrooms with computers. There was no time limit for taking the test, depending 
on students’ reading ability, difficulties encountered, and number of prompts used. 
Students were allowed to work at their own pace. Researcher administered the test 
by herself.  

3.3 After the experiment 
               The reading literacy posttest was administered in the final week of the 
study to assess the students’ current ability after receiving the computerized 
dynamic assessment and compare each group’s conditions. The posttest lasted 20 
minutes. Then, the results of the experiment were further analyzed to measure 
growth and learning potential.  
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4. Data Analysis 
           In the present study, data were analyzed as the following:  

4.1 Data analysis for instrument validation  
                   4.1.1 Content validity of the instruments                     
         Content validity was checked on how well the reading literacy 
instrument measured a theoretical construct using the item-objective congruence 
(IOC) index. 
          4.1.2 Psychometric properties of the reading literacy instruments 
                           4.1.2.1 Model fit and model comparison  
        Data were analyzed in terms of model and item fits as well as 
item parameter estimates using the “mirt” package of the freeware R (Chalmers, 
2012). The preliminary analysis was conducted to select the best fitted 
unidimensional IRT model for the data. The items were calibrated using 1PL and 2PL 
models, whereas the 3PL model was disregarded because of medium-sized data and 
the two-tier instruments that had lower guessing concern.  Then, the better fitting 
model was compared with competing more complicated models, multidimensional 
2PL model, testlet model and bifactor multidimensional models. 

  The models were compared to estimate the best-fitting model by 
using the goodness-of-fit indices such as -2Log likelihood values, its associated root-
mean-square error of approximation (RMSEA) values as well as Akaike Information 
Criterion (AIC) and Bayesian Information Criterion (BIC). The model which had the 
lowest -2Log likelihood, RMSEA, AIC or BIC values was considered to have the best fit 
and the suitable model for the dataset (Bock & Aitkin, 1981; Gibbons & Hedeker, 
1992).  
                4.1.2.2 Item parameter analysis  
                The best fitted model was applied for the item analyses. For the 
multidimensional model, the direct scores were transformed into composite scores 
before interpretation by transforming the multiple item discrimination estimates into 
multidimensional item discrimination (MDISC) and the multiple item difficulty 
estimates into multidimensional item difficulty (MDIFF) (Cai & Kunnan, 2018). Based 
on guidelines available in Baker (2001), items that have discrimination values ranged 
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from 0.35- 1.69, indicating that these items have good discrimination between low 
and high ability students. In addition, items that have difficulty values higher than 
2.00, presenting that these items have more difficulty for the test-takers as presented 
in Table 29. 

Table 29 Labels for item discrimination and item difficulty estimates 
Discrimination values Difficulty values 

Label Range of values Label Ranges of values 

Very low 0.01-0.34 Very easy < -2.00 
Low 0.35 – 0.64 Easy -2.00 - -0.51 
Moderate 0.65 – 1.34 Medium -0.51 – 0.49 
High 1.35 – 1.69 Difficult 0.51 – 1.99 
Very high > 1.70 Very difficult > 2.00 

 
                   
      4.1.3 Construct validity  
               The researcher aimed to test the theorectical structures of reading 
literacy using second-order confirmatory factor analysis (CFA). Goodness of fit was 
assessed using the 𝜒2 statistic, the comparative fit index (CFI), the non-normed fit 
index (NNFI), the standardized root mean square residual (SRMR), and the root mean 
square error of approximation (RMSEA). Values close to 0.06 for the RMSEA and .08 
for SRMR indicates a good model fit. Values of CFI and NNFI are greater than .95 as 
indicative of good fit (Hu & Bentler, 1999). Values greater than .90 are typically 
interpreted as an acceptable fit (Schumacker & Lomax, 1996).  Data were analyzed 
using “Lavaan” package of the freeware R.  
     4.1.4 Reliability  

    The reliability was estimated based on Cronbach’s alpha coeffieicnt and 

Omega Coefficient (𝜔) to measure the consistency of the test scores. In order to be 
acceptable, the coefficients of reliability should be greater than 0.70 (Nunnally, 
1978).  
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       4.1.5 Parallelism of reading literacy instruments 

      Regarding the test forms, the statistical evidence for being parallel are 
TCC and TIF. A root mean square deviation (RMSD) statistic was used as an index to 
quantify the closeness of TCC and TIF between the test forms. If RMSD values were 
smaller than .50, both test forms were considered to be parallel (Debeer et al., 
2017).  

      In examining parallelism at the level of the individual item, item 
characteristic curve (ICC) and item information function (IIF) were calculated for each 
individual item. Similar to the equivalence of test form, the RMSD was also 
calculated to determine the closeness of ICC and IF of item pairs. The items were 
equivalent when RMSD values were smaller than .50 (Debeer et al., 2017). 

4.2 Data analysis for reading literacy, growth, and learning potential 
             The analysis measured current performance of reading literacy, growth of 
learning, and learning potential of Grade 9  students. All statistical analyses were 
analyzed using SPSS software version 22 and R software version 4.0.4. The flowchart 
of data analysis was presented in Figure 34. 
                   4.2.1 Current performance of reading literacy  
                   The researcher compared the current performances of Grade 9 
students from reading literacy pretest and posttest scores. One-way ANCOVA was 
computed to determine whether the various prompting conditions had a significant 
effect on the posttest scores when controlling the pretest. The pretest scores served 
as a covariate and the posttest scores served as the dependent variable. The groups 
served as the independent variable. Furthermore, the researcher investigated the 
effect of different prompting conditions of computerized dynamic assessment (C-DA) 
and students’ demographic data (gender and levels of learning achievement) on 
reading literacy posttest score when the pretest score was treated as the covariate 
using two-way ANCOVA. The statistical significance level was set at p < .05. 
                  4.2.2 Growth 
                  The researcher compared growth of learning of Grade 9 students 
receiving different prompting methods by using univariate latent growth curve and 
multivariate latent growth curve models from Lavaan package in R software. The 
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researcher estimated the univariate latent growth curve model for each measured 
construct and then estimated the multivariate latent growth curve model for all 
three constructs simultaneously. The following details disclosed how to analyze the 
growth in this present study.  
                        4.2.2.1 Univariate latent growth curve model  
                       The collecting data was divided into 4 datasets which were: 1) data 
about locate information, 2) data about understand, 3) data about reflect and 
evaluate, and 4) data about overall reading literacy. Each construct was estimated 
from univariate growth curves to measure how each construct changed over time.  
  In each construct, the univariate growth curves differed in terms of the 
shape of the growth curves or the basis coefficients were compared to determine 
which model better described changes over time. as follows: 1) the intercept only, 
the basis coefficients equal to 0 in the slope factor and 2) the linear growth model, 
the loading slope factors were fixed at values of 0, 2, and 3 in the base model. Full 
information maximum likelihood estimation was conducted. 
  Moreover, the 𝜒2 values and the fit measures were directly 

comparable for every model. For the model evaluation criteria, absolute fit statistics 

were used to determine how well a statistical model reflected the data which 

included the closeness-of-fit measures, badness-of-fit measures, and the χ2 

goodness-of-fit test. Closeness-of-fit measures comprised the Comparative Fit Index 

(CFI) and Tucker-Lewis index (TLI). The values of CFI and TLI should be above .90 to 

indicate good fit (Marsh et al., 2004, as cited in Tomas et al., 2017). Badness-of-fit 

measure was Root-Mean-Square Error of Approximation (RMSEA). The RMSEA should 

be below .05 to indicate close fit (Brown & Cudeck, 1993, as cited in Hong & Ho, 

2005). The χ2 goodness-of-fit test indicated that the model reflected the data 

adequately. A small Chi-square was preferred (Brown & Cudeck, 1993, as cited in 

Hong & Ho, 2005). 

  In order to analyze the data of the fitted model, multi-group analyses 
were conducted. In this analysis, latent growth curve models for each variable were 
compared by different prompting groups. The means of intercept and slope factors 
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were computed to estimate the growth as well as the variances of intercept and 
slope were computed to estimate the inter-individual differences. It should be noted 
that variance of slope should significantly be different from zero to estimate change 
in reading literacy.  
                            4.2.2.2 Multivariate latent growth curve model 
                            The multivariate latent growth curve model was used to analyze 
the association of the developmental trajectories of the three measured constructs.  
The associations between three variables were measured over time.  The associative 
latent growth model was applied in this study to estimate 1) locate information, 2) 
understand, and 3) reflect and evaluate simultaneously. Each univariate latent 
growth model was combined to estimate the full model. In order to analyze the 
data, the covariance among the intercepts, the covariance among the slopes, and 
covariance between intercepts and slopes were estimated.   
                         The multivariate latent growth curve model for multiple group 
analysis was used for the group comparison. The estimation of growth was based on 
the full model of each group. The covariance among intercepts, covariance among 
slopes, and covariance between the intercepts and slopes were compared among 
four groups.  
                4.2.3 Measurement of learning potential   
                 Measurement of learning potential was measured in terms of availability 
scores, mediated scores, and levels of promptings. The researcher compared the 
learning potential of Grade 9 students from different group conditions. 
                           4.2.3.1 Availability score  
                             Availability score was applied to estimate learning potential by using 
the computation of the Michaelis-Menten growth model from NLME package in R.  
                       The Michaelis-Menten growth model measured upper capacity and 
rate performance in reading literacy over three time points. Capacity was estimated 
as the random-effect parameter, allowing each individual to have their estimated 
capacity. Both ability and capacity scores were directly estimated from the model, 
but availability score was calculated by subtracting the estimated ability from the 
subject-specific capacity estimate. 
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               As a result, in order to compare availability scores from different 
prompting conditions, the researcher analyzed the differences in availability scores 
over three time points using one-way MANOVA. The independent variable was groups 
received different promptings, and the dependent variables were the availability 
score measured at the first time, the availability score measured at the second time, 
and the availability score measured at the third time.   
                          4.2.3.2 Mediated scores 
                           The sum total of the mediated score of each student was 
counted to investigate the amount of mediation students needed to reach their 
learning attainment. As a result, the mean differences of mediated scores among 
four group conditions were estimated by using two-way mixed ANOVA at the 
significant level of .05. The group conditions and time were counted as independent 
variables and the mediated score was a dependent variable.  
                         4.2.3.3 Levels of promptings 
                         Levels of promptings of reading literacy as well as levels of 
promptings of reading literacy subscales were investigated using one-way MANOVA at 
the significant level of .05. The independent variable was prompting condition, and 
the dependent variables were first level of prompting, second level of prompting, 
third level of prompting, and fourth level of prompting.  
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CHAPTER FOUR  
RESULTS 

 

 This study aimed to develop and validate the research instruments as well as to 

measure reading literacy, growth of learning, and learning potential of Grade 9 students 

by comparing different promptings of the computerized dynamic assessment on reading 

literacy. The results were presented as the following: 

Part 1: Results of the development and validation of the computerized dynamic 

assessment for reading literacy of Grade 9 students 

     1.1 Results of the development of the computerized dynamic assessment for 

reading   literacy of Grade 9 students 

1.2 Results of the validation of the computerized dynamic assessment for reading 

literacy of Grade 9 students  

 1.3 Results of the parallelism of the computerized dynamic assessment for 

reading literacy of Grade 9 students  

Part 2: Results of the effects of different promptings of the computerized dynamic 

assessment on reading literacy ability, growth of learning, and learning potential of 

Grade 9 students 

2.1 Results of the effects of different promptings of the computerized dynamic 

assessment on reading literacy ability of Grade 9 students 

   2.2 Results of the effects of different promptings of the computerized 

dynamic assessment on growth of learning of Grade 9 students 

   2.3 Results of the effects of different promptings of the computerized 

dynamic assessment on learning potential of Grade 9 students 
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Part 1: Results of the Development and Validation of the Computerized 
Dynamic Assessment for Reading Literacy of Grade 9 Students 

 1.1. Results of the development of the computerized dynamic 
assessment for reading literacy of Grade 9 students 

         The instrument was developed in accordance with the conceptual theory of 

Zone of Proximal Development from Vygotsky and Graduated prompt approach. The 

test format was five-multiple-choice questions with one correct answer. The content 

was adapted from the framework of PISA reading literacy 2018 proposed by OECD 

(2019a). The tested contents were composed of three dimensions of reading literacy, 

including 1) locate information, 2) understand, and 3) evaluate and reflect. There 

were 20 items combined with four reading passages in each testing session. The test 

was constructed as three parallel tests to measure in three different time points.  

 The instrument was constructed with the combination of the graduated 
prompting approach and the two-tier test. In each question, there were a set of two 
items. The first-tier item was the general question to measure student’s reading literacy 
and the second-tier item was used to avoid guessing. When a student answered the first 
question correctly, he or she was allowed to answer the second-tier question 
automatically which asked about the rationale why this choice was the correct answer. 
This item identified how a student clearly understood the first-tier question and was 
able to find the correct answer without guessing. Those students who answered a set of 
two items correctly would get a point and moved to another question. If a  student 
answered the first-tier question incorrectly, he or she would be provided the prompting 
patterns based on their group conditions. The graduated prompting approach was used 
as the mediation providing to help students learn and find the correct answer during the 
assessment procedure. After receiving the first prompt, students were allowed to answer 
the first-tier question again for the second attempt and if they answered correctly, they 
would continue to do the second-tier item. However, if they still could not answer 
correctly, the second prompt was provided. The system continued until the students 
answered a set of two items and were able to move to the next question. The structure 
of computerized dynamic assessment was presented in Figure 35.   
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Figure 35 Structure of computerized dynamic assessment 

 

 1.1.1 The design of computerized dynamic assessment for reading 

literacy   

 The design of computerized dynamic assessment was constructed and 

designed from the iSpring Suite 9. The program was interactive and online. The 

researcher generated shared links that limited the accessibility and published the link 

in Google classroom for each prompting group. The program consisted of 1) user 

profile interface, 2) dynamic assessment interface, and 3) scoring report interface.  

     1.1.1.1 User profile interface 
    Students were required to fill their names, school names, emails, and 

groups before entering the main assessment interface as presented. Moreover, 
students were required to follow the directions of the computerized dynamic 
assessment as depicted in Figure 36.  
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Figure 36 User interface 

 
 1.1.1.2 Dynamic assessment interface 
 The researcher adapted the theoretical basis of the Graduated 

prompting approach proposed by Campione and Brown (1985). Each reading literacy 
instrument comprised 20 two-tier multiple choice items. Students were randomly 
chosen into 4 groups, including the instructional prompt group, the error-explanation 
prompt group, the mixed prompt group, and the verification prompt group (control 
condition). Reading passages were presented before students took the testlet, and 
they could re-read the text. In each item, they were required to answer first-tier 
items. Students were allowed to answer the second-tier item if they answered the 
first-tier correctly; otherwise, they were provided prompts, ranging from implicit to 
explicit as shown in Figures 37-40. The given instructional prompts were depicted in 
Figure 41. The error-explanation prompts were in Figure 42. Moreover, the mixed 
prompts were seen in Figure 43.  
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Figure 37 Example of reading passage 

 

 
Figure 38 Example of reading literacy item (first-tier item) 

ชุดทดสอบนีเ้ป็นลิขสิทธ์ิของจุฬาลงกรณม์หาวิทยาลัย 
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Figure 39 The prompt given when student answered first-tier item correctly 

 

 
Figure 40 Example of reading literacy item (second-tier item) 
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                   1) The interface of the Instructional prompt of 
computerized dynamic assessment 
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Figure 41 Instructional prompt of computerized dynamic assessment 

 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

166 
 

                   2) The interface of error-explanation prompt of 
computerized dynamic assessment 
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Figure 42 Error-explanation prompt of computerized dynamic assessment 
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                     3) The interface of mixed prompt of computerized 
dynamic assessment 
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Figure 43 Mixed prompt of computerized dynamic assessment 
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 1.1.1.3 Scoring interface 
  As depicted in Figure 44, the interface automatically generated the 
overall scores and each individual item for students. The amount of mediation 
students used was also counted in each item. Moreover, the scoring report was 
automatically sent to the email of the students and each individual score was sent 
to the researcher directly.  
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Figure 44 Scoring report of computerized dynamic assessment 

 

 1.1.2 The types of prompts 

There were many different types of prompts. In this research, three 
prompting conditions were studied, including instructional prompting, error-
explanation prompting, and mixed prompting. Each group of students received 
different prompting conditions. Each prompt differed in terms of the pattern of 
prompts and the content of prompts. Examples of questions in locate information, 
understand, and evaluate and reflect were shown in Figure 45-47.  

          
Figure 45 Example of reading literacy item in locate information subscale (Item 1) 
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Figure 46 Example of reading literacy item in understand subscale (Item 2) 

 

 
Figure 47 Example of reading literacy item in evaluate and reflect subscale (Item 4) 

 

                      1.1.2.1 Instructional prompting method 

            The prompt or mediation helped a student to better understand the 

text or the question. The instructional prompt was arranged from most implicit to 

most explicit prompts. When a student answered incorrectly for the first time, he or 

she would be provided the most implicit instructional prompt and was allowed to 

answer the question again. If a student answered incorrectly for the second try, the 

second instructional prompt was more explicit. If a student still could not answer 

correctly, the third instructional prompt was provided with very explicit information. 

If a student could not respond correctly, the fourth instructional prompt was 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

173 
 
provided to show the correct answer and explain why that choice was correct. The 

pattern of prompting was based on the incorrect attempt of students as presented in 

Figures 48-50.  

 
Figure 48 Instructional prompting method in locate information (Item 1) 

 

 
Figure 49 Instructional prompting method in understand subscale (Item 2) 
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Figure 50 Instructional prompting method in evaluate and reflect subscale (Item 4) 
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                        1.1.2.2 Error-explanation prompting method 

             The prompt or mediation was based on the choice a student 

selected and the number of attempts a student answered incorrectly. If a student 

chooses the incorrect answer choice, he or she would receive the error-explanation 

prompt provided depending on the selected response, ranging from implicit to 

explicit. Examples of an error-explanation prompting method were presented in 

Figures 51-53.    
การออกแบบวิธีการชี้แนะ (promptings) 

2. การชี้แนะโดยการอธิบายข้อผิดพลาด (Error-explanation prompting)  

ตอบผิด
ครั้งที่ 1  

Prompt 1 

ก ข ง จ 

เธอเป็นเด็กข้ีเกียจ  
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

 

เธอไม่มีความรับผิดชอบต่องาน  
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

เธอไม่ค่อยต้ังใจเรียนเวลาครูสอน 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

 

เธอคิดว่าคงเรียนไม่ผ่านวิชานี้อยู่แล้ว 
จึงไม่สนใจท างานส่ง   ยังไม่ใช่
ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 2  

Prompt 2 

ก ข ง จ 

ผู้พูดไม่ได้บอกในบทอ่านว่า
เด็กผู้หญิงคนนี้เป็นเด็กข้ีเกียจ 
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้บอกในบทอ่านว่า
เด็กผู้หญิงคนนี้เป็นเด็กไม่มี
ความรับผิดชอบ 
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้บอกในบทอ่านว่า
เด็กผู้หญิงคนนี้เป็นเด็กไม่ต้ังใจเรียน 
จงเลือกค ำตอบใหม่อีกครั้ง 
 

ผู้พูดไม่ได้บอกในบทอ่านว่าเด็กผู้หญิง
คนนี้ไม่สนใจท างานส่ง เพราะเธอคิด
ว่าเธอคงเรียนไม่ผ่านวิชานี้อยู่แล้ว  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 3  

Prompt 3 

ก ข ง จ 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิง
คนน้ีส่งงำนช้ำเพรำะเป็นเด็ก
ขี้เกียจ 
เพราะผูพู้ดกล่าวว่า แม้ครู
ส่วนใหญ่คิดว่าเด็กผู้หญิงคนนี้
เป็นเด็กข้ีเกียจ แต่มีครูท่าน
หนึ่งท่ีไม่ได้คิดแบบนั้น จึงลอง
เข้าไปพูดคุยและ สอบถาม
เด็กดู  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคน
น้ีส่งงำนช้ำเพรำะเป็นเด็กไม่มี
ควำมรับผิดชอบ 
เพราะผูพู้ดกล่าวว่า แม้ครูส่วน
ใหญ่คิดว่าเด็กผู้หญิงคนนี้เป็น
เด็กที่ไม่มีความรับผิดชอบ แต่มี
ครูท่านหนึ่งท่ีไม่ได้คิดแบบนั้น 
จึงลองเข้าไปพูดคุยและ 
สอบถามเด็กดู  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคนน้ีส่ง
งำนช้ำเพรำะไม่ค่อยต้ังใจเรียน 
เพราะผูพู้ดกล่าวว่า แม้ครูส่วนใหญ่
คิดว่าเธอไม่น่ารัก และดูเหมือนไม่
ค่อยต้ังใจเรียน แต่มีครูท่านหนึ่งท่ี
ไม่ได้คิดแบบนั้น จึงลองเข้าไปพูดคุย
และ สอบถามเด็กดู  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคนน้ีส่ง
งำนช้ำเพรำะเธอคิดว่ำคงเรียนไม่
ผ่ำนวิชำน้ีอยู่แล้วจึงไม่สนใจท ำงำน
ส่ง 
เพราะ ผู้พูดกลา่วว่า 
มีครูท่านหนึ่งท่ีเข้าไปสอบถามเด็กดู
และพบว่าความจริงแล้วเธอไม่ได้คิดว่า
จะไม่ผ่านวิชานี้  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 4 

Prompt 4 

ก ข ง จ 
ค ำตอบที่ถูกต้องคือ ข้อ ค. 
รู้สึกแย่ที่ท ำงำนออกมำไม่ดี 

 
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิง
คนนี้มีพฤติกรรมส่งงานช้า
เพราะเธอรู้สึกอำยทุกครั้งที่
ท ำงำนที่ครูมอบหมำย
ออกมำไม่ดี และกลัวครูจะ
มองตนเองว่ำเป็นเด็กที่ไม่
เก่ง  
 

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึก
แย่ที่ท ำงำนออกมำไม่ดี 

 
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคน
นี้มีพฤติกรรมส่งงานช้าเพราะ
เธอรู้สึกอำยทุกครั้งที่ท ำงำนที่
ครูมอบหมำยออกมำไม่ดี และ
กลัวครูจะมองตนเองว่ำเป็น
เด็กที่ไม่เก่ง  
 

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึกแย่

ที่ท ำงำนออกมำไม่ดี 

 
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคนนี้มี
พฤติกรรมส่งงานช้าเพราะเธอรู้สึก
อำยทุกครั้งที่ท ำงำนที่ครูมอบหมำย
ออกมำไม่ดี และกลัวครูจะมอง
ตนเองว่ำเป็นเด็กที่ไม่เก่ง  

 

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึกแย่ที่

ท ำงำนออกมำไม่ดี  
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคนนี้มี
พฤติกรรมส่งงานช้าเพราะเธอรู้สึก
อำยทุกครั้งที่ท ำงำนที่ครูมอบหมำย
ออกมำไม่ดี และกลัวครูจะมอง
ตนเองว่ำเป็นเด็กที่ไม่เก่ง  
 

Figure 51 Error-explanation prompting method in locate information subscale (Item 1) 
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การออกแบบวิธีการชี้แนะ (promptings) 

2. การชี้แนะโดยการอธิบายข้อผิดพลาด (Error-explanation prompting)  

ตอบผิด
ครั้งที่ 1  
Prompt 

1 

ก ค ง จ 

ครูไดม้อบของขวญัใหก้บั
นกัเรียน 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ครูใหโ้อกาสนกัเรียนสง่งาน
ชา้กว่าก าหนดได ้
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ครูท าใหน้กัเรียนไม่เครียดเวลาที่
สอนในชัน้เรียน 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ครูเปิดโอกาสใหน้กัเรียนไดท้ าในสิ่งที่
ตนเองสนใจ 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 2  
Prompt 

2 

ก ค ง จ 
ผู้พูดไม่ได้พูดถึงครูท่ีมอบ 
ของขวัญให้แก่นักเรียน 
ในบทอ่านเลย  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้พูดถึงครูท่ีให้โอกาส
นักเรียนส่งงานช้ากว่าก าหนด
ได้ในบทอ่านเลย  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้พูดถึงครูท่ีท าให้นักเรียน
ไม่เครียดเวลาท่ีสอนในชัน้เรียนใน
บทอ่านเลย  
จงเลือกค ำตอบใหม่อีกครั้ง 

แม้ผู้พูดจะสนับสนุนความอยากเรียนรู้
ของนักเรียน แต่ผู้พูดไม่ได้พูดถึงครูท่ี
เปิดโอกาสให้นักเรียนได้ท าสิ่งท่ีตนเอง
สนใจในบทอ่าน  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 3  
Prompt 

3 

ก ค ง จ 
ของขวัญที่ครูให้กับนักเรียน
ไม่ได้หมำยถึงครูมอบกล่อง
ของขวัญให้กับนักเรียน  
เพราะค าว่า “ของขวัญ” เป็น
ความหมายแฝงของผู้พูด ไม่ใช่
ความหมายโดยตรง ซึ่งผู้พูดเล่า
ว่าตนเองเคยเป็นนักเรียนท่ี
ล้มเหลวมาก่อน และได้ของขวัญ
จากครู ท าให้มีวันนี้ได้  โดยผู้พูด
ไม่ได้กล่าวถึงครูมอบของขวัญ
ให้กับนักเรียนเลย  
จงเลือกค ำตอบใหม่อีกครั้ง 
 

ของขวัญที่ครูให้กับนักเรียน
ไม่ได้หมำยถึงครูให้โอกำส
นักเรียนส่งงำนช้ำกว่ำ
ก ำหนด 
เพราะค าว่า “ของขวัญ” เป็น
ความหมายแฝงของผู้พูด ไม่ใช่
ความหมายโดยตรง ซึ่งผู้พูด
เล่าว่าตนเองเคยเป็นนักเรียน
ท่ีล้มเหลวมาก่อน และได้
ของขวัญจากครู ท าให้มีวันนี้
ได้ โดยผู้พูดไม่ได้กล่าวถึงครู
ให้นักเรียนส่งงานช้ากวา่
ก าหนดเลย  
จงเลือกค ำตอบใหม่อีกครั้ง 

ของขวัญที่ครูให้กับนักเรียนไม่ได้
หมำยถึงครูท ำให้นักเรียนไม่เครียด
เวลำที่สอนในชั้นเรียนเพราะค าว่า 
“ของขวัญ” เป็นความหมายแฝง
ของผู้พูด ไม่ใช่ความหมายโดยตรง 
ซึ่งผู้พูดเล่าว่าตนเองเคยเป็นนักเรียน
ท่ีล้มเหลวมาก่อน และได้ของขวัญ
จากครู ท าให้มีวันนี้ได้  โดยผู้พูด
ไม่ได้กล่าวถึงครูท่ีท าให้นักเรียนไม่
เครียดเวลาท่ีสอนในชั้นเรียน เลย 
จงเลือกค ำตอบใหม่อีกครั้ง 

ของขวัญที่ครูให้กับนักเรียนไม่ได้
หมำยถึงครูที่เปิดโอกำสให้นักเรียน
ได้ท ำสิ่งที่ตนเองสนใจ 
เพราะค าว่า “ของขวัญ” เป็น
ความหมายแฝงของผู้พูด ไม่ใช่
ความหมายโดยตรง ซึ่งผู้พูดเล่าว่า
ตนเองเคยเป็นนักเรียนท่ีล้มเหลวมา
ก่อน และได้ของขวัญจากครู ท าให้มี
วันนี้ได้ ซึ่งแม้ผู้พูดจะสนับสนุนความ
อยากเรียนรู้ของนักเรียน แต่ผู้พูดไม่ได้
กล่าวถึงครท่ีูเปิดโอกาสให้นักเรียนได้
ท าสิ่งท่ีตนเองสนใจ 
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 4 
Prompt 

4 

ก ค ง จ 
ค ำตอบที่ถูกต้องคือ ข้อ ข. ครู
ใหก้ าลังใจและเชื่อม่ันในตวั

ของนักเรียน  
เพราะผูพู้ดได้เล่าว่า ครูคิดว่า
เด็กต้องการความช่วยเหลือ ครู
จึงได้ให้ก าลังใจนักเรียนและ
แสดงความเชื่อมั่นในตัวนักเรียน
โดยพูดว่า “ครูเชื่อว่ำเรำท ำได้” 
ซึ่งสิ่งเหล่านี้เป็นเหมือนของขวัญ
ท่ีครูให้กับนักเรียน ท าให้เด็ก
นักเรียนรู้สึกว่าชีวิตตัวเองมี
คุณค่าข้ึนมา ท าให้สามารถเรียน
ผ่านและจบพร้อมกับเพื่อนได้  
ซึ่งค าว่า “ของขวัญ” จึงเป็น
ความหมายแฝงของการท่ีครูได้
ให้ก าลังใจและเชื่อมั่นในตัวของ
นักเรียน 

 ค ำตอบที่ถูกต้องคือ ข้อ ข. 
ครูใหก้ าลังใจและเชื่อม่ัน

ในตวัของนักเรียน 

 
เพราะผูพู้ดได้เล่าว่า ครูคิดว่า
เด็กต้องการความช่วยเหลือ 
ครูจึงได้ให้ก าลังใจนักเรียน
และแสดงความเชื่อมั่นในตัว
นักเรียนโดยพูดว่า “ครูเชื่อว่ำ
เรำท ำได้” ซึ่งสิ่งเหล่านี้เป็น
เหมือนของขวัญท่ีครูให้กับ
นักเรียน ท าให้เด็กนักเรียน
รู้สึกว่าชีวิตตัวเองมีคุณค่า
ข้ึนมา ท าให้สามารถเรียนผ่าน
และจบพร้อมกับเพื่อนได้  ซึ่ง
ค าว่า “ของขวัญ” จึงเป็น
ความหมายแฝงของการท่ีครู
ได้ให้ก าลังใจและเชื่อมั่นในตัว
ของนักเรียน 

ค ำตอบที่ถูกต้องคือ ข้อ ข. ครูให้
ก าลังใจและเชื่อม่ันในตวัของ

นักเรียน  
เพราะผูพู้ดได้เล่าว่า ครูคิดว่าเด็ก
ต้องการความช่วยเหลือ ครูจึงได้ให้
ก าลังใจนักเรียนและแสดงความ
เชื่อมั่นในตัวนักเรียนโดยพูดว่า “ครู
เชื่อว่ำเรำท ำได้” ซึ่งสิ่งเหล่านี้เป็น
เหมือนของขวัญท่ีครูให้กับนักเรียน 
ท าให้เด็กนักเรียนรู้สึกว่าชีวิตตัวเอง
มีคุณค่าข้ึนมา ท าให้สามารถเรียน
ผ่านและจบพร้อมกับเพื่อนได้  ซึ่ง
ค าว่า “ของขวัญ” จึงเป็น
ความหมายแฝงของการท่ีครูได้ให้
ก าลังใจและเชื่อมั่นในตัวของ
นักเรียน 

 ค ำตอบที่ถูกต้องคือ ข้อ ข. ครูให้
ก าลังใจและเชื่อม่ันในตวัของ

นักเรียน  
เพราะผูพู้ดได้เล่าว่า ครูคิดว่าเด็ก
ต้องการความช่วยเหลือ ครูจึงได้ให้
ก าลังใจนักเรียนและแสดงความ
เชื่อมั่นในตัวนักเรียนโดยพูดว่า “ครู
เชื่อว่ำเรำท ำได้” ซึ่งสิ่งเหล่านี้เป็น
เหมือนของขวัญท่ีครูให้กับนักเรียน 
ท าให้เด็กนักเรียนรู้สึกว่าชีวิตตัวเองมี
คุณค่าข้ึนมา ท าให้สามารถเรียนผ่าน
และจบพร้อมกับเพื่อนได้  ซึ่งค าว่า 
“ของขวัญ” จึงเป็นความหมายแฝง
ของการท่ีครูได้ให้ก าลังใจและเชื่อมั่น
ในตัวของนักเรียน 

Figure 52 Error-explanation prompting method in understand subscale (Item 2) 
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การออกแบบวิธีการชี้แนะ (promptings) 

2. การชี้แนะโดยการอธิบายข้อผิดพลาด (Error-explanation prompting)  

ตอบผิด
ครั้งที่ 1  
Prompt 

1 

ข ค ง จ 

เพื่อเปรียบเทียบความแตกต่าง
ระหว่างสิ่งที่นกัเรียนท าถกูและ 
 สิ่งที่นกัเรียนท าผิด 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

เพื่อเสนอแนะวิธีการเรียนรูท้ี่
ถกูตอ้งใหแ้ก่นกัเรียนน าไปปฏิบติั 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

เพื่อสนบัสนนุครูในการสง่เสริม
นกัเรียนใหเ้รียนรูไ้ดด้ว้ยตนเอง 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

 

เพื่อเป็นก าลงัใจใหแ้ก่คณุครูในการเรียนรู้
จากความผิดพลาดของตนเอง  
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 2  
Prompt 

2 

ข ค ง จ 
แม้ผู้พูดบอกว่ามีแค่สองเครื่องหมาย
คือถูกกับผิด แต่ผู้พูดไม่ได้กล่าว
เปรียบเทียบสิ่งที่นักเรียนท าถูกหรือ
ท าผิด 
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้กล่าวถึงวิธีการเรียนรู้ท่ี
ถูกต้องให้แก่นักเรียนน าไปปฏิบัติ  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้กล่าวถึงการส่งเสริมนักเรียน
ให้เรียนรู้ได้ด้วยตนเอง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้กล่าวถึงการเป็นก าลังใจให้แก่
คุณครูในการเรียนรู้จากความผิดพลาดของ
ตนเอง   
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 3  
Prompt 

3 

ข ค ง จ 
ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อเปรียบ
สิ่งที่นักเรียนท ำถูกหรือท ำผิด  
เพราะผูพู้ดกล่าวว่าโรงเรียนมีเพียง
เครื่องหมายถูกกับผิดเท่านั้นท าให้
นักเรียนกลัวการท าผิดพลาด ถึงแม้
ผู้พูดบอกว่ามีแค่สองเครื่องหมายคือ
ถูกกับผิด แต่ผู้พูดไม่ได้กล่าว
เปรียบเทียบสิ่งที่นักเรียนท าถูกหรือ
ท าผิด  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้มีจุดมุ่งหมำยเสนอแนะ
วิธีกำรเรียนรู้ที่ถูกต้องให้แก่
นักเรียน  
เพราะผูพู้ดกล่าวว่าโรงเรียนมี
เพียงเครื่องหมายถูกกับผิดเท่านั้น
ท าให้นักเรียนกลัวการท าผิดพลาด 
ซึ่งผู้พูดไม่ได้กล่าวถึงวิธีการเรียนรู้
ท่ีถูกต้องให้แก่นักเรียนน าไป
ปฏิบัติ  
 
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อสนับสนุน
ครูในกำรเรียนรู้ด้วยตนเองของ
นักเรียน  
เพราะผูพู้ดกล่าวว่าโรงเรียนมีเพียง
เครื่องหมายถูกกับผิดเท่านั้นท าให้
นักเรียนกลัวการท าผิดพลาด ซึ่งผูพู้ด
ไม่ได้กล่าวถึงการส่งเสริมนักเรียนให้
เรียนรู้ได้ด้วยตนเอง  
จงเลือกค ำตอบใหม่อีกครั้ง 

ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อให้ก ำลังใจ
คุณครู 
เพราะผูพู้ดกล่าวว่าโรงเรียนมีเพียง
เครื่องหมายถูกกับผิดเท่านั้นท าให้นักเรียน
กลัวการท าผิดพลาด ซึ่งผู้พูดไม่ได้หมายถึง
การให้ก าลังใจคุณครู  
จงเลือกค ำตอบใหม่อีกครั้ง 

ตอบผิด
ครั้งที่ 4 
Prompt 

4 

ข ค ง จ 
ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อ
เร่ืองเป็นเร่ืองของครูท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อนและต้ังใจ
ว่าถ้าสอนเด็กคนไหนก็ตาม จะหยิบ
ยื่นโอกาสให้เด็กที่ท าผิดพลาดและ
สร้างความเชื่อมั่นในตัวเด็ก ดังน้ัน
เน้ือเรือ่งจึงเก่ียวข้องกับเด็กที่เคย
ท ำผิดพลำด ซ่ึงจุดมุ่งหมำยของผู้
พูดคือเพื่อแสดงควำมคิดเห็นว่ำให้
นักเรียนลองผิดลองถูกได้ด้วย
ตนเอง เน่ืองจำกโรงเรียนมีเพียงสิ่ง
ที่ถูกและผิดเท่ำน้ัน ซ่ึงท ำให้เป็น
กำรปิดก้ันเด็กในกำรเรียนรู้ เพรำะ
เด็กกลัวท ำผิด  

 ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อ
เร่ืองเป็นเร่ืองของครูท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อนและ
ต้ังใจว่าถ้าสอนเด็กคนไหนก็ตาม 
จะหยิบยื่นโอกาสให้เด็กที่ท า
ผิดพลาดและสร้างความเชื่อมั่นใน
ตัวเด็ก ดังน้ันเน้ือเรื่องจึง
เก่ียวข้องกับเด็กที่เคยท ำ
ผิดพลำด ซ่ึงจุดมุ่งหมำยของผู้
พูดคือเพื่อแสดงควำมคิดเห็นว่ำ
ให้นักเรียนลองผิดลองถูกได้ด้วย
ตนเอง เน่ืองจำกโรงเรียนมีเพียง
สิ่งที่ถูกและผิดเท่ำน้ัน ซ่ึงท ำให้
เป็นกำรปิดก้ันเด็กในกำรเรียนรู้ 
เพรำะเด็กกลัวท ำผิด  

ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อเรื่อง
เป็นเร่ืองของครูท่ีเคยเป็นนักเรียนท่ี
ล้มเหลวมาก่อนและต้ังใจว่าถ้าสอน
เด็กคนไหนก็ตาม จะหยิบยื่นโอกาสให้
เด็กที่ท าผิดพลาดและสร้างความ
เชื่อมั่นในตัวเด็ก ดังน้ันเน้ือเรื่องจึง
เก่ียวข้องกับเด็กที่เคยท ำผิดพลำด 
ซ่ึงจุดมุ่งหมำยของผู้พูดคือเพื่อแสดง
ควำมคิดเห็นว่ำให้นักเรียนลองผิด
ลองถูกได้ด้วยตนเอง เน่ืองจำก
โรงเรียนมีเพียงสิ่งที่ถูกและผิด
เท่ำน้ัน ซ่ึงท ำให้เป็นกำรปิดก้ันเด็ก
ในกำรเรียนรู้ เพรำะเด็กกลัวท ำผิด  

 ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่แสดง
ความคิดเหน็ว่านักเรียนควรได้รับ
โอกาสในการเรียนรู้จากการลองผิด

ลองถูกดว้ยตนเอง สิ่งท่ีอ่านใน
เนื้อเรื่องเป็นเร่ืองของครูท่ีเคยเป็นนักเรียน
ท่ีล้มเหลวมาก่อนและต้ังใจวา่ถ้าสอนเด็ก
คนไหนก็ตาม จะหยิบยื่นโอกาสให้เด็กที่ท า
ผิดพลาดและสร้างความเชื่อมั่นในตัวเด็ก 
ดังน้ันเน้ือเรื่องจึงเก่ียวข้องกับเด็กที่เคย
ท ำผิดพลำด ซ่ึงจุดมุ่งหมำยของผู้พูดคือ
เพื่อแสดงควำมคิดเห็นว่ำให้นักเรียนลอง
ผิดลองถูกได้ด้วยตนเอง เน่ืองจำก
โรงเรียนมีเพียงสิ่งที่ถูกและผิดเท่ำน้ัน ซ่ึง
ท ำให้เป็นกำรปิดก้ันเด็กในกำรเรียนรู้ 
เพรำะเด็กกลัวท ำผิด  

Figure 53 Error-explanation prompting method in evaluate and reflect subscale (Item 4) 
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                             1.1.2.3 Mixed prompting method 

            Mixed prompting method was the mixture between the instructional 
prompting and the error-explanation prompting methods. Therefore, prompting was 
based on the instruction to guide a student to answer the question correctly and the 
reason why the selected choice was incorrect. If a student answered incorrectly, the 
prompt would be provided based on the number of attempts and choices a student 
selected. Examples of mixed prompting method were presented in Figures 54-56.   

การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

ตอบผิดครั้ง
ที่ 1  

Prompt 1 

ก ข ง จ 

เธอเป็นเด็กข้ีเกียจ  
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำ
ค ำถำมถำมถึงเรื่องอะไร อยู่ในย่อ

หน้ำใดของบทอ่ำน  

เธอไม่มีความรับผิดชอบต่องาน ยัง
ไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำค ำถำม
ถำมถึงเรื่องอะไร อยู่ในย่อหน้ำใด

ของบทอ่ำน  

เธอไม่ค่อยต้ังใจเรียนเวลาครูสอน ยัง
ไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำค ำถำม
ถำมถึงเรื่องอะไร อยู่ในย่อหน้ำใดของ

บทอ่ำน  

เธอคิดว่าคงเรียนไม่ผ่านวิชานี้อยู่
แล้ว จึงไม่สนใจท างานส่ง   ยัง
ไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำ
ค ำถำมถำมถึงเรื่องอะไร อยู่ใน

ย่อหน้ำใดของบทอ่ำน  

ตอบผิดครั้ง
ที่ 2  

Prompt 2 

ก ข ง จ 

ผู้พูดไม่ได้บอกในบทอ่านว่า
เด็กผู้หญิงคนนี้เป็นเด็กข้ีเกียจ 
 
ลองใช้เทคนิคกำรอ่ำนเพื่อหำ
รำยละเอียดในการหาสาระที่
ต้องการ ดังต่อไปนี้ 
1. ค าถามได้ถามถึงเหตุผลที่ท ำให้
เด็กผู้หญิงคนน้ีมีพฤติกรรมส่งงำน
ช้ำ 
2. ให้นักเรียนอ่านย่อหน้ำแรกของ
บทความ โดยอ่ำนเร็ว ๆ กวำด
สำยตำคร่ำว ๆ เพื่อจับประเด็น
ส าคัญในลักษณะข้อมูลตัวเลข หรือ
ค ำส ำคัญท่ีเป็นข้อเท็จจริงในบท
อ่าน  

ผู้พูดไม่ได้บอกในบทอ่านว่าเด็กผู้หญิง
คนนี้เป็นเด็กไม่มีความรับผิดชอบ 
 
ลองใช้เทคนิคกำรอ่ำนเพื่อหำ
รำยละเอียดในการหาสาระที่ต้องการ 
ดังต่อไปนี้ 
1. ค าถามได้ถามถึงเหตุผลที่ท ำให้
เด็กผู้หญิงคนน้ีมีพฤติกรรมส่งงำนช้ำ 
2. ให้นักเรียนอ่านย่อหน้ำแรกของ
บทความ โดยอ่ำนเร็ว ๆ กวำด
สำยตำคร่ำว ๆ เพื่อจับประเด็นส าคัญ
ในลักษณะขอ้มูลตัวเลข หรือค ำ
ส ำคัญท่ีเป็นข้อเท็จจริงในบทอ่าน  
 

ผู้พูดไม่ได้บอกในบทอ่านว่าเด็กผู้หญิง
คนนี้เป็นเด็กไม่ต้ังใจเรียน 
 
ลองใช้เทคนิคกำรอ่ำนเพื่อหำ
รำยละเอียดในการหาสาระที่ต้องการ 
ดังต่อไปนี้ 
1. ค าถามได้ถามถึงเหตุผลที่ท ำให้
เด็กผู้หญิงคนน้ีมีพฤติกรรมส่งงำนช้ำ 
2. ให้นักเรียนอ่านย่อหน้ำแรกของ
บทความ โดยอ่ำนเร็ว ๆ กวำดสำยตำ
คร่ำว ๆ เพื่อจับประเด็นส าคัญใน
ลักษณะข้อมูลตัวเลข หรือค ำส ำคัญท่ี
เป็นข้อเท็จจริงในบทอ่าน  
 

ผู้พูดไม่ได้บอกในบทอ่านว่า
เด็กผู้หญิงคนนี้ไม่สนใจท างานส่ง 
เพราะเธอคิดว่าเธอคงเรียนไม่
ผ่านวชิานี้อยู่แล้ว  
 
ลองใช้เทคนิคกำรอ่ำนเพื่อหำ
รำยละเอียดในการหาสาระที่
ต้องการ ดังต่อไปนี้ 
1. ค าถามได้ถามถึงเหตุผลที่ท ำ
ให้เด็กผู้หญิงคนน้ีมีพฤติกรรม
ส่งงำนช้ำ 
2. ให้นักเรียนอ่านย่อหน้ำแรก
ของบทความ โดยอ่ำนเร็ว ๆ 
กวำดสำยตำคร่ำว ๆ เพื่อจับ
ประเด็นส าคัญในลักษณะข้อมูล
ตัวเลข หรือค ำส ำคัญท่ีเป็น
ข้อเท็จจริงในบทอ่าน  

ตอบผิดครั้ง
ที่ 3  

Prompt 3 

ก ข ง จ 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคนน้ีส่ง
งำนช้ำเพรำะเป็นเด็กขี้เกียจ 
เพราะผูพู้ดกล่าวว่า แม้ครูส่วนใหญ่
คิดว่าเด็กผู้หญิงคนนี้เป็นเด็กข้ีเกียจ 
แต่มีครูท่านหนึ่งท่ีไม่ได้คิดแบบนั้น 
จึงลองเข้าไปพูดคุยและ สอบถาม
เด็กดู  
  

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคนน้ีส่ง
งำนช้ำเพรำะเป็นเด็กไม่มีควำม
รับผิดชอบ 
เพราะผูพู้ดกล่าวว่า แม้ครูส่วนใหญ่คิด
ว่าเด็กผู้หญิงคนนี้เป็นเด็กที่ไม่มีความ
รับผิดชอบ แต่มีครูท่านหนึ่งท่ีไม่ได้คิด
แบบนั้น จึงลองเข้าไปพูดคุยและ 
สอบถามเด็กดู  

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคนน้ีส่ง
งำนช้ำเพรำะไม่ค่อยต้ังใจเรียน 
เพราะผูพู้ดกล่าวว่า แม้ครูส่วนใหญ่คิด
ว่าเธอไม่น่ารัก และดูเหมือนไม่ค่อย
ต้ังใจเรียน แต่มีครูท่านหนึ่งท่ีไม่ได้คิด
แบบนั้น จึงลองเข้าไปพูดคุยและ 
สอบถามเด็กดู  

 

ผู้พูดไม่ได้บอกว่ำเด็กผู้หญิงคน
น้ีส่งงำนช้ำเพรำะเธอคิดว่ำคง
เรียนไม่ผ่ำนวิชำน้ีอยู่แล้วจึงไม่
สนใจท ำงำนส่ง 
เพราะ ผู้พูดกลา่วว่า 
มีครูท่านหนึ่งท่ีเข้าไปสอบถาม
เด็กดูและพบว่าความจริงแล้วเธอ
ไม่ได้คิดว่าจะไม่ผ่านวิชานี้  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

179 
 

การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

สาระที่ต้องการคือเหตุผลที่ท ำให้
เด็กผู้หญิงมีพฤติกรรมส่งงำนช้ำ 
ประเด็นท่ีเกี่ยวข้องจะอยู่ในย่อหน้ำ
แรกคือตอนท่ีผู้พูดได้เล่าถึงครูท่าน
หนึ่งท่ีเข้าไปคุยสอบถามนักเรียนใน
เร่ืองนี้ ตามข้อความข้างล่างนี้ (

 บรรทัดท่ี 4-6) 

สาระที่ต้องการคือเหตุผลที่ท ำให้
เด็กผู้หญิงมีพฤติกรรมส่งงำนช้ำ 
ประเด็นท่ีเกี่ยวข้องจะอยู่ในย่อหน้ำ
แรกคือตอนท่ีผู้พูดได้เล่าถึงครูท่าน
หนึ่งท่ีเข้าไปคุยสอบถามนักเรียนใน

เร่ืองนี้ ตามข้อความข้างล่างนี้ (  
บรรทัดท่ี 4-6) 

สาระที่ต้องการคือเหตุผลที่ท ำให้
เด็กผู้หญิงมีพฤติกรรมส่งงำนช้ำ 
ประเด็นท่ีเกี่ยวข้องจะอยู่ในย่อหน้ำแรก
คือตอนท่ีผู้พูดได้เล่าถึงครูท่านหนึ่งท่ีเข้า
ไปคุยสอบถามนักเรียนในเร่ืองนี้ ตาม

ข้อความข้างล่างนี้ (  บรรทัดท่ี 4-
6) 

สาระที่ต้องการคือเหตุผลที่ท ำให้
เด็กผู้หญิงมีพฤติกรรมส่งงำนช้ำ 
ประเด็นท่ีเกี่ยวข้องจะอยู่ในย่อ
หน้ำแรกคือตอนท่ีผู้พูดได้เล่าถึง
ครูท่านหนึ่งท่ีเข้าไปคุยสอบถาม
นักเรียนในเร่ืองนี้ ตามข้อความ

ข้างล่างนี้ (  บรรทัดท่ี 4-6) 

ตอบผิดครั้ง
ที่ 4 

Prompt 4 

ก ข ง จ 

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึกแย่

ที่ท ำงำนออกมำไม่ดี 

 
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคนนี้มี
พฤติกรรมส่งงานช้าเพราะเธอรู้สึก
อำยทุกครั้งที่ท ำงำนที่ครูมอบหมำย
ออกมำไม่ดี และกลัวครูจะมอง
ตนเองว่ำเป็นเด็กที่ไม่เก่ง  

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึกแย่ที่

ท ำงำนออกมำไม่ดี  
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคนนี้มี
พฤติกรรมส่งงานช้าเพราะเธอรู้สึก
อำยทุกครั้งที่ท ำงำนที่ครูมอบหมำย
ออกมำไม่ดี และกลัวครูจะมอง
ตนเองว่ำเป็นเด็กที่ไม่เก่ง  

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึกแย่ที่

ท ำงำนออกมำไม่ดี  
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคนนี้มี
พฤติกรรมส่งงานช้าเพราะเธอรู้สึกอำย
ทุกครั้งที่ท ำงำนที่ครูมอบหมำยออกมำ
ไม่ดี และกลัวครูจะมองตนเองว่ำเป็น
เด็กที่ไม่เก่ง  

 

ค ำตอบที่ถูกต้องคือ ข้อ ค. รู้สึก

แย่ที่ท ำงำนออกมำไม่ดี 

 
ผู้พูดได้เล่าให้ฟังว่าเด็กผู้หญิงคน
นี้มีพฤติกรรมส่งงานช้าเพราะเธอ
รู้สึกอำยทุกครั้งที่ท ำงำนที่ครู
มอบหมำยออกมำไม่ดี และกลัว
ครูจะมองตนเองว่ำเป็นเด็กที่ไม่
เก่ง  

 

Figure 54 Mixed prompting method in locate information subscale (Item 1) 
 

 

 

 

 

 

 

 

“แต่มีคณุครูอยู่ท่านหนึ่งที่

ไม่ไดคิ้ดแบบนัน้ เขาคิดว่า

น่าจะลองเขา้ไปคยุ

สอบถามกบัเด็กคนนีด้กู่อน 

จนไดค้ าตอบว่าเด็กคนนี้

รูส้กึแย่ รูส้กึอายทกุครัง้ที่

เขาท างานท่ีครูมอบหมาย

ใหอ้อกมาไม่ดี กลวัคณุครู

มองว่าตวัเขา เป็นเด็กที่ไม่

ฉลาด ไม่เก่ง” 

 

“แต่มีคณุครูอยู่ท่านหนึ่งที่

ไม่ไดคิ้ดแบบนัน้ เขาคิดว่า

น่าจะลองเขา้ไปคยุ

สอบถามกบัเด็กคนนีด้กู่อน 

จนไดค้ าตอบว่าเด็กคนนี้

รูส้กึแย่ รูส้กึอายทกุครัง้ที่

เขาท างานท่ีครูมอบหมาย

ใหอ้อกมาไม่ดี กลวัคณุครู

มองว่าตวัเขา เป็นเด็กที่ไม่

ฉลาด ไม่เก่ง” 

 

“แต่มีคณุครูอยู่ท่านหนึ่งที่

ไม่ไดคิ้ดแบบนัน้ เขาคิดว่า

น่าจะลองเขา้ไปคยุ

สอบถามกบัเด็กคนนีด้กู่อน 

จนไดค้ าตอบว่าเด็กคนนี้

รูส้กึแย่ รูส้กึอายทกุครัง้ที่

เขาท างานท่ีครูมอบหมาย

ใหอ้อกมาไม่ดี กลวัคณุครู

มองว่าตวัเขา เป็นเด็กที่ไม่

ฉลาด ไม่เก่ง” 

 

“แต่มีคณุครูอยู่ท่านหนึ่งที่

ไม่ไดคิ้ดแบบนัน้ เขาคิดว่า

น่าจะลองเขา้ไปคยุ

สอบถามกบัเด็กคนนีด้กู่อน 

จนไดค้ าตอบว่าเด็กคนนี้

รูส้กึแย่ รูส้กึอายทกุครัง้ที่

เขาท างานท่ีครูมอบหมาย

ใหอ้อกมาไม่ดี กลวัคณุครู

มองว่าตวัเขา เป็นเด็กที่ไม่

ฉลาด ไม่เก่ง” 
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การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

ตอบผิด
คร้ังที่ 1  

Prompt 1 

ก ค ง จ 
ครูไดม้อบของขวญัใหก้บันกัเรียน 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอกีคร้ัง แล้วหำวำ่
ค ำถำมถำมถึงเร่ืองอะไร  
และประโยคดังกล่ำวอยู่ในต ำแหนง่

ใดของบทอ่ำน  

ครูใหโ้อกาสนกัเรียนส่งงานชา้กว่าก าหนด
ได ้
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอกีคร้ัง แล้วหำวำ่ค ำถำมถำม
ถึงเร่ืองอะไร  
และประโยคดังกล่ำวอยู่ในต ำแหนง่ใดของ

บทอ่ำน  

ครูท าใหน้กัเรียนไม่เครียดเวลาท่ีสอนใน
ชัน้เรียน 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอกีคร้ัง แล้วหำวำ่ค ำถำมถำม
ถึงเร่ืองอะไร  
และประโยคดังกล่ำวอยู่ในต ำแหนง่ใด

ของบทอ่ำน  

ครูเปิดโอกาสใหน้กัเรียนไดท้  าในสิ่งท่ี
ตนเองสนใจ 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอกีคร้ัง แล้วหำวำ่ค ำถำม
ถำมถงึเร่ืองอะไร  
และประโยคดังกล่ำวอยู่ในต ำแหนง่

ใดของบทอ่ำน  

ตอบผิด
คร้ังที่ 2  

Prompt 2 

ก ค ง จ 
ผู้พูดไม่ได้พูดถึงครูที่มอบ ของขวัญ
ให้แก่นักเรียน 
ในบทอ่าน  
 
ลองใช้เทคนิคกำรอ่ำนแปลควำมเพื่อ
หาความหมายของประโยค 
ดังต่อไปนี้ 
1. ผู้พูดได้กล่าวว่าส่ิงเหล่ำนี้มัน
เหมือนของขวัญที่ครูให้กบันักเรียน 
2. ให้นักเรียนอ่านย่อหน้ำแรกและ
ย่อหน้ำที่สองของบทความ หา
ต าแหน่งของประโยคดังกล่าว 
3. ให้นักเรียนแปลความหมายแฝง
ของค าว่า “ของขวัญ” และ
ความหมายของประโยคดังกล่าวโดย
พิจารณาบริบทของข้อควำม โดย
อ่านประโยคสนับสนุนก่อนหน้า และ
ประโยคสนับสนุนที่ตามหลัง 

ผู้พูดไม่ได้พูดถึงครูที่ให้โอกาสนักเรียนส่ง
งานช้ากว่าก าหนดได้ในบทอ่าน 
 
ลองใช้เทคนิคกำรอ่ำนแปลควำมเพื่อหา
ความหมายของประโยค ดังต่อไปนี้ 
1. ผู้พูดได้กล่าวว่าส่ิงเหล่ำนี้มันเหมือน
ของขวัญที่ครูให้กับนักเรียน 
2. ให้นักเรียนอ่านย่อหน้ำแรกและย่อ
หน้ำที่สองของบทความ หาต าแหน่งของ
ประโยคดังกล่าว 
3. ให้นักเรียนแปลความหมายแฝงของค า
ว่า “ของขวัญ” และความหมายของ
ประโยคดังกล่าวโดยพิจารณาบริบทของ
ข้อควำม โดยอ่านประโยคสนับสนุนก่อน
หน้า และประโยคสนับสนุนที่ตามหลัง 
 

ผู้พูดไม่ได้พูดถึงครูที่ท าให้นักเรียนไม่
เครียดเวลาที่สอนในชั้นเรียนในบทอ่าน 
 
ลองใช้เทคนิคกำรอ่ำนแปลควำมเพื่อหา
ความหมายของประโยค ดังต่อไปนี้ 
1. ผู้พูดได้กล่าวว่าส่ิงเหล่ำนี้มันเหมือน
ของขวัญที่ครูให้กับนักเรียน 
2. ให้นักเรียนอ่านย่อหน้ำแรกและย่อ
หน้ำที่สองของบทความ หาต าแหน่งของ
ประโยคดังกล่าว 
3. ให้นักเรียนแปลความหมายแฝงของค า
ว่า “ของขวัญ” และความหมายของ
ประโยคดังกล่าวโดยพิจารณาบริบทของ
ข้อควำม โดยอ่านประโยคสนับสนุนก่อน
หน้า และประโยคสนับสนุนที่ตามหลัง 
 

แม้ผู้พูดจะสนับสนุนความอยากเรียนรู้
ของนักเรียน แต่ผู้พูดไม่ได้พูดถึงครูที่
เปิดโอกาสให้นักเรียนได้ท าสิ่งที่ตนเอง
สนใจในบทอ่าน  
 
ลองใช้เทคนิคกำรอ่ำนแปลควำมเพื่อ
หาความหมายของประโยค ดังต่อไปนี้ 
1. ผู้พูดได้กล่าวว่าส่ิงเหล่ำนี้มัน
เหมือนของขวัญที่ครูให้กบันักเรียน 
2. ให้นักเรียนอ่านย่อหน้ำแรกและย่อ
หน้ำที่สองของบทความ หาต าแหน่ง
ของประโยคดังกล่าว 
3. ให้นักเรียนแปลความหมายแฝงของ
ค าว่า “ของขวัญ” และความหมาย
ของประโยคดังกล่าวโดยพิจารณา
บริบทของข้อควำม โดยอ่านประโยค
สนับสนุนก่อนหน้า และประโยค
สนับสนุนที่ตามหลัง 

ตอบผิด
คร้ังที่ 3  

Prompt 3 

ก ค ง จ 

ของขวญัที่ครใูหก้ับนักเรียนไม่ได้
หมำยถึงครูมอบกลอ่งของขวญัใหก้ับ
นักเรียน  
เพราะค าว่า “ของขวัญ” เป็นความหมาย
แฝงของผู้พดู ไม่ใช่ความหมายโดยตรง ซ่ึง
ผู้พูดเลา่ว่าตนเองเคยเป็นนักเรียนที่
ล้มเหลวมาก่อน และได้ของขวญัจากครู 
ท าให้มีวันน้ีได้  โดยผู้พดูไม่ได้กล่าวถงึครู
มอบของขวญัให้กับนักเรียนเลย  
 
ผู้พูดได้กล่ำวว่ำส่ิงเหล่ำน้ีมันเหมือน
ของขวญัที่ครใูหก้ับนักเรียน ซ่ึงประโยคน้ี
อยู่ในย่อหน้าที่สองของบทอ่าน ซ่ึงการ
แปลความหมายของประโยคสามารถ
พิจารณาจากบริบทข้อความจากประโยค
ก่อนหน้ำได้ เน่ืองจากผู้พดูกล่าวค าว่า 
“สิ่งเหล่ำน้ี” แทนประโยคสนับสนุนที่ผู้
พูดได้เลา่ไว้ก่อนหน้าแล้ว  ตามขอ้ความ

ข้างลา่งน้ี ( บรรทัดที่ 9-11) 

ของขวญัที่ครใูหก้ับนักเรียนไม่ไดห้มำยถึงครูให้
โอกำสนักเรียนส่งงำนช้ำกว่ำก ำหนด 
เพราะค าว่า “ของขวัญ” เป็นความหมายแฝงของ
ผู้พูด ไม่ใช่ความหมายโดยตรง ซ่ึงผู้พูดเล่าว่า
ตนเองเคยเป็นนักเรียนที่ล้มเหลวมาก่อน และได้
ของขวญัจากครู ท าให้มีวันน้ีได้ โดยผู้พดูไม่ได้
กล่าวถึงครูให้นักเรียนส่งงานช้ากว่าก าหนดเลย  
 
ผู้พูดได้กล่ำวว่ำส่ิงเหล่ำน้ีมันเหมือนของขวญัที่
ครูใหก้ับนักเรียน ซ่ึงประโยคน้ีอยู่ในย่อหน้าที่
สองของบทอ่าน ซ่ึงการแปลความหมายของ
ประโยคสามารถพจิารณาจากบริบทข้อความจาก
ประโยคก่อนหน้ำได ้เน่ืองจากผู้พดูกล่าวค าว่า 
“สิ่งเหล่ำน้ี” แทนประโยคสนับสนุนที่ผู้พูดได้เล่า

ไว้ก่อนหน้าแล้ว  ตามขอ้ความขา้งลา่งน้ี (
บรรทัดที่ 9-11) 

ของขวญัที่ครใูหก้ับนักเรียนไม่ไดห้มำยถึงครู
ท ำให้นักเรียนไม่เครียดเวลำที่สอนในชั้นเรียน
เพราะค าว่า “ของขวัญ” เป็นความหมายแฝง
ของผู้พดู ไม่ใช่ความหมายโดยตรง ซ่ึงผู้พูดเล่า
ว่าตนเองเคยเป็นนักเรียนที่ล้มเหลวมาก่อน และ
ได้ของขวัญจากครู ท าให้มีวันน้ีได้  โดยผู้พดู
ไม่ได้กล่าวถึงครูที่ท าให้นักเรียนไม่เครียดเวลาที่
สอนในช้ันเรียนเลย 
 
ผู้พูดได้กล่ำวว่ำส่ิงเหล่ำน้ีมันเหมือนของขวญั
ที่ครูให้กับนักเรียน ซ่ึงประโยคน้ีอยู่ในย่อหน้าที่
สองของบทอ่าน ซ่ึงการแปลความหมายของ
ประโยคสามารถพจิารณาจากบริบทข้อความ
จากประโยคก่อนหน้ำได ้เน่ืองจากผู้พูดกลา่วค า
ว่า “สิ่งเหล่ำน้ี” แทนประโยคสนับสนุนที่ผู้พูด
ได้เล่าไว้ก่อนหน้าแล้ว  ตามขอ้ความขา้งลา่งน้ี (

บรรทัดที่ 9-11) 

ของขวญัที่ครใูหก้ับนักเรียนไม่ไดห้มำยถึง
ครูที่เปดิโอกำสให้นักเรียนไดท้ ำส่ิงที่
ตนเองสนใจ 
เพราะค าว่า “ของขวัญ” เป็นความหมาย
แฝงของผู้พดู ไม่ใช่ความหมายโดยตรง ซ่ึงผู้
พูดเล่าวา่ตนเองเคยเป็นนักเรียนที่ล้มเหลว
มาก่อน และได้ของขวญัจากครู ท าให้มีวันน้ี
ได้ ซ่ึงแม้ผู้พดูจะสนับสนุนความอยาก
เรียนรู้ของนักเรียน แต่ผู้พดูไม่ได้กล่าวถงึครู
ที่เปิดโอกาสให้นักเรียนได้ท าสิ่งทีต่นเอง
สนใจ 
ผู้พูดได้กล่ำวว่ำส่ิงเหล่ำน้ีมันเหมือน
ของขวญัที่ครใูหก้ับนักเรียน ซ่ึงประโยคน้ี
อยู่ในย่อหน้าที่สองของบทอ่าน ซ่ึงการแปล
ความหมายของประโยคสามารถพจิารณา
จากบริบทขอ้ความจากประโยคก่อนหน้ำ
ได้ เน่ืองจากผู้พูดกลา่วค าวา่ “สิ่งเหล่ำน้ี” 
แทนประโยคสนับสนุนที่ผู้พูดไดเ้ล่าไว้ก่อน

หน้าแล้ว  ตามขอ้ความข้างล่างน้ี (
บรรทัดที่ 9-11) 
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การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

  

 

 

 

 

ตอบผิด
คร้ังที่ 4 

Prompt 4 

ก ค ง จ 

ค ำตอบที่ถกูตอ้งคือ ข้อ ข. ครูให้
ก าลังใจและเช่ือม่ันในตวัของ

นักเรียน  
เพราะผู้พูดไดเ้ล่าว่า ครูคิดว่าเด็กตอ้งการ
ความช่วยเหลือ ครูจงึได้ให้ก าลังใจ
นักเรียนและแสดงความเช่ือม่ันในตัว
นักเรียนโดยพดูว่า “ครูเช่ือว่ำเรำท ำได้” 
ซ่ึงสิ่งเหล่าน้ีเป็นเหมือนของขวญัที่ครูให้กับ
นักเรียน ท าให้เด็กนักเรียนรู้สึกว่าชีวิต
ตัวเองมีคุณคา่ขึ้นมา ท าให้สามารถเรียน
ผ่านและจบพร้อมกับเพือ่นได้  ซ่ึงค าวา่ 
“ของขวญั” จงึเป็นความหมายแฝงของ
การที่ครูได้ให้ก าลังใจและเช่ือม่ันในตัวของ
นักเรียน 

ค ำตอบที่ถกูตอ้งคือ ข้อ ข. ครูใหก้ าลังใจและ

เช่ือม่ันในตวัของนักเรียน  
เพราะผู้พูดไดเ้ล่าว่า ครูคิดว่าเด็กตอ้งการความ
ช่วยเหลือ ครูจงึได้ให้ก าลังใจนักเรียนและแสดง
ความเช่ือม่ันในตัวนักเรียนโดยพูดว่า “ครูเช่ือว่ำ
เรำท ำได้” ซ่ึงสิง่เหล่าน้ีเป็นเหมือนของขวญัทีค่รู
ให้กับนักเรียน ท าให้เด็กนักเรียนรู้สึกว่าชีวิต
ตัวเองมีคุณคา่ขึ้นมา ท าให้สามารถเรียนผ่านและ
จบพร้อมกับเพื่อนได ้ ซ่ึงค าว่า “ของขวัญ” จึง
เป็นความหมายแฝงของการทีค่รูได้ให้ก าลังใจ
และเช่ือม่ันในตัวของนักเรียน 

ค ำตอบที่ถกูตอ้งคือ ข้อ ข. ครูใหก้ าลังใจ

และเช่ือม่ันในตวัของนักเรียน 

 
เพราะผู้พูดไดเ้ล่าว่า ครูคิดว่าเด็กตอ้งการความ
ช่วยเหลือ ครูจงึได้ให้ก าลังใจนักเรียนและแสดง
ความเช่ือม่ันในตัวนักเรียนโดยพูดว่า “ครูเช่ือว่ำ
เรำท ำได้” ซ่ึงสิง่เหล่าน้ีเป็นเหมือนของขวญัทีค่รู
ให้กับนักเรียน ท าให้เด็กนักเรียนรู้สึกว่าชีวิต
ตัวเองมีคุณคา่ขึ้นมา ท าให้สามารถเรียนผ่าน
และจบพร้อมกับเพือ่นได้  ซ่ึงค าว่า “ของขวญั” 
จงึเป็นความหมายแฝงของการที่ครูได้ให้ก าลังใจ
และเช่ือม่ันในตัวของนักเรียน 

ค ำตอบที่ถกูตอ้งคือ ข้อ ข. ครูใหก้ าลังใจ
และเช่ือม่ันในตวัของนักเรียน 

 
เพราะผู้พูดไดเ้ล่าว่า ครูคิดว่าเด็กตอ้งการ
ความช่วยเหลือ ครูจงึได้ให้ก าลังใจนักเรียน
และแสดงความเช่ือม่ันในตัวนักเรียนโดยพูด
ว่า “ครูเช่ือว่ำเรำท ำได้” ซ่ึงสิง่เหล่าน้ีเป็น
เหมือนของขวญัทีค่รูให้กับนักเรียน ท าให้
เด็กนักเรียนรู้สึกว่าชีวิตตัวเองมีคุณคา่ขึ้นมา 
ท าให้สามารถเรียนผ่านและจบพร้อมกับ
เพื่อนได ้ ซ่ึงค าว่า “ของขวญั” จงึเป็น
ความหมายแฝงของการที่ครูได้ให้ก าลังใจ
และเช่ือม่ันในตัวของนักเรียน 

Figure 55 Mixed prompting method in understand subscale (Item 2) 
 

 

 

 

 

 

 

 

 

 

 

 

“ครูคิดแลว้วา่เดก็คนนี้

ตอ้งการความช่วยเหลือ ครู

จึงปลกุป้ันพลงั ใหก้  าลงัใจ 

และพดูเพียงประโยคเดียววา่ 

ครูเช่ือวา่เราท าได ้จากเดก็ท่ีดู

จะเรียนไมจ่บพรอ้มเพ่ือน ดู

ท  างานไมท่นั สดุทา้ยเขาก็

เรียนผา่นมาได ้แถมยงัจบไป

พรอ้มกนักบัเพ่ือนอีกดว้ย” 

 

 

 

“ครูคิดแลว้วา่เดก็คนนีต้อ้งการ

ความช่วยเหลือ ครูจึงปลกุป้ัน

พลงั ใหก้  าลงัใจ และพดูเพียง

ประโยคเดยีววา่ ครูเช่ือวา่เรา

ท าได ้จากเดก็ท่ีดจูะเรียนไมจ่บ

พรอ้มเพ่ือน ดทู  างานไมท่นั 

สดุทา้ยเขากเ็รียนผา่นมาได ้

แถมยงัจบไปพรอ้มกนักบัเพ่ือน

อีกดว้ย” 

 

 

 

“ครูคิดแลว้วา่เดก็คนนีต้อ้งการ

ความช่วยเหลือ ครูจึงปลกุป้ัน

พลงั ใหก้  าลงัใจ และพดูเพียง

ประโยคเดยีววา่ ครูเช่ือวา่เรา

ท าได ้จากเดก็ท่ีดจูะเรียนไมจ่บ

พรอ้มเพ่ือน ดทู  างานไมท่นั 

สดุทา้ยเขากเ็รียนผา่นมาได ้

แถมยงัจบไปพรอ้มกนักบัเพ่ือน

อีกดว้ย” 

 

 

 

“ครูคิดแลว้วา่เดก็คนนี้

ตอ้งการความช่วยเหลือ ครู

จึงปลกุป้ันพลงั ใหก้  าลงัใจ 

และพดูเพียงประโยคเดียววา่ 

ครูเช่ือวา่เราท าได ้จากเดก็ท่ี

ดจูะเรยีนไมจ่บพรอ้มเพ่ือน 

ดทู  างานไมท่นั สดุทา้ยเขาก็

เรียนผา่นมาได ้แถมยงัจบไป

พรอ้มกนักบัเพ่ือนอีกดว้ย” 
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การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

ตอบผิด
ครั้งที่ 1  
Prompt 

1 

ข ค ง จ 
 เพื่อเปรียบเทียบความแตกต่าง
ระหว่างสิ่งที่นกัเรียนท าถกูและ 
 สิ่งที่นกัเรียนท าผิด 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำ
ค ำถำมถำมถึงเรื่องอะไร  
หำว่ำข้อควำมที่ผู้พูดกล่ำวเน้นอยู่

ในย่อหน้ำใดของบทอ่ำน  

 เพื่อเสนอแนะวิธีการเรียนรูท้ี่
ถกูตอ้งใหแ้ก่นกัเรียนน าไปปฏิบติั 
ยังไม่ใช่ค ำตอบที่ถูกต้อง 
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำ
ค ำถำมถำมถึงเรื่องอะไร  
หำว่ำข้อควำมที่ผู้พูดกล่ำวเน้น

อยู่ในย่อหน้ำใดของบทอ่ำน  
 

 เพื่อสนบัสนนุครูในการสง่เสริม
นกัเรียนใหเ้รียนรูไ้ดด้ว้ยตนเอง 
ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำค ำถำม
ถำมถึงเรื่องอะไร  
หำว่ำข้อควำมที่ผู้พูดกล่ำวเน้นอยู่ใน

ย่อหน้ำใดของบทอ่ำน  
 

เพื่อเป็นก าลงัใจใหแ้ก่นกัเรียนในการ
เรียนรูจ้ากความผิดพลาดของตนเอง  

ยังไม่ใช่ค ำตอบที่ถูกต้อง  
อ่ำนค ำถำมอีกครั้ง แล้วหำว่ำค ำถำมถำม
ถึงเรื่องอะไร  
หำว่ำข้อควำมที่ผู้พูดกล่ำวเน้นอยู่ในย่อ

