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Student Video Production and Discussion for Mathematical
Engagement: Comparing YouTuber and Tutorial Video Task
Designs

Ho-Chieh Lin
New Taipei Municipal Qing Shui Elementary School
linhochieh@gmail.com

Abstract
As digital media becomes increasingly integrated into classrooms, video production
offers promising opportunities to support student engagement in mathematics.
While prior research suggests that creating videos on mathematical topics can promote
student agency and engagement, little is known about how video production styles
influence students’ mathematical engagement. This study investigated how
elementary students engaged in producing and discussing their mathematical videos
across two contrasting design environments: YouTuber-style video tasks and
tutorial-style video tasks. Drawing on multimodal analysis and a mathematical
engagement framework, this study examines students’ discourse, use of mathematical
strategies, and interaction patterns. Findings reveal that the students who
participated in the tutorial-style video tasks demonstrated higher levels of
mathematical engagement than the students who participated in the YouTuber-
style video tasks. The study contributes to emerging scholarship on video-
mediated mathematical discussion and offers insights for designing culturally
responsive, media-rich learning experiences in mathematics.

Key words: video production, online video platform, student mathematical
engagement

Introduction

Digital media has increasingly become an integral part of education, offering
innovative ways to engage students. Although video production is recognized for
enhancing student engagement across various disciplines, its application in
mathematics remains in its early stages. Existing literature suggests that engaging
students in producing videos on mathematical topics fosters student agency and
mathematical learning (Oechsler & Borba, 2020). Furthermore, online video-sharing
platforms, such as Flip (formerly Flipgrid, now retired), have been used as tools for
promoting student mathematical discussion and identities (Hicks, 2021; Chao et al.,
2022). Despite these promising findings, research is scarce on the ways video
production styles may shape students’ engagement with mathematics.

To address this gap, I investigated how elementary students engaged in producing and
discussing their mathematical videos within two design environments: YouTuber-style
video tasks and tutorial-style video tasks. Both designs were informed by
contemporary online video-sharing culture. This study is guided by three research
questions aimed at illuminating how these distinct video production styles influence
students’ mathematical engagement.



. RQ1: In what ways do students engage in producing and discussing their
YouTuber-style mathematical videos?

. RQ2: In what ways do students engage in producing and discussing their
tutorial-style videos?
. RQ3: How does student engagement with video production and their peer’s

mathematical ideas differ between the YouTuber-style and tutorial-style video tasks?

Literature Review

This literature review draws on three areas of research: student video production in
mathematics education, the use of online video-sharing platforms for asynchronous
communication, and frameworks for analyzing student mathematical engagement.
Together, these bodies of literature provide a foundation for understanding how video
tasks can support and shape children’s participation in mathematical practices.

Student Video Production for Mathematical Practices

Student video production involves students designing and editing digital videos, either
individually or collaboratively (Henderson et al., 2010). Early initiatives in the 1990s,
such as those by community-based arts organizations in the United States, expanded
media-making practices beyond teaching digital tool skills alone (Tyner, 1994). For
example, the Educational Video Center in New York enabled youth to produce
documentary videos on social issues, reflecting broader goals of media literacy—
empowering learners to access, critically evaluate, and generate diverse forms of
communication. Despite these promising foundations, research on student video
production specifically in mathematics remains limited. Oechsler and Borba’s (2020)
project in Brazilian middle schools, for instance, demonstrated that collaboratively
produced mathematics tutorial videos on fraction addition can harness a range of
communicative modes—speaking, writing, gestures, and facial expressions—to
convey mathematical meaning. Their findings suggest that video production supports
learning through the sign-making process and enhances student agency by enabling
learners to create and deliver their own curriculum content. Similarly, Campbell et al.
(2020) found that a six-week video production assignment in an online STEM course
led to significant gains in content knowledge, self-efficacy, and engagement,
highlighting the potential of tutorial video production as an effective instructional
tool. These studies highlight student video production as a promising approach for
fostering multimodal communication, deepening understanding, and empowering
active participation, although its broader application in mathematics warrants further
study.