หน้ำใดของบทอ่ำน  
 

ตอบผิด
ครั้งที่ 2  
Prompt 

2 

ข ค ง จ 
แม้ผู้พูดบอกว่ามีแค่สอง
เครื่องหมายคือถูกกับผิด แต่ผู้พูด
ไม่ได้กล่าวเปรียบเทียบสิ่งที่
นักเรียนท าถูกหรือท าผิด 
 
ลองใช้เทคนิคกำรสะท้อนควำม
คิดเห็นในเชิงคุณภำพและรูปแบบ
กำรเขียน เพื่อหาสาระที่ต้องการ 
ดังต่อไปนี้ 
1. ค าถามได้ถามเกี่ยวกับ
จุดมุ่งหมำยในกำรพูด ซึ่งต้อง
อาศัยความรู้ท่ัวไป มุมมองหรือ
ทัศนคติของนักเรียนมาเชื่อมโยง
กับสิ่งท่ีอ่านในเนื้อเรื่อง โดย
ข้อความที่ผู้พูดกล่าวเน้นอยู่ในยอ่
หน้ำที่สี ่
2. เร่ิมจากหามุมมองของผู้พูด 
โดยหาว่าใครเป็นผู้เล่ำเรื่อง ผู้เล่า
เร่ืองท่ีอยู่ในเหตุการณ์หรือผู้เล่า
เร่ืองท่ีมิได้อยู่ในเหตุการณ์ ผู้เล่ำ
เรื่องมีควำมสัมพันธ์กับเรื่องใน
ลักษณะใด และผู้เล่ำเรื่องก ำลัง
เล่ำให้ใครฟัง 
3. จากนั้นใหน้ักเรียนดูข้อควำมที่
ผู้พูดกล่ำวเน้นสะท้อนจุดมุ่งหมาย
ในการพูดอย่างไร เช่น เพื่อเล่า
เร่ือง เพื่อชี้แจง/อธิบายวิธี เพื่อ
แสดงความคิดเห็น เพื่อโน้มน้าวใจ 
เพื่อโต้แย้ง เป็นต้น 

ผู้พูดไม่ได้กล่าวถึงวิธีการเรียนรู้ท่ี
ถูกต้องให้แก่นักเรียนน าไปปฏิบัติ  
 
ลองใช้เทคนิคกำรสะท้อนควำม
คิดเห็นในเชิงคุณภำพและ
รูปแบบกำรเขียน เพื่อหาสาระที่
ต้องการ ดังต่อไปนี้ 
1. ค าถามได้ถามเกี่ยวกับ
จุดมุ่งหมำยในกำรพูด ซึ่งต้อง
อาศัยความรู้ท่ัวไป มุมมองหรือ
ทัศนคติของนักเรียนมาเชื่อมโยง
กับสิ่งท่ีอ่านในเนื้อเรื่อง โดย
ข้อความที่ผู้พูดกล่าวเน้นอยู่ในยอ่
หน้ำที่สี ่
2. เร่ิมจากหามุมมองของผู้พูด 
โดยหาว่าใครเป็นผู้เล่ำเรื่อง ผู้เล่า
เร่ืองท่ีอยู่ในเหตุการณ์หรือผู้เล่า
เร่ืองท่ีมิได้อยู่ในเหตุการณ์ ผู้เล่ำ
เรื่องมีควำมสัมพันธ์กับเรื่องใน
ลักษณะใด และผู้เล่ำเรื่องก ำลัง
เล่ำให้ใครฟัง 
3. จากนั้นใหน้ักเรียนดูข้อควำมที่
ผู้พูดกล่ำวเน้นสะท้อน
จุดมุ่งหมายในการพูดอย่างไร เช่น 
เพื่อเล่าเร่ือง เพื่อชี้แจง/อธิบายวิธี 
เพื่อแสดงความคิดเห็น เพื่อโน้ม
น้าวใจ เพื่อโต้แย้ง เป็นต้น 

ผู้ไม่ได้กล่าวถึงการส่งเสริมนักเรียนให้
เรียนรู้ได้ด้วยตนเอง  
 
ลองใช้เทคนิคกำรสะท้อนควำม
คิดเห็นในเชิงคุณภำพและรูปแบบ
กำรเขียน เพื่อหาสาระที่ต้องการ 
ดังต่อไปนี้ 
1. ค าถามได้ถามเกี่ยวกับจุดมุ่งหมำย
ในกำรพูด ซึ่งต้องอาศัยความรู้ท่ัวไป 
มุมมองหรือทัศนคติของนักเรียนมา
เชื่อมโยงกับสิ่งท่ีอ่านในเนื้อเรื่อง โดย
ข้อความที่ผู้พูดกล่าวเน้นอยู่ในยอ่
หน้ำที่สี่ 
2. เร่ิมจากหามุมมองของผู้พูด โดย
หาว่าใครเป็นผู้เล่ำเรื่อง ผู้เล่าเร่ืองท่ี
อยู่ในเหตุการณ์หรือผู้เล่าเร่ืองท่ีมิได้
อยู่ในเหตุการณ์ ผู้เล่ำเรื่องมี
ควำมสัมพันธ์กับเรื่องในลักษณะใด 
และผู้เล่ำเรือ่งก ำลังเล่ำให้ใครฟัง 
3. จากนั้นใหน้ักเรียนดูข้อควำมที่ผู้
พูดกล่ำวเน้นสะท้อนจุดมุ่งหมายใน
การพูดอย่างไร เช่น เพื่อเล่าเร่ือง เพื่อ
ชี้แจง/อธิบายวิธี เพื่อแสดงความ
คิดเห็น เพื่อโน้มน้าวใจ เพื่อโต้แย้ง 
เป็นต้น 

แม้ผู้พูดกล่าวว่าจะเป็นครูท่ีเป็นก าลังใจให้
นักเรียน และให้โอกาสกับความผิดพลาด
ของเด็กๆในบทอ่าน แต่ค ากล่าวนี้ไม่ใช่
ข้อความที่ยกมา ในข้อค าถาม  
 
ลองใช้เทคนิคกำรสะท้อนควำมคิดเห็นใน
เชิงคุณภำพและรูปแบบกำรเขียน เพื่อ
หาสาระที่ต้องการ ดังต่อไปนี้ 
1. ค าถามได้ถามเกี่ยวกับจุดมุ่งหมำยใน
กำรพูด ซึ่งต้องอาศัยความรู้ท่ัวไป มุมมอง
หรือทัศนคติของนักเรียนมาเชื่อมโยงกับ
สิ่งท่ีอ่านในเนื้อเรื่อง โดยข้อความที่ผู้พูด
กล่าวเน้นอยู่ในย่อหน้ำที่สี ่
2. เร่ิมจากหามุมมองของผู้พูด โดยหาว่า
ใครเป็นผู้เล่ำเรื่อง ผู้เลา่เร่ืองท่ีอยู่ใน
เหตุการณ์หรือผู้เล่าเร่ืองท่ีมิได้อยู่ใน
เหตุการณ์ ผู้เล่ำเรื่องมีควำมสัมพันธ์กับ
เรื่องในลักษณะใด และผู้เล่ำเรื่องก ำลัง
เล่ำให้ใครฟัง 
3. จากนั้นใหน้ักเรียนดูข้อควำมที่ผู้พูด
กล่ำวเน้นสะท้อนจุดมุ่งหมายในการพูด
อย่างไร เช่น เพื่อเล่าเร่ือง เพื่อชี้แจง/
อธิบายวิธี เพื่อแสดงความคิดเห็น เพื่อโน้ม
น้าวใจ เพื่อโต้แย้ง เป็นต้น 
 

ตอบผิด
ครั้งที่ 3  
Prompt 

3 

ข ค ง จ 
ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อ
เปรียบสิ่งที่นักเรียนท ำถูกหรือท ำ
ผิด  
เพราะผูพู้ดกล่าวว่าโรงเรียนมีเพียง
เครื่องหมายถูกกับผิดเท่านั้นท าให้
นักเรียนกลัวการท าผิดพลาด 
ถึงแม้ผู้พูดบอกว่ามีแค่สอง
เครื่องหมายคือถูกกับผิด แต่ผู้พูด
ไม่ได้กล่าวเปรียบเทียบสิ่งที่
นักเรียนท าถูกหรือท าผิด  
 
 

ผู้พูดไม่ได้มีจุดมุ่งหมำยเสนอแนะ
วิธีกำรเรียนรู้ที่ถูกต้องให้แก่
นักเรียน  
เพราะผูพู้ดกล่าวว่าโรงเรียนมี
เพียงเครื่องหมายถูกกับผิดเท่านั้น
ท าให้นักเรียนกลัวการท าผิดพลาด 
ซึ่งผู้พูดไม่ได้กล่าวถึงวิธีการเรียนรู้
ท่ีถูกต้องให้แก่นักเรียนน าไป
ปฏิบัติ  
 
 
 

ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อสนับสนุน
ครูในกำรเรียนรู้ด้วยตนเองของ
นักเรียน  
เพราะผูพู้ดกล่าวว่าโรงเรียนมีเพียง
เครื่องหมายถูกกับผิดเท่านั้นท าให้
นักเรียนกลัวการท าผิดพลาด ซึ่งผูพู้ด
ไม่ได้กล่าวถึงการส่งเสริมนักเรียนให้
เรียนรู้ได้ด้วยตนเอง  
 
 
 
 

 ผู้พูดไม่ได้มีจุดมุ่งหมำยเพื่อให้ก ำลังใจ
นักเรียน  
เพราะแม้ผู้พูดกลา่วว่าจะเป็นครูท่ีเป็น
ก าลังใจให้นักเรียน และให้โอกาสกับความ
ผิดพลาดของเด็กๆ แต่ค ากล่าวนี้ไม่ใช่
ข้อความที่ยกมาในข้อค าถาม ซึ่งผู้พูด
กล่าวว่าโรงเรียนมีเพียงเครื่องหมายถูกกับ
ผิดเท่านั้นท าให้นักเรียนกลัวการท า
ผิดพลาด  
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การออกแบบวิธีการชี้แนะ (promptings) 

3. การชี้แนะแบบผสมผสาน (Mixed prompting) 

โดยมุมมองของผู้พูดคือเป็นบุคคล
ที่อยู่ในเหตุกำรณ์ ผู้พูดเป็นผู้เล่า
เร่ืองและก าลังเล่าเร่ืองให้ครูท่าน
อื่น ๆ ฟัง เนื้อเรื่องเล่าถึงครูท่าน
หนึ่งท่ีเคยเป็นนักเรียนท่ีล้มเหลว
มาก่อน  และต้ังใจว่าถ้าสอนเด็ก
คนไหนก็ตาม จะหยิบยื่นโอกาสให้
เด็กที่ท าผิดพลาดและสร้างความ
เชื่อมั่นในตัวเด็ก  ผู้พูดจึงกลา่วเน้น
ว่ามันเป็นเร่ืองน่ากลัวท่ีเด็กใน
โรงเรียนจะกลัวผิดพลาด เพราะ
โรงเรียนมีเพียงเครื่องหมายถูกกับ
ผิดเท่านั้น ซึ่งปิดกั้นความอยาก
เรียนรู้ของเด็ก 
ให้นักเรียนพิจารณาประโยคใน
ค าถามอีกครั้ง และหาว่าผู้พูดมี
จุดมุ่งหมำยในกำรพูดอย่ำงไร 

โดยมุมมองของผู้พูดคือเป็น
บุคคลที่อยู่ในเหตุกำรณ์ ผู้พูดเป็น
ผู้เล่าเร่ืองและก าลังเล่าเร่ืองให้ครู
ท่านอื่น ๆ ฟัง เนื้อเรื่องเล่าถึงครู
ท่านหนึ่งท่ีเคยเป็นนักเรียนท่ี
ล้มเหลวมาก่อน  และต้ังใจว่าถ้า
สอนเด็กคนไหนก็ตาม จะหยิบยื่น
โอกาสให้เด็กที่ท าผิดพลาดและ
สร้างความเชื่อมั่นในตัวเด็ก  ผู้พูด
จึงกล่าวเนน้ว่ามนัเป็นเรื่องน่ากลัว
ท่ีเด็กในโรงเรียนจะกลัวผิดพลาด 
เพราะโรงเรียนมีเพียงเครื่องหมาย
ถูกกับผิดเท่านั้น ซึ่งปิดกั้นความ
อยากเรียนรู้ของเด็ก 
ให้นักเรียนพิจารณาประโยคใน
ค าถามอีกครั้ง และหาว่าผู้พูดมี
จุดมุ่งหมำยในกำรพูดอย่ำงไร  

โดยมุมมองของผู้พูดคือเป็นบุคคลที่
อยู่ในเหตุกำรณ์ ผู้พูดเป็นผู้เล่าเร่ือง
และก าลังเลา่เร่ืองให้ครูท่านอื่น ๆ ฟัง 
เนื้อเรื่องเล่าถึงครูท่านหนึ่งท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อน  และต้ังใจ
ว่าถ้าสอนเด็กคนไหนก็ตาม จะหยิบ
ยื่นโอกาสให้เด็กที่ท าผิดพลาดและ
สร้างความเชื่อมั่นในตัวเด็ก  ผู้พูดจึง
กล่าวเน้นวา่มันเป็นเรื่องนา่กลัวท่ีเด็ก
ในโรงเรียนจะกลัวผิดพลาด เพราะ
โรงเรียนมีเพียงเครื่องหมายถูกกับผิด
เท่านั้น ซึ่งปิดกั้นความอยากเรียนรู้
ของเด็ก 
ให้นักเรียนพิจารณาประโยคในค าถาม
อีกครั้ง และหาว่าผู้พูดมีจุดมุ่งหมำย
ในกำรพูดอย่ำงไร  
  

โดยมุมมองของผู้พูดคือเป็นบุคคลที่อยู่
ในเหตุกำรณ์ ผู้พูดเป็นผู้เล่าเร่ืองและ
ก าลังเล่าเร่ืองให้ครูท่านอื่น ๆ ฟัง เนื้อ
เร่ืองเล่าถึงครูท่านหนึ่งท่ีเคยเป็นนักเรียน
ท่ีล้มเหลวมาก่อน  และต้ังใจว่าถ้าสอน
เด็กคนไหนก็ตาม จะหยิบยื่นโอกาสให้เด็ก
ท่ีท าผิดพลาดและสร้างความเชื่อมั่นในตัว
เด็ก  ผู้พูดจึงกล่าวเนน้ว่ามันเป็นเร่ืองนา่
กลัวท่ีเด็กในโรงเรียนจะกลัวผิดพลาด 
เพราะโรงเรียนมีเพียงเครื่องหมายถูกกับ
ผิดเท่านั้น ซึ่งปิดกั้นความอยากเรียนรู้ของ
เด็ก 
ให้นักเรียนพิจารณาประโยคในค าถามอีก
ครั้ง และหาว่าผู้พูดมีจุดมุ่งหมำยในกำร
พูดอย่ำงไร  

ตอบผิด
ครั้งที่ 4 
Prompt 

4 

ข ค ง จ 

ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อ
เร่ืองเป็นเร่ืองของครูท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อนและ
ต้ังใจว่าถ้าสอนเด็กคนไหนก็ตาม 
จะหยิบยื่นโอกาสให้เด็กที่ท า
ผิดพลาดและสร้างความเชื่อมั่นใน
ตัวเด็ก ดังน้ันเน้ือเรื่องจึง
เก่ียวข้องกับเด็กที่เคยท ำ
ผิดพลำด ซ่ึงจุดมุ่งหมำยของผู้พูด
คือเพื่อแสดงควำมคิดเห็นว่ำให้
นักเรียนลองผิดลองถูกได้ด้วย
ตนเอง เน่ืองจำกโรงเรียนมีเพียง
สิ่งที่ถูกและผิดเท่ำน้ัน ซ่ึงท ำให้
เป็นกำรปิดก้ันเด็กในกำรเรียนรู้ 
เพรำะเด็กกลัวท ำผิด  

ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อ
เร่ืองเป็นเร่ืองของครูท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อนและ
ต้ังใจว่าถ้าสอนเด็กคนไหนก็ตาม 
จะหยิบยื่นโอกาสให้เด็กที่ท า
ผิดพลาดและสร้างความเชื่อมั่นใน
ตัวเด็ก ดังน้ันเน้ือเรื่องจึง
เก่ียวข้องกับเด็กที่เคยท ำ
ผิดพลำด ซ่ึงจุดมุ่งหมำยของผู้
พูดคือเพื่อแสดงควำมคิดเห็นว่ำ
ให้นักเรียนลองผิดลองถูกได้ด้วย
ตนเอง เน่ืองจำกโรงเรียนมีเพียง
สิ่งที่ถูกและผิดเท่ำน้ัน ซ่ึงท ำให้
เป็นกำรปิดก้ันเด็กในกำรเรียนรู้ 
เพรำะเด็กกลัวท ำผิด  

ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่
แสดงความคิดเหน็ว่านักเรียน
ควรไดรั้บโอกาสในการเรียนรู้
จากการลองผิดลองถูกดว้ย

ตนเอง สิ่งท่ีอ่านในเนื้อเรื่อง
เป็นเร่ืองของครูท่ีเคยเป็นนักเรียนท่ี
ล้มเหลวมาก่อนและต้ังใจว่าถ้าสอน
เด็กคนไหนก็ตาม จะหยิบยื่นโอกาสให้
เด็กที่ท าผิดพลาดและสร้างความ
เชื่อมั่นในตัวเด็ก ดังน้ันเน้ือเรื่องจึง
เก่ียวข้องกับเด็กที่เคยท ำผิดพลำด 
ซ่ึงจุดมุ่งหมำยของผู้พูดคือเพื่อแสดง
ควำมคิดเห็นว่ำให้นักเรียนลองผิด
ลองถูกได้ด้วยตนเอง เน่ืองจำก
โรงเรียนมีเพียงสิ่งที่ถูกและผิด
เท่ำน้ัน ซ่ึงท ำให้เป็นกำรปิดก้ันเด็ก
ในกำรเรียนรู้ เพรำะเด็กกลัวท ำผิด  
 

ค ำตอบที่ถูกต้องคือ ข้อ ก. เพือ่แสดง
ความคิดเหน็ว่านักเรียนควรได้รับ
โอกาสในการเรียนรู้จากการลองผิด

ลองถูกดว้ยตนเอง สิ่งท่ีอ่าน
ในเนื้อเรื่องเป็นเร่ืองของครูท่ีเคยเป็น
นักเรียนท่ีล้มเหลวมาก่อนและต้ังใจว่าถ้า
สอนเด็กคนไหนก็ตาม จะหยิบยื่นโอกาส
ให้เด็กที่ท าผิดพลาดและสร้างความเชื่อมั่น
ในตัวเด็ก ดังน้ันเน้ือเรื่องจึงเก่ียวข้องกับ
เด็กที่เคยท ำผิดพลำด ซ่ึงจุดมุ่งหมำย
ของผู้พูดคือเพื่อแสดงควำมคิดเห็นว่ำให้
นักเรียนลองผิดลองถูกได้ด้วยตนเอง 
เน่ืองจำกโรงเรียนมีเพียงสิ่งที่ถูกและผิด
เท่ำน้ัน ซ่ึงท ำให้เป็นกำรปิดก้ันเด็กใน
กำรเรียนรู้ เพรำะเด็กกลัวท ำผิด  
 

Figure 56 Mixed prompting method in evaluate and reflect subscale (Item 4) 
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 1.2 Results of the validation of the computerized dynamic assessment 
for reading literacy of Grade 9 students  
 The data were collected from the large pilot group of Grade 9 students. 

There were a total of 525 pilot samples administered for the validation of the 

instruments of the computerized dynamic assessment for reading literacy. The pilot 

study was carried out in January-March 2020. The results were shown in four main 

topics as follows: content validation, psychometric validation, and reliability.  

       1.2.1 Content validation        

      1.2.1.1 Content validity of the instruments of the computerized 

dynamic assessment for reading literacy  

                After the instruments of the computerized dynamic assessment for 

reading literacy were constructed, the researcher asked four groups of experts in the 

field of Thai language and in the field of educational measurement and evaluation to 

validate the reading literacy tests. The three sets of reading literacy instruments were 

separated into four sets of the judgmental reading literacy tests in accordance with 

the similarity of tasks (personal, public, occupational, and educational tasks). Each 

set of the judgmental reading literacy test comprised five experts, four of them were 

in the field of Thai language and reading literacy and one was in the field of 

educational measurement and evaluation. There were a total of 20 experts taking 

part in this judgmental process. A list of experts was presented in Appendix A.  They 

were asked to check the content validity using IOC index (Item-Objective Congruency 

Index). The IOC index ranged from -1 to 1. The IOC index higher than 0.5 was 

acceptable (Rovinelli & Hambleton, 1977). 

  With respect to the IOC index of reading literacy Form C-DA1, results suggested 

that all items in the first-tier reading literacy had an IOC index ranging from 0.6 – 1.0, 

except for items 9, 10, 15 that needed to be revised. Moreover, the same items (i.e., 

Items 9, 10, 15) in the second-tier reading literacy needed to be changed. Others in both 

first-tier and second-tier items had been suggested to revise in terms of language use. 

For reading literacy Form C-DA2, the result suggested that most items in the first-tier 
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reading literacy had IOC index ranged from 0.6 - 1.0, except for 2 items (i.e., Items 30 and 

35) that needed to be changed. Because the second-tier items relied on the first-tier 

items as the rational-based items, these two second-tier items needed to be revised. 

Also, some items were suggested to make a minor revision in language use. For reading 

literacy Form C-DA3, most items had IOC ranged from 0.6 – 1.0, except for two items 

(items 50 and 51) needed to make a revision. The same items in the second-tier items 

also needed some revision.  Hence, only three items for reading literacy Form C-DA1, 

two items for reading literacy Form C-DA2, and two items for reading literacy Form C-DA3 

had been changed in accordance with experts’ judgment. The result of an IOC index of 

the reading literacy instruments was shown in Appendix C. 

    1.2.1.2 Content validity of the prompting methods of the 

computerized dynamic assessment for reading literacy  

               After the reading literacy tests for the computerized dynamic 

assessment was constructed, the researcher also developed prompting methods for 

each item. There were four different prompting methods, including 1) the 

instructional prompt, 2) the error-explanation prompt, and 3) the mixture of 

instructional and error-explanation prompt, and 4) the verification prompt (control 

group).  The groups of experts were the same groups taking part in the judgment of 

reading literacy tests. They were not only asked to validate the reading literacy tests 

but also to validate the prompting methods in each item, except the verification 

prompt. They were required to check whether the prompts were correct, clear, and 

understandable and also whether they clearly matched with the defined prompt 

guidelines. A list of experts was presented in Appendix A.  They were asked to check 

the content validity of prompting methods using IOC index (Item-Objective 

Congruency Index). The IOC index ranged from -1 to 1. The IOC index higher than 0.5 

was acceptable.  

With respect to the IOC index of prompting methods of reading literacy Form 

C-DA1, results suggested that all prompts in the reading literacy Form C-DA2 had IOC 
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index higher than 0.5, except for the error-explanation and mixed prompts of item 9 

that needed to be revised. For prompts in the reading literacy Form C-DA2, the result 

suggested that most prompts in the reading literacy Form C-DA2 had IOC index 

higher than 0.5, except for three prompts that needed to be changed, which 

included the instructional prompt of item 31, the mixed prompt of item 33, and the 

error-explanation prompt of item 34. For prompts in the reading literacy Form C-DA3, 

all prompts had IOC higher than 0.5, indicating that all of them were acceptable. As a 

result, several prompts matched with the defined prompt guidelines. Few prompts 

had to be changed in accordance with experts’ judgment to make them more 

comprehensible. The result of an IOC index of the prompting methods was shown in 

Appendix D.  

 1.2.2 Psychometric validation of the computerized dynamic assessment 

for reading literacy 

 Reading literacy instruments were administered to 525 ninth-grade students. 

They were randomly requested to complete two out of three test sets, which 

eventually included 359 samples for reading Form C-DA1, 347 samples for reading 

Form C-DA2, and 344 samples for reading Form C-DA3. Research instruments were 

three sets of reading literacy tests composed of two-tier multiple choice items. 

Reading literacy items were constructed to measure students’ reading literacy ability 

to answer first-tier questions and their reasoning with second-tier questions. 

Practically, the scoring methods of two-tier items can be either pair scoring or 

individual scoring schemes. The pair-scoring method treats both first-tier and second-

tier questions as a single item and assigns a score when both of them are correct, 

whereas the individual-scoring method treats both questions as the individual items 

and credits each item independently. In this present study, due to the concern of 

information loss, the researcher treated the reading literacy test items as a single 

item for the individual-scoring method.    
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                  1.2.2.1 The overall model fit 

        The model comparison of three reading literacy test sets were 

evaluated using model-data fit measures. The overall model fit of the three sets of 

reading literacy tests were shown below.  

                  1) The model fit of reading literacy Form C-DA1  

  As Table 30 presented for reading literacy Form C-DA1, 2PL Bifactor 

models was the best fitting model by having smaller information criterion value for 

the first-tier items of reading literacy Form C-DA1. Moreover, the 2PL Bifactor model 

represented the smallest RMSEA, G2 and Log-likelihood estimates. Because of the 

nested models, a series of χ2- difference tests were considered to decide which one 

is the best-fitting model. Given to the reading literacy Form C-DA1, the results of the 

χ2- difference tests showed that the bifactor model fitted the data significantly better 

than the testlet model (χ2(16) = 44.02, p < .05), which in turn fitted the data 

significantly better than the 2PL model (χ2(20) = 67.19, p < .05). As a result, it was 

found that the 2PL Bifactor model was the most fitted for the first-tier data. 

  For the second-tier data of reading literacy Form C-DA1, it was found 

that the 2PL Bifactor model had the smallest RMSEA values, Log-likelihood and G2 

values. For the results of the χ2- difference tests, the bifactor model fitted the data 

significantly better than the testlet model (χ2(16) = 30.42, p < .05) and the 2PL 

unidimensional model (χ2(20) = 40.59, p < .05). Hence, the 2PL Bifactor model was 

preferred as shown in Table 30.  
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Table 30 The overall model fit of reading literacy Form C-DA1   

Reading 
literacy 
Form  
C-DA1 

Model 
Log- 

likelihood 

Akaike’s 
Information 

Criterion 
(AIC) 

Bayesian 
Information 

Criterion 
(BIC) 

RMSEA 
Deviance 
Statistic 

(𝑮𝟐) 

Likelihood ratio  
Chi-square Statistic 

Pair 𝜒2(df) p 

First-tier 

1PL -4393.11 8828.22 8909.77 0.06 4650.41    

2PL -4316.93 8713.87 8869.20 0.04 4498.06 
2PL vs 
Testlet 

23.17*(4) 0.00 

M2PL -4335.40 8762.81 8941.44 0.04 4535.00    

Testlet -4305.35 8698.70 8869.56 0.04 4474.89 
Testlet 

vs 
Bifactor 

44.02*(16) 0.00 

2PL 
Bifactor 

-4283.33 8686.67 8919.67 0.03 4430.86 
Bifactor  
vs 2PL 

67.19*(20) 0.00 

Second-
tier 

1PL -4718.10 9478.20 9559.75 0.05 5297.08    

2PL -4667.52 9415.05 9570.38 0.04 5195.93 
2PL vs 
Testlet 

10.16*(4) 0.00 

M2PL -4695.48 9482.96 9661.59 0.05 5251.83    

Testlet -4662.44 9412.88 9583.75 0.04 5185.76 
Testlet 

vs 
Bifactor 

30.42*(16) 0.01 

2PL 
Bifactor 

-4647.23 9414.46 9647.46 0.04 5155.33 
Bifactor  
vs 2PL 

40.59*(20) 0.00 

*p< .05 

 2) The model fit of reading literacy Form C-DA2 

 As seen in Table 31 for reading literacy Form C-DA2, the 2PL Bifactor 

model was the best fitting model by having smaller information criterion values for the 

first-tier items of reading literacy test Form C-DA2. The smallest RMSEA, Log-likelihood, and 

𝐺2 of first-tier items obtained by the 2PL Bifactor model, representing a good fit to the 

data. Thus, the 2PL Bifactor model was chosen as the most fitted for the first-tier data. 

When considering the results of the χ2- difference tests of the parallel Form C-DA2, bifactor 

model significantly fitted the data compared to the testlet model (χ2(16) = 33.48, p < .05) 

and 2PL unidimensional model (χ2(20) = 65.74, p < .05). 

 Similarly, it was found that the 2PL Bifactor model was the best fitting model 

for the second-tier items by having a smaller model information criterion. Also, the 

smallest Log-likelihood, RMSEA, and 𝐺2 values were also obtained by the 2PL Bifactor 
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model. For the results of the χ2- difference tests, the bifactor model fitted the data 

significantly better than the testlet model (χ2(16) = 35.19, p < .05) and the 2PL 

unidimensional model (χ2(20) = 46.92, p < .05). 

Table 31 The overall model fit of reading literacy Form C-DA2 
Reading 
literacy 
Form 

 C-DA2 

Model 
Log- 

likelihood 

Akaike’s 
Information 

Criterion 
(AIC) 

Bayesian 
Information 

Criterion 
(BIC) 

RMSEA 
Deviance 
Statistic 

(𝑮𝟐) 

Likelihood ration Chi-square 
Statistic 

Pair 𝜒2(df) p 

First-tier 

1PL -4262.34 8566.67 8646.83 0.09 4724.95    

2PL -4112.73 8305.47 8458.15 0.04 4425.75 
2PL vs 
Testlet 

32.26*(4) 0.00 

M2PL -4161.56 8415.13 8590.72 0.09 4523.41    

Testlet -4096.60 8281.21 8449.16 0.05 4393.48 
Testlet vs 
Bifactor 

33.48*(16) 0.00 

2PL 
Bifactor 

-4079.86 8279.72 8508.75 0.04 4360.00 
Bifactor  
vs 2PL 

65.74*(20) 0.00 

Second-
tier 

1PL -4578.71 9199.43 9280.27 0.05 5168.87    

2PL -4513.79 9107.59 9261.56 0.03 5039.03 
2PL vs 
Testlet 

11.79*(4) 0.01 

M2PL -4530.64 9153.29 9330.36 0.06 5072.73    

Testlet -4507.89 9103.79 9273.16 0.03 5027.23 
Testlet vs 
Bifactor 

35.19*(16) 0.00 

2PL 
Bifactor 

-4490.30 9100.60 9331.56 0.03 4992.04 
Bifactor  
vs 2PL 

46.92*(20) 0.00 

*p< .05 

 3) The model fit of reading literacy Form C-DA3 

 As Table 32 presented for reading literacy Form C-DA3, 2PL Bifactor 
models was the best fitting model by having smaller information criterion values for 
the first-tier items of reading literacy Form C-DA3. The smallest estimates of Log-
likelihood, RMSEA, and 𝐺2 obtained from the 2PL Bifactor model. Thus, 2PL Bifactor 
model was chosen as the most fitted for the first-tier data. Moreover, taking 
consideration of parallel Form C-DA3, bifactor model was statistically significant for 
the data than testlet model (χ2(16) = 44.87, p < .05) and 2PL unidimensional model 
(χ2(20) = 47.69, p < .05).  
  Similarly, it was found that the 2PL Bifactor models were the best 

fitting model for the second-tier items because of its smallest Log-likelihood, RMSEA, 
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and 𝐺2 values. For the results of the χ2- difference tests, the bifactor model fitted 

the data significantly better than the testlet model (χ2(16) = 36.71, p < .05) and the 

2PL unidimensional model (χ2(20) = 39.59, p < .05). 

Table 32 The overall model fit of reading literacy Form C-DA3 
Reading 
literacy 
Form  
C-DA3 

Model Log- 
likelihood 

Akaike’s 
Information 

Criterion (AIC) 

Bayesian 
Information 

Criterion (BIC) 

RMSEA Deviance 
Statistic 

(𝑮𝟐) 

Likelihood ratio Chi-square 
Statistic 

Pair 𝜒2(df) p 

First-
tier 

1PL -4223.06 8488.12 8568.77 0.07 4577.67    

2PL  -4124.14 8328.29 8481.91 0.04 4379.84 2PL vs 
Testlet 

2.81(4) 0.58 

M2PL  -4152.60 8397.20 8573.87 0.08 4436.76    

Testlet  -4122.73 8333.47 8502.45 0.05 4377.02 Testlet vs. 
Bifactor 

44.87* 
(16) 

0.00 

2PL 
Bifactor  

-4100.29 8320.59 8551.03 0.04 4332.15 Bifactor vs. 
2PL 

47.69* 
(20) 

0.00 

Second
-tier 

1PL -4498.41 9038.83 9119.48 0.05 5060.80    

2PL -4428.14 8936.29 9089.92 0.03 4920.26 2PL vs 
Testlet 

2.87(4) 0.57 

M2PL -4497.65 9087.31 9263.98 0.07 5059.27    

Testlet -4426.71 8941.42 9110.41 0.03 4917.38 Testlet vs. 
Bifactor 

36.71* 
(16) 

0.00 

2PL 
Bifactor 

-4408.35 8936.70 9167.14 0.03 4880.66 Bifactor vs. 
2PL 

39.59* 
(20) 

0.00 

 *p< .05 

                1.2.2.2 Item parameter estimates 

     The instruments were made up of 20 dichotomous items for students 

at the ninth-grade level in Thailand. Because of the combined four passages in 

reading literacy, the 2PL Bifactor model was selected as the most fitted model and 

the most appropriate item response model. Even though the reading tests were two-

tier multiple choice tests, the score in each tier was counted as an individual-scoring 

method.  

 1) Item parameter estimates of reading literacy Form C-DA1  

  Estimated values of the discrimination values, item difficulty values, 

along with the intercept values of reading literacy Form C-DA1 were presented in 

Table 33. The values in the first column (a1) reflected the item slopes for general 
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factor, (a2) for specific factors. The discrimination of items was characterized by their 

slopes. The positive slopes showed that the probability of a correct response of a 

high-achieving student was higher than a low-achieving student, whereas the negative 

slopes depicted the opposite trend. MDISC represented the item discrimination, 

while MDIFF represented the item difficulty. The results found the larger magnitude 

of discrimination on the general dimension than on the group dimension, except four 

first-tier items (i.e., Items 1, 7, 13, and 18). However, they were not in the same 

testlets. Thus, none of them needed to be revised.  

 For the multidimensional discrimination estimates, a majority of the 

first-tier items had good MDISC. It was found that a majority of first-tier items were at 

moderate level, ranging from 0.55 – 1.65, and six items were highly MDISC items (i.e., 

Items 1, 2, 3, 7, 13, and 18). Only item 10 needed to be improved due to very low 

discriminating value. Regarding the multidimensional difficulty estimates, all first-tier 

items were produced in the acceptable range from -0.67 – 1.98, except for the item 

10 which had a highly MDIFF value. For the second-tier items, more than half of 

them were good discrimination due to their ranked values at medium level and 

below. Only three items (i.e., Items 11, 14, and 16) needed to be improved in terms 

of relatively low discriminating values. Meanwhile, in terms of MDIFF, all items were 

estimated within the acceptable range, except for item 5 and item 16 which had 

highly difficult values.  

Table 33 Item parameter estimates for reading literacy Form C-DA1 

Passage Item Tier Trait-a1 
Passage-

a2 
MDISCi 

Discrimination 
level 

MDIFFi Difficulty level 

Passage 1 

Item 1 
Tier 1 4.08 4.56 6.12 Very high -0.37 Medium 

Tier 2 0.32 0.28 0.42 Low 1.84 Difficult 

Item 2 
Tier 1 1.88 1.01 2.14 Very high -0.46 Medium 

Tier 2 -0.01 4.30 4.30 Very high 0.35 Medium 

Item 3 
Tier 1 1.79 0.54 1.86 Very high -0.67 Easy 

Tier 2 0.88 0.44 0.98 Moderate -0.92 Easy 

Item 4 
Tier 1 0.53 -0.14 0.55 Low 0.11 Medium 

Tier 2 1.97 -0.09 1.97 Very high -0.59 Easy 

Item 5 
Tier 1 0.36 -0.50 0.62 Low 1.98 Difficult 

Tier 2 0.21 -0.32 0.37 Low 2.34 Very difficult 
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Passage Item Tier Trait-a1 
Passage-

a2 
MDISCi 

Discrimination 
level 

MDIFFi Difficulty level 

Passage 2 

Item 6 
Tier 1 1.49 0.19 1.50 High -0.45 Medium 

Tier 2 0.78 0.03 0.78 Moderate 0.74 Difficult 

Item 7 
Tier 1 1.58 4.30 4.58 Very high 0.09 Medium 

Tier 2 0.67 0.27 0.72 Moderate 0.26 Medium 

Item 8 
Tier 1 0.58 -0.12 0.59 Low 0.57 Difficult 

Tier 2 1.29 5.03 5.19 Very high 0.29 Medium 

Item 9 
Tier 1 1.14 0.39 1.20 Moderate -0.03 Medium 

Tier 2 0.70 0.58 0.91 Moderate 0.00 Medium 

Item 10 
Tier 1 0.25 0.17 0.30 Very low 2.27 Very difficult 

Tier 2 0.82 0.12 0.83 Moderate 0.13 Medium 

Passage 3 

Item 11 
Tier 1 1.34 -0.30 1.38 High -0.14 Medium 

Tier 2 0.23 0.13 0.26 Very low 0.58 Difficult 

Item 12 
Tier 1 1.15 0.23 1.17 Moderate 1.04 Difficult 

Tier 2 0.60 0.69 0.92 Moderate 0.03 Medium 

Item 13 
Tier 1 1.25 3.37 3.60 Very high 0.56 Difficult 

Tier 2 0.07 0.34 0.35 Low 1.04 Difficult 

Item 14 
Tier 1 0.73 0.32 0.80 Moderate 0.79 Difficult 

Tier 2 0.24 -0.15 0.28 Very low 0.58 Difficult 

Item 15 
Tier 1 1.65 -0.01 1.65 High -0.04 Medium 

Tier 2 -0.24 -1.03 1.06 Moderate 1.16 Difficult 

Passage 4 

Item 16 
Tier 1 0.71 0.42 0.83 Moderate 1.06 Difficult 

Tier 2 0.05 -0.19 0.19 Very low 3.25 Very difficult 

Item 17 
Tier 1 1.02 0.14 1.03 Moderate 0.97 Difficult 

Tier 2 0.87 0.29 0.92 Moderate 0.13 Medium 

Item 18 
Tier 1 4.19 10.09 10.93 Very high 0.39 Medium 

Tier 2 0.74 -0.07 0.74 Moderate 0.63 Difficult 

Item 19 
Tier 1 0.64 -0.50 0.81 Moderate 1.08 Difficult 

Tier 2 0.78 4.40 4.47 Very high 0.18 Medium 

Item 20 
Tier 1 0.58 0.32 0.66 Moderate 1.16 Difficult 

Tier 2 0.43 0.16 0.45 Low 0.67 Difficult 
Note. MDISCi = multidimensional discrimination estimate; MDIFFi = multidimensional difficulty 

 2) Item parameter estimates of reading literacy Form C-DA2 

     As Table 34 shown for reading literacy Form C-DA2, a 2PL Bifactor 

model accounting for one general reading literacy factor and four passage factors 

was applied by using MHRM estimation method. The results found the larger 

magnitude of discrimination on the general dimension than on the group dimension, 

except five first-tier items (i.e., Items 23, 37, 38, 39, and 40). It was found that four 
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out of five items (i.e., Items 37, 38, 39, and 40) in passage eight had higher magnitude 

of discrimination on the group dimension than the general dimension. Thus, revision 

was made for some low discrimination items in passage eight (i.e., Items 39 and 40).  

 For the multidimensional discrimination estimates, all of the first-tier 

items had good discrimination. It was found that most items were at moderate level, 

and 6 items were found to have highly MDISC values (i.e., Items 21, 23, 28, 29, 32 

and 38). Regarding the multidimensional difficulty estimates, all first-tier items were 

estimated in the acceptable range, except for item 40 which was considered a highly 

difficult item. For the second-tier items, all of them had good discrimination 

estimates. Meanwhile, in terms of the MDIFF, all items were estimated within the 

acceptable range. Most of them were medium MDIFF.  Thus, none of the second-tier 

items needed to be improved in terms of item discrimination and item difficulty 

estimates. 

Table 34 Item parameter estimates for reading literacy Form C-DA2 

Passage Item Tier Trait-a1 Passage-a2 MDISCi 
Discrimination 

level 
MDIFFi 

Difficulty 
level 

Passage 5 

Item 21 
Tier 1 1.83 0.55 1.91 Very high -0.47 Medium 

Tier 2 0.54 0.34 0.64 Low 0.99 Difficult 

Item 22 
Tier 1 1.08 0.17 1.10 Moderate 0.06 Medium 

Tier 2 0.81 0.30 0.87 Moderate -0.58 Easy 

Item 23 
Tier 1 1.74 3.66 4.05 Very high 0.00 Medium 

Tier 2 -0.19 -3.78 3.79 Very high 0.35 Medium 

Item 24 
Tier 1 1.46 0.23 1.48 High -0.00 Medium 

Tier 2 1.16 0.26 1.19 Moderate 0.49 Medium 

Item 25 
Tier 1 0.33 -0.38 0.51 Low 1.24 Difficult 

Tier 2 0.24 -0.34 0.42 Low 0.39 Medium 

Passage 6 

Item 26 
Tier 1 1.49 0.75 1.67 High -0.12 Medium 

Tier 2 0.92 0.32 0.98 Moderate -0.43 Medium 

Item 27 
Tier 1 0.90 0.13 0.91 Moderate -0.47 Medium 

Tier 2 1.68 1.86 2.50 Very high -0.42 Medium 

Item 28 
Tier 1 1.94 1.43 2.42 Very high -0.09 Medium 

Tier 2 0.54 0.53 0.75 Moderate 0.17 Medium 

Item 29 
Tier 1 2.48 1.39 2.84 Very high -0.51 Easy 

Tier 2 1.11 0.05 1.11 Moderate -0.74 Easy 

Item 30 
Tier 1 -0.28 -0.39 0.48 Low 1.63 Difficult 

Tier 2 0.35 0.44 0.56 Low 0.57 Difficult 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

194 
 

Passage Item Tier Trait-a1 Passage-a2 MDISCi 
Discrimination 

level 
MDIFFi 

Difficulty 
level 

Passage 7 

Item 31 
Tier 1 0.78 0.28 0.83 Moderate -0.07 Medium 

Tier 2 0.58 0.18 0.60 Low 0.36 Medium 

Item 32 
Tier 1 7.22 5.71 9.21 Very high -0.22 Medium 

Tier 2 1.25 -0.22 1.27 Moderate -0.46 Medium 

Item 33 
Tier 1 0.60 -0.27 0.66 Moderate 1.16 Difficult 

Tier 2 0.57 0.60 0.83 Moderate 0.36 Medium 

Item 34 
Tier 1 0.90 0.39 0.98 Moderate 0.19 Medium 

Tier 2 -2.49 6.51 6.97 Very high 0.52 Difficult 

Item 35 
Tier 1 1.30 0.02 1.30 Moderate 0.01 Medium 

Tier 2 0.57 0.16 0.59 Low 0.80 Difficult 

Passage 8 

Item 36 
Tier 1 1.49 0.76 1.68 High 0.14 Medium 

Tier 2 0.56 0.03 0.56 Low -0.50 Medium 

Item 37 
Tier 1 0.31 0.72 0.79 Moderate 0.09 Medium 

Tier 2 2.23 4.26 4.81 Very high 0.31 Medium 

Item 38 
Tier 1 0.72 1.56 1.71 Very high 0.74 Difficult 

Tier 2 0.55 -0.24 0.60 Low 0.65 Difficult 

Item 39 
Tier 1 0.12 0.45 0.47 Low 1.63 Difficult 

Tier 2 0.51 0.35 0.62 Low 0.41 Medium 

Item 40 
Tier 1 -0.09 0.39 0.40 Low 2.07 Very difficult 

Tier 2 0.40 0.18 0.44 Low 0.51 Difficult 

 

 3) Item parameter estimates of reading literacy Form C-DA3 

     As shown in Table 35 for reading literacy Form C-DA3, the results 

found the larger magnitude of discrimination on the general dimension than on the 

group dimension, except eight first-tier items (i.e., Items 42, 43, 44, 46, 51, 58, 59, and 

60). There were three items in passages nine (i.e., Items 42, 43, and 44) and three 

items in passage twelve (i.e., Items 58, 59, and 60) received higher magnitude of 

discrimination on the group dimension than the general dimension. Thus, items with 

low discrimination estimates in passage nine and passage twelve were revised (i.e., 

Items 43, 44, 59, and 60).  

             For the multidimensional discrimination estimates, more than half of 

the first-tier items had good discrimination. It was found that most items ranged from 

0.38 to 1.43, except seven highly discriminating items (i.e., items 42, 46, 51, 52, 54, 56 

and 58). Only two items (57 and 59) needed to be revised because of their very low 
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discrimination values. Regarding the multidimensional difficulty estimates, most of 

the first-tier items were at the moderate item difficulty and all of them were within 

the acceptable range, except for four items that had highly MDIFF values (Items 44, 

57, 59, and 60). It is interesting that some items (i.e., Items 57 and 59) were the most 

difficult items and did not discriminate between low and high ability students. For 

the second-tier items, all of the second-tier items were good discrimination and good 

difficulty estimate. None needed to be improved.  

Table 35 Item parameter estimates for reading literacy Form C-DA3 

Passage Item Tier a1 a2 MDISCi 
Discrimination 

level 
MDIFFi 

Difficulty 
level 

Passage 9 Item 41 Tier 1 1.38 0.22 1.40 High -0.05 Medium 

Tier 2 1.89 2.52 3.15 Very high -0.48 Medium 

Item 42 Tier 1 1.20 4.01 4.18 Very high -0.12 Medium 

Tier 2 0.71 -0.07 0.72 Moderate -0.22 Medium 

Item 43 Tier 1 0.27 0.49 0.57 Low 0.59 Difficult 

Tier 2 0.47 0.32 0.57 Low 0.40 Medium 

Item 44 Tier 1 -0.09 0.37 0.38 Low 3.21 Very difficult 

Tier 2 2.57 -0.19 2.58 Very high -0.63 Easy 

Item 45 Tier 1 0.75 -0.13 0.77 Moderate 1.44 Difficult 

Tier 2 -0.35 0.04 0.35 Low 1.84 Difficult 
Passage 10 Item 46 Tier 1 1.28 2.58 2.89 Very high 0.29 Medium 

Tier 2 0.54 0.39 0.66 Moderate 0.05 Medium 

Item 47 Tier 1 1.17 0.25 1.20 Moderate -0.31 Medium 

Tier 2 1.90 6.54 6.80 Very high -0.08 Medium 

Item 48 Tier 1 0.56 -0.12 0.57 Low 0.25 Medium 

Tier 2 -0.12 0.47 0.49 Low 1.54 Difficult 

Item 49 Tier 1 1.20 0.02 1.20 Moderate -0.09 Medium 

Tier 2 0.61 -0.31 0.68 Moderate -0.25 Medium 

Item 50 Tier 1 0.54 0.39 0.67 Moderate 1.74 Difficult 

Tier 2 0.64 0.18 0.67 Moderate 0.72 Difficult 
Passage 11 Item 51 Tier 1 1.11 1.84 2.15 Very high 0.00 Medium 

Tier 2 0.60 -0.06 0.60 Low -0.28 Medium 

Item 52 Tier 1 1.84 0.68 1.96 Very high -0.37 Medium 

Tier 2 0.91 0.35 0.98 Moderate -0.40 Medium 

Item 53 Tier 1 1.24 -0.71 1.43 High 0.01 Medium 

Tier 2 0.52 0.19 0.55 Low 0.02 Medium 

Item 54 Tier 1 1.94 0.68 2.05 Very high -0.14 Medium 

Tier 2 2.92 3.08 4.24 Very high -0.44 Medium 

Item 55 Tier 1 1.00 0.25 1.03 Moderate 0.71 Difficult 
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Passage Item Tier a1 a2 MDISCi 
Discrimination 

level 
MDIFFi 

Difficulty 
level 

Tier 2 1.09 -0.34 1.15 Moderate 0.14 Medium 
Passage 12 Item 56 Tier 1 1.77 -0.01 1.77 Very high -0.37 Medium 

Tier 2 0.70 0.46 0.83 Moderate 0.14 Medium 

Item 57 Tier 1 0.29 0.06 0.30 Very low 4.34 Very difficult 

Tier 2 0.86 0.19 0.88 Moderate 0.15 Medium 

Item 58 Tier 1 0.27 2.25      2.26 Very high 0.87 Difficult 

Tier 2 0.50 -0.02 0.50 Low 0.83 Difficult 

Item 59 Tier 1 0.03 0.26 0.26 Very low 3.63 Very difficult 

Tier 2 0.36 0.21 0.42 Low 1.96 Difficult 

Item 60 Tier 1 -0.11 0.39 0.41 Low 3.49 Very difficult 

Tier 2 0.66 3.07 3.14 Very high 0.44 Medium 

 

1.2.3 Confirmatory factor analysis of the computerized dynamic 

assessment for reading literacy 

  1.2.3.1. Confirmatory factor analysis of reading literacy Form C-DA1 

  The analyses were conducted with CFA to determine the model that 

best described the structure of reading literacy instrument (C-DA1). According to  the 

analyses of item parameter estimates from bifactor model, one item had been 

removed because of low discriminating value (Item 10). The results of the CFA are 

reported in Table 36.  The second-order confirmatory factor analysis was examined 

whether items fitted the reading literacy subscales and all factors fitted the general 

reading literacy. The results showed that the second-order factors of the reading 

literacy Form C-DA1 exhibited good model fit  (CFI = .983, TLI = .980, RMSEA = .023, 

and SRMR =.049). The result also presented that chi-square (𝜒2)= 170.698, df = 143, 

and p = .057, which was not statistically significant. The chi-square 𝜒2/df = 1.193, 

which indicated a good model fit, as it was below two.  

Table 36 Confirmatory factor analysis of reading literacy Form C-DA1 (n = 359) 
Model 𝝌𝟐 df p RMSEA CFI TLI SRMR 

C-DA1  170.698 143 .057 .023 .983 .980 .049 
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 From the findings, the CFA showed that factor loadings of locate information 

subscale ranged from 0.245 - 0.573 and were statistically significant. Item 6 was found to 

have the greatest importance, followed by Item 11. For understand subscale, the factor 

loadings ranged from 0.275 – 0.535 and were statistically significant. The factor loading of 

Item 3 was the greatest. For evaluate and reflect subscale, factor loadings ranged from 

0.123 – 0.649 and were statistically significant, except Item 5. Item 15 was found to have 

the highest importance as shown in Figure 57.  

 For the second-order factor analysis, the standardized values ranged between 

0.871 – 0.934. The highest importance was evaluate and reflect, followed by locate 

information and understand subscales. Table 37 shows the values of estimate, 

standard errors, and p-values of the second-order factor model.  

Table 37 The CFA estimates, standard errors, and p-values for the second-order 
factor analysis model of reading literacy Form C-DA1 (n = 359) 
Estimate Item Beta S.E. p R2 

Locate 
Information 

Item1 0.425 - - 0.181 

Item6 0.573 0.165 0.000 0.328 

Item7 0.245 0.163 0.000 0.060 

Item11 0.512 0.164 0.000 0.262 

Item12 0.459 0.159 0.000 0.211 

Item16 0.327 0.167 0.000 0.107 

Understand Item2 0.448 - - 0.201 
 Item3 0.535 0.138 0.000 0.286 
 Item8 0.281 0.148 0.000 0.079 
 Item9 0.489 0.168 0.000 0.239 
 Item13 0.275 0.146 0.000 0.076 
 Item14 0.347 0.150 0.000 0.120 
 Item17 0.462 0.160 0.000 0.214 
 Item18 0.315 0.151 0.000 0.099 

Evaluate and 
reflect 

Item4 0.403 - - 0.162 

Item5 0.123 0.144 0.069 0.015 

Item15 0.649 0.198 0.000 0.421 
 Item19 0.294 0.166 0.000 0.086 
 Item20 0.257 0.159 0.000 0.066 
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Reading Locate information 0.916 - - 0.839 
 Understand 0.871 - - 0.758 
 Evaluate and reflect 0.934 - - 0.873 

 

 
Figure 57 Second-order factor analysis model of reading literacy Form C-DA1 

   

  1.2.3.2. Confirmatory factor analysis of reading literacy Form C-DA2 

  The analyses were conducted with CFA to determine the model that 

best described the structure of reading literacy instrument (C-DA2). According to  the 

analyses of item parameter estimates from bifactor model, two item had been 

removed because of high difficulty and low discriminating values. The results of the 

CFA are reported in Table 38. The second-order confirmatory factor analysis was 

examined whether items fitted the reading literacy subscales and all factors fitted 

the general reading literacy. The results showed that the second-order factors of the 
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reading literacy Form C-DA2 exhibited good model fit for C-DA2  (CFI = .987, TLI = 

.985, RMSEA = .024, and SRMR =.051). The result also presented that chi-square (𝜒2)= 

155.798, df = 130, and p = .061, which was not statistically significant. The chi-square 

𝜒2/df = 1.198, which indicated a good model fit, as it was below 2.  

 

Table 38 Confirmatory factor analysis of reading literacy Form C-DA2 (n = 336) 
Model 𝝌𝟐 df p RMSEA CFI TLI SRMR 

C-DA2  155.798 130 0.061 .024 .987 .985 .051 
 

 From the findings shown in Figure 58, the CFA showed that factor loadings of 

locate information subscale ranged from 0.366 – 0.643 and were statistically 

significant. Item 32 was found to have the greatest importance, followed by Item 26. 

For understand subscale, the factor loadings ranged from 0.158 – 0.595 and were 

statistically significant. The factor loading of Item 29 was the greatest. For evaluate 

and reflect subscale, factor loadings ranged from -0.171 – 0.506 and were statistically 

significant. Item 24 was found to have the highest importanc and Item 30 had 

negative value that needed revision.  

 The second-order analysis showed that the factor loadings were between 

0.987- 1.000. Table 39 shows the values of estimate, standard errors, and p-values of 

the second-order factor model.  

 

Table 39 The CFA estimates, standard errors, and p-values for the second-order 
factor analysis model of reading literacy Form C-DA2 (n = 336) 
Estimate Item Beta S.E. p R2 

Locate 
Information 

Item21 0.518 - - 0.268 

Item26 0.565 0.110 0.000 0.320 

Item27 0.394 0.117 0.000 0.155 
Item31 0.366 0.118 0.000 0.134 
Item32 0.643 0.108 0.000 0.413 
Item36 0.501 0.108 0.000 0.251 
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Estimate Item Beta S.E. p R2 

Understand Item22 0.500 - - 0.250 
 Item23 0.312 0.114 0.000 0.097 
 Item28 0.563 0.113 0.000 0.317 
 Item29 0.595 0.105 0.000 0.354 
 Item33 0.231 0.112 0.000 0.053 
 Item34 0.398 0.119 0.000 0.158 
 Item37 0.158 0.122 0.000 0.025 
 Item38 0.232 0.111 0.000 0.054 
Evaluate and 
reflect 

Item24 0.506 - - 0.256 

Item25 0.144 0.118 0.022 0.021 
Item30 -0.171 0.112 0.005 0.029 

 Item35 0.492 0.114 0.000 0.242 

Reading Locate information 1.000 - - 1.000 
 Understand 1.000 - - 1.000 
 Evaluate and reflect 0.987 - - 0.974 
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Figure 58  Second-order factor analysis model of reading literacy Form C-DA2 

 

  1.2.3.3. Confirmatory factor analysis of reading literacy Form C-

DA3 

  The analyses were conducted with CFA to determine the model that 

best described the structure of reading literacy instrument (C-DA3). According to  the 

analyses of item parameter estimates from bifactor model, two item had been 

removed because of high difficulty and low discriminating values. The results of the 

CFA are reported in Table 40. The second-order confirmatory factor analysis was 

examined whether items fitted the reading literacy subscales and all factors fitted 

the general reading literacy. The results showed that the second-order factors of the 

reading literacy instruments exhibited good model fit for C-DA3  (CFI = .982, TLI = 
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.977, RMSEA = .027, and SRMR =.049). The result also presented that chi-square (𝜒2)= 

102.955, df = 82, and p = .059, which was not statistically significant. The chi-square 

𝜒2/df = 1.255, which indicated a good model fit, as it was below 2.  

 

Table 40 Confirmatory factor analysis of reading literacy Form C-DA3 (n = 344) 

Model 𝝌𝟐 df p RMSEA CFI TLI SRMR 
C-DA3 102.955 82 .059 .027 .982 .977 .049 

 

 From the findings shown in Figure 59, the CFA showed that factor loadings of 

locate information subscale ranged from 0.335 – 0.590 and were statistically 

significant. Item 52 was found to have the greatest importance, followed by Item 56. 

For understand subscale, the factor loadings ranged from 0.159 – 0.581 and were 

statistically significant. The factor loading of Item 54 was the greatest. For evaluate 

and reflect subscale, factor loadings ranged from 0.267 – 0.493 and were statistically 

significant. Item 55 was found to have the highest importance. 

 The second-order analysis showed that the factor loadings were between 

0.909-1.000. Table 41 shows the values of estimate, standard errors, and p-values of 

the second-order factor model.  

Table 41 The CFA estimates, standard errors, and p-values for the second-order 
factor analysis model of reading literacy Form C-DA3 (n = 344) 
Estimate Item Beta S.E. P R2 
Locate 
Information 

Item41 0.346 - - 0.120 

Item46 0.335 0.204 0.000 0.112 
Item47 0.467 0.213 0.000 0.218 

Item51 0.420 0.198 0.000 0.177 
Item52 0.590 0.219 0.000 0.348 

Item56 0.582 0.221 0.000 0.338 
Understand Item42 0.316 - - 0.100 
 Item43 0.159 0.200 0.013 0.025 
 Item48 0.194 0.207 0.003 0.038 
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Estimate Item Beta S.E. P R2 

 Item49 0.488 0.229 0.000 0.238 
 Item53 0.461 0.229 0.000 0.212 
 Item54 0.581 0.256 0.000 0.337 

Evaluate and 
reflect 

Item45 0.362 - - 0.131 
Item50 0.267 0.204 0.000 0.071 

Item55 0.493 0.230 0.000 0.243 
Reading Locate information 0.909 - - 0.826 
 Understand 1.000 - - 1.000 
 Evaluate and reflect 0.979 - - 0.958 

 

 
Figure 59 Second-order factor analysis model of reading literacy Form C-DA3 
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 1.2.4 Reliability of the computerized dynamic assessment for reading 

literacy 

Table 42 provided the reliability estimates using Cronbach’s alpha coefficient 

and omega coefficient. For reading literacy test set 1, the Omega coefficient was 0.83 

and the Cronbach’s alpha coefficient was 0.81. Regarding reading literacy test set 2, 

the Omega coefficient was 0.86 and the Cronbach’s alpha coefficient was 0.84. With 

regard to reading literacy test set 3, the Omega coefficient was 0.86 and the 

Cronbach’s alpha coefficient was 0.83. This indicated that the reading literacy test 

sets had highly acceptable reliability values.  

Table 42 Reliability of the instruments for computerized dynamic assessment for 
reading literacy 

 
Composite 

Reading literacy test set 1 
 (n = 181 ) 

Reading literacy test set 2  
(n = 178 ) 

Reading literacy test set 3 
 (n =166 ) 

Cronbach’s 

alpha (α) 

Omega 

coefficient(ω) 

Cronbach’s 

alpha (α) 

Omega 

coefficient(ω) 

Cronbach’s 

alpha (α) 

Omega 

coefficient(ω) 

Full scale 0.81 0.83 0.84 0.86 0.83 0.86 

  

 1.2.5 Results of the parallelism of the computerized dynamic assessment 

for reading literacy of Grade 9 students  

Assembling parallel forms were investigated under the unidimensional 2PL 

model. Parallel test forms were created to be equivalent in terms of statistical and 

content properties. The item information function (IIF) and test information function 

(TIF) were used as a statistical target to make sure that the test forms are equal in 

terms of precision. This study focused on computing the root mean square deviation 

(RMSD) statistic with respect to item closeness as well as test closeness between the 

assembled tests. The test parallelism was investigated as follows:  
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 1.2.5.1 Parallel reading literacy forms of Test set 1 (Form C-DA1 

and Form C-DA2)  

  1) Content-related parallelism of the reading literacy forms of 

Test set 1 

  After the reading literacy tests were constructed, the researcher asked 

four groups of experts to review the parallelism of the reading literacy tests. Each 

group of experts comprised four experts in the field of Thai language as well as 

another one in the field of educational measurement and evaluation. The list of 

experts was presented in Appendix A.  They were asked to depict their agreement on 

each item pair of the equivalent tests in terms of the measured constructs and 

language use using IOC index (Item-Objective Congruency Index). The IOC index 

ranged from -1 to 1. The IOC index higher than 0.5 was acceptable, representing that 

the items were parallel forms and were appropriate to use in the main study. The 

results suggested that all item pairs had IOC index higher than 0.5, except for the two 

pairs (items 3 and 15) that needed to be revised. The result of an IOC index of the 

parallelism of reading literacy forms between Form C-DA1 and Form C-DA2 was 

shown in Appendix E. 

  2) Statistical-related parallelism of the reading literacy forms of 

Test set 1 (Form C-DA1 and Form C-DA2)  

 According to the conformity of Test set 1, both test forms were 

applied to information functions and characteristic curves along with seven ability 

scales (i.e. -3.0, -2.0, -1.0, 0, 1.0, 2.0, 3.0). It can be seen that RMSDIIF estimates ranged 

from 0.01 to 0.14 and RMSDICC ranged from 0.01-0.11, showing satisfactory closeness 

between the two items, with respect to the statistical index lower than 0.5. 

Moreover, there was no difference between Form C-DA1 and Form C-DA2 in terms of 

TIF and TCC. The TIF and TCC values were 0.40 and 0.17, respectively. Hence, the 

two forms showed satisfactory parallelism as presented in Table 43 and Figure 60.  
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Table 43 Parallel forms of reading literacy of Test Set 1(Form C-DA1 and Form C-DA2) 

Item-by-item parallelism Test parallelism 
Evaluate 

Pair RMSDIIIF RMSDICC Pair RMSDIIIF RMSDICC RMSDTIF RMSDTCC 

1 0.03 0.02 11 0.05 0.03 0.40 0.17 Parallel 

2 0.08 0.04 12 0.11 0.08  

3 0.11 0.07 13 0.00 0.02  

4 0.08 0.07 14 0.04 0.05  

5 0.00 0.02 15 0.02 0.02  

6 0.08 0.04 16 0.02 0.01  

7 0.04 0.03 17 0.00 0.07  

8 0.12 0.11 18 0.01 0.01  

9 0.14 0.06 19 0.01 0.06  

10 0.01 0.07 20 0.02 0.07  

 

 

Figure 60 Test information and test characteristic curve of Test set 1 
 

   1.2.5.2 Parallel reading literacy forms of Test set 2 (Form C-DA1 

and Form C-DA3)  

                      1) Content-related parallelism of the reading literacy forms of 

Test set 2 (Form C-DA1 and Form C-DA3) 

            After the reading literacy tests were constructed, the researcher asked 

four groups of experts to review the parallelism of the reading literacy tests. Each 

group of experts comprised four experts in the field of Thai language as well as 

another one in the field of educational measurement and evaluation. The list of 

experts was presented in Appendix A.  They were asked to depict their agreement on 
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each item pair of the equivalent tests in terms of the measured constructs and 

language use using the content validity using IOC index (Item-Objective Congruency 

Index). The IOC index ranged from -1 to 1. The IOC index higher than 0.5 was 

acceptable, representing that the items were parallel forms and were appropriate to 

use in the main study.  

 The results suggested that all item pairs had IOC index higher than 0.5, 

except for the three pairs (items 11, 12 and 15) that needed to be revised. Thus, with 

respect to content-related parallelism, the researcher revised only the pairs of item 

11, item 12, and item 15 to be more equivalent. The result of an IOC index of the 

parallelism of reading literacy forms between Form C-DA1 and Form C-DA3 is shown 

in Appendix E. 

 2) Statistical-related parallelism of the reading literacy forms of 

Test set 2 (Form C-DA1 and Form C-DA3) 

 Parallelism of Test set 2 were applied to information functions and 

characteristic curves along with seven ability scales (i.e. -3.0, -2.0, -1.0, 0, 1.0, 2.0, 3.0). 

In Table 44 and Figure 61, in accordance with item parallelism, it can be seen that all 

items showed satisfactory closeness between the two assembled forms because and 

RMSDIIF estimates ranged from 0.01 to 0.20 and RMSDICC ranged from 0.02 to 0.13. 

Moreover, it can be seen that the differences between the test forms were very 

small (RMSDTIF = 0.17, RMSDTCC = 0.34).  Thus, the amount of test information and 

test characteristic curve of Form C-DA1 and Form C-DA3 were relatively close.  
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Table 44 Parallel forms of reading literacy of Test set 2 (Form C-DA1 and Form C-DA3)  

Item-by-item parallelism Test parallelism 
Evaluate 

Pair RMSDIIF RMSDICC Pair RMSDIIF RMSDICC RMSDTIF RMSDTCC 

1 0.04 0.03 11 0.03 0.02 0.17 0.34 Parallel 

2 0.11 0.12 12 0.11 0.08  

3 0.12 0.12 13 0.04 0.05  

4 0.01 0.13 14 0.20 0.07  

5 0.04 0.09 15 0.08 0.05  

6 0.03 0.04 16 0.11 0.10  

7 0.13 0.08 17 0.11 0.10  

8 0.02 0.02 18 0.02 0.06  

9 0.06 0.03 19 0.02 0.05  

10 0.03 0.07 20 0.02 0.09  

 

 

Figure 61 Test information and test characteristic curve of Test set 2 
 

 1.2.5.3 Parallel reading literacy of Test set 3 (Form C-DA2 and 

Form C-DA3) 

                  1) Content-related parallelism of reading literacy of Test set 3 

(Form C-DA2 and Form C-DA3) 

            After reading literacy tests were constructed, the researcher 

asked four groups of experts to review the parallelism of the reading literacy tests. 

Each group of experts comprised four experts in the field of Thai language as well as 

another one in the field of educational measurement and evaluation. The list of 

experts was presented in Appendix A. They were asked to depict their agreement on 

each item pair of the equivalent tests in terms of the measured constructs and 
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language use using the content validity using IOC index (Item-Objective Congruency 

Index). The IOC index ranged from -1 to 1. The IOC index higher than 0.5 was 

acceptable, representing that the items were parallel forms and were appropriate to 

use in the main study.  

The results suggested that all item pairs had IOC index higher than 0.5, except 

for the three pairs (items 3, 11 and 12) that needed to be revised. Thus, with respect 

to content-related parallelism, the researcher revised only the pairs of item 3, item 

11 and item 12 to be more equivalent. The result of an IOC index of the parallelism 

of reading literacy forms between Form C-DA2 and Form C-DA3 is shown in Appendix 

E. 

                   2) Statistical-related parallelism of the reading literacy of Test set 

3 (Form C-DA2 and Form C-DA3) 

         As shown in Table 45 and Figure 62, parallelism of reading literacy of 

Test set 3 was applied to information function and characteristic curve. It can be 

seen that RMSDIIF estimates ranged from 0.00 to 0.15 and RMSDICC from 0.01-0.14, 

showing satisfactory closeness between the two forms, with respect to the statistical 

index lower than 0.5. In contrast, it can be seen that differences are found between 

the test information functions and test characteristic curves of the assembled forms. 

The RMSDTIF and RMSDTCC were 0.61 and 0.71, respectively. Thus, Test set 3 did not 

represent the satisfactory closeness between the two forms. Thus, the researchers 

deleted four items that had unusually high values of item difficulty estimates (i.e., 

Items 44, 50, 58, and 59). As a result, the parallelism of Form C-DA2 and Form C-DA3 

were met.  The RMSDTIF and RMSDTCC were 0.50 and 0.45, respectively. 
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Table 45 Parallel forms of reading literacy of Test set 3  

Item-by-item parallelism 
Test parallelism 
 (2nd analysis) 

Evaluate 

Pair RMSDIIF RMSDICC Pair RMSDIIF RMSDICC RMSDTIF RMSDTCC  

1 0.10 0.03 11 0.03 0.02 0.50 0.45 Parallel 

2 0.03 0.03 12 0.10 0.01  

3 0.01 0.02 13 0.01 0.02  

4 0.08 0.14 14 0.12 0.05  

5 0.02 0.03 15 0.08 0.04  

6 0.06 0.07 16 0.03 0.02  

7 0.01 0.02 17 0.07 0.13  

8 0.12 0.09 18 0.05 0.10  

9 0.15 0.06 19 0.01 0.05  

10 0.00 0.07 20 0.00 0.06  

 

 
Figure 62 Test information between reading literacy of Test set 3 
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Part 2: Results of the Effects of Different Promptings of the Computerized 
Dynamic Assessment on Reading Literacy Ability, Growth of Learning, and 
Learning Potential of Grade 9 Students 

2.1 Results of the effects of different promptings of the computerized 
dynamic assessment on reading literacy ability of Grade 9 students 

               2.1.1 ANCOVA results of different prompting conditions on the 

overall reading literacy ability  

 The descriptive statistics of students’ pretest and posttest scores on 

reading literacy are summarized in Table 46 and Figure 63. All prompting conditions 

received relatively similar scores on the pretest. Group B received the highest score 

on the pretest (M=8.06, SD=3.51). Moreover, all prompting conditions had a higher 

posttest score than the pretest score. The mean posttest score was greater in Group 

A (M=14.99, SD=3.33), followed by Group C (M=14.82, SD=3.09). On the other hand, 

Group D received the lowest posttest score (M=11.16, SD=3.80).  

Table 46 Descriptive statistics of students’ pretest and posttest scores on reading literacy  
Group Pretest score Posttest score 

 M SD M SD 
A 7.93 3.31 14.99 3.33 
B 8.06 3.51 14.51 3.57 
C 7.47 3.13 14.82 3.09 
D 7.86 2.98 11.16 3.80 

 

 

Figure 63 Students’ reading literacy pretest and posttest scores 
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A one-way ANCOVA was performed to investigate the effect of the 

computerized dynamic assessment (C-DA) on students’ reading literacy posttest 

score. The reading literacy score was measured pre- and post-training of 

computerized dynamic assessment (C-DA). The preliminary analyses investigating the 

homogeneity of slope, linearity, and homogeneity of variances assumptions were 

satisfactory.  The results revealed that when the pretest score was considered as the 

covariate, there was a statistically significant difference in posttest score between the 

groups (F(3, 536)=35.63, p < .05). The summary of ANCOVA results is shown in Table 

47 and Figure 64. The results of follow-up pairwise comparison revealed that Group 

D scored significantly lower when compared with students in any other groups as 

presented in Table 48.  

Table 47 Analysis of Covariance for student’s reading literacy posttest score with 
pretest score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 
Intercept 13494.61 1 13494.61 1142.19 .000 
Pretest (Covariate) 59.44 1 59.44 5.03* .025 
Group 1262.70 3 420.90 35.63* .000 
Residuals 6332.63 536 11.81   

*p < .05 

 

Figure 64 Line plot of the adjusted posttest score 
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Table 48 Results of pairwise comparisons  

Pair comparison Mean Difference (I - J) Std. Error p 
Group (I) Group (J) 

A B .495 .406 1.000 
A C .129 .413 1.000 
A D 3.823* .419 .000 
B C -.366 .419 1.000 
B D 3.328* .426 .000 
C D 3.694* .432 .000 

*p < .05 

 2.1.2 ANCOVA results of different prompting conditions on the 

reading literacy subscales 

 The descriptive statistics of students’ pretest and posttest scores on 

reading literacy subscale are summarized in Table 49 and Figure 65.  For pretest score, 

locate information subscale was received as the highest score for all prompting conditions, 

followed by understand and evaluate and reflect subscales. For posttest score, however, 

understand subscale was obtained the highest subscale score for all prompting conditions. 