Use of the Flip Platform for Asynchronous Communication

Online video platforms such as YouTube and TikTok have transformed
communication by facilitating asynchronous interactions. Building on this trend, Flip
(formerly Flipgrid, now retired)—originally developed at the University of Minnesota
and later acquired by Microsoft—became a popular tool in educational settings
(Green et al., 2021; Mango, 2021). Flip allowed instructors to create discussion
prompts, with students producing and submitting video responses that could be
viewed and commented on by their peers. While some proposals advocate for
incorporating Flip into mathematics classrooms (e.g., Zhang et al., 2022), empirical
studies in this area remain limited. In their review of existing literature on Flip in
education, Kleftodimos and Triantafillidou (2022) noted that most research focuses on
higher education or English language learning, with a lack of studies situated in K—12
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mathematics contexts. However, Hicks (2021) demonstrated Flip’s potential to
support mathematical discourse among pre-service teachers, highlighting that features
such as pausing and replaying videos enable more in-depth analysis of verbal
explanations and visual representations. This evidence points to an untapped
opportunity for exploring Flip’s effectiveness in fostering mathematical engagement
among younger students.

Student Mathematical Engagement

Measuring student engagement in mathematical discussion has been approached from
several perspectives. Webb et al. (2014) characterized engagement along two
dimensions: explaining one’s own ideas and engaging with peers’ ideas. Their
framework evaluates the detail and validity of explanations, as well as the extent to
which responses build on or challenge a peer’s reasoning (see Table 1). In contrast,
Héhkioniemi and colleagues (2022) focused on the dialogicity of interactions,
categorizing moves such as questioning, challenging, and elaborating as indicators of
higher-level engagement compared to simple commenting or responding. Together,
these frameworks provide valuable lenses for evaluating the quality of student
mathematical discourse. Yet, despite these insights, a comprehensive understanding of
how students engage with peers’ ideas in video-mediated contexts remains limited.

Table 1: Student Engagement With Another’s Mathematical Idea (Webb et al., 2014)

Level Description Type
high Adding details to another Adding correct details to another
student’s idea student’s correct idea

Proposing correct details in response
to an incorrect idea

Proposing incorrect details in
response to a correct suggestion
Working together to co-construct

solutions
Medium Referencing the details of
another student’s idea
Low Referencing another

student’s idea without
providing detail

Theoretical Framework

This study is grounded in the humans-with-media perspective (Borba & Villarreal,
2005), which posits that human thinking co-evolves with digital media through
interaction. From this perspective, discourse mediated by digital technologies—
especially those combining visual and auditory modes—ofters a distinct form of
communication that can reorganize and enhance human understanding. In this study,
students' mathematical discourse is mediated by the online videos they create and
view. The act of producing a video prompts students to externalize and coordinate
verbal explanations with visual representations, while watching peers’ videos engages
them in noticing these multimodal cues. I argue that leveraging video tasks to promote
student engagement in mathematics requires careful design that attends to how digital
media shapes student expression and attention.
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Methodology

All sessions were conducted via Zoom using a task-based interview format (Goldin,
2000). Four fifth-grade students, Pin-Hsin, Pin-Yen, Madiha, and Neha (pseudonym:s),
from a midwestern U.S. state participated in the study. Pin-Hsin and Pin-Yen, twin
Taiwanese sisters who have lived in the United States for two and a half years,
engaged in the YouTuber-style video tasks. Madiha and Neha, Pakistani American
classmates from an online program at an Islamic school, engaged in the tutorial-style
video tasks. In an initial orientation, all participants learned to use the Flip platform
and practiced by producing self-introduction videos and providing feedback to their
partner.

Two task contexts were implemented:

. YouTuber Video Tasks: Pin-Hsin and Pin-Yen first solved a mathematical
problem individually (a cookie-sharing problem) and then produced Flip videos in
which they adopted a YouTuber persona. Their videos were designed to mimic
popular online content, including calls to action (e.g., “subscribe,” “like,”
“comment”). After video production, they watched and discussed each other’s videos.
. Tutorial Video Tasks: Madiha and Neha also began by solving a
mathematical problem (a pizza parlor problem; Lubiensky, 2000) individually. They
then produced tutorial videos explaining their strategies step-by-step while using a
Flip whiteboard to illustrate ideas. After producing their videos, they watched each
other’s work twice and provided structured feedback using sentence stems (“I
noticed...,” “I wonder...,” and “I would suggest...”) (see Table 2). Finally, they
gathered for a group discussion to talk through their comments.