The mean posttest score of locate information subscale was greater in Group A and Group 

B, respectively (M=5.30, SD=1.12; M=5.15, SD=1.11). Group A also received the highest 

score for the understand subscale (M=6.39, SD=1.52), followed by Group C (M=6.26, 

SD=1.54). Moreover, Group B had the highest evaluate and reflect subscale (M=3.45, 

SD=1.31). On the other hand, Group D received the lowest scores for all three subscales.  
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Table 49 Descriptive statistics of students’ pretest and posttest scores on reading 
literacy subscales 

Group Dependent variable Pretest score Posttest score 

M SD M SD 
Locate 
information 

Group A 3.14 1.44 5.30 1.12 
Group B 3.29 1.50 5.15 1.11 

Group C 2.90 1.34 5.11 1.08 
Group D 2.98 1.31 4.37 1.42 

Understand Group A 2.94 1.54 6.39 1.52 
Group B 2.81 1.59 5.90 1.89 

Group C 2.64 1.53 6.26 1.54 
Group D 2.88 1.37 4.54 1.92 

Evaluate and 
reflect 

Group A 1.86 1.32 3.30 1.43 
Group B 1.95 1.30 3.45 1.31 

Group C 1.93 1.26 3.44 1.34 
Group D 2.01 1.24 2.25 1.38 

 

 

Figure 65 Students’ posttest subscale scores 
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  2.1.2.1 ANCOVA results of different prompting conditions 

on locate information subscale 

  A one-way ANCOVA was performed to investigate the effect of 

the computerized dynamic assessment (C-DA) on students’ locate information 

posttest subscale score. As presented in Table 50, the results revealed that there 

was a statistically significant difference in locate information subscale score among 

the groups (F(3, 536)=15.63, p < .05). The results of follow-up pairwise comparison 

revealed that Group D significantly received lower locate information subscale when 

compared with students in any other groups as shown in Table 51 and Figure 66.   

Table 50 Analysis of Covariance for student’s locate information subscale score with 
pretest score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 

Intercept 2228.49 1 2228.49 1577.43* .000* 
Pretest (Covariate) .69 1 .69 .49 .484 
Group 66.27 3 22.08 15.63* .000* 
Residuals 757.22 536 1.41   
*p  < .05 

 

Figure 66 Line plot of the adjusted posttest score for locate information subscale 
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Table 51 Results of pairwise comparisons of locate information subscale 

Pair comparison Mean Difference 
(I - J) 

Std. Error P 
Group 1 (I) Group 2 (J) 

A B .150 .141 1.000 
A C .184 .143 1.000 
A D .926* .145 .000 
B C .034 .145 1.000 
B D .776* .148 .000 
C D .742* .149 .000 

*p < .05 

  2.1.2.2 ANCOVA results of different prompting conditions 

on understand subscale 

  A one-way ANCOVA was performed to investigate the effect of 

the computerized dynamic assessment (C-DA) on students’ understand subscale 

score. As depicted in Table 52, the results revealed that significant differences were 

found in understand subscale score (F(3, 536)=31.23, p < .05). The results of follow-

up pairwise comparison revealed that Group D was significantly different from any 

other groups as shown in Table 53 and Figure 67.  

Table 52 Analysis of Covariance for student’s understand subscale score with pretest 
score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 
Intercept 3851.92 1 3851.92 1298.85* .000* 
Pretest (Covariate) 2.04 1 2.04 .68 .407 
Group 277.85 3 92.61 31.23* .000* 
Residuals 1589.57 536 2.96   
*p < .05 
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Figure 67 Line plot of the adjusted posttest score for understand subscale 
 
Table 53 Results of pairwise comparisons of understand subscale 

Pair comparison Mean Difference 
(I - J) 

Std. Error P 
Group 1 (I) Group 2 (J) 

A 
A 
A 
B 
B 

B .487 .203 .102 
C .120 .207 1.000 
D 1.853* .210 .000 
C -.367 .210 .484 
D 1.365* .213 .000 

C D 1.733* .217 .000 
*p< .05 

  2.1.2.3 ANCOVA results of different prompting conditions 

on evaluate and reflect subscale 

  A one-way ANCOVA was performed to investigate the effect of 

the computerized dynamic assessment (C-DA) on students’ evaluate and reflect 

subscale score. As presented in Table 54, the results revealed that there was a 

statistically significant difference in evaluate and reflect subscale score (F(3, 

536)=23.22, p < .05). The results of follow-up pairwise comparison revealed that 

Group D received lower evaluate and reflect subscale significantly when compared 

with students inany other groups as presented in Table 55 and Figure 68. 
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Table 54 Analysis of Covariance for student’s evaluate and reflect subscale score 
with pretest score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 
Intercept 1350.81 1 1350.81 732.14* .000 
Pretest (Covariate) 13.94 1 13.94 7.55* .006 
Group 128.53 3 42.84 23.22* .000 
Residuals 988.93 536 1.84   
*p< .05 

 

Figure 68 Line plot of the adjusted posttest score for evaluate and reflect subscale 
 

Table 55 Results of pairwise comparisons of evaluate and reflect subscale 
Pair comparison Mean Difference 

(I - J) 
Std. Error p 

Group 1 (I) Group 2 (J) 
A 
A 
A 

B -.144 .160 1.000 
C -.136 .163 1.000 
D 1.064* .166 .000 

B C .008 .165 1.000 
B D 1.209* .168 .000 
C D 1.200* .171 .000 

*p < .05 
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  2.1.3 Results of different prompting conditions of the 

computerized dynamic assessment (C-DA) and students’ demographic data on 

reading literacy posttest score 

   2.1.3.1 Two-way ANCOVA results of different prompting 

conditions and gender on students’ reading literacy posttest score 

   Table 56 presents the mean scores and standard deviations of 

prompting groups and gender on reading literacy pretest and posttest scores. All groups 

obtained higher posttest scores than the pretest score. The highest score on pretest 

obtained by female students in all prompting groups. Those female students in Group A 

scored higher than any other groups on the pretest (M=8.49, SD=3.12). With respect to the 

posttest score, male students received higher posttest score than female students, except 

Group D. The highest posttest score of male students was Group C (M=15.11, SD=3.42), 

followed by Group A (M=15.08, SD=3.52). For the group of female students, Group A had 

the highest score (M=14.93, SD=3.20) as shown in Figure 69.  

Table 56 Descriptive statistics of group and gender on reading literacy pretest and 
posttest scores 

Group Gender 
Pretest score Posttest score 

M SD M SD 

Group A 
Female 8.49 3.12 14.93 3.20 

Male 7.16 3.45 15.08 3.52 

Group B 
Female 8.19 3.76 14.45 3.67 
Male 7.91 3.23 14.58 3.48 

Group C 
Female 7.57 3.09 14.61 2.84 
Male 7.35 3.22 15.11 3.42 

Group D 
Female 8.06 2.47 11.44 3.77 
Male 7.59 3.60 10.76 3.84 
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Figure 69 Students’ posttest scores with respect to different prompting groups and 

gender 
 The two-way ANCOVA was conducted that examined the effect of 

prompting conditions and gender on students’ reading literacy posttest score. The 

preliminary analyses investigating the homogeneity of slope, linearity, homogeneity of 

variances assumptions were satisfactory. From the results, an interaction between group 

and gender could not be demonstrated, F(3, 532)=.65, p = .582. In addition, there were no 

significant differences in the impact of gender on posttest score, F(1, 532)=.08, p = .770. 

However, there was significant difference in the prompting groups on reading literacy 

posttest score, F(3, 532)=36.03, p < .05, as shown in Table 57 and Figure 70. The pairwise 

comparison showed that Group D (control group) significantly received lower scores when 

compared with other prompting conditions as summarized in Table 58.  

Table 57 A Two-way ANCOVA of prompting groups and gender on student’s reading 
literacy posttest score with pretest score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 
Pretest  61 1 61.00 5.13* .024 
Group 1281.70 3 427.23 36.03* .000 
Gender 1.01 1 1.01 .08 .770 
Group*Gender 23.20 3 7.73 .65 .582 
Residuals 6308 532 11.85   
*p < .05 
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Figure 70 Line plot of prompting groups and gender on student’s reading literacy 
posttest score 
 

Table 58 Results of pairwise comparisons of group difference 
Pair comparison Mean Difference (I - J) Std. Error p 

Group (I) Group (J) 

A B .513 .410 1.000 
A C .110 .419 1.000 
A D 3.901* .426 .000 
B C -.404 .423 1.000 
B D 3.387* .430 .000 
C D 3.791* .439 .000 

*p < .05 
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                2.1.3.2 Two-way ANCOVA results of different prompting 

conditions and levels of learning achievement on students’ reading literacy 

posttest score  

  Table 59 presents the mean scores and standard deviations of 

group and learning achievement on the pretest and posttest reading literacy. All groups 

obtained higher posttest scores than the pretest score. The highest score on the pretest 

was obtained by very high achievers in all prompting groups except Group C. Those 

students in Group B scored higher than any other groups on the pretest (M=9.27, 

SD=3.80). With respect to the posttest score, the highest posttest score of very high 

achievers was Group C (M=15.10, SD=2.93), whereas Group A had the highest mean 

posttest scores for both high (M=14.93, SD=3.76) and mid achievers (M=15.17, SD=3.43). 

For the group of low achievers, Group B had the highest score (M=15.82, SD=3.24) as 

shown in Figure 71.  

Table 59 Descriptive statistics of group and learning achievement on reading literacy 
posttest score 

Group 
Learning 
achievement 

Pretest score  Posttest score 
Mean SD  Mean SD 

Group A 

Very high 8.77 3.52  14.85 2.99 

High 8.45 3.01  14.93 3.76 

Mid 7.43 3.04  15.17 3.43 

Low 5.14 1.75  15.32 3.41 

Group B 

Very high 9.27 3.80  14.86 3.35 

High 7.95 3.16  13.41 3.84 

Mid 6.48 2.15  14.56 3.57 

Low 6.82 3.80  15.82 3.24 

Group C 

Very high 7.98 3.56  15.10 2.93 

High 8.02 2.71  14.54 2.88 

Mid 6.81 3.43  15.00 2.53 

Low 5.90 1.79  14.52 4.31 

Group D 

Very high 9.09 2.68  12.40 4.15 

High 8.57 3.09  10.14 3.46 

Mid 6.35 2.01  10.83 3.30 

Low 5.28 2.16  10.61 3.60 
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Figure 71 Students’ posttest scores with respect to different prompting groups and 
levels of learning achievement 
  A two-way ANCOVA was conducted that examined the effect of prompting 

conditions and levels of learning achievement on students’ reading literacy posttest score. 

The preliminary analyses investigating the homogeneity of slope, linearity, homogeneity of 

variances assumptions were satisfactory. As summarized in Table 60 and Figure 72, an 

interaction between group and learning achievement could not be demonstrated, F(9, 

524) = 1.08, p = .373. In addition, there were no significant differences in the effect of 

levels of learning achievement on posttest score, F(3, 524) = 0.37, p = .773. However, 

significant differences in the impact of different prompting groups on posttest score were 

found, F(3, 524) = 35.11, p < .05. The pairwise comparison showed that Group D (control 

group) significantly received lower scores when compared with other prompting conditions 

as presented in Table 61.  

Table 60 Two-way ANCOVA student’s reading literacy posttest score with pretest 
score as covariate 

Source 
Univariate ANCOVA 

SS df MS F p 
Pretest  56.23 1 56.23 4.813* .029 
Group 1230 3 410.33 35.11* .000 
Learning achievement 13 3 32.10 0.37 .773 
Group*Learning achievement 114 9 12.66 1.08 .373 
Residuals 6122 524 11.68   
*p < .05 
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Figure 72 Line plot of prompting groups and levels of learning achievement on 
student’s reading literacy posttest score 
 
Table 61 Results of pairwise comparisons of group difference 

Pair comparison Mean Difference (I - J) Std. Error p 
Group (I) Group (J) 

A B .426 .443 1.000 
A C .248 .444 1.000 
A D 4.062* .450 .000 
B C -.178 .453 1.000 
B D 3.635* .459 .000 
C D 3.813* .459 .000 

*p < .05
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2.2 Results of the effects of different promptings of the computerized 
dynamic assessment on growth of learning of Grade 9 students 

         2.2.1 Descriptive statistics of changes in reading literacy scores     

         The means and standard deviations are presented in Table 62. When 

considering the overall reading literacy scores, students obtained higher reading 

literacy scores across three time points as presented in Figure 73. All students scored 

6.84 (SD = 4.06) in the first assessment, 8.86 (SD = 4.23) in the second assessment, 

and 9.89 (SD = 4.47) in the third assessment. Group A obtained the highest scores in 

understand subscale for the first assessment (M = 3.10, SD = 1.90) and second 

assessment (M = 3.58, SD = 1.90). They also received the highest score for the third 

time in locate information subscale (M = 3.82, SD = 1.66). Group B obtained the 

highest score in understand subscale (M = 3.25, SD = 1.98; M = 3.42, SD = 1.96; M = 

3.95, SD = 1.91, respectively) and the lowest score in evaluate and reflect subscale 

for the three assessment periods (M = 1.45, SD = 1.27; M = 2.24, SD = 1.60; M = 2.37, 

SD = 1.62, respectively). Group C received the highest score in understand subscale 

for the first assessment time point (M = 3.01, SD = 2.00) and the third time point (M 

= 4.23, SD = 1.91), whereas they obtained the lowest score in evaluate and reflect 

subscale across three time points (M = 1.66, SD = 1.23; M = 2.22, SD = 1.51; M = 2.59, 

SD = 1.45, respectively). Group D obtained understand subscale as the highest score 

for the first assessment (M = 3.13, SD = 1.90) and they had the highest score for the 

second and third time points in locate information subscales (M = 3.25, SD = 1.84; M 

= 3.34, SD = 1.78, respectively). 
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Table 62 Descriptive statistics for growth of learning 

Variable Time 

    Sample 

Group A 
 (n = 148) 

 Group B 
(n = 139) 

 Group C 
(n = 131) 

 Group D 
(n = 123) 

 Total 
(N = 541) 

M SD  M SD  M SD  M SD  M SD 

Locate 
information 

1 2.20 1.68  2.21 1.67  2.29 1.71  1.82 1.66  2.14 1.69 

2 3.38 1.61  3.27 1.58  3.55 1.43  3.25 1.84  3.36 1.62 

3 3.82 1.66  3.78 1.69  4.01 1.53  3.34 1.78  3.74 1.68 

Understand 

1 3.10 1.90  3.25 1.98  3.01 2.00  3.13 1.90  3.12 1.94 

2 3.58 1.90  3.42 1.96  3.48 1.80  3.11 2.00  3.41 1.94 

3 3.78 1.90  3.95 1.91  4.23 1.91  3.22 2.08  3.80 1.97 

Evaluate and 
reflect 

1 1.62 1.17  1.45 1.27  1.66 1.23  1.59 1.35  1.58 1.25 

2 2.03 1.50  2.24 1.60  2.22 1.51  1.84 1.46  2.09 1.52 

3 2.35 1.52  2.37 1.62  2.59 1.45  2.02 1.61  2.34 1.56 

Overall reading 
literacy 

1 6.92 3.94  6.91 4.00  6.95 4.15  6.54 4.21  6.84 4.06 

2 8.99 4.21  8.94 4.35  9.25 3.72  8.20 4.59  8.86 4.23 

3 9.95 4.37  10.1 4.53  10.8 4.16  8.58 4.58  9.89 4.47 

 

 

Figure 73 The trajectory plot of reading literacy for all students 
 

  2.2.2 Results of univariate latent growth curve models of changes 

in overall reading literacy and reading literacy subscales 

  Table 63 presents the model fit statistics. In the initial step in this analysis, 

unconditional growth models for each variable were examined to identify the statistical 

model that best describes the growth. Both the no-growth model and linear model were 

tested in each variable. The results showed that the model fit of reading literacy and each 
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subscale were satisfactory. The results found significant differences between the two 

models in overall reading literacy, ∆𝜒2  =207.87, ∆𝑑𝑓 =2, p < .05. Moreover, there were 

significant differences between the no-growth and linear growth models in locate 

information, ∆𝜒2  =313.21, ∆𝑑𝑓 =2, p < .05, understand, ∆𝜒2  =37.93,  ∆𝑑𝑓 =2, p < .05, and 

evaluate and reflect, ∆𝜒2  =115.28, ∆𝑑𝑓 =2, p < .05. As a result, the linear model was used 

for the subsequent analyses.  

Table 63 Fit indices of univariate growth curves for variables 
Model 𝝌𝟐 df TLI CFI SRMR RMSEA Model 

comparison 

∆𝝌𝟐(∆𝒅𝒇) p 

Locate information 
(intercept only) 

322.680 4 -0.300 0.000 0.304 0.384 Intercept only 
vs. linear 

313.21* (2) .000 

Locate information 
(linear) 

9.465 2 0.939 0.959 0.038 0.083 

Understand 
(intercept only) 

47.427 4 0.787 0.716 0.086 0.142 Intercept only 
vs. linear  

37.93*(2) .000 

Understand 
(linear) 

9.494 2 0.926 0.951 0.043 0.083 

Evaluate and reflect 
(Intercept only) 

116.134 4 -0.008 0.000 0.149 0.228 Intercept only 
vs. linear 

115.28* (2) .000 

Evaluate and reflect 
(linear) 

0.851 2 1.000 1.000 0.012 0.000 

Overall reading 
literacy 
(Intercept) 

218.610 4 0.397 0.197 0.202 0.315 Intercept only 
vs. linear 

207.87*(2) .000 

Overall reading 
literacy 
(linear) 

10.744 2 0.951 0.967 0.049 0.090 

*p < .05 

  The researchers conducted the univariate latent growth curve model 

for all students and the multiple group latent growth curve model to assess 

prompting-based differences. The mean and variance scores of the intercepts and 

slopes were considered. Table 64 and Figures 74-75 present the results of trajectory 

growth of reading literacy and reading literacy subscales.  

  For the analysis of the unconstrained univariate model (Model 1), the 

univariate linear growth models showed that reading literacy had an initial score of 
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6.837 (p < .05), with an increase of 1.015 (p < .05). Regarding reading literacy 

subscales, locate information had an initial score of 2.158 (p < .05), with an increase 

of 0.551 (p < .05). Moreover, understand had an initial score of 3.110 (p < .05), with 

an increase of 0.207 (p < .05). Evaluate and reflect had an initial score of 1.577 (p < 

.05), with an increase of 0.253 (p < .05). 

  For the multiple group latent growth curve analysis (Model 2), as 

shown in Figure 76, the intercept mean and slope mean of the overall reading 

literacy were significant for all four groups. Group C obtained the highest initial 

reading literacy score (intercept mean = 6.947, p < .05) and there was higher increase 

in overall reading literacy scores over time (slope mean = 1.253, p < .05). The 

intercept variance and the slope variance reached significance for all groups, 

indicating that there were individual differences in the initial values and their rate of 

change in reading literacy score. There was negative and significant covariance 

between the intercept and slope in overall reading literacy. It can be concluded that 

individuals with higher starting scores did not perform better across time when 

compared with those with lower starting scores.  

  The intercept mean and slope mean of locate information subscales 

were significant for all four groups. It indicates that there was a positive change in 

locate information scores over time. Group C presented the highest starting locate 

information score (intercept mean = 2.309, p < .05) and there was higher increase in 

scores over time (intercept slope = 0.583, p < .05). The intercept variance and the 

slope variance were significant for all groups, indicating that there were individual 

differences in the initial values and their rate of change in locate information score. 

The covariance between the intercept and slope of locate information was significant 

and negative (𝛽= .578 - .737), suggesting that individuals with lower starting scores 

exhibited linear growth than did those with higher starting scores.  

  Furthermore, with respect to understand subscale, the intercept mean 

was significant for all groups and there was positive change in understand score over 
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time. The highest starting score in understand subscale obtained by Group B 

(intercept mean = 3.228, p < .05), representing their highest starting score. However, 

differences were identified among prompting groups in the slope mean. Group B 

received a significant increase in understand subscale score (slope mean = 0.205, p < 

.05); on the other hand, the trend of their scores were lower than other groups. 

Group C showed the highest increase in understand subscale score (slope mean = 

0.364, p < .05). Group D received the lowest increased score and there was no 

significant slope mean (slope mean = 0.021), indicating that there was no change in 

reading literacy over time. The intercept variance was significant for all groups, 

suggesting that there were individual differences in the initial score of understand 

subscale. However, Group A received no significant difference in slope variance 

(slope variance = 0.091), suggesting that individual differences were not identified in 

the rate of change in Group A. The covariance between understand intercept and 

understand slope was significant and negative. This indicates that students with 

lower starting values had steeper trajectories than their higher performing peers. 

  Concerning evaluate and reflect subscale, the intercept mean and 

slope mean were significant for all four groups and there was positive change in 

evaluate and reflect score over three time points The highest starting score in 

evaluate and reflect subscale obtained by Group C (intercept mean = 1.649, p < .05). 

However, Group B revealed the highest increased score in evaluate and reflect 

subscale over time (slope mean = 0.324, p < .05), followed by Group C (slope mean 

= 0.306, p < .05). The intercept variance was significant for all groups, suggesting that 

there were individual differences in the initial score of evaluate and reflect subscale. 

However, the slope variance was significant only for Group D (slope variance = 0.124, 

p < .05), suggesting that unlike other groups, Group D had individual differences in 

the rate of change in evaluate and reflect subscales. No significant covariance was 

identified between the intercept and slope in evaluate and reflect subscale in all 

groups, except Group C (𝛽 = -.330). This suggests that individuals with higher starting 
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scores in Group C did not perform linear growth better than those with lower starting 

scores.  

Table 64 Univariate model of growth in reading literacy and reading literacy subscales 

Variable Model Intercept Slope Covariance 
Correlation 

(Coefficient 𝛃) Mean Variance Mean Variance 

Locate 
information 

Model 1 2.158* 1.781* 0.551* 0.165* -0.338* -.624 

Model 2       

Group A 2.210* 1.696* 0.550* 0.097* -0.244* -.601 

Group B 2.211* 1.625* 0.524* 0.220* -0.346* -.578 

Group C 2.309* 1.829* 0.583* 0.201* -0.447* -.737 

Group D 1.867* 1.851* 0.555* 0.132* -0.301* -.609 

Understand 

Model 1 3.110* 2.702* 0.207* 0.214* -0.562* -.738 

Model 2       

Group A 3.104* 2.542* 0.229* 0.091 -0.434* -.903 

Group B 3.228* 2.799* 0.205* 0.288* -0.675* -.753 

Group C 2.977* 2.877* 0.364* 0.273* -0.726* -.820 

Group D 3.124* 2.564* 0.021 0.155* -0.379* -.600 

Evaluate and 
reflect 

Model 1 1.577* 0.547* 0.253* 0.086* -0.066 -.302 

Model 2       

Group A 1.610* 0.385* 0.236* 0.073 -0.023 -.135 

Group B 1.469* 0.619* 0.324* 0.063 -0.031 -.156 

Group C 1.649* 0.432* 0.306* 0.065 -0.055* -.330 

Group D 1.580* 0.762* 0.140* 0.124* -0.160 -.520 

Overall reading 
literacy 

Model 1 6.837* 15.353* 1.015* 1.471* -3.115* -.656 

Model 2       

Group A 6.920* 14.350* 1.016* 0.846* -2.324* -.667 

Group B 6.905* 14.731* 1.051* 1.658* -3.182* -.644 

Group C 6.947* 15.877* 1.253* 1.927* -4.105* -.742 

Group D 6.545* 16.577* 0.723* 1.370* -3.016* -.633 
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Figure 74 The trajectory plots of reading literacy subscales for different prompting 
groups 
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Figure 75 The trajectory plots of overall reading literacy for different prompting 
groups 
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Figure 76 The univariate latent growth curves of overall reading literacy for different 
prompting groups 
Note. All loadings shown in Figure 76 were standardized factor loadings.  
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  2.2.3 Results of multivariate latent growth curve model of the 

associations of changes in reading literacy subscales  

  As shown in Table 65, the researchers examined the associations 

between changes over time in reading literacy subscales. The multivariate model was 

established to investigate the associations between the intercepts of locate 

information, understand, and evaluate and reflect and the associations between the 

slopes of locate information, understand, and evaluate and reflect. The model fit 

indices of the multivariate latent growth curve model presented good fit to the data, 

𝜒2 = 52.427, df = 15, TLI = 0.948, CFI = 0.978, and RMSEA = 0.068.  

Table 65 Fit indices of multivariate growth curves for variables 
Model 𝝌𝟐 df TLI CFI SRMR RMSEA 

Multivariate latent growth model 52.427 15 0.948 0.978 0.036 0.068 

  

 As depicted in Table 66 and Figure 77, the model showed positive and 

bidirectional associations among the three subscale variables. The results showed 

that locate intercept had statistically significant effects on understand intercept (𝛽 = 

.628, p = .000) and evaluate intercept (𝛽 = .721, p = .000), indicating an association 

between the better locate information score and higher understand and greater 

evaluate and reflect scores at the initial assessment. Moreover, the association 

between understand intercept and evaluate intercept was significantly positive ( 𝛽 = 

.539, p = .000). Thus, the initial increased score of each subscale was associated with 

the higher scores of other two subscales.  

 Regarding the slope, locate slope had no statistically significant effect on 

understand slope (𝛽 = .228, p = .063). The change in locate information score was 

not related to changes in understand subscale. The non-significant effect was also 

found in the understand slope on evaluate slope (𝛽 = .307, p = .056). Higher 

understand score did not correlate with an increase in evaluate and reflect subscale 

across time points. However, the positive association between locate slope and 
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evaluate and reflect slope was significant (𝛽 = .365, p = .016). The higher locate 

information score was correlated with the increase in evaluate and reflect subscale.  

 Locate intercept had statistically significant effect on understand slope (𝛽 = -

.207, p = .018), indicating that students with higher initial locate information score 

were related to lower understand score over time. On the contrary, the non-

significant effect between locate information intercept and evaluate and reflect 

slope was found (𝛽 = -.048, p = .648). Moreover, there was no significant association 

between understand intercept and evaluate and reflect slope (𝛽 = .140, p = .126). 

Thus, neither locate information nor understand subscales were related to the 

growth in evaluate and reflect subscale.  

 In summary, the relationship in growth trajectories among locate information, 

understand, evaluate and reflect subscales are likely to be strong and positive at the 

first time point, but the trend of each subscale did not related to other subscales, 

except the relationship between locate slope and evaluate and reflect slope and 

association between locate intercept and understand slope.  

 

Table 66 Coefficient estimates and standard error of the multivariate latent growth 
model for reading literacy variables of all students (N =541) 
Bidirectional relationship Covariance (𝜷) SE p 

Locate intercept <-> Understand intercept .628* .123 .000 
Locate intercept <-> Evaluate intercept .721* .078 .000 
Understand intercept <-> Evaluate intercept .539* .087 .000 
Locate slope <-> Understand slope  .228 .020 .063 
Locate slope <-> Evaluate slope .365 .016 .016 
Understand slope <-> Evaluate slope .307 .019 .056 
Locate intercept <-> Understand slope -.207 .047 .018 
Locate intercept <-> Evaluate slope -.048 .036 .648 
Understand intercept <->Evaluate slope .140 .040 .126 
*p < .05 
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Figure 77 The multivariate latent growth curves of overall reading literacy 

Note. All loadings shown in Figure 77 were standardized factor loadings.  
 

 Group A revealed that intercept on locate information had statistically significant 

effects on understand intercept and evaluate and reflect intercept. The result found the 

highly positive associations between the locate intercept and understand intercept (𝛽 = 

0.782, p = .000) and between the locate intercept and the evaluate intercept (𝛽 = 0.770, p 

= .000). Accordingly, increased locate information score was highly associated with higher 

understand score and higher evaluate and reflect subscale score at the initial assessment. 

Regarding the slope, locate slope had no significant effects of slopes on understand 

subscale (𝛽 = 0.040, p = .92) and evaluate and reflect subscale (𝛽 = 0.264, p = .488 ). 

Furthermore, understand slope had no significant effects on evaluate and reflect slope        

(𝛽 = -0.691, p = .116). The increase in one subscale was not related to the increase in 

other subscale scores over three time points. The locate intercept had no associations 

with understand subscale and evaluate and reflect subscales. However, there was 

significant association between the understand intercept and evaluate and reflect slope  

(𝛽 =0.405, p = .035). Thus, higher understand score in the initial assessment was related to 

the greater evaluate and reflect scores over three time points as shown in Table 67.  
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 Group B showed positively bidirectional associations among the three subscale 

variables. For the intercept, there were positive association between the locate intercept 

and understand intercept (𝛽 = 0.489, p = .000). Moreover, there was association between 

the locate intercept and evaluate and reflect intercept (𝛽 = 0.791, p = .000). This suggests 

that the increased locate information score was related to the increase in understand 

subscale and evaluate and reflect subscale at the first assessment. Concerning the 

associated slopes, there were non-significant associations between all three subscale 

slopes, suggesting that the increase in one subscale did not exhibit the increase in other 

subscales across three time points as depicted in Table 67.  

 Group C obtained the positive associations among bidirectional variables. There 

were positive association between the locate and understand intercept (𝛽 = 0.387, p = 

.000) and between the locate and evaluate intercept (𝛽 = 0.481, p = .000). Moreover, it 

was found the positive relationship between the understand intercept and evaluate 

intercept (𝛽 = 0.385, p =.010). Thus, increased locate information score was correlated 

with increased understand and evaluate and reflect subscale scores at the initial 

assessment. Concerning the associated slopes, the significant and positive associations of 

slope were also found between understand subscale and evaluate and reflect subscale 

scores (𝛽 = 0.653, p = .025). It indicates that increased understand score was correlated 

with an increase in evaluate and reflect subscale over three time points. However, non-

significant correlations were found between slope in locate information and slopes in 

understand subscale (𝛽 = 0.253, p = .164) and in evaluate and reflect subscales (𝛽 = 0.363, 

p = .174).  Thus, increased locate information score did not relate to increased understand 

and evaluate and reflect scores over time as seen in Table 67.  

            Group D indicated a positive association among bidirectional variables.  There 

were positive association between the locate and understand intercept (𝛽 = 0.927, p = 

.000) and between the locate and evaluate intercept (𝛽 = 0.818, p = .000), as well as the 

association between the understand and evaluate intercepts (𝛽 = 0.655, p = .000). This 

suggested that an increased locate information score was correlated with increased 
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understand and evaluate and reflect subscale scores at the first time point. Concerning 

the slopes, there were non-significant associations between all three subscale slopes. This 

exhibited that the increase in one subscale did not exhibit the increase in other subscales 

across three time points. However, there was significant association between the locate 

intercept and understand slope(𝛽 =-0.584, p = .010).  Thus, higher locate information score 

at the first time point was related to lower understand score over three time points as 

presented in Table 67.  
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  2.2.4 Informative data of parameter estimation for individual 

growth trajectory 

  The researchers estimated not only the growth trajectory of group 

difference but also the individual difference over three time points. The example of 

individual growth trajectory is randomly shown in Figure 78.   

Concerning the performance of examples in Group A, student no. 135 had little 

change in reading literacy over time.  His/her ability rose slowly at the second time point 

and little decreased at the third time point. Whereas, performance of student no. 420 

grew gradually over time. For Group B, student no. 528 remained constant with no 

growth. In contrast, student no. 309 and student no. 384 increased sharply during the 

first two time points, but slowed down after completing the third assessment. With 

respect to growth of examples in Group C, student no. 72 had little change. His/her 

performance dropped during the second time point, but slightly went up at the third 

time point. In contrast, students no. 217 and no. 490 gradually increased over time. 

Regarding examples of Group D, students no. 166 and no.398 had little change in their 

growth trajectories. Student no. 291 steadily decreased, whereas student no. 224 steadily 

rose over time.  

 

Figure 78 Examples of Individual growth trajectories over three time points 
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  2.2.5 Informative data of growth patterns of reading literacy 

  The researcher further investigated the patterns of growth trajectories 

of different prompting methods in accordance with initial reading literacy scores. The 

initial reading literacy score measured at first time points of students in different 

prompting conditions were analyzed and compared. This study categorized initial 

reading literacy scores in accordance with the Quartile ranking. The first group was 

students who scored 25% of the lowest or those who scored below four points at 

the first time point. They were called low initial reading literacy. For the second 

group, they were called medium-low initial reading literacy. Those were students 

who scored between 50-75% or those who scored between four to six points at the 

first time point. The third group was medium-high initial reading literacy. There were 

groups of students who scored between 25-50% or those who scored between six to 

ten points at the first time point. For the fourth group, they were high initial reading 

literacy. They were those who scored top 25% or those who scored between ten to 

twenty points at the first time point. Means and standard deviations of reading literacy 

scores across groups with differently initial reading literacy were shown in Table 68.   
 

Table 68 Means and standard deviations of reading literacy scores across groups with 
differently initial reading literacy over three time points 
Initial reading 

literacy 
ability 

Group Time 1 Time 2 Time 3 

M SD M SD M SD 

Low  Group A 2.57 1.35 6.80 3.60 7.43 3.12 

Group B 2.77 1.11 7.40 4.84 8.09 4.30 
Group C 3.00 1.03 7.96 4.31 9.40 4.29 
Group D 2.59 1.22 5.65 4.21 6.59 4.53 

Medium-low  Group A 5.59 0.50 7.59 3.58 8.50 4.64 

Group B 5.62 0.49 9.33 4.21 12.20 3.86 
Group C 5.39 0.49 9.00 2.52 10.00 4.17 

Group D 5.65 0.49 7.29 2.89 9 3.89 
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Initial reading 

literacy 
ability 

Group Time 1 Time 2 Time 3 

M SD M SD M SD 

Medium-high  Group A 8.45 1.19 9.89 4.01 11.40 4.00 

Group B 8.26 1.14 9.06 3.78 9.70 4.18 
Group C 8.17 1.31 9.03 3.03 11.60 3.93 

Group D 8.50 1.19 9.94 4.35 9.62 4.28 
High  Group A 12.60 1.69 12.20 3.50 12.90 3.89 

Group B 13.30 2.44 11.20 3.44 12.80 4.21 
Group C 13.10 1.94 11.60 2.98 12.90 3.22 
Group D 13.20 1.91 12.10 2.77 11.20 3.82 

 

  1) Low initial reading literacy score  

  The growth pattern of the low initial reading score showed that they 

received the low scores at the first time but increased gradually over time. Mixed 

prompting group obtained the highest score over time, followed by Error-explanation 

prompting group, whereas Verification prompting group obtained the lowest reading 

literacy score over three time points as shown in Figure 79. 

 
Figure 79 Growth trajectories of reading literacy of low initial reading literacy score 
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  2) Medium-low initial reading literacy score 

  The growth pattern of the medium-low initial reading literacy groups 

showed that they received similar scores at the first time point. Error-explanation 

prompting group increased gradually and obtained the highest growth trajectory over 

time, followed by Mixed prompting group. Instructional prompting group received the 

lowest at the third time point as shown in Figure 80.  

 
Figure 80 Growth trajectories of reading literacy of medium-low initial reading 
literacy score  
   

  3) Medium-high initial reading literacy score 

  The growth pattern of the medium-high initial reading literacy groups 

showed that they received similar scores at the first time point. Instructional 

prompting group increased steadily over three time points. Mixed prompting group 

increased sharply during the second assessment to the third assessment. Error-

explanation prompting group grew slightly over time as depicted in Figure 81.  
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Figure 81  Growth trajectories of reading literacy of medium-hiigh initial reading literacy 

score  
  4) High initial reading literacy score 

  The growth pattern of high initial reading literacy groups showed that the 

reading literacy of Verification prompting group decreased gradually over time. Error-

explanation prompting group also dropped during the second assessment, but rose at 

the third assessment. Instructioanl prompting group had slightly changes over time as 

presented in Figure 82. 

 
Figure 82  Growth trajectories of reading literacy of high initial reading literacy score  
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2.3 Results of the effects of different promptings of the computerized 
dynamic assessment on learning potential of Grade 9 students 

      2.3.1 Estimation of student’s learning availability from the growth 

curve trajectory  

               2.3.1.1 Estimation of student’s learning availability using the 

Michaelis-Mentens curve  

  The researcher analyzed the availability score using the Michaelis-

Mentens curve. Availability score was defined as the difference between an 

individual’s current ability and estimated capacity, which is related to the Vygotsky’s 

conceptual zone of proximal development (ZPD). It is the absolute distance between 

the current ability and estimated capacity. Michaelis-Menten equation was chosen to 

estimate the capacity parameter.  

 

Figure 83 The Michaelis-Mentens curve of reading literacy across three time points 
The researchers conducted computerized dynamic assessment for reading 

literacy over three time points to examine the availability distance between the 

estimated capacity and current reading literacy score of each individual. The mean and 

standard deviations of capacity and ability scores of each time point were shown in 

Table 69. Group C had higher mean reading literacy score than other groups at the first 

time point (M = 6.95, SD = 3.02), followed by Group A (M = 6.92, SD = 2.45) and Group 
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B (M = 6.91, SD = 2.88). For the measurement at the second time point, the two 

highest mean ability scores obtained by Group C (M = 9.25, SD = 2.39) and Group A (M 

= 8.99, SD = 2.64). For the third time point, Group A received the lower ability score 

than Group B (M = 9.95, SD = 2.71; M = 10.1, SD = 2.81, respectively), whereas Group D 

obtained the lowest mean ability score (M = 8.58, SD = 2.91). Their mean capacity 

scores over three time points were 10.1 (SD = 2.61) in Group A, 10.1 (SD = 2.58) in 

Group B, 10.4 (SD = 2.37) in Group C, and 9.38 (SD = 2.80) in Group D. The Michaelis-

Mentens curve of reading literacy across three time points is depicted in Figure 83.  

Table 69 Means and standard deviations of capacity and ability scores over three time 
points  

Group 
Capacity Ability (Time 1) Ability (Time 2) Ability (Time 3) 

M SD M SD M SD M SD 
Group A 10.1 2.61 6.92 2.45 8.99 2.64 9.95 2.71 
Group B 10.1 2.58 6.91 2.88 8.94 2.81 10.1 2.87 
Group C 10.4 2.37 6.95 3.02 9.25 2.39 10.8 2.68 
Group D 9.38 2.80 6.54 2.71 8.20 2.68 8.58 2.91 

 

             2.3.1.2 One-Way MANOVA results of availability scores across 

three time points of different prompting groups 

  As shown in Table 70, Group C obtained the highest availability score 

during the initial assessment (M = 3.42, SD = 3.02) and reached the estimated 

capacity at the third time point (M = -0.44, SD = 2.68), followed by Group B with the 

availability score was 3.17 (SD = 2.88) for the first assessment, 1.14 (SD = 2.81) for the 

second assessment and -.01 (SD = 2.87) for the third assessment. However, Group D 

had the lowest initial availability score (M = 2.84, SD = 2.71) and their obtained 

availability score was .80 (SD = 2.91), which doesn’t reach their estimated capacity.  

Trajectory plots of reading literacy ability and estimated capacity over three time 

points are presented in Figure 84.  
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Table 70 Means and standard deviations of availability scores over three time points  

Group 
Availability score 1 Availability score 2 Availability score 3 

M SD M SD M SD 

Group A 3.14 2.45 1.07 2.64 .10 2.71 

Group B 3.17 2.88 1.14 2.81 -.01 2.87 

Group C 3.42 3.02 1.12 2.39 -.44 2.68 

Group D 2.84 2.71 1.18 2.68 .80 2.91 

 

 

 

Figure 84 Trajectory plots of reading literacy ability and estimated capacity over 
three time points 
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One-way MANOVA was performed to investigate availability scores over three time 

points (availability score measured at the first time point, availability score measured at the 

second time point, and availability score measured at the third time point). The 

independent variable was groups received different types of promptings (instructional 

prompting (Group A), error-explanation prompting (Group B), mixed prompting (Group C), 

verification prompting (Group D). The assumption of homogeneity of variance-covariance 

matrices was satisfactory. Thus, Wilks’ statistic was preferred. The results revealed that 

there were significant group effects of availability scores over three time points, Wilks’ 

lambda = .967,  F(9, 1302) = 1.98, p < .05, shown in Table 71.  

The results of univariate tests were further conducted for availability scores 

measured at the different time points in Table 72. It indicated that there were 

significant differences among different prompting groups in terms of availability score 

measured at the third time point, F(3,537) = 4.360, p < .05. Because the homogeneity 

of variance assumption was met, follow-up pairwise comparisons using the 

Bonferroni post-hoc test were further analyzed. The result revealed that Group D had 

significantly higher availability score when compared with Group C as presented in 

Table 73. The availability scores over three time points of different prompting groups 

were depicted in Figure 85.  

Table 71 One-way MANOVA result of availability scores of different prompting groups   
 Value F Hypothesis df Error df p 

Pillai’s trace .032 1.97* 9 1611 .039 
Wilks’ lambda .967 1.98* 9 1302 .037 
Hotelling’s trace .033 2.00* 9 1601 .035 
Roy .033 5.96* 3 537 .000 
*p < .05 
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Table 72 Analysis of variance result of availability scores of different prompting groups   

Source DFn DFd Sum of Squares Mean Square F p 

Availability score 1 (Time 1) 3 537 21.37 7.124 .931 .425 

Availability score 2 (Time 2) 3 537 .84 .282 .041 .989 

Availability score 3 (Time 3) 3 537 101.89 33.966 4.360* .005 

*p < .05 

Table 73 Results of pairwise comparisons of group difference 
Variable Pair comparison Mean Difference (I - J) Std. Error p 

Group (I) Group (J) 

Availability score 3 A B .123 .329 1.000 
 A C .557 .334 .579 
 A D -.693 .340 .253 
 B C .434 .339 1.000 
 B D -.816 .345 .111 
 C D -1.250* .350 .002 

*p < .05 

 

 

Figure 85 Line graphs of availability scores over three time points 
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 2.3.2 Results of two-way mixed-effects ANOVA of different prompting 

groups and different time points on mediated scores  

As seen in Table 74 and Figure 86, Group C received the highest mediated 

scores during the first assessment (M = 62.82, SD = 9.35), followed by Group A (M = 

61.76, SD = 10.95). For the second assessment, all groups received higher mediated 

scores. Group C also obtained a higher mediated score than other groups (M = 66.37, 

SD = 8.18), followed by Group B (M=65.21, SD = 10.07). The third assessment 

resulted in the higher mediated scores of all groups when compared with the first 

two time points. Group C had the highest mediated score (M = 71.47, SD = 8.01), 

whereas the lowest mediated score obtained by Group D (M = 64.15, SD = 12.10), 

which was slightly different from the second assessment.  

Table 74 Descriptive statistics of mediated scores of computerized dynamic 
assessment for reading literacy 

Group 

Mediated score of C-DA 1 

 (Time 1) 

Mediated score of C-DA 2  

(Time 2) 

Mediated score of C-DA 3  

(Time 3) 

M SD M SD M SD 

Group A 61.76 10.95 65.15 10.57 68.23 9.54 

Group B 61.52 11.00 65.21 10.07 68.44 10.52 

Group C 62.82 9.35 66.37 8.18 71.47 8.01 

Group D 58.98 12.10 62.94 12.81 64.15 12.10 

 

 
Figure 86 Box plots of mediated scores of different prompting groups over three time 
points 
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 Two-way mixed ANOVA was used to evaluate the interaction effect between 

different prompting groups and time in explaining mediated scores. Normality 

assumption was checked by using QQ-plot. The Mauchly’s test was used to assess 

the sphericity assumption of within-subject factor. Because Mauchly’s test was 

significant and violated the sphericity assumption, the Greenhouse-Geisser sphericity 

correction was analyzed. As presented in Table 75 and Figure 87, it could be seen 

that there were no significant two-way interactions between group and time, F(5.82, 

1041.73) = 1.44, p = .197. However, there were statistically significant main effects of 

group (F(3, 537)=7.94, p < .05) and time (F(1.94, 1041.73) = 90.89, p < .05) on the 

mediated score.  

Table 75 Two-way mixed-effects ANOVA of mediated scores 

Source 
Univariate ANCOVA 

SS Num DF Den DF F p 

Group 4605.79 3 537 7.94* .000 

time 12468.69 1.94 1041.73 90.89* .000 

Group*time 593.27 5.82 1041.73 1.44 .197 
*p < .05 

 

Figure 87 Line graphs of mediated scores of different prompting groups over three 
time points 
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Significant main effects 

Pairwise comparison is further analyzed for the group effect (between-

subjects factor) and time effect (within-subject factor). The results in Table 76 and 

Figure 88 revealed group effect on mediated scores was statistically significant. Group 

D had significantly lower mediated scores when compared with other groups. 

Moreover, in Table 77 and Figure 89, the time effect on mediated scores was 

statistically significant. Students obtained significantly higher mediated scores in each 

time point.  

Table 76 Main effect result of pairwise comparison of random-effect (group) 
Pairwise comparison 

Mean Difference (I - J) Std. Error p 
Group1 (I) Group 2 (J) 

A B -.010 .948 1.000 

A C -1.840 .963 .339 

A D 3.021* .980 .013 

B C -1.830 .978 .370 

B D 3.031* .994 .014 

C D 4.861* 1.008 .000 

 

 
Figure 88 Box plots of group effect 
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Table 77 Main effect result of pairwise comparison of fixed-effect (time)                          

Pairwise comparison 
Mean Difference (I - J) Std. Error p 

Group 1 (I) Group 2 (J) 

Time 1 Time 2 -3.646* .482 .000 

Time 1 Time 3 -6.799* .547 .000 

Time 2 Time 3 -3.153* .482 .000 
*p < .05 

 
Figure 89 Box plots of time effect 
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2.3.3 Results of one-way MANOVA of different prompting groups on 

levels of promptings  

          2.3.3.1 Results of one-way MANOVA of different prompting groups 

on levels of promptings of overall reading literacy  

  The data in Table 78 and Figure 90 indicates that regarding the first 

promptings, Group D received the highest first prompting across three time points (M 

= 9.43, 7.95, 7.72, respectively). Moreover, Group A obtained the lowest first 

prompting during the initial assessment (M = 8.26), but had higher first prompting (M 

= 7.26, 5.95, respectively) when compared with Group B and Group C during the last 

two time points. On the contrary, Group C obtained the lowest first prompting for 

the second and third assessment (M = 6.78, 5.08, respectively).  

 Concerning the second prompting, Group D obtained the highest second 

mediation for the three time points (M = 5.95, 4.62, 4.13, respectively), whereas the 

lowest second prompting obtained by Group C over time (M = 4.73, 3.72, 1.92, 

respectively). Group A and Group B showed a little difference in receiving the second 

prompting.  

 In terms of the third prompting, Group C received the lowest third prompting 

across three time points (M = 2.70, 2.05, 1.00, respectively). Group A and Group B 

relatively received similar third prompting during the initial assessment (M = 3.05, 

3.04, respectively), whereas Group B obtained lower for the third time points (M = 

1.70). Group D had the highest third prompting over time (M = 3.68, 2.85, 2.54, 

respectively) and their third prompting at the second and the third assessment had 

little difference.  

 Given that the fourth prompting was the correct answer given to the test-

takers, Group C obtained the lowest fourth prompting across three time points (M = 

1.53, 1.08, 0.53, respectively), followed by Group B (M = 1.72, 1.29, 0.92, 

respectively). The highest fourth prompting was received by Group D over three time 

points (M = 1.96, 1.63, 1.47, respectively).  
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Table 78 Means of levels of promptings across three time points  
Time Group  First level Second level Third level  Fourth level 

M SD M SD  M SD M SD 

C-DA1 
(Time 1) 

Group A 8.26 4.01 5.17 3.28 3.05 2.54 1.76 1.78 
Group B 8.52 3.94 5.20 3.42 3.04 2.64 1.72 1.87 
Group C 8.29 3.89 4.73 2.82 2.70 2.16 1.53 1.45 

Group D 9.43 4.25 5.95 3.70  3.68 2.94 1.96 1.94 
C-DA 2  
(Time 2) 

Group A 7.26 3.81 3.98 3.14 2.30 2.49 1.32 2.00 

Group B 7.16 3.91 3.95 3.13 2.39 2.29 1.29 1.40 
Group C 6.78 3.37 3.72 2.51 2.05 1.85 1.08 1.33 
Group D 7.95 4.73 4.62 3.80 2.85 2.94 1.63 2.07 

C-DA3  
(Time 3) 

Group A 5.95 4.08 3.03 2.89 1.82 2.05 0.97 1.38 

Group B 5.91 4.11 3.02 3.28 1.70 2.34 0.92 1.52 
Group C 5.08 3.65 1.92 2.35 1.00 1.64 0.53 1.04 
Group D 7.72 4.74 4.13 3.61 2.54 2.61 1.47 2.02 
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Figure 90 Line graphs of levels of prompting of different groups over three time 
points 

One-way MANOVA was performed on four levels of prompting (first, second, 

third, and fourth promptings) of reading literacy. The independent variable was 

groups received different types of prompting, including instructional prompting 

(Group A), error-explanation prompting (Group B), mixed prompting (Group C), 

verification prompting (Group D). Because assumption of homogeneity of variance-

covariance matrices was unsatisfactory, Pillai’s multivariate statistic was used in this 

study. The multivariate group effect was significant for levels of prompting, Pillai’s 

trace = .055, F(12,1608) = 2.48, p < .05. The results indicated a significant group 

difference of three levels of prompting as shown in Table 79.  

In Table 80, the results of univariate tests further indicated that there were 

significant differences among different prompting groups in terms of first prompting, 

F(3,537) = 6.740, p < .05; second prompting, F(3,537) = 7.730, p < .05; third 

prompting, F(3, 537) = 8.326, p < .05; and fourth prompting, F(3,537) = 6.074, p < .05.  
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Based on Table 81, the results of follow-up pairwise comparisons using a 

Games-Howell post-hoc test revealed that Group D received higher levels of 

prompting when compared with other groups. For the first level of prompting, Group 

D had significantly higher prompts than other three prompting-based groups. 

Concerning the second level of prompting, Group D had significantly higher prompts 

than Group C. For the third levels of prompting, Group D received significantly higher 

prompts than Group A and Group C. For the fourth levels of prompting, Group D had 

significantly higher prompt than Group C. Moreover, the result also showed that 

Group A significantly required higher third level of prompting than Group C.  

 

Table 79 One-way MANOVA result of levels of prompting of reading literacy    
 Value F Hypothesis df Error df p 
Pillai’s trace .055 2.48* 12 1608 .003 
Wilks’ lambda .946 2.50* 12 1413 .003 
Hotelling’s trace .057 2.52* 12 1598 .003 
Roy .047 6.34* 4 536 .000 
*p < .05 

Follow-up analysis 

Table 80 Analysis of variance result of levels of prompting of reading literacy    
Source DFn DFd Sum of 

Squares 
Mean Square F p 

First prompting 3 537 1695.91 565.305 6.740* .000 
Second prompting 3 537 1194.23 398.078 7.730* .000 
Third prompting 3 537 700.70 233.567 8.326* .000 
Fourth prompting 3 537 237.67 79.224 6.074* .000 
*p < .05 
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Table 81 Multiple comparisons in levels of prompting of reading literacy    
Dependent Variable Pair comparison Mean Difference (I - J) Std. 

Error 
p 

Group1 (I) Group2 (J) 
First prompting A B -.14 1.044 .999 

A C 1.31 1.009 .562 
A D -3.64* 1.212 .016 
B C 1.46 1.036 .496 
B D -3.49* 1.235 .026 

C D -4.95* 1.205 .000 

Second prompting A B .01 .835 1.000 
A C 1.80 .743 .075 

A D -2.52 .978 .052 
B C 1.79 .778 .100 

B D -2.53 1.005 .060 
C D -4.32* .930 .000 

Third prompting A B .04 .619 1.000 

A C 1.41* .539 .046 
A D -1.90* .717 .043 

B C 1.37 .581 .087 
B D -1.94 .749 .050 
C D -3.31* .685 .000 

Fourth prompting A B .13 .418 .990 

A C .92 .384 .081 
A D -1.01 .505 .191 
B C .79 .374 .151 

B D -1.14 .498 .105 
C D -1.93* .469 .000 

*p < .05 
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 2.3.3.2 Results of one-way MANOVA of different prompting groups 

on levels of promptings of locate information subscale 

 The results in Table 82 showed that Group D received the highest 

level of first prompting on locate information subscale (M = 6.28), followed by Group 

B (M = 5.38). Moreover, concerning the second and third levels of prompting, Group 

D reached the higher level of prompting use when compared with other groups (M = 

3.55, 2.22, respectively). For the fourth level of prompting, the lowest level of 

prompting obtained by Group C (M = .65), followed by Group A (M = .89).   

Table 82 Means of levels of promptings in locate information subscale across three time 
points  
Group  Locate information 

First level Second level Third level  Fourth level 
M SD M SD  M SD M SD 

Group A 4.98 3.00 2.64 2.27 1.48 1.57 .89 1.22 
Group B 5.38 3.17 2.88 2.47 1.63 1.81 .95 1.19 
Group C 4.63 2.59 2.15 1.70 1.29 1.61 .65 .96 
Group D 6.28 3.63 3.55 2.95 2.22 2.26 1.13 1.42 

 

One-way MANOVA was performed on four levels of prompting (first, second, 

third, and fourth promptings) of locate information subscale. The independent 

variable was groups received different types of prompting (instructional prompting 

(Group A), error-explanation prompting (Group B), mixed prompting (Group C), 

verification prompting (Group D). Pillai’s multivariate statistic was preferred in this 

study because assumption of homogeneity of variance-covariance matrices was 

unsatisfactory. The results revealed the significant group effect of levels of 

prompting, Pillai’s trace = .059, F(12, 1608) = 2.70, p < .05. The results indicated a 

significant group difference in four levels of prompting of locate information subscale 

as presented in Table 83.  

In Table 84, the results of univariate tests further indicated that there were 

significant differences among different prompting groups in terms of first prompting, 
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F(3,537) = 6.705, p < .05; second prompting, F(3,537) = 7.690, p < .05; third 

prompting, F(3,537) = 6.145, p < .05; and fourth prompting of locate information 

subscale, F(3,537) = 3.480, p < .05.  

As evident from Table 85, the results of follow-up pairwise comparisons using 

a Games-Howell post-hoc test revealed that Group D significantly received higher 

first, second, and third levels of prompting in locate information subscale than Group 

A and Group C. For the fourth prompting, Group D had significantly higher prompt 

than Group C. Moreover, Group B significantly obtained larger mean of second level 

of prompting in locate information subscale than Group C. Levels of promptings in 

locate information subscale were depicted in Figure 91.  

Table 83 One-way MANOVA result of levels of promptings in locate information subscale    
 Value F Hypothesis 

df 
Error df p 

Pillai’s trace .059 2.70* 12 1608 .001 
Wilks’ lambda .941 2.72* 12 1413 .001 
Hotelling’s trace .061 2.73* 12 1598 .001 
Roy .046 6.15* 4 536 .000 
* p < .05 

Follow-up analysis 

Table 84 Analysis of Variance result of levels of promptings in locate information subscale    
Locate 
information 

DFn DFd Sum of 
Squares 

Mean Square F p 

First prompting 3 537 194.82 64.94 6.705* .000 
Second prompting 3 537 130.69 43.56 7.690* .000 
Third prompting 3 537 61.16 20.38 6.145* .000 
Fourth prompting 3 537 15.25 5.08 3.480* .016 
* p < .05 
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Table 85 Multiple Comparisons of levels of promptings in locate information subscale    
Dependent Variable Pair comparison Mean Difference (I-J) Std.Error p 

Group 1 (I) Group 2 (J) 
First prompting A B -.40 .365 .690 

A C .35 .335 .717 
A D -1.30* .410 .009 
B C .76 .352 .141 
B D -.90 .424 .146 

C D -1.66* .399 .000 
Second prompting A B -.24 .281 .823 

A C .49 .239 .171 
A D -.92* .325 .027 
B C .73* .257 .024 

B D -.63 .339 .194 
C D -1.41* .305 .000 

Third prompting A B -.15 .201 .871 
A C .19 .191 .753 
A D -.74* .242 .013 

B C .34 .208 .355 
B D -.59 .256 .103 

C D -93* .248 .001 
Fourth prompting A B -.07 .143 .958 

A C .24 .131 .275 
A D -.24 .163 .439 
B C .31 .131 .091 
B D -.71 .163 .714 

C D -.48* .153 .010 
*p < .05 
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Figure 91 Line graphs of levels of promptings in locate information subscale 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

263 
 

 2.3.3.3 Results of one-way MANOVA of different prompting groups 

on levels of promptings of understand subscale 

 The results in Table 86 showed that Group D received the highest 

level of first prompting in understand subscale (M = 9.72), followed by Group A (M = 

8.39). Moreover, concerning the second and third levels of prompting, Group C 

obtained the lowest use of prompting (M = 4.08, 2.18, respectively), whereas Group D 

reached the highest level of prompting use (M=5.65, 3.37, respectively). Also, Group 

B received a smaller level of prompting than Group A (M=4.43, 2.74, respectively). 

For the fourth level of prompting, the lowest level of prompting obtained by Group 

C   (M = 1.20), followed by Group B (M = 1.45).   

Table 86 Means of levels of promptings in understand subscale across three time points  
Group  Understand 

First level Second level Third level  Fourth level 

M SD M SD  M SD M SD 
Group A 8.39 3.92 4.80 3.12 2.90 2.37 1.70 1.77 
Group B 8.09 3.89 4.43 3.02 2.74 2.34 1.45 1.56 
Group C 8.18 3.98 4.08 2.82 2.18 1.93 1.20 1.44 
Group D 9.72 4.54 5.65 3.75 3.37 2.69 1.86 1.83 

 

One-way MANOVA was performed on four levels of prompting (first, second, 

third, and fourth promptings) of understand subscale. The independent variable was 

groups receiving different types of prompting as follows: 1) instructional prompting 

(Group A), 2) error-explanation prompting (Group B), 3) mixed prompting (Group C), 

and 4) verification prompting (Group D). Pillai’s multivariate statistic was preferred in 

this study because assumption of homogeneity of variance-covariance matrices was 

unsatisfactory. The results revealed the significant group effect of levels of 

prompting, Pillai’s trace = .063, F(12, 1608) = 2.89, p < .05. The results indicated 

significant group differences in four levels of prompting in understand subscale as 

presented in Table 87.   
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In Table 88, the results of univariate tests further indicated that there were 

significant differences among different prompting groups in terms of first prompting, 

F(3,537)=4.413, p < .05; second prompting, F(3,537)=5.683, p < .05; third prompting, 

F(3,537)=5.646, p < .05; and fourth prompting of understand subscale, F(3,537)=3.934, 

p < .05.  

As seen in Table 89, the results of follow-up pairwise comparisons using a 

Games-Howell post-hoc test revealed that Group D significantly got higher levels of 

first and second levels of promptings in understand subscale when compared with 

Group B and Group C. Furthermore, Group D significantly obtained larger mean of 

third and fourth levels of prompting than Group C. Moreover, Group A significantly 

obtained larger mean of third level of prompting in understand subscale than Group 

C. Levels of promptings in understand subscale as seen in Figure 92.  

 

Table 87 One-way MANOVA result of levels of promptings in understand subscale    
 Value F Hypothesis df Error df p 
Pillai’s trace .063 2.89* 12 1608 .001 
Wilks’ lambda .938 2.90* 12 1413 .001 
Hotelling’s trace .065 2.89* 12 1598 .001 
Roy .035 4.69* 4 536 .001 
*p < .05 

Follow-up analysis 

Table 88 Analysis of Variance result of levels of promptings in understand subscale    
Understand DFn DFd Sum of Squares Mean Square F p 
First prompting 3 537 220.482 73.494 4.413* .004 
Second prompting 3 537 173.187 57.729 5.683* .001 
Third prompting 3 537 93.483 31.161 5.646* .001 
Fourth prompting 3 537 32.596 10.866 3.934* .009 
*p < .05 
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Table 89 Multiple Comparisons of levels of promptings in understand subscale    
Dependent Variable Pair comparison Mean Difference (I-J) Std.Error p 

Group 1 (I) Group 2 (J) 
First prompting A B .31 .482 .911 

A C .21 .475 .972 
A D -1.33 .522 .055 
B C -.10 .479 .997 
B D -1.64* .526 .011 

C D -1.54* 538 .023 

Second prompting A B .37 .363 .745 
A C .72 .356 .181 

A D -.85 .425 .188 
B C .36 .356 .751 

B D -1.22* .425 .023 
C D -1.57* .419 .001 

Third prompting A B .16 .279 .942 

A C .72* .258 .028 
A D -.48 .312 .425 
B C .57 .261 .135 
B D -.63 .314 .185 
C D -1.20* .296 .000 

Fourth prompting A B .24 .197 .607 
A C .50 .193 .051 

A D -.17 .221 .876 
B C .25 .183 .505 
B D -.41 .212 .220 
C D -.66* .208 .009 

*p < .05 
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Figure 92 Line graphs of levels of prompting in understand subscale 
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 2.3.3.4 Results of one-way MANOVA of different prompting groups 

on levels of promptings of evaluate and reflect subscale 

 The results in Table 90 showed that Group D received the highest 

level of first prompting in evaluate and reflect subscale (M = 9.09), followed by 

Group B (M = 8.14). Moreover, concerning the second and third levels of prompting, 

Group C obtained the lowest use of prompting (M = 4.16, 2.29, respectively), whereas 

Group D reached the highest level of prompting use (M = 5.50, 3.47, respectively). 

However, Group B received a larger level of second prompting but a smaller level of 

third prompting than Group A (M = 4.86, 2.76, respectively). For the fourth level of 

prompting, the lowest level of prompting obtained by Group C (M = 1.29), followed 

by Group A (M = 1.47).  

Table 90 Means of levels of promptings in evaluate and reflect subscale across three 
time points  
Group  Evaluate and reflect 

First level Second level Third level  Fourth level 
M SD M SD  M SD M SD 

Group A 8.09 3.01 4.75 2.65 2.79 2.07 1.47 1.60 
Group B 8.14 3.12 4.86 2.77 2.76 2.19 1.52 1.52 
Group C 7.34 2.98 4.16 2.41 2.29 1.86 1.29 1.23 
Group D 9.09 3.55 5.50 3.20 3.47 2.66 2.07 2.08 

 

One-way MANOVA was performed on four levels of prompting (first, second, 

third, and fourth promptings) of the evaluate and reflect subscale. The independent 

variable was groups receiving different types of prompting, including 1) instructional 

prompting (Group A), 2) error-explanation prompting (Group B), 3) mixed prompting 

(Group C), and 4) verification prompting (Group D). The multivariate statistic was 

calculated using Pillai’s trace. The results revealed that there were significant group 

effects of levels of prompting of evaluate and reflect subscale, Pillai’s trace = .051, 
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F(12, 1608) = 2.33, p < .05. The results indicated significant group differences in four 

levels of prompting of understand subscale as presented in Table 91.  

In Table 92, the results of univariate tests further indicated that there were 

significant differences among different prompting groups in terms of first prompting, 

F(3,537) = 6.511, p < .05; second prompting, F(3,537) = 4.975, p < .05; third 

prompting, F(3,537) = 6.133, p < .05; and fourth prompting of evaluate and reflect 

subscale, F(3,537) = 5.421, p < .05.  

The results of follow-up pairwise comparisons using a Games-Howell post-hoc 

test revealed that for all levels of promptings, Group D significantly obtained greater 

levels of prompting than Group C in evaluate and reflect subscale. Moreover, Group 

D received significantly higher level of fourth prompting than Group A. Levels of 

promptings in evaluate and reflect subscale as depicted in Table 93 and Figure 93. 

Table 91 One-way MANOVA result of levels of promptings in evaluate and reflect 
subscale    
 Value F Hypothesis df Error df p 
Pillai’s trace .051 2.33* 12 1608 .006 
Wilks’ lambda .949 2.35* 12 1413 .006 
Hotelling’s trace .053 2.36* 12 1598 .005 
Roy .045 6.07* 4 536 .000 
*p < .05 

Follow-up analysis 

Table 92 Analysis of Variance result of levels of promptings in evaluate and reflect 
subscale    
Evaluate and reflect DFn DFd Sum of Squares Mean Square F p 
First prompting 3 537 195.965 65.322 6.511* .000 
Second prompting 3 537 114.087 38.029 4.975* .002 
Third prompting 3 537 89.698 29.899 6.133* .000 
Fourth prompting 3 537 43.151 14.384 5.421* .001 
*p < .05 
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Table 93 Multiple Comparisons of levels of promptings in evaluate and reflect subscale    
Dependent Variable Pair comparison Mean Difference (I-J) Std.Error p 

Group 1 (I) Group 2 (J) 
First prompting A B -.05 .363 .999 

A C .75 .360 .160 
A D -1.00 .405 .067 
B C .80 .372 .139 
B D -.95 .416 .103 

C D -1.75* .413 .000 
Second prompting A B -.11 .321 .985 

A C .59 .303 .212 
A D -.75 .362 .169 
B C .70 .316 .119 

B D -.63 .373 .327 
C D -1.34* .358 .001 

Third prompting A B .04 .253 .999 
A C .50 .236 .149 
A D -.68 .295 .099 

B C .47 .247 .239 
B D -.72 .304 .089 

C D -1.18* .290 .000 

Fourth prompting A B -.50 .184 .995 

A C .18 .170 .705 
A D -.60* .230 .047 
B C .23 .168 .527 

B D -.56 .228 .078 
C D -.78* .217 .002 
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Figure 93 Line graphs of levels of prompting in evaluate and reflect subscale
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CHAPTER FIVE  
DISCUSSION AND CONCLUSION 

 

This chapter is divided into four parts. The first part focuses on the summary 

of the findings. The second part shows the discussion of the findings. The third part is 

the conclusion of the research and the final part talks about the implication and 

recommendation for further studies.  

Summary of the Study 
 The present study aimed at constructing and validating the computerized 

dynamic assessment for reading literacy and investigating the effects of computerized 

dynamic assessment on current performance of reading literacy, growth of learning, 

and learning potential of Grade 9 students.   

For the initial phase of the study, reading literacy instruments for 

computerized dynamic assessment were constructed. The instrument differed from 

other computer-based tests in accordance with the application of two-tier test and 

the mediation procedures. All items were two-tier multiple choice questions. The 

first-tier items assessed student’s measured constructs in reading literacy and the 

second-tier items measured their reasonings to avoid guessing. Each test form 

consisted of 20 items, along with four reading passages. The tested contents 

comprised three subscales as follows: 1) locate information, 2) understand, and 3) 

evaluate and reflect. Regarding mediation procedures, promptings were developed 

for each item. There were four types of promptings, including 1) instructional 

prompting, 2) error-explanation prompting, 3) mixed prompting, and 4) verificantion 

prompting. During this phase, content validity and test parallelism of the instruments 

were checked. Only a few items needed to be revised in accordance with expert’s 

judgment of content and parallelism.  
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Concerning the second stage of the study, the data was gathered from pilot 

groups. For the first group, there were a total of 277 ninth grade students 

administered pretest and posttest. The second group was gathered from 525 ninth 

grade students in six secondary schools in Bangkok. The selection of participants was 

done through multi-stage random sampling. They were administered reading literacy 

instruments for computerized dynamic assessment. The data was analyzed in terms 

of psychometrics properties and parallelism of the instruments, including model fit, 

item parameter estimates, construct validity, and reliability.  

 Regarding the third stage of the study, computerized dynamic assessment (C-

DA) for reading literacy that integrated promptings was designed and developed by 

using the theoretical basis of graduated prompting approach. There were 541 ninth 

graders from eleven secondary schools participated in this study and each individual 

was randomly assigned into the instructional-based group (n=148), the error-

explanation group (n=139), the mixed group (n=131), and the verification group 

(n=123). A quasi-experimental design was adopted. They were administered C-DA 

across three time points. The statistical analysis was conducted to examine ninth 

grade students’ reading literacy ability, reading literacy growth, and learning potential 

in reading literacy as follows:  

 (1) In terms of examining the students’ reading literacy ability, one-way 

ANCOVA was used to investigate the effects of different prompting conditions of 

computerized dynamic assessment (C-DA) on reading literacy posttest score when 

the pretest score was served as a covariate. Moreover, one-way ANCOVA was used to 

examine the effects of different prompting conditions of computerized dynamic 

assessment (C-DA) on each reading literacy posttest subscale score when pretest 

subscale score was served as a covariate. Furthermore, the researcher investigated 

the effect of different prompting conditions of computerized dynamic assessment (C-

DA) and other external variables, including gender and levels of learning 
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achievement, on reading literacy posttest score when the pretest score was treated 

as the covariate using two-way ANCOVA.  

 (2) With regard to reading literacy growth, univariate multiple group latent 

growth model was used to investigate the developmental trajectories of reading 

literacy and reading literacy subscales. The slope was assumed to have linear growth. 

Moreover, multivariate multiple group latent growth model was used to examine the 

relationships among changes with respect to reading literacy subscales. The model 

examined bidirectional associations between intercepts and slopes of comparative 

reading literacy subscales as follows: 1) locate information intercept and understand 

intercept, 2) locate information intercept and evaluate and reflect intercept, 3) 

understand intercept and evaluate and reflect intercept, 4) locate information slope 

and understand slope, 5) locate information slope and evaluate and reflect slope, 6) 

understand slope and evaluate and reflect slope, 7) locate information intercept and 

understand slope, 8) locate information intercept and evaluate and reflect slope, 

and 9) understand intercept and evaluate and reflect slope.  

  (3) In terms of learning potential in reading literacy, this research analyzed: 1) 

availability scores as the distance between the current ability and estimated capacity, 

2) mediated scores as student’s responsiveness to mediation, and 3) levels of 

prompting as the sums of levels of assistance needed. The researcher analyzed the 

differences in availability scores over three time points using one-way MANOVA. The 

independent variable was groups received different promptings, and the dependent 

variables were the availability score measured at the first time, the availability score 

measured at the second time, and the availability score measured at the third time. 

Moreover, the researcher analyzed the differences in mediated score using two-way 

mixed ANOVA. The dependent variables were prompting conditions and time, and 

the independent variable was mediated score. Additionally, levels of promptings of 

reading literacy as well as levels of promptings of reading literacy subscales were 

investigated using one-way MANOVA. The independent variable was prompting 
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condition, and the dependent variables were four levels of promptings (first, second, 

third, and fourth promptings). 

 

 The findings of this study consisted of two main topics with respect to the 

objectives of this study. It could be summarized as follows:  

 1. Development and validation of computerized dynamic assessment for 

reading literacy  

  1.1 Development of computerized dynamic assessment for 

reading literacy  

 This research developed computerized dynamic assessment (C-DA) for 

reading literacy that integrated the graduated promptings with assessment. The 

tested contents were composed of three dimensions of reading literacy, including 1) 

locate information, 2) understand, and 3) evaluate and reflect. There were twenty 

two-tier items combined with four reading passages in each testing session. The first-

t ie r item was the general question to measure student’s  reading literacy and  the 

second-tier item was used to avoid guessing. The tests were constructed as three 

parallel tests to measure in three different time points. The computerized dynamic 

assessment was interactive and online. It consisted of 1) user profile interface, 2) 

dynamic assessment interface, and 3) scoring report interface. If a student answered 

the first-tier question incorrectly, he or she would be provided the prompting 

patterns based on their group conditions from implicit to explicit. The prompting 

guidelines of each question were based on four types of promptings, including 1) 

instructional prompting, 2) error-explanation prompting, 3) fixed prompting, and 4) 

verification prompting.   
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  1.2 Validation of computerized dynamic assessment for reading 

literacy  

 Psychometric properties were investigated for computerized dynamic 

assessment for reading literacy. In terms of item parameter estimates of the 

instruments,  five measurement models were fitted and compared as follows: 1) the 

one-parameter logistic model, 2) the two-parameter logistic model, 3) the 

multidimensional item response theory model, 4) the testlet model, and 5) the 

bifactor model. The results indicated that the bifactor model was selected as the 

most fitted model to the data. The general factor of the bifactor model was 

assumed to represent the reading literacy demanded by all reading test items and 

each of the specific factors was assumed to contain one of the particular reading 

tasks. For the three reading literacy instruments, most items in each testlet depicted 

the larger discrimination parameter related to the general factor than the passage 

factors. Moreover, the parameter estimates of three reading literacy forms showed 

that a majority of the first-tier items had good multidimensional discrimination and 

most items produced difficulty estimates in the acceptable range. For the second-tier 

items, most items were good discrimination and good difficulty estimates. In terms of 

construct validity, confirmatory factor analysis provided evidence that the three 

measured constructs of the reading literacy fitted to the data. The reliability 

estimates for reading literacy instruments were acceptable and had high internal 

consistency. Regarding the statistical parallelism of the three reading literacy forms, 

they showed satisfactory closeness between the two assembled forms at the test 

and item-by-item levels.  
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 2. Effects of different prompting conditions of computerized dynamic 

assessment for reading literacy on reading literacy ability, growth of learning, 

and learning potential of Grade 9 students 

  2.1 Effects of different prompting conditions of computerized 

dynamic assessment on reading literacy ability of Grade 9 students 

  (1) The results showed that different prompting conditions of 

computerized dynamic assessment for reading literacy had a significant effect on 

students’ reading posttest score. Group D scored significantly lower when compared 

with students in any other groups. 

  (2) The findings revealed that different prompting conditions of 

computerized dynamic assessment for reading literacy had a significant effect on 

locate information subscale score. Group D received significantly lower locate 

information score when compared to other groups. Moreover, there were significant 

differences of different prompting conditions in understand subscale score. Group D 

was significantly different from other groups. In addition, significant differences were 

found in evaluate and reflect subscale score. Group D received significantly lower 

evaluate and reflect subscale score when compared to students in other groups.  

  (3) There was no significant interaction between prompting conditions 

and gender. In terms of main effects, there were significant differences in different 

prompting-based groups of computerized dynamic assessment on posttest score, 

whereas no significant differences were found between male and female.   