Table 2. Video noticing form.

I noticed...

I wonder...

I would
suggest...

Data were collected from multiple sources, including video recordings of sessions and
one-on-one interviews, typed responses from the video noticing forms, participants’
written work, and researcher memos. The analysis consists of two parts. To examine
participants’ engagement in video production, I conducted a multimodal analysis of
their videos. To analyze how participants engage in discussing their peer’s
mathematical ideas through the peer’s video, I first organized their typed responses
into a spreadsheet and then reviewed video recordings to triangulate findings. Levels
of student mathematical engagement were subsequently identified using Webb et al.’s
(2014) framework.

Findings and Discussion

Engagement in YouTuber-Style Video Tasks (RQ1)

Pin-Hsin and Pin-Yen adopted a YouTuber persona in their strategy videos. They
spoke passionately, used natural gestures, and included typical YouTube expressions
such as “make sure to give my video a big thumbs up” and “subscribe to my channel”
(see Figure 1). Their enthusiastic style indicated comfort and creativity in using the
digital medium. However, the emphasis on stylistic performance sometimes
overshadowed the clarity of their mathematical explanations. For example, in Pin-
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Yen’s video, a significant portion of her narrative was dedicated to channel promotion
and giveaways. During a post-viewing discussion, Pin-Hsin’s feedback—*"I think you
can articulate it better”—highlighted that while the YouTuber style was engaging, it
did not always promote sustained mathematical discussion. Their subsequent dialogue
rarely focused on the mathematical content, and their engagement with each other’s
strategies remained at a low level.

Figure 1: Pin-Yen Pointing to the Subscription Button in Her Video

Engagement in Tutorial-Style Video Tasks (RQ2)

In contrast, Madiha and Neha’s tutorial videos were more structured and focused on
mathematical reasoning. They maintained a steady pace, kept the camera still, and
used a Flip whiteboard to illustrate their step-by-step strategies (see Figure 2(a) &
(b)). Their videos also included visual and audio enhancements; for instance, Neha
used vibrant music and a decorative backdrop, while Madiha opted for a plain
background and gentle music. Although in one case the music in Neha’s video was too
loud and interfered with her verbal explanation, both participants effectively used the
provided sentence stems to articulate what they noticed about each other’s strategies.
For example, Neha’s structured responses—*I noticed...,” “I wonder...,” and “I
would suggest...”—helped her articulate both strengths and areas for improvement in
her peer’s approach (see Table 3).

s GD (o

8Y oY
S ;
oA \2 0
# 72*%

(a) Madiha’s drawing (b) Neha’s writing
Figure 2: Snapshots of Neha's Video and Madiha's Video

Table 3. Neha's noticing comments

I noticed... |[that she is using fractions in the more complicated way, and she is going
fast (I understand this though, she had limited time)

I wonder... |why she always uses fractions with inequivalent denominators then
changes them to common denominator fractions

13



I would to try a different technique, like, using a less complicated way for maybe
suggest... Sth or 4th graders?

During group discussions, Madiha and Neha engaged in sustained dialogue about
their mathematical strategies. In one vignette, Neha questioned Madiha’s consistent
use of a technique to convert fractions with unlike denominators, prompting Madiha
to explain her reasoning in detail while using the Zoom whiteboard to provide visual
support (see Figure 3). Their dialogue, marked by questioning and elaboration,
reflected medium- to high-level engagement as defined by Webb et al. (2014).

RSBIED)

[©
4N
20 %ﬁ
76 77
Ve /v‘— /
4 1
: A

Figure 3: Madiha's Writing on Zoom Whiteboard

Comparative Engagement (RQO3)

The comparison between the two video tasks reveals distinct differences in how
students engaged with both video production and their peers’ mathematical ideas. The
YouTuber-style tasks fostered an energetic and performative approach; however, this
style appeared to divert Pin-Hsin and Pin-Yen’s attention away from meaningfully
engaging with each other’s mathematical reasoning. In contrast, the tutorial-style

tasks supported Madiha and Neha in producing focused, step-by-step explanations and
sustaining mathematical discussions, resulting in deeper engagement. These findings
suggest that while the YouTuber style may appeal to young learners, the tutorial
approach more effectively supports meaningful mathematical engagement.

Conclusion and Implications

The findings of this study suggest several implications for designing video tasks in
mathematics education. First, it is important to strike a balance between stylistic
expression and clarity of mathematical content. Providing students with clear video
production guidelines—such as limiting background music or emphasizing clear
audio and visuals—may help prevent aesthetic elements from overshadowing
mathematical ideas. Second, refining the sentence stems used in tutorial-style video
tasks may promote a more inquiry-driven orientation, encouraging students to not
only attend to specific features of a peer’s strategy but also interpret the underlying
reasoning. Finally, future research could employ comparative studies that contrast
contexts with and without the designed video tasks to generate stronger evidence of
their impact on students’ mathematical engagement.

This study has limitations. The participants were upper elementary students who were
familiar or acquainted with each other, had prior experience with video production,
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and felt comfortable sharing their mathematical ideas online. It remains unclear how
students with different backgrounds, levels of familiarity, or digital literacy might
engage with the proposed tasks. Additionally, the study did not examine how
participants’ understanding of fraction comparison developed over the course of the
sessions. These areas warrant further investigation to better understand how to
support children’s mathematical learning through online video tasks.

Overall, this study explores how intentionally designed video tasks can be refined to
promote mathematical engagement. By comparing YouTuber-style and tutorial-style
video formats, it contributes to the growing body of research on student-generated
mathematical videos and offers practical guidance for educators interested in
integrating video production into mathematics instruction.
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Introduction

The rapid advancement of educational technology and pedagogical
frameworks in Taiwan has opened new avenues for enhancing mathematics
education. Recent research, drawing on insights from leading scholars,
proposes a comprehensive approach that integrates technology, -culturally
responsive teaching, self-regulated learning, and teacher professional development.
These strategies, often supported by technological tools or statistical modeling,
have been shown to improve learning outcomes (e.g., Lin & Wu, 2018; Chiu et
al., 2022; Cheng, 2022; Chin, 2023; Weng, 2023; Wang et al., 2024; Y. C. Lin, 2024;
Y. H. Lin, 2024; Yang et al., 2024). Alongside these advancements, there is growing
recognition of values as critical affective and non-cognitive components in education.
Studies increasingly highlight the role of values in shaping human development,
demonstrating their influence not only on cognitive processes but also on the
broader learning experience in mathematics classrooms (e.g., Hannula, 2002; Pintrich,
2003; Seah, 2019; Chiu et al., 2022; Chiu & Seah, 2024; Wan & Yu, 2024). This
paper introduces a quantitative measurement approach to assess students’
problem-solving skills within evaluation and assessment frameworks. Utilizing
advanced methodologies such as voice spectrogram analysis and speech
communication metrics, the study explores the potential of affective computing in
educational settings. A voice spectrogram, which visually represents the
frequency spectrum of voice signals over time, illustrates how energy is
distributed across different frequencies during speech or vocalization. This detailed
visualization of vocal frequencies enables the analysis of speech patterns and
emotional cues, providing deeper insights into students’ cognitive and emotional

states as they engage with mathematical learning.

Methodological approaches

Research by Cherian et al. (2024) examined the performance of various Al models
across mathematical domains, revealing notable disparities between human and
Al capabilities. Humans consistently outperform Al in geometry, demonstrating
superior spatial reasoning skills. In number and algebra, AI models such as
GPT-4 exhibit competitive abilities, though humans still maintain an edge. In logic-
based tasks, the gap is even more pronounced, with humans vastly outperforming Al;
no current model achieves accuracy beyond 35%. For image-text tasks, humans
demonstrate superior performance, while GPT-4 shows some capability. However, in
text-only tasks, GPT-4 surpasses human performance, highlighting its strength in
text-based reasoning and language processing. These findings emphasize a
significant gap between human reasoning and Al capabilities, particularly in
areas requiring complex logic, visual reasoning, and problem-solving. Bridging

this gap underscores the need to reinforce
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key problem-solving skills in mathematics education, which serve as essential
foundations for cognitive development.

Therefore, it is essential to explore key aspects of geometry, number sense, logic,
image-text, and text-only formats to assess young children's cognitive development and
emotional engagement with mathematical problem-solving. Number sense fosters an
understanding of digit values, enables representation in expanded and word forms, and
enhances fluency in addition and subtraction through tools such as number lines.
Proficiency in multi-digit calculations and multiplication strengthens numerical
reasoning and pattern recognition, while division equips students with strategies for
equal grouping and problem decomposition. Fractions support comparative reasoning
and equivalence through visual models like area diagrams, and geometry bridges
abstract mathematical concepts with real-world applications by examining shapes,
perimeter, and area.

Emphasizing these interconnected problem-solving skills not only helps navigate
challenges but also bridges the gap between human reasoning and Al capabilities in
complex cognitive and computational tasks. In affective computing systems, key
linguistic elements have been found to reveal emotional states and influence children's
learning performance in mathematics. These elements include acoustic features such as
FO (pitch), jitter, and shimmer, as well as speech hesitations and pauses (Maclay &
Osgood, 1959; Goldman-Eisler, 1961, 1968; Rochester, 1973; Levelt, 1983; Mahl,
1987; Shriberg, 1994; Clark & Tree, 2002). These features can be quantitatively
measured to analyze human emotional responses during learning activities (e.g., Clark
& Tree, 2002; Vasilescu et al., 2007). In English, filled pauses (e.g., uh, um) signal
cognitive processing delays and play a critical role in understanding human engagement.
Such speech disfluencies provide valuable insights into cognitive effort and emotional
states during complex tasks. These pauses, which reflect delays in linguistic signal
transmission, have been extensively studied for their connections to cognitive
processing and speech production. Consequently, extracting these linguistic features
can serve as a valuable tool for assessing students’ emotional states during interview-
based evaluations in mathematics classrooms. As the complexity of learning materials
increases, the cognitive demands on students rise accordingly, and their linguistic
performance reflects their perceptions and assessments of instructional methods in

mathematics education.

Initial analyses of pilot studies
An ongoing study in mathematics classrooms in Taiwan is examining the
integration of key mathematical elements to extract linguistic features for emotion

recognition. Initial analysis reveals systematic patterns in this incorporation,
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highlighting measurable linguistic indicators that provide insights into students'
emotional states while solving mathematical problems. These features include
pitch (measured in Hertz, Hz), formants (Hz), energy (decibels, dB), timing
(milliseconds, msec), and articulation (e.g., vowel pronunciation) at the word level.
Data from pilot participants' interviews further illustrate how these linguistic markers
reflect children's emotional engagement and cognitive processing during problem-

solving tasks.
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Figure 1: Radar charts in children’s speech with linguistic features
The radar charts provide a comprehensive analysis of speech communication by
measuring various acoustic parameters. The fundamental frequency (F0), expressed in
Hertz (Hz), represents pitch and serves as a key indicator of vocal tone. Jitter, measured
in milliseconds (ms) or as a percentage, captures pitch variability and offers insights
into voice stability, while shimmer, recorded in decibels (dB) or as a percentage, reflects
fluctuations in amplitude, indicating vocal effort and quality. Spectral energy, also
measured in dB, describes the distribution of energy across frequencies, providing
information about loudness and emphasis in speech. Formants, specifically F1 through
F5 in Hertz, highlight resonant frequencies related to vowel articulation and overall
speech clarity. Speech rate, typically quantified in milliseconds per syllable, reveals the
pacing of speech and provides insight into cognitive effort during communication.
Additionally, the analysis includes hesitation markers and filled pauses, which are
distinct in Mandarin, such as [¥], [on], [e], and [a]. The data for each child is analyzed
in relation to these acoustic features, offering a detailed perspective on their speech

patterns and emotional dynamics.
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Figure 2: Components of acoustic parameters in mathematics context
The radar charts visually represent the acoustic analysis of speech data from three
children (Child A, Child B, and Child C), focusing on their use of specific speech
elements. Each chart captures the acoustic properties of particular sounds or pauses,
highlighting variations in speech characteristics across individuals and utterances.
Child A exhibits higher levels of jitter, shimmer, and spectral energy, along with a
slower speech rate, suggesting emotional instability and frustration. In contrast, Child
B demonstrates moderate acoustic parameters, indicative of calmness and confidence
in speech delivery. Child C, however, displays elevated jitter and shimmer with a slower
speech rate, signaling hesitation and potential cognitive processing difficulties. These
radar charts offer an intuitive and effective means of visualizing emotional states in
human-computer interactions. Within the scope of this study, they facilitate the
evaluation and assessment of emotional responses in key mathematical contexts,
including geometry, number sense, logic, image-text reasoning, and text-only
reasoning.
Concluding remarks

Gaining a deeper understanding of how hesitations and speech elements naturally
emerge in emotional or affective contexts within mathematics classrooms can provide
valuable insights for developing emotionally intelligent systems. In affective
computing, recognizing the emotional cues embedded in hesitations is essential for
designing responsive and adaptive human-machine interactions. Integrating knowledge
about the affective dimensions of speech communication is expected to enhance the
development of systems that can dynamically adjust to students’ emotional states while
learning mathematics. By examining the connections between emotions, speech
elements and facial expressions, researchers in affective computing can refine
algorithms, models, and technologies to better interpret and respond to the emotional

nuances of human communication and speech dynamics. Such advancements can
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contribute to the creation of more empathetic and context-aware systems,
improving user experience across applications such as virtual assistants, educational
software, and human-computer interfaces. However, the findings in this study may be
influenced by the relatively small dataset, warranting further research to validate these
observations.
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Abstract

This paper presents quantitative methodologies for assessing lower-grade
students' problem-solving abilities within evaluation and assessment processes,
integrating advanced methodologies to explore the impact of affective computing and
facial expressions in mathematics education. By focusing on interconnected problem-
solving skills, the study investigates how to bridge the gap between human reasoning
and Al-driven approaches in complex cognitive tasks. Affective computing systems,
utilizing linguistic analysis, have shown promise in identifying emotional states that
influence children's mathematical learning outcomes. Extracting key linguistic
features from interview tasks in mathematics classrooms enables the evaluation of
students' emotional and cognitive states as they engage with increasingly complex
material. By examining the interplay of emotions, complex facial expressions and
speech dynamics, this research enhances affective computing algorithms and models,
paving the way for a deeper understanding of the emotional dimensions of human

communication in mathematical contexts.

Keywords: Affective Computing, NLP-driven methodologies, Mathematics
Education, Multimodality
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\?Department of Mathematics and Information Education, National Taipei
University of Education, Taiwan

Abstract

This study aims to explore the impact of flexible grouping strategies in differentiated
instruction on the mathematics learning effectiveness of sixth-grade students. Differentiated
instruction emphasizes the design of diverse instructional content and activities based on
students’ readiness, interests, and learning styles to improve overall student achievement.
Flexible grouping dynamically adjusts group composition to foster peer collaboration and
resource sharing, addressing the diverse learning needs of students at varying achievement
levels.

This research adopted a quasi-experimental design, incorporating concrete
instructional activities and multiple forms of assessment to evaluate the effectiveness of
flexible grouping in the unit “Prisms and Cylinders,” which includes the calculation of surface
area and volume.

The participants were sixth-grade students from the researcher’s school. A
nonequivalent control group pretest-posttest design was employed, with two intact classes
selected. The experimental group received instruction using flexible grouping strategies, while
the control group followed the original instructional approach. Research instruments included
a mathematics achievement test and a questionnaire on learning attitude and motivation. Data
were analyzed using t-tests and analysis of covariance (ANCOVA) to assess the effects of the
instructional intervention.

The anticipated outcomes of the study include:

(1) Verifying whether flexible grouping strategies significantly enhance
students’ mathematics achievement.

(2) Analyzing the learning performance changes of students at different
achievement levels after instruction with flexible grouping.

(3) Investigating whether flexible grouping improves students’ learning
motivation and attitudes.

This study aims to provide empirical evidence for mathematics instruction,
contributing to the optimization of sixth-grade geometry teaching strategies and promoting
students’ understanding and application of geometric concepts.

Keywords -
Differentiated instruction , Flexible grouping , Mathematics learning effectiveness
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Problem-Solving Beliefs of Sixth-Grade Case Study Students in
the Unit of Ratios and Proportions

Ya-Chu Shih
Graduate Institute of Mathematics and Science Education, National Tsing Hua

University

Abstract

This study adopts a case study approach, selecting three sixth-grade students
from the researcher’s elementary school class as research subjects