  (4) There was no significant interaction between prompting conditions 

and levels of learning achievement. For the main effects, there were significant 

differences in different prompting-based groups on posttest score, whereas no 

significant differences were found among students with different levels of learning 

achievement.  
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  2.2 Effects of different prompting conditions of computerized 

dynamic assessment on growth trajectory of Grade 9 students 

             2.2.1 Univariate latent growth curve models of changes in 

overall reading literacy and reading literacy subscales 

  (1) With regard to the overall reading literacy, all four groups had 

positive change in overall reading literacy over time. Group C obtained the highest 

score at the initial stage and the trend of their score was higher than other groups. 

Individual differences were found in the initial values and their rate of change for all 

groups. Furthermore, those students with lower starting scores performed better than 

did those with higher starting scores over time.  

  (2) Regarding the growth trajectory of locate information subscale, all 

four groups had positive change in locate information subscale over time. Group C 

received the highest score at the initial time point and their score increased over 

time was higher than other groups. Moreover, individual differences were found in 

the initial values and their rate of change. Those students with lower starting scores 

exhibited linear growth than did those with higher starting scores.  

  (3) In terms of the growth trajectory of understand subscale, Group B 

obtained the highest score at the initial stage. However, Group C obtained the 

highest growth trajectory. Group D had no change in score over time. Individual 

differences were found in the initial values and their rate of change for all groups, 

except Group A that had no differences in rate of change. Those students with lower 

starting scores exhibited linear growth than did those with higher starting scores.  

  (4) For the growth trajectory of evaluate and reflect subscale, all four 

groups had positive change in evaluate and reflect subscale over time. Group C 

obtained the highest score at the initial stage. However, Group B had the highest 

increased score over time. Individual differences were found in the initial values for 

all groups, whereas only Group D had individual differences in the rate of change.  
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   2.2.2 Multivariate latent growth curve model of the 

associations of change in reading literacy subscales 

  (1) For the associations of reading literacy subscales of total samples, 

the increased score in one subscale was associated with higher scores in other 

subscales at the initial stage. Moreover, higher growth rate in locate information was 

correlated with the increased growth rate in evaluate and reflect score. 

  (2) For the associations of reading literacy subscales of Group A, the 

increased score in one subscale was associated with higher scores in other subscales 

at the initial stage. In addition, increased understand score at the initial stage was 

correlated with increase evaluate and reflect score over three time points. 

  (3) For the associations of reading literacy subscales of Group B, the 

increased score in one subscale was associated with higher scores in other subscales 

at the initial stage. However, the growth rate in one subscale did not relate to the 

growth rate in other subscales.  

  (4) For the associations of reading literacy subscales of Group C, the 

increased score in one subscale was associated with higher scores in other subscales 

at the initial stage.  Moreover, the growth rate in understand was associated with the 

growth rate in evaluate and reflect subscale.  

  (5) For the associations of reading literacy subscales of Group D, 

Moreover, higher locate information at the initial stage was related to lower 

understand score over three time points. 
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  2.3 Effects of different prompting conditions of computerized 

dynamic assessment on learning potential of Grade 9 students 

   2.3.1 Results of different prompting conditions of 

computerized dynamic assessment on availability scores at different time point 

  The result pointed out that no significant differences of availability 

scores measured at the first and second time points. However, there were significant 

differences of availability scores measured at the third time point among different 

prompting groups. Group D had a significantly higher availability score when 

compared with Group C.  

   2.3.2 Results of different prompting conditions of 

computerized dynamic assessment and time on mediated score 

  There were no significant two-way interaction between prompting 

conditions and time on mediated score. However, there was a significant main effect 

of prompting conditions (between-subject factor) on mediated score, and there was 

significant main effect of time (within-subject factor) on mediated score. The result 

found that Group D had significantly lower mediated scores when compared with 

other groups. Furthermore, mediated scores were obtained differently in each time 

point.  

   2.3.3 Results of different prompting conditions of 

computerized dynamic assessment on levels of promptings 

  (1) Regarding the levels of promptings in overall reading literacy, the 

results showed that there were significant differences among prompting conditions in 

terms of first, second, third, and fourth promptings. The results found that Group D had 

a significantly higher level of prompting in overall reading literacy than other groups. 

Group D had a significantly higher first level of promptings than other prompting-

based groups. They had a significantly larger second level of prompting than Group C 

and a greater third level of prompting than Group A and Group C. Also, they 

obtained a greater fourth level of prompting than Group C. Moreover, Group A 
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significantly obtained a larger third level of prompting in overall reading literacy than 

Group C.  

  (2) With respect to the levels of prompting in locate information subscale, 

the results pointed out that there were significant differences among prompting conditions 

in terms of first, second, third, and fourth promptings. For the first and second levels of 

prompting, Group D had significantly higher assistance in locate information when 

compared with Group A and Group C. Moreover, Group B significantly obtained larger 

second level of prompting than Group C. With respect to the third level of prompting, 

Group D had significant difference in acquiring third level of prompting than Group A and 

Group C. For the fourth level of prompting, Group D had significantly higher level of fourth 

prompting than Group C. 

  (3) Concerning the levels of prompting in understand subscale, the 

results revealed that there were significant differences among prompting conditions 

in terms of first, second, third, and fourth promptings. For the first and second levels of 

prompting, Group D obtained significantly higher assistance when compared with 

Group B and Group C. With respect to the third level of prompting, Group D required 

significantly higher assistance when compared with Group C. Moreover, Group A had 

larger promptings than Group C. Regarding the fourth level of prompting, Group D 

obtained higher assistance than Group C.  

  (4) For the levels of prompting in evaluate and reflect subscale, the 

results revealed that there were significant differences among prompting conditions 

in terms of first, second, third, and fourth promptings. For the first, second, and third 

levels of prompting, Group D obtained significantly higher than Group C. For the 

fourth level of prompting, Group D received a significantly higher level of prompting 

than Group A and Group C.  
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Discussion 
 The findings are discussed into five topics including:  

 1. Bifactor modeling in validation for computerized dynamic assessment 

for reading literacy  

  1.1 Model fit and item parameter estimates of computerized 

dynamic assessment for reading literacy  

  Selecting the most appropriate model is necessary for the accurate 

assessment. Several measurement models were examined to determine which 

model was appropriate to the data. The results of the goodness of fit indices among 

the reading literacy instruments indicated that the best fitted model of all test sets 

was the bifactor MIRT model when compared to other unidimensional and 

multidimensional models. The present study corroborates the same findings with 

previous studies (DeMars, 2012; Dunn & McCray, 2020; Min & He, 2014; Ouyang et al., 

2016; Rijmen, 2010; Toland et al., 2017) that the bifactor MIRT model was preferred 

rather than the traditional IRT models and testlet model in reading assessment. This 

might be due to the complexity and flexibility of the model structure (Markon, 2019). 

Despite the greater parameter estimates, a loading in the bifactor model is less 

constrained and more flexible than a loading in testlet model and 2PL IRT model 

(Markon, 2019). According to DeMars (2012), the model provided better 

understanding about the dimensionality of the tests. Moreover, the traditional IRT 

modeling might not be appropriate due to its dependency structure caused by 

testlet format. Sharing of a passage might lead to local item dependence in reading 

assessment, resulting in biased parameter estimates, overestimated reliability, and 

overestimated ability estimates (Eckes, 2014; Lee, 2004; Min & He, 2014).  

 With the parameter estimates from the bifactor model, most items had high 

discrimination parameters, showing that they are capable of differentiating high and 

low reading literacy. In contrast, few items were evaluated as weak items with the 

low values of discrimination parameter (i.e., Items 10, 57, and 59). Besides, most 
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items had item difficulty values between -2 and 2. The model produced a few item 

difficulty values higher than 2 (i.e., Items 10, 40, 44, 57, 59, and 60). Five out of six 

very difficult items measured evaluate and reflect subscale. It suggests that students 

had difficulty in answering those items in evaluate and reflect correctly.  Moreover, 

the interesting result found that some items (i.e., Items 10, 57, and 59) did not 

discriminate well between low and high ability students and these items were the 

most difficult items. Item 10 in evaluate and reflect subscale addressed students’ 

reasoning and understanding of detecting and handling conflict. Students were 

requested to read the additional text that contradicted the main reading text in task 

two, and then they were asked to figure out the conflicting issue represented in the 

additional text. In addition, item 57 in understand subscale assessed a student’s 

ability to represent literal meaning within the text. Item 59 in evaluate and reflect 

subscale was a question related to asking students to figure out how the content 

connected to the author’s point of view. This result is aligned with that of Sabbag 

and Zieffler (2015) that the most difficult items had very low discrimination values. 

One possible explanation as to why many difficult items having very low 

discrimination might be because of the result of students’ misconception and the 

wording of the item. Those items measured student’s understanding and reasoning 

to make connections between the author’s point of view and the given questions. 

Students might have difficulty in explaining their reasoning (Sabbag & Zieffler, 2015). 

The wording of the question might lead students to different interpretations of what 

the question is asking (Clause et al., 1998; Eckes, 2014). It seems to be the case that 

minor changes in wording caused substantial differences in interpretation (Clause et 

al., 1998). Consequently, these items need to be revised or replaced in terms of 

content and grammatical structure.  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 283 

  1.2 Estimating the magnitude of specific dimensions of the 

reading literacy tests  

   In this study, reading passages in each test form were based on task, 

text, and level of complexity. With respect to level of complexity, transferability was 

adapted to select the reading passages. The levels of transfer comprised 1) near 

transfer, 2) far transfer, and 3) very far transfer. In each test form, the first passage 

was near transfer that related to the student’s background knowledge that they were 

familiar with particular topics well. The second and the third reading passages were 

involved with far transfer that combined student’s previous knowledge and new 

knowledge. The reading passages were general topics. The fourth reading passages 

were very far transfer that student hardly encountered in their daily lives but needed 

to know for becoming global citizen.  

 As opposed to the unidimensional IRT, the multidimensional bifactor model 

were partitioned into two common sources, general versus group factor sources 

(Reise, 2012). Apart from their reading literacy ability as the domain-general factor, 

their responses to the reading passages contribute to the variation in their 

performance (Min & He, 2014). The domain-general factor was assumed to represent 

reading literacy ability demanded by all reading literacy items, and four passage 

factors were assumed to contain the specific factors related to the testlets. In this 

study, several items in reading literacy instruments showed the higher magnitude of 

the discrimination parameters on the general dimension than those of the group 

dimensions. This suggests that the test measured what it intended to measure, which 

was reading literacy performance (Byun & Lee, 2016). This is consistent with Byun and 

Lee (2016) and Cai and Kunnan (2018) that slope parameters of the individual items 

of the general dimension were higher than those of the testlet dimension. 

 On the contrary, the result found that three out of twelve testlets had more 

items with the smaller magnitude of the discrimination parameter on the general 

dimension than on the group dimensions. The strong influence of the group effect 
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upon these items suggests that the test score variance might have been accounted 

for by the group factor more than the general factor (Min & He, 2014). That is to say, 

the major factor affecting a student’s response is the influence of reading passages. 

Two reasons were given for these findings. Firstly, this might be because a student’s 

background knowledge related to passage topics has an impact on students’ 

understanding of a text (DeMars, 2006; Min & He, 2014). Items within more familiar 

passages might be easier, leading to local dependence (DeMars, 2006; Eckes, 2014). 

According to DeMars (2006), the empirical evidence shows that readers’ familiarity on 

topic or content knowledge make association with the traits accounting for the 

testlet dimension of a test. Second, the input features such as format, content, or 

linguistic features might contribute to the testlet influences (Eckes, 2014). This is 

because when the passage was organized in a single continuous text, the testlet 

influence got stronger. It appears that students were more familiar with a single 

continuous text rather than the combined discrete texts for reading assessment. 

Thus, the bifactor model capturing the secondary dimension could result in more 

accurate estimates of a student’s reading literacy ability. Min and He (2014) stress 

that caution should be taken for interpretation of the reading literacy score. In order 

to avoid the influence of testlet effect, some items, especially low discrimination 

items needed revision.  

 2. The replication of the parallel tests using TIF and TCC as the statistical 

indices 

  2.1 The conformity of the parallel test forms 

  Based on the conformity of each test set, the results yielded 

equivalent to one another in response to statistical indices of item response theory. 

Test characteristic curve (TCC) (Armstrong et al., 1998) and test information function 

(TIF) (van der Linden & Adema, 1998) have the potential to measure conformity in 

accordance with test and item pairs by using RMSD index. TCC reflects differences in 

difficulty, whereas TIF reflects differences between distributions across their 
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information functions. Accordingly, the TCC results in forms that are parallel in 

difficulty, but not in precision, whereas the TIF results in forms that are parallel in 

terms of precision (Ali & van Rijn, 2016).  

 The findings of the present study revealed that test forms produced similar 

findings for test parallelism. The results indicated that the TIF and TCC methods 

yielded acceptable RMSD values. The findings of statistical parallelism did not vary 

by test forms. Even though the TIF approach performed better than the TCC 

approach in terms of RMSD, the differences were not substantial. This study is 

coherent with the study of Armstrong et al. (1998) that there was a minimized 

difference in either TIF or TCC. On the other hand, the TIF seems to be more 

commonly chosen as the statistical target (Ali & van Rijn, 2016). Several studies have 

provided evidence that the TIF performed well to create parallel forms (Boekkooi-

Timminga, 1990; Kantiwong & Pasiphol, 2018; Sanders & Verschoor, 1998; van der 

Linden & Adema, 1998; Veldkamp et al., 2012). This might be because TIF is 

considered as weakly parallelism that is easier to manipulate because it does not 

yield identical observed score distributions, requiring no scoring categories or the 

number of items to be the same (Lin, 2008; Samejima, 1977). Moreover, it is believed 

that the difficulty is implicit when the TIF of the tests are equal (Ariel et al., 2006). 

Consequently, the selection of statistical targets is a matter of operational 

convenience and the nature of test forms; there is no agreement with respect to 

selection of either difficulty or precision (Ali & van Rijn, 2016).  

 Nevertheless, some pairs of parallel tests could not attain the score 

equivalence. This might be explained by the non-conformity of the construct 

(Schmucker et al., 2019). The results showed that RMSDTIF and RMSDTCC values of the 

Test set 3 might not provide evidence to support parallelism. The reason might be 

because item difficulty estimates of Form C-DA3 had unusually high values, including 

Item 44 (b = 45.78), Item 58 (b =13.27), and Item 59 (b = 8.51), whereas the item 

difficulty estimates of Form C-DA2 ranged from 0.48-3.96. As a result, the deletion or 
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revision of those items could result in the parallelism of both forms in terms of TCC 

and TIF.  

  2.2 The conformity of the item-by-item parallelism  

  Similar to the results of the parallel of test forms, item parallelism is 

the case when items within test forms have equal parameters in an equal IRT model 

(Lin, 2008). The choice of item parallelism is based upon item information function 

(IF) and item characteristic curve (ICC). The results of item-by-item parallelism 

showed that the RMSD seemed to favor the item information function (IF) approach 

because it yielded higher parallelism than the item characteristic curve (ICC). 

However, both statistical indices interpreted the same meanings, showing that all 

items were parallel.  The outcomes of both indices lead to a conclusion that the ICC 

performed as well as the IF approaches. Thus, this method has the potential to 

produce the alternate test forms that are statistically equivalent, without great loss 

of difficulty and precision.  

 3. Effectiveness of computerized dynamic assessment for reading literacy 

on reading literacy abilities of ninth graders 

      3.1 Effects of different prompting conditions of computerized 

dynamic assessment for reading literacy on student’s reading literacy posttest  

  With respect to prompting conditions, different promptings relied 

upon the guided contents. This experiment included four types of promptings as 

follows: (1) instructional prompts that guided on the necessary strategies to solve the 

problem, (2) error-explanation prompts that explained why a specific response to 

item was not correct, (3) mixed prompts that combined the explanation of the 

reason why a specific response was not correct and provided necessary strategies to 

solve the problem, and (4) verification prompts or control condition provided 

whether the item was correct or incorrect. In accordance with Dorfler et al. (2017), 

content is assumed to be the most influential feature of prompting.  
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 This study fully supported the hypothesis that treatment conditions received 

higher performance when compared with the control condition. It can be explained that 

promptings may provide students in treatment conditions with more strategies and 

contextual clues, whereas control condition provided verification prompts that only 

indicated whether the answer is correct or incorrect. This result is consistent with 

previous studies working on promptings of computer-based assessment in cognitive skills 

(Poehner & Lantolf, 2013; Resing & Elliott, 2011; Stevenson et al., 2016; Teo, 2012; Wang 

& Chen, 2016; Wang, 2011; Wu et al., 2017; Zhang & Lu, 2019; Zhang et al., 2017). Those 

studies reported that computerized dynamic assessment generally produced positive 

outcomes on the achievement of students. According to Zhang et al. (2017),  

computerized dynamic assessment may reduce cognitive difficulty. The graduated 

prompt approach helped students solve problems by providing repeated practice with 

more specific hints that can guide students to discover or apply some principles to solve 

problems and learn more (Ai, 2017; Poehner & Lantolf, 2013; Wang, 2011; Zhang et al., 

2017). Resing and Elliott (2011) states that the graduated prompt approach enable 

students to evaluate their progress when solving cognitive tasks. Tzuriel and Shamir 

(2002) said that the treatment condition provided a more motivating and supportive 

environment than the control condition, leading to the improvement of cognitive 

capacities of students.  

 In addition, the results showed that prompting methods of the treatment 

groups were not significantly different in terms of their posttest scores. When 

considering reading literacy subscales, the results showed similar findings that there 

were no significant differences in terms of posttest scores in each subscale among 

treatment groups. This suggests that a wide range of prompts of computerized 

dynamic assessment for reading literacy could be used for enhancing reading 

literacy. With the inclusion of graduate assistance, the graduated prompting 

techniques in computerized dynamic assessment for reading literacy could help 

students to construct their own learning in a graduated way.  
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  3.2 Effects of prompting conditions and external variables on 

student’s reading literacy posttest 

     The results revealed that there was no significant interaction 

between prompting conditions and gender. The main effect analysis indicated no 

statistically significant differences in the posttest scores between male and female 

students. Moreover, there was no significant interaction between prompting 

conditions and levels of learning achievement. The findings showed that no 

statistically significant differences in the posttest scores among students with 

different levels of learning achievement, but significant differences were found in 

different prompting conditions. This supports evidence that computerized dynamic 

assessment for reading literacy were applicable for most male and female students 

with a wide range of ability. Moreover, promptings of computerized dynamic 

assessment for reading literacy had influence on posttest scores. The finding is 

consistent with Wang, (2011) and Wang & Chen (2016) that different types of 

promptings of computer-based assessment were applicable for most students with a 

wide range of ability. The interesting findings also found that although the mean 

differences were not statistically significant, low achievers had higher posttest scores 

than high achievers. This indicates that the different types of promptings of 

computerized dynamic assessment might provide low achievers with more guidance 

and assistance in the supportive environment that would increase the level of 

reading ability. Low achievers might have more opportunity to learn and have more 

solutions to find the correct answer. Wang (2010) and Wang (2011) found that the 

web-based dynamic assessment could enable low-level learners to experience more 

effective learning and improve their learning compared with their counterparts. Wang 

& Chen (2016) also pointed out that the low-initial reading ability had higher gain 

than other groups due to the supportive environments that help them construct 

their learning. Lin (2016) said that scaffolding in dynamic assessment assists students 

with low prior knowledge to reduce cognitive load (Lin, 2016). Therefore, the 
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promptings of computerized dynamic assessment were suitable for students with a 

wide range of ability and may particularly help low achievers to improve their 

performance in reading literacy. 

 

 4. Effectiveness of computerized dynamic assessment for reading literacy 

on reading literacy growth of ninth graders 

  4.1 Effects of different prompting conditions of computerized 

dynamic assessment for reading literacy on growth trajectory in overall reading 

literacy and each reading literacy subscales 

   4.1.1 Growth trajectory in reading literacy  

   Multiple-group latent growth curve modeling was performed 

to examine the sample mean and individual differences in the initial level and 

trajectories of the overall reading literacy across ninth graders with different 

prompting conditions.  

  Our research extended the findings by investigating that latent growth 

curve can be used to differentiate the trajectory of reading literacy between groups 

with different promptings. The intercept and slope of overall reading literacy of ninth 

graders among different prompting conditions were compared. The model identified 

that all prompting conditions were significantly associated with overall reading 

literacy at the baseline level and rate of change in reading literacy over time. The 

growth rate of reading literacy for treatment groups were higher than those for the 

control group. It can be concluded that computerized dynamic assessment had a 

long term impact on reading literacy and all students benefited from computerized 

dynamic assessment for reading literacy. This study is coherent with Wang and Chen 

(2016) and Yang and Qian (2020). Wang and Chen (2016) said that their web-based 

dynamic assessment had significant effects on the change or growth in students’ 

reading ability. Yang and Qian (2020) pointed out that although students received the 

increased difficulty level of the items after four weeks of learning, students in 
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computerized dynamic assessment obtained higher scores than the control group. 

They were more capable of integrating the mediation included in the intervention 

even when the context changed. However, this result is not consistent with that 

reported by Zhang et al. (2017) that the computerized dynamic assessment led to 

higher performance of the experimental group than the control group over time. This 

contradiction with Zhang et al. (2017) might be a result of the shorter period of time 

and the different types of statistical analyses. Moreover, the present findings 

revealed that the largest increase in overall reading literacy was mixed prompting. 

This suggests that students in mixed prompting benefitted the most from the 

promptings of the computerized dynamic assessment for reading literacy over time. 

This can be explained by the prompt given in mixed prompting group that helped 

students perceived their own reading difficulties and offerred strategies or hints that 

they could use to deliver a correct response and transfer their knowledge to the 

next question (Golke et al., 2015).  

   4.1.2 Growth trajectory in locate information subscale 

   The model identified that all prompting conditions were 

significantly associated with locate information subscale at the baseline level and 

rate of change over time. All prompting groups had a significant increase in locate 

information over time. The results showed that the larger increase in locate 

information subscale score was mixed prompting group. Error-explanation prompting 

group had high values in locate information score at the baseline, but they showed 

the lower rate of increase in locate information subscale score over time when 

compared with other groups. According to OECD (2019a), locate information draws 

upon readers’ understanding of the task demand, text organization and the 

relevance of text. The reasons for the lower locate information subscale score in 

Error-explanation prompting group might be because the given prompt in this group 

did not provide sufficient support in the long-term growth. The error-explanation 

prompt might not focus on student’s awareness of their information needs and 
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might not increase students’ ability to scan through a text to retrieve specific pieces 

of information as provided by instructional prompt.  

   4.1.3 Growth trajectory in understand subscale 

   The model identified that all prompting conditions, except 

Verification prompting group were significantly associated with understand subscale 

at the baseline level and rate of change over time. The results indicated a significant 

increase in understand subscale in the sample of treatment groups, whereas no 

significant change was observed in Verification prompting or control group. This 

indicated that Verification prompting group not only received lower growth rate in 

understand score, but they also had no change in understand subscale over three 

assessment sessions. This might be because students in Verification prompting group 

experienced difficulties in conveying and making inferences in understand subscale. 

OECD (2019a) said that understand is based on the situation model proposed by 

Kintsch (1998) that a situation model consists of two core processes: the 

representation of literal meaning and the integration of literal text through mapping 

and inference processes. Both processes require students to comprehend sentences 

and identify the implicit main idea of the text. Thus, the verification prompt given in 

Verification prompting group might not be sufficient in forming an understanding of 

the meaning conveyed in the passage.  

   4.1.4 Growth trajectory in evaluate and reflect subscale 

   The model identified that all prompting conditions were 

significantly associated with evaluate and reflect subscale at the baseline level and 

rate of change over time. All prompting groups had a significant increase in evaluate 

and reflect subscale over time. Error-explanation prompting group had the highest 

rate of increase in evaluate and reflect subscale over time. This may be due to the 

fact that prompting in Error-explanation prompting group explained why a specific 

response was incorrect. Students in Error-explanation prompting group benefitted 

from the prompt providing them the mistake explanation and they were less likely 
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to make the same mistake again in the subsequent sessions (Dorfler et al., 2017; 

Golke et al., 2015). OECD (2019a) pointed out that evaluate and reflect requires 

students to reflect on the content and form of the text and assess the quality and 

validity of information. Error-explanation prompting group may have the opportunity 

to reflect on their own experience or knowledge to compare and contrast the 

chosen response whether it is correct or incorrect that help them improve their 

awareness of the information provided within the text.  

  4.2 The association of reading literacy subscales  

  The multivariate analyses extended the univariate analyses of reading 

literacy and reading literacy subscales to examine the interrelatedness of locate 

information, understand, and evaluate and reflect subscales across three time points. 

The results of the multivariate model showed that locate information, understand, 

and evaluate and reflect subscales are associated during the initial stage of 

assessment for all prompting groups. Higher initial level of locate information was 

categorized by higher understand and evaluate and reflect subscales. It indicated 

that students with higher scores in one subscale had higher scores on other 

subscales. That might be supported by the framework of PISA reading literacy that 

reading as a cognitive skill involves specific reading processes that competent readers 

use when engaging with the texts to achieve the goals. A wide range of reading 

processes that acknowledge the goal-driven nature of reading literacy comprise 1) 

ability to locate information, 2) ability to understand, and 3) ability to evaluate and 

reflect (OECD, 2019a). The constructs involved having basic and complex reading 

processes. The higher basic reading processes work, the better high-level reading 

functions process (OECD, 2019a).  

 The results also pointed out the differences in interrelatedness of reading 

literacy subscales among different prompting conditions that lead to their 

performance in reading literacy over time. Currently, no longitudinal study has 
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identified the association of changes in reading literacy subscales by different 

prompting groups. 

 Regarding the multivariate model results in Instructional prompting group, the 

rate of increase in one subscale was not related to the rate of increase in other 

subscale over time.  On the other hand, the understand subscale at the initial stage 

was correlated with the rate of increase in evaluate and reflect subscale over three 

testing sessions. It indicates that students who started with higher understand had 

steeper growth trajectories for evaluate and reflect subscale. This cross-domain 

interrelation identified that early understand predicts evaluate and reflect subscale in 

Instructional prompting group. Content of prompt might play a role in driving 

development. The reasons might be because 1) the strategies given in the 

instructional prompt in understand subscale might be useful to items in evaluate 

and reflect subscales and 2) both understand and evaluate and reflect subscale 

required a higher level of reading processes beyond searching and selecting relevant 

information. According to OECD (2019a), understand requires students to represent 

the explicit meaning of texts and integrate information and generate inferences, and 

evaluate and reflect requires students to assess the quality and credibility of 

information, reflect on content and form, and detect and handle conflict within the 

texts.  

 With respect to the multivariate model result in Error-explanation prompting 

group, the interesting findings is that the rate of increase in one subscale was not 

related to the developmental trajectories in other subscale over time. That might be 

because Error-explanation prompting group received the error-explanation prompt. In 

each item, the error-explanation prompt was more contextual and specific for the 

item (Golke et al., 2015; Ting & Kuo, 2016). The given prompt in items within each 

subscale depended on the error pattern corresponding to the chosen response that 

not related to items within other subscales  
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 Furthermore, the results of the multivariate model in Mixed prompting group 

found the associations between the rates of increase in understand subscale and 

evaluate and reflect subscale over time. The data indicated significant changes in 

both domains over time. The prompts provided in Mixed prompting group were the 

combination between the instructional and error-explanation prompts. The guided 

prompts in understand and evaluate and reflect might help each other in 

developmental trajectory.   

 For the multivariate model result in Verification prompting group, there was 

negative correlation between the intercept factor in locate information and the slope 

factor in understand subscale. This indicates that students who with higher initial 

locate information value had lower growth trajectories for understand subscale over 

time. This cross-domain interrelation identified that early locate information predicts 

understand subscale.  

  Our findings suggest that each reading literacy subscale is intertwined 

differently in accordance with the given prompting conditions. It is likely to believe 

that understand and evaluate and reflect continued to intertwine from each other. 

Instructional prompting group provides evidence that early understand score 

supported evaluate and reflect subscale across the developmental period. Moreover, 

Mixed prompting group pertains that the rate of increase in understand subscale 

might facilitate the developmental period in evaluate and reflect subscale. This 

supports the view that the development of understand score positively affects the 

evaluate and reflect score over time.  
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 5. Effectiveness of computerized dynamic assessment for reading literacy 

on learning potential in reading literacy of ninth graders 

  5.1 Effects of different prompting conditions of computerized 

dynamic assessment for reading literacy on availability scores 

  Theory of zone of proximal development of Vygotsky (1980) provides 

an insight into the difference between what students currently know and what they 

may realize in the future. In order to measure availability, the student-specific 

learning trajectories of reading literacy were computed using the Michaelis-Menten 

model.  Availability is the distance between an individual’s current ability and 

maximum capacity. The capacity score was the prediction of the student’s capacity 

to learn reading literacy over three time points (McNeish & Dumas, 2017; McNeish et 

al., 2020). Practically, Poehner and Lantolf (2013) said that availability is indicated by 

how much investment in instructional activity is required in the classroom in the 

future. The findings from this study revealed that no significant differences among 

different prompting groups were found in availability scores during the first two 

assessment sessions. This might be because their distances between ability score and 

capacity score were similar among all prompting conditions. However, the findings 

showed that there were differences between Mixed prompting group and Verification 

prompting group in terms of availability score measured at the third testing session. 

This may be because Mixed prompting group reached the predicted reading literacy 

performance, whereas Verification prompting group did not attain their predicted 

capacity during their third time point. This suggests that in order to help students to 

reach their predicted potential, repeated measures with Mixed prompting group 

achieved the attainment faster than those in the Verification prompting group. They 

needed only three assessment time points to reach their predicted capacity, whereas 

Verification prompting group required more than three testing sessions. 

Consequently, the present study has some theoretical contributions. Following 

Vygotsky, the zone of proximal development discerns how close individuals are to 
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successful independent functioning (Poehner et al., 2015). Thus, Mixed prompting 

group might be the most effective prompt to help students attain their potential in 

reading literacy ability.  

  5.2 Effects of different prompting conditions of computerized 

dynamic assessment for reading literacy on mediated scores 

  Development of computerized dynamic assessment was based on the 

cake format defined by Sternberg and Grigorenko (2002) and the graduated prompt 

approach proposed by Campione and Brown (1985). Mediated score is a measure of 

the amount of mediation learners required as they worked through the test and how 

well learners responded to mediation (Poehner & Lantolf, 2013; Poehner et al., 

2015). Following the graduated prompt approach, students can obtain mediation and 

be guided progressively when they have difficulties in solving problems. Several 

scholars have defined the way students profit from given prompts as learning 

potential (Dorfler et al., 2017; Resing & Elliott, 2011). The term ‘learning potential’ is 

used to observe students’ responsiveness to the given support to foster learning and 

understanding in the focused domain (Dorfler et al., 2017; Poehner et al., 2015). In 

accordance with Poehner and Lantolf (2013), the number of prompts required 

provides an indication of the amount of instruction students need to reach a 

potential performance level. As a result, it is an essential part of diagnosis and more 

relevant to future teaching and learning (Poehner et al., 2015).  

 The results revealed that there was no significant interaction between the 

two variables on mediated score, prompting conditions and time. Thus, the effects of 

the two factors were considered separately. The data indicated statistically significant 

differences among different prompting conditions with respect to mediated scores. 

The result showed that Verification prompting group obtained significantly lower 

mediated scores when compared with other groups. This suggests that Verification 

prompting group required more prompts to solve the problems during the training 

session compared with other prompting conditions. The result is consistent with 
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Resing and Elliott (2011) that students who scored lower tended to need more 

prompts. Group differences are evident because some groups needed a considerable 

number of prompts and scaffolds, while others needed little help. The results of 

Stevenson et al. (2016) indicated that students with lower skills may require more 

specific prompts such as scaffolds to effectively benefit from instruction. It might be 

due to Verification prompting group being provided either correct or incorrect. This 

may enhance the opportunity for students’ guessing correct answers and need more 

assistance.  

 Moreover, the time effects on mediated scores were significant. The mediated 

scores were higher across three time points. This result can be explained by students 

demonstrating their knowledge and strategies learned from the given prompts from 

the previous assessment; as a result, they required fewer prompts. This result is 

consistent with previous studies (Resing & Elliott, 2011; Wang, 2011). The results of 

Resing and Elliott (2011) revealed that there was a decrease in the number of 

prompts students needed to solve the items from the first training session to the 

second training session. Wang, (2011) found that students needed significantly fewer 

prompts to answer the item correctly. This indicates that students clearly profited 

from the prompts. 

 This suggested that the students were capable of using effective reading 

strategies and demonstrated awareness of their reading skill (Teo, 2012). Several 

researchers mentioned that the graduated prompt appears to be effective in 

improving student performance (King et al., 2015; Kozulin & Garb, 2002; Teo, 2012; 

Wang, 2011). Teo (2012) found that during the C-DA process, students became more 

strategic and reflective readers that could control their reading processes. King et al. 

(2015) mentioned that performance during dynamic assessment sessions might be 

predictive of future performance on a similar task. The less support required in 

dynamic assessment, the better the performance on the experimental task (King et 

al., 2015). Thus, following the graduated prompt approach, this study addresses 
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mediated scores as an effective measure in determining students’ responsiveness to 

mediation, resulting in the learning potential of ninth graders’ reading literacy ability.  

  5.3 Effects of different prompting conditions of computerized 

dynamic assessment for reading literacy on levels of prompting 

  Levels of prompting were separated into four levels of promptings as 

follows: 1) the first level of prompting, the second level of prompting, 3) the third 

level of prompting, and 4) the fourth level of prompting. Traditionally, learners were 

given an amount of assistance based on their incorrect attempt when the mediation 

is presented in a gradually implicit to explicit design (Teo, 2012). In this study, the 

researcher was interested in measuring the level of mediation students needed 

during the training session. A sequence of prompts ranged from 1) very general, 2) 

abstract and implicit, 3) explicit and specific, and 4) provide the correct answer. The 

levels of prompts indicated what kind of instruction students need to reach a 

potential performance level (Ai, 2017; Teo, 2012). The prompting approach plays a 

role as the teacher guiding or assisting learners. The type of prompts students need 

during training may guide choices of the most appropriate classroom instructions 

(Resing & Elliott, 2011; Stevenson et al., 2016).   

 In this part, the researchers paid attention to the second and the third levels 

of promptings. The second level of prompt determines the abstract and implicit 

guidance, whereas the third level of prompt is related to the more specific and 

explicit guidance. The results of the present study revealed that only Verification 

prompting group required significantly greater second level of promptings compared 

to Mixed prompting group in overall reading literacy. It should be noted that 

Verification prompting group received a verification prompt that did not provide 

assistance with respect to the content. This indicated that there were no differences 

in terms of implicit guidance among those who received either instructional prompt 

or error-explanation prompt or those who obtained both. However, Instructional 

prompting group required a significantly higher third level of promptings when 
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compared to Mixed prompting group. That might be because the explicit 

instructional guidance might not be enough to support students’ solving problems in 

reading literacy. Even though prompts were narrowed down to guide students to 

focus on certain paragraphs or sentences, the explanation given at this level was not 

sufficient. This is coherent with the study of Teo (2012) that indicated some students 

repeatedly arrived at mediation level 3. They needed more mediation at this level 

than what was provided in the C-DA program. Teachers then observe the lacking and 

modify by adding a more explicit and more understandable assistance to the learner.  

 For locate information domain, Error-explanation prompting group received 

significantly greater second levels of prompting in locate information when compared 

to Mixed prompting group. Moreover, Verification prompting group got significantly 

higher prompts than Instructional prompting group and Mixed prompting group. This 

might be because instructional prompt provided in Instructional prompting group and 

Mixed prompting group might help students discover some principles or reading 

strategies that are necessary to handle problems (Poehner & Lantolf, 2013). This 

suggests that the instructional prompt might be sufficient in providing a solution for 

locate information domain.  

 In terms of understand domain, Verification prompting group required greater 

second levels of promptings compared to Error-explanation prompting group and 

Mixed prompting group. Moreover, there were significant differences in receiving the 

third level of prompting between Instructional prompting group and Mixed prompting 

group in understand subscale. It might be because the error-explanation prompt 

helped students to uncover their misunderstanding concepts. Moreover, the explicit 

instructional guidance might not be enough to support students’ solving problems in 

understand subscale. Even though students were told to focus on certain paragraphs 

or sentences and were given explanations about the meaning of the texts, it seemed 

that they needed more powerfully explicit prompts in understand subscale. This 

suggests that the error-explanation prompt provided by Error-explanation prompting 
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group and Mixed prompting group was beneficial in solving the items in understand 

subscale. Golke et al. (2015) states that students would benefit from the prompt 

when they understand the errors and try to resolve it; as a result, the mistake would 

be less likely to occur on the subsequent assessment.  

 With respect to evaluate and reflect domain, Verification prompting group 

required greater second and third levels of promptings compared to Mixed 

prompting group. This result showed that both implicit and explicit guidance related 

to either instruction or error-explanation was sufficient for solving evaluate and 

reflect domain. Particularly the guidance combined instruction and error-explanation 

was more effective in supporting students’ solving problems in evaluate and reflect 

subscale. As a result, students in different prompting conditions required varying 

levels of support in different reading literacy subscales when they were taken 

computerized dynamic assessment. 

 Overall, different prompting conditions of computerized dynamic 
assessment for reading literacy showed similarities and differences in some aspects. 
With respect to reading literacy, Verification prompting group significantly differed 
from other prompting-based groups, whereas treatment groups were not significantly 
different from each other. This indicated that computerized dynamic assessment for 
reading literacy with a wide range of promptings could be used to improve current 
performance in reading literacy. Graduated prompting technique was necessary.  

For reading literacy growth, Mixed prompting group received the highest 
growth trajectory in reading literacy as well as locate information and understand 
subscales. This might be because mixed prompting helped students to perceive their 
own reading difficulties and offered reading strategies they were missing in the 
reading process that could be used to deliver a correct response (Golke et al., 2015). 
Moreover, students in Mixed prompting with higher growth in understand subscale 
received the rate of increase in evaluate and reflect subscale.  This showed that they 
could transfer their knowledge to the next questions. Error-explanation prompting 
group had higher rate of growth in evaluate and reflect subscale, whereas they showed 
the lower rate of growth in locate information over time when compared with other 
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groups. This might be because Error-explanation prompting group might have 
opportunities to reflect on their own experience or knowledge to compare and contrast 
the response that might help them impove their awareness of the information provided 
within the text. Those skills reflected on higher-order reading process. Error-explanation 
prompt is preferred for tasks requiring higher-order cognitive processes (Golke et al., 2015; 
Petrović et al., 2017). However, their prompt might not increase their ability to scan 
through a text to retrieve specific pieces of information in locate information subscale. As 
a result, mixed prompting method might be effective to assess rate of growth in reading 
literacy. Moreover, error-explanation might be suitable for rate of growth in higher-order 
reading skills.  

In terms of learning potential in reading literacy, Verification prompting group 
significantly required more prompts to solve problems when compared to other groups. 
This might be because Verification prompting group was provided either correct or 
incorrect that may enhance the opportunities for guessing correct answers and needed 
more assistance. The verification prompt might not sufficient in forming knowledge to 
solve problems, whereas other groups required less support and were able to use 
effective reading strategies and demonstrated their reading awareness (Teo, 2012). 
Levels of prompting could guide instruction needed in classroom. The results 
showed that Instructional prompting group required higher third level of promptings 
in overall reading literacy and understand subscale than Mixed prompting group. This 
might be because the explicit instructional guidance in Instructional prompting group 
might not be enough to support students’ solving problems in reading literacy, 
especially in understand subscale. On the other hand, Error-explanation prompting 
group received significantly greater second levels of prompting in locate information 
when compared to Mixed prompting group. As a result, in order to assess learning 
potential, Mixed prompting was appropriate to assess and enhance learning potential 
in reading literacy. Instructional prompt was not sufficient for understand subscale 
and Error-explanation prompt was not suitable for locate information subscale.  
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Conclusion 
 We conclude that this research provides evidence for the psychometric 

properties of the parallel reading literacy tests and an insightful information 

pertaining to the effectiveness of computerized dynamic assessment on current 

performance of reading literacy, growth trajectory of learning, as well as 

responsiveness to mediation predicted as students’ learning potential. Bifactor 

model was chosen as the most fitted model in estimating parameters of the reading 

literacy. Each reading literacy instrument was determined by two factors: a domain-

general reading literacy factor for all items and four testlet factors for four reading 

passages. The developed parallel instruments may be confidently used as equivalent 

measures of reading literacy performance among ninth grade students. Evidence 

firmly supported the equivalence of scores from the developed parallel versions of 

reading literacy instruments using the statistical index of RMSD. In terms of current 

performance of reading literacy, the computerized dynamic assessment was 

developed in accordance with the theoretical basis of the graduated prompt 

approach proposed by Campione and Brown (1985). The prompting obtained by 

learners plays an important role in improving their learning effectiveness. Evidence 

showed that prompting-based groups received the higher posttest scores when 

compared to the control condition. For the growth of learning, a latent growth curve 

model was analyzed to investigate the influence of computerized dynamic 

assessment on students’ reading literacy in multiple timeframes. Our study has 

identified that computerized dynamic assessment for reading literacy led to rate of 

growth in reading literacy and reading literacy subscales of ninth graders with 

different promptings. With respect to students’ learning potential, computerized 

dynamic assessment for reading literacy acts as a mediator to promote learners’ 

potential development and assess the learners’ levels of prompting in the process of 

learning. The design of mixed promptings should be applied in the classroom for 

enhancing the growth rate and learning potential of ninth graders. Consequently, this 
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study represents a stepping stone for future research in dynamic assessment and its 

application in educational settings.  

 

Implication and Recommendation of the Study  
The current study can draw several implications for further research as follows:  

 1. Test construction and validity study of the reading literacy  

 It is noteworthy that the application of the bifactor model could be more 

adequate for passage-based reading literacy assessment when compared to other 

models and may be recommended to resolve the problem of local dependence as 

well as bias in analyzing the test and individual items of the reading literacy tests. 

Moreover, this research contributes to provide the empirical evidence supporting the 

validity of the instruments for measuring reading literacy as the bifactor model has 

capacity to consider diverse factors involved in reading literacy performance. 

Consequently, the results and suggestions provide a broad range of application and 

utility that can be used to develop a more appropriate version of a test, to have 

more accuracy in selection and construction for test items, as well as to improve the 

quality of the instrument as a whole.  

 For further studies, the computerized dynamic assessment for reading literacy 

seems limited in the item type and the number of items contained in each testlet. In 

this research, the instruments were multiple-choice questions, that each reading 

passage or testlet consisted of five multiple-choice items. Further studies can be 

designed to include items located in varying lengths within testlets. The research 

suggests that more different types of test items, such as fill in blank and open-ended 

test items, should be used to further understand students’ learning conditions. Mixed 

format should be adapted to be closely matched the PISA test. Moreover, this study 

did not construct test items in accordance with the level of reading proficiency 

defined by OECD (2019). Further studies should consider the level of reading 

proficiency and task difficulty as guideline in construction of test items. This study 
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selected reading passages by using task, text, and level of transferability. Each test 

consisted of four reading passages that might not achieve a full range of texts 

associated with real-life situations. Hence, a wide range of reading materials both 

online and offline such as email, catalogues, or social media posts and comments, 

should be selected as reading passages for further research.  

 2. Statistical parallelism of the reading literacy instruments 

 The findings provide evidence that the test forms are parallel at the level of 

the individual items as well as at the level of the overall test. Both TCC and TIF 

yielded satisfactory degrees of test parallelism. Consequently, the three parallel test 

sets can be used as interchangeable instruments for reading literacy assessment. 

Moreover, this study provides evidence that both TCC and TIF could be used as 

statistical indices for parallelism of reading literacy. We hope that this leads to a 

broader awareness of the statistical methods necessary for establishing the parallel 

test forms. Finally, this research is beneficial to researchers and practitioners who are 

attempting to develop the alternate measures using both content and statistical 

considerations in order to preserve the validity of the test forms. Thus, the reading 

literacy instruments meet the requirements of parallel tests and can be used as an 

instrument for longitudinal data to track students’ progress in learning and 

assessment.  

 This study is limited only to RMSD in measuring conformity, a different study 

may be conducted with the different types of statistical indices such as the mean 

square deviation (MSD), the mean relative deviation (MRD), and the maximum 

relative information gap (MRIG). 

 3. Contribution of computerized dynamic assessment to measure 

student’s reading literacy  

 This study generated evidence to support the notion that computerized 

dynamic assessment could assess student’s reading literacy performance. The 

system can be administered to large numbers of learners and reports of the learners’ 
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performance can be automatically generated. Practically, computerized dynamic 

assessment could be developed and widely used in classroom to assist teachers and 

educators in construction of an assessment-centered learning that engages 

assessment as teaching and learning strategy. Teachers can integrate the 

computerized dynamic assessment, along with the prompting design, to develop the 

system and prompting in other subject areas into their teaching in classrooms. They 

can also be performed in remedial classrooms in order to improve low-achiever 

learners’ learning with the help of prompting approach. 

 There is a need to determine the effectiveness of different types of 

promptings of computer-based assessment of other grouping factors such as other 

grades or other subjects. Future studies are needed to investigate how these 

individually varying factors might affect reading literacy. Another issue that needs 

further study concerns students’ attitudes towards computerized dynamic 

assessment. More qualitative and quantitative studies of the effectiveness of the 

computerized dynamic assessment for reading literacy is necessary. In addition, the 

design of computerized dynamic assessment for reading literacy should concern with 

user experience (UX) design to make the system more appropriate to the test-takers.   

 4. The study of growth trajectory of reading literacy  

 Our findings contribute to the reading literacy concept by specifying how 

reading literacy may change over time. Our result adds an interesting perspective to 

previous literature on comparing the initial value and rate of growth of different 

prompting conditions. Moreover, the results contribute to knowledge about the 

relationships among intercepts and changes with respect to reading literacy subscales 

of different prompting conditions. Consequently, results of the current study provide 

support for the computerized dynamic assessment as an effective tool for assessing 

the developmental reading literacy of ninth grade students in multiple timeframes. 

We expect this study to serve as a starting point and generate interest in enhancing 

reading literacy in longitudinal study.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 306 

 This study emphasized the immediate experiment effect without further 

investigating the delay effect. Future research could extend the timeframe of the 

experiment to several weeks after the testing sessions end. The study found the 

growth trajectory of students with different prompting methods. It seemed to have 

some unobserved factors responsible the change across three time points. Thus, 

longitudinal studies should investigate the factors affecting the growth trajectory of 

reading literacy and show the growth patterns of change over time.  In our study, the 

researchers conducted three repeated measures for the growth model. Conducting 

the study with a longer interval and with more repeated measures might provide 

further information on growth in reading literacy and reading literacy subscales.  

 5. The estimation of responsiveness to mediation as the learning 

potential 

 This study confirmed the important role of graduated prompting assessment 

in a student’s performance. The findings extend our understanding of how students 

responded to assistance and the level of mediation they used. We suggest that 

mixed prompting, which is guidance combined both instruction and error-

explanation, could be used as an effective prompt to strengthen students’ 

responsiveness to mediation. The present study has contributed to education by 

providing empirical evidence of the potential of the different types of promptings of 

computerized dynamic assessment to support students’ reading literacy and to serve 

as the basis for future development of reading literacy field. For educators, the 

finding of different types of promptings of computer-based assessment to enhance 

reading literacy ability provide information to support teachers in classroom 

assessment and encourage them to make use of the graduated prompting 

assessment to promote students’ learning potential in classroom and encourage 

students’ self-learning. It is also helpful for educators to obtain information during 

the assessment session about the individual’s learning processes. It is our hope that 
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the present study may offer a promising direction for future work in graduated 

prompting approach.  

          This study is focused on group differences in prompts given. Further work 

needed to be done on how individually varying factors, such as gender, age, and 

education level, have impact on students’ responsiveness to mediation. Moreover, 

there is a need for qualitative study to determine the effectiveness of prompting 

approach on individual learning. Further study could also examine the design of 

prompts that encourage self-assessment and self-directed learning.  
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รำยนำมผู้ทรงคุณวุฒิที่ตรวจควำมตรงเชิงเนื้อหำและควำมเป็นคูข่นำน 

ของแบบวัดกำรรู้เร่ืองกำรอ่ำนฉบับก่อนเรียนและหลังเรียน 
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4. อาจารย์ ดร.สันติวัฒน์  จันทร์ได              อาจารย์สอนวิชาภาษาไทย ระดับมัธยมศึกษา  
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5. ผู้ช่วยศาสตราจารย์ ดร.ศศิธร บัวทอง        อาจารย์ประจ าแขนงวิชาการวัดและประเมินผลการศกึษา  
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รำยนำมผู้ทรงคุณวุฒิที่ตรวจควำมตรงเชิงเนื้อหำและควำมเป็นคูข่นำน 

ของแบบวัดกำรรู้เร่ืองกำรอ่ำนฉบับท่ีหนึ่ง (Test set 1), ฉบับท่ีสอง (Test set 2), และฉบับท่ีสำม        

(Test set 3) 

 

กลุ่มที่หนึ่ง รำยนำมของผู้ทรงคุณวุฒิที่ตรวจสอบควำมตรงเชิงเนื้อหำและควำมเป็นคูข่นำนของแบบวัด 

               กำรรู้เร่ืองกำรอ่ำน (ข้อสอบข้อที่ 1-5 ข้อที่ 21-25 และข้อที่ 41-45)  
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                มหาวิทยาลัยรามค าแหง 

2. อาจารย์ ดร.ทัศนีย์ เศรษฐพงษ ์                  อาจารย์ประจ าสาขาวิชาภาษาไทย  คณะครุศาสตร์ 

                มหาวิทยาลัยราชภัฏสวนสุนันทา 

3. ครูปองภพ ปะวันเนย์                               ครูสอนวิชาภาษาไทย ระดับมัธยมศึกษา  

     โรงเรียนชิโนรสวิทยาลัย 
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     คณะศึกษาศาสตร์ มหาวิทยาลัยเกษตรศาสตร ์
 

กลุ่มทีส่อง รำยนำมของผู้ทรงคุณวุฒิที่ตรวจสอบควำมตรงเชิงเนื้อหำและควำมเป็นคูข่นำนของแบบวัด 

               กำรรู้เร่ืองกำรอ่ำน (ข้อสอบข้อที่ 6-10 ข้อที่ 26-30 และข้อที่ 46-50)  

6. ผู้ช่วยศาสตราจารย์ ดร.อภิรักษ์ อนะมาน          อาจารย์ประจ าวิชาหลักสูตรและการสอน(การสอนภาษาไทย) 

        มหาวิทยาลัยสุโขทัยธรรมาธิราช 

7. อาจารย์ ดร.พณิพนธ์ คงวิจิตต ์     อาจารย์ประจ าสาขาวิชาการสอนภาษาไทย 

        มหาวิทยาลัยศลิปากร 

8. ครูมินตรา  ลายสนิทเสรีกุล                ครูสอนวิชาภาษาไทย ระดับมัธยมศึกษา 

        โรงเรียนเตรียมอุดมศึกษาน้อมเกล้า 

9. ครูปัญจพล  บลุาลม      ครูสอนวิชาภาษาไทย ระดับมัธยมศึกษา  

        โรงเรียนชิโนรสวิทยาลัย 

10. ผู้ช่วยศาสตราจารย์ ดร.ฉตัรศริิ ปิยะพิมลสิทธ์ิ   อาจารยส์าขาวิชาวิจัยและประเมินทางการศึกษา 

        คณะศึกษาศาสตร์ มหาวิทยาลยัเกษตรศาสตร์ 
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กลุ่มที่สำม รำยนำมของผู้ทรงคุณวุฒิที่ตรวจสอบควำมตรงเชิงเนื้อหำและควำมเป็นคู่ขนำนของแบบวัด 

               กำรรู้เรื่องกำรอ่ำน (ข้อสอบข้อที่ 11-15 ข้อที่ 31-35 และข้อที่ 51-55)  

11. ผู้ช่วยศาสตราจารย์เจษฎา บุญมาโฮม                  อาจารย์ประจ าวิชาหลักสูตรและการสอน (ภาษาไทย) 

         มหาวิทยาลัยราชภัฏนครปฐม 

12. อาจารย์เจษฎา ศรีวัฒนเมธากุล                  อาจารย์ประจ าสาขาภาษาไทย คณะศิลปศาสตร์ 

         มหาวิทยาลัยสุโขทัยธรรมาธิราช 

13. อาจารย์ ดร.เฉลิมลาภ ทองอาจ        อาจารย์สอนวิชาภาษาไทย ระดับมัธยมศึกษา 

         โรงเรียนสาธิตจุฬาลงกรณ์มหาวิทยาลัย ฝ่ายมัธยม 

14. ครูจริยา ประเสริฐนู        ครูสอนวิชาภาษาไทย ระดับมัธยมศึกษา 

         โรงเรียนภูเขียว 

15. อาจารย์ ดร.เกียรติยศ กุลเดชชัยชาญ      อาจารย์ประจ าส านักทดสอบทางการศึกษาและจิตวิทยา 
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กลุ่มที่ส่ี รำยนำมของผู้ทรงคุณวุฒิที่ตรวจสอบควำมตรงเชิงเนื้อหำและควำมเป็นคู่ขนำนของแบบวัด 

               กำรรู้เรื่องกำรอ่ำน (ข้อสอบข้อที่ 16-20 ข้อที่ 36-40 และข้อที่ 56-60)  

16. ผู้ช่วยศาสตราจารย์ ดร.กมลพัทธ์ ใจเยือกเย็น อาจารย์สอนภาษาไทย คณะมนุษยศาสตร์และสังคมศาสตร์ 

     มหาวิทยาลัยราชภัฏพระนคร 

17. อาจารย์ธนชพร พุ่มภชาติ   อาจารย์ประจ าสาขาวิชาเอกภาษาไทย คณะศึกษาศาสตร์ 

                  มหาวิทยาลัยรามค าแหง 

18. อาจารย์มณิการ์ ชูทอง   อาจารย์สอนวิชาภาษาไทย ระดับมัธยมศึกษา 

     โรงเรียนสาธิตจุฬาลงกรณ์มหาวิทยาลัย ฝ่ายมัธยม 

19. ครูนนทชัย บุตรสอน   ครูสอนวิชาภาษาไทย ระดับมัธยมศึกษา 

     โรงเรียนนครพนมวิทยาคม 

20. ผู้ช่วยศาสตราจารย์ ดร.พินดา วราสุนันท์   อาจารย์ภาควิชาครุศึกษา คณะศึกษาศาสตร์และพัฒนศาสตร์ 

     มหาวิทยาลัยเกษตรศาสตร์ วิทยาเขตก าแพงแสน 
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Appendix B 
The Results of IOC Index of the Reading Literacy Pretest and Posttest 
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Appendix C 
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Appendix F 
Example of Reading Literacy for Computerized Dynamic Assessment  
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ช่น
นี้ 

คร
ู

คิด
แล

้วว
่าเด

็กค
นน

ี้ต้อ
งก

าร
คว

าม
ช่ว

ยเ
หล

ือ 
คร

ูจึง
ปล

ุกป้ั
นพ

ลัง
 ให้

ก า
ลัง

ใจ
 แ

ละ
พูด

เพ
ียง

ปร
ะโ

ยค
เด

ียว
ว่า

 ค
รูเช

ื่อ

ว่า
เร

าท
 าไ

ด้ 
จา

กเ
ด็ก

ที่ด
ูจะ

เรี
ยน

ไม
่จบ

พร
้อม

เพ
ื่อน

 ด
ูท า

งา
นไ

ม่ท
ัน 

สุด
ท้า

ยเ
ขา

ก็เ
รีย

นผ
่าน

มา
ได

้ แ
ถม

ยัง
จบ

ไป
พร

้อม
กัน

กับ
เพ

ื่อน
อีก

ด้ว
ย 

 มัน
ก็เ

ลย
ท า

ให้
มิ้น

คิด
อย

่าง
หน

ึ่งว
า่ ส

ิ่งเห
ล่า

นี้ม
ันเ

หม
ือน

ขอ
งข

วัญ
ทีค่

รูใ
ห้ก

ับน
ักเ

รีย
น 

ท า
ให้

เด
็กท

ี่คิด
ว่า

ชีว
ิตเ

ขา
มีแ

ต่
คว

าม
มืด

 ถ
ูกต

ัดส
ินว

่าเป็
นเ

ด็ก
ทีไ่

ม่ด
ี เพ

ียง
แค

่คร
ูคน

หน
ึ่งเช

ื่อม
ัน่ใ

นต
ัวเข

า ม
ันช

่วย
ปล

ุกป้ั
นแ

สง
สว

่าง
ใน

ตัว
เข

าข
ึ้นม

า 
 

ถ้า
คิด

ใน
ทา

งก
ลับ

กัน
 เด

็กค
นน

ี้ไม
่ได

้เจ
อก

ับค
รูค

นน
ี้ ช

ีวิต
เข

าจ
ะเ

ป็น
อย่

าง
ไร

? 
มิ้น

คิด
ว่า

เด
็กค

นน
ั้นค

งร
ู้สึก

ไร
้ค่า

 รู้ส
ึกว

่าต
ัวเอ

งไม
่สา

มา
รถ

ท า
อะ

ไร
ได

้อีก
ต่อ

ไป
 

 ทุก
คน

อา
จจ

ะค
ิดว

่าม
ิ้นเ

ป็น
คร

ูคน
นั้น

ใช
่ไห

มห
รือ

เป
ล่า

 –
 แ

ต่ไ
ม่ใ

ช่ 
มิ้น

เป็
นน

ักเ
รีย

นค
นน

ั้น 
 ม

ิ้นเ
คย

เป็
นน

ักเ
รีย

นท
ี่

ล้ม
เห

ลว
เค

ยถ
ูกม

อง
ว่า

เป
็นค

นท
ี่ไม

่มีค
วา

มร
ับผ

ิดช
อบ

 เป็
นน

ักเ
รีย

นท
ี่ดูไ

ม่ต
ั้งใจ

เรีย
น 

แต
่เพ

รา
ะข

อง
ขว

ัญท
ี่คร

ูท่า
น

นั้น
ย่ืน

มา
ให้

 ท
 าใ

ห้ม
ิ้นร

ู้ว่า
เรา

ยัง
มีค

ุณ
ค่า

อะ
ไร

บา
งอ

ย่า
งอ

ยู่ 
ขอ

งข
วัญ

ชิ้น
นี้ท

 าใ
ห้เ

รา
เรีย

นร
ู้คว

าม
ผิด

พล
าด

ขอ
งเร

า 
แล

ะท
 าใ

ห้ม
ิ้นร

ู้ว่า
ถ้า

มิ้น
ไป

สอ
นเ

ด็ก
คน

ไห
นก

็ตา
ม 

ไม
่ว่า

เข
าจ

ะเ
รีย

นเ
ก่ง

/ไม
่เก

่ง เ
ป็น

เด
็กด

ี/ไม
่ดี 

ใน
สา

ยต
าข

อง
ใค

ร 
สิ่ง

ที่ม
ิ้นจ

ะท
 าก

ับเ
ขา

 ค
ือก

าร
หยิ

บย่ื
นโ

อก
าส

มอ
งเห็

นแ
สง

สว
่าง

ใน
ตา

ขอ
งเข

า แ
ละ

เช
ื่อม

ั่นใ
นต

ัวเข
า 

“เ
พร

าะ
กว

่าเด
็ก

หน
ึ่งค

นจ
ะเ

ติบ
โต

ขึ้น
มา

 ไม
่มีใ

คร
หร

อก
ค่ะ

ที่ไ
ม่เ

คย
ผิด

พล
าด

 ท
ุกค

นล
้วน

ผ่า
นก

าร
ผิด

พล
าด

มา
แล

้ว 
แต

่จะ
มีค

รูส
ักก

ี่
คน

ที่ใ
ห้โ

อก
าส

กับ
คว

าม
ผิด

พล
าด

ขอ
ง  

 เด
็ก 

ๆ”
 

 “มั
นเ

ป็น
เร่ือ

งน
่ำก

ลัว
 ท่ี

เด็
ก 

ๆ 
ใน

โร
งเรี

ยน
กล

ัวท่ี
จะ

ผิด
 ก

ลัว
ท่ีจ

ะพ
ลำ

ด 
เข

ำอ
ยำ

กเ
ป็น

ท่ีห
นึ่ง

 แ
ม้ใ

นโ
รง

เรีย
น

จะ
มีค

วำ
มห

ลำ
กห

ลำ
ยม

ำก
มำ

ย 
แต

่มีเ
พีย

งส
อง

เค
รื่อ

งห
มำ

ยเ
ท่ำ

นั้น
คือ

ถูก
กับ

ผิด
 ซ

ึ่งมั
นไ

ปป
ิดก

ั้นค
วำ

มอ
ยำ

ก
เรีย

นร
ู้ขอ

งน
ักเ

รีย
น”
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1 

1.1
 เพ

รา
ะเ

หต
ุใด

เด
ก็ผ

ู้หญ
ิงใน

เรือ่
งน

ีจ้ึง
มีพ

ฤต
ิกร

รม
สง่

งา
นช

้า 
   

   
ก.

 เป็
นเ

ดก็
ขีเ้

กีย
จ 

   
   

ข. 
ไม

่มีค
วา

มร
ับผ

ิดช
อบ

ต่อ
งา

น 
   

   
ค. 

รู้ส
กึแ

ย่ท
ีท่ า

งา
นอ

อก
มา

ไม
่ด ี

   
   

ง. 
ไม

่ค่อ
ยต

ั้งใจ
เรีย

นเ
วล

าค
รูส

อน
  

   
   

จ. 
คิด

ว่า
คง

เรีย
นไ

ม่ผ
่าน

 จ
งึไม

่สน
ใจ

ท า
งา

นส
่ง 

1.2
 เห

ตุใ
ดน

ักเ
รีย

นจ
ึงเล

อืก
ตัว

เล
อืก

นี้ 
 

   
   

ก.
 เพ

รา
ะเ

ธอ
ไม

่มีเ
วล

าท
 าง

าน
ที่ค

รูม
อบ

หม
าย

ได
้ดี 

 
   

   
ข. 

เพ
รา

ะเ
ธอ

คิด
ว่า

ตน
เอ

งไม
่สา

มา
รถ

ท า
งา

นไ
ด้ด

ีเห
มอื

นเ
พื่อ

นค
นอ

ื่น 
ๆ 

ใน
หอ้

งเร
ียน

 
   

   
ค. 

เพ
รา

ะม
ีคุณ

คร
ูท่า

นห
นึ่ง

เข
้าไ

ปส
อบ

ถา
มแ

ละ
พบ

ว่า
เธอ

มีค
วา

มเ
คร

ียด
แล

ะก
ดด

นัใ
นก

าร
ท า

งา
นส

่งค
รู 

 2.1
 จ

าก
ขอ้

คว
าม

 “
สิ่ง

เห
ล่า

นี้ม
ันเ

หมื
อน

ขอ
งข

วัญ
ท่ีค

รูใ
ห้ก

ับน
กัเ

รีย
น”

 ม
ีคว

าม
หม

าย
ว่า

อย่
าง

ไร
  

   
   

ก.
 ค

รูไ
ด้ม

อบ
ขอ

งข
วัญ

ให้
กับ

นัก
เรีย

น 
   

   
ข. 

คร
ูให้

ก า
ลัง

ใจ
แล

ะเ
ชื่อ

มัน่
ใน

ตวั
ขอ

งน
ักเ

รีย
น 

 
   

   
ค. 

คร
ูให้

โอ
กา

สน
ักเ

รีย
นส

่งง
าน

ช้า
กว

่าก
 าห

นด
ได

้ 
   

   
ง. 

คร
ทู า

ให้
นัก

เรีย
นไ

มเ่
คร

ียด
เวล

าท
ี่สอ

นใ
นช

ั้นเ
รีย

น 
   

   
จ. 

คร
เูปิ

ดโ
อก

าส
ให้

นกั
เรีย

นไ
ด้ท

 าใน
สิ่ง

ที่ต
นเ

อง
สน

ใจ
  

2.2
 เห

ตุใ
ดน

ักเ
รีย

นจ
ึงเล

อืก
ตัว

เล
อืก

นี้ 
 

   
   

 ก
. เ

พร
าะ

คร
ทู า

หน
้าท

ี่เป็
นผ

ู้ชว่
ยเ

หล
ือใ

ห้แ
ก่น

กัเ
รีย

นเ
มื่อ

มีป
ัญห

าเด
อืด

รอ้
น 

  
   

   
 ข

. เ
พร

าะ
คร

ูเป็
นผ

ูท้ี่ใ
ห้โ

อก
าส

แก
น่ัก

เรยี
นย

าม
นัก

เรีย
นท

 าผ
ิดพ

ลา
ด 

   
   

   
 ค

. เ
พร

าะ
คร

เูป็
นผ

ูท้ี่ร
กัแ

ละ
คอ

ยด
ูแล

นกั
เรีย

นเ
หม

อืน
สม

าช
ิกใ

นค
รอ

บค
รัว

  
 3.1

 บ
ทค

วา
มเ

รื่อ
งน

ี้ ค
รูม

ิ้นร
ู้สกึ

อย่
าง

ไร
กับ

นกั
เรีย

นท
ี่ลม้

เห
ลว

 
   

   
ก.

 เห
นื่อ

ยใ
จ 

   
   

ข. 
เห็

นอ
กเ

ห็น
ใจ

 
   

   
ค. 

หง
ุดห

งิด
ใจ

 
   

   
ง. 

ทกุ
ข์ใ

จ 
 

   
   

จ. 
เศ

ร้า
ใจ

  

3.2
 เห

ตุใ
ดน

ักเ
รีย

นจ
ึงเล

อืก
ตัว

เล
อืก

นี้ 
 

   
   

ก.
 เพ

รา
ะค

รูม
ิน้เ

คย
เป็

นน
ักเ

รีย
นท

ี่ล้ม
เห

ลว
มา

กอ่
น 

   
   

ข. 
เพ

รา
ะค

รูม
ิ้นร

ู้สกึ
สง

สา
รล

กูศ
ิษย์

ที่เ
ป็น

นกั
เรีย

นท
ี่ลม้

เห
ลว

 
   

   
ค. 

เพ
รา

ะค
รูม

ิน้เ
คย

มีล
กูศ

ิษย์
ที่ล

้มเ
หล

วม
าก

อ่น
  

 4.1
 เพ

รา
ะเ

หต
ุใด

ผู้พู
ดจ

ึงเน
น้ย

 ้าว
่า “

แม้
ใน

โร
งเรี

ยน
จะ

มีค
วา

มห
ลา

กห
ลา

ยม
าก

มา
ย 

แต่
มีเ

พีย
งส

อง
เค

ร่ือ
งห

มา
ย

เท่
าน

ั้นค
ือถ

ูกก
บัผ

ิด 
ซึง่

มัน
ไป

ปิด
กั้น

คว
าม

อย
าก

เรีย
นร

ู้ขอ
งน

ักเ
รยี

น”
 

   
  ก
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พือ่
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ดง

คว
าม

คิด
เห็

นว
่าน

กัเ
รีย

นค
วร

ได
้รับ

โอ
กา

สใ
นก

าร
เรีย

นร
ู้จา

กก
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ลอ
งผ

ิดล
อง

ถกู
ด้ว

ยต
นเ

อง
 

   
  ข

. เ
พือ่

เป
รีย
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ทีย
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วา

มแ
ตก

ต่า
งร

ะห
วา่

งส
ิ่งท

ี่นกั
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ูกแ
ละ

สิ่ง
ที่น

กัเ
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ดิ 
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. เ

พื่อ
เส

นอ
แน

ะว
ธิีก
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เรีย

นร
ูท้ี่ถ

กูต
้อง

ให้
แก

่นกั
เรีย

นน
 าไ

ปป
ฏิบั

ติ 
   

  ง
. เ

พื่อ
สน

ับส
นนุ

คร
ูใน

กา
รส

่งเส
ริม

นัก
เรยี

นใ
ห้เ

รีย
นร

ู้ได
้ดว้

ยต
นเ

อง
 

   
  จ

. เ
พือ่

เป็
นก

 าล
ังใจ

ให้
แก

่คุณ
คร

ูใน
กา

รเร
ียน

รู้จ
าก

คว
าม

ผิด
พล

าด
ขอ

งต
นเ

อง
  

4.2
 เห

ตุใ
ดน

ักเ
รีย

นจ
ึงเล

อืก
ตัว

เล
อืก

นี้ 
 

   
   

ก.
 เพ

รา
ะผ

ู้พดู
ไม

่ต้อ
งก

าร
ให้

นัก
เรีย

นเ
ป็น

เด
ก็ไ

ม่ด
ี  

   
   

ข. 
เพ

รา
ะผ

ู้พูด
ตอ้

งก
าร

สะ
ทอ้

นปั
ญห

าข
อง

เด
ก็น

กัเ
รีย

นท
ี่ลม้

เห
ลว

ใน
โร

งเร
ียน

  
   

   
ค. 

เพ
รา

ะผ
ู้พูด

ตอ้
งก

าร
ให้

โอ
กา

สน
ักเ

รีย
นใ

นก
าร

เรีย
นร

ูจ้า
กค

วา
มผ

ิดพ
ลา

ดข
อง

ตน
 

 5.1
 น

ักเ
รีย

นค
ิดว

่าบ
ทค

วา
มเ

รือ่
งน

ี้คว
รป

รับ
ปร

ุงด
้าน

ใด
เพ

ือ่ใ
ห้ม

ีคว
าม

น่า
เช

ื่อถ
อืม

าก
ย่ิง
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  ก

. ค
วร

ระ
บวุ

ันเ
ดือ

นปี
ที่เ

ผย
แพ

ร่บ
ทค

วา
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  ข

. ค
วร

ระ
บุป

ระ
วัต

ิขอ
งผ

ู้ให้
ข้อ

มูล
 

   
  ค

. ค
วร

มกี
าร

ระ
บุช

ือ่ข
อง

เว็บ
ไซ

ต์ท
ีเ่ผ

ยแ
พร

่บท
คว

าม
 

   
  ง

. ค
วร

มกี
าร

อ้า
งอ

ิงแ
หล

่งท
ี่มา

ขอ
งข

อ้ม
ูล 

   
  จ

. ค
วร

ให้
ที่อ

ยู่อ
เีม

ลผ
ูเ้ข

ียน
เพ

ื่อท
ี่ผู้อ

่าน
สา

มา
รถ

ตชิ
มไ

ด้ 
 

5.2
 เห

ตุใ
ดน

ักเ
รีย

นจ
ึงเล

อืก
ตัว

เล
อืก

นี้ 
 

   
  ก

. เ
พร

าะ
กา

รร
ะบ

ุวนั
เด

อืน
ปีท

ี่เผ
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พร
ท่ า

ให้
อ้า

งอ
ิงบ

ทค
วา

มไ
ด้ 

 
   

  ข
. เ

พร
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กา
รร

ะบ
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เด
ือน

ปีท
ีเ่ผ

ยแ
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ท่ า
ให้

เข
้าใ
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ริบ

ทแ
ละ

สถ
าน
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์ใน
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พร
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รร
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ุวนั
เด
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ี่เผ
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บท
อ่ำ

นท
ี่สอ

ง: 
โซ

เชี
ยล

มีเ
ดีย

 

สื่อ
สา

รก
ับค

นว
ัยไ

หน
 ใช

้มเี
ดีย

ใด
ถึง

เห
มา

ะ?
 

ใน
ปี 

20
18

 ท
ี่ผ่า

นม
า ก

็ถอื
ว่า

เป็
นอ

กีห
นึ่ง

ปีท
ีต่ล

าด
ขอ

งผ
ู้ใช

อ้ิน
เท

อร
เ์น

็ตเ
ติบ

โต
ไป

อย่
าง

ก้า
วก

ระ
โด

ด 
ซึ่ง

ปัจ
จุบ

ัน
สถ

ิติก
ำร

ใช
้อิน

เท
อร์

เน
็ตข

อง
คน

ไท
ยมี

อัต
รำ

เฉ
ลี่ย

อย
ู่ที่ว

นัล
ะ 

10
 ช

ั่วโ
มง

 5
 น

ำท
ี/ต

่อค
น 

จึง
ท า

ให้
หล

าย
 ๆ

 ธุร
กิจ

มีก
าร

ปร
ับต

ัวไ
ปต

าม
พฤ

ตกิ
รร

มผ
ู้บร

ิโภ
ค 

แล
ะยั

งม
ีธุร

กิจ
ออ

นไ
ลน

์ให
ม่ 

ๆ 
ผุด

ขึน้
อกี

เพ
ียบ

 
 หล

าย
แบ

รน
ด์ 

หล
าย

ธุร
กิจ

 ก
เ็ล

ือก
เอ

า “
คอ

นเ
ทน

ต์”
 (C

on
te

nt
) ม

าเป็
นปั

จจ
ัยห

ลัก
ใน

กา
รส

ือ่ส
าร

กับ
ผู้บ

ริโ
ภค

 
เพ

ื่อเ
ข้า

ถึง
ผู้ค
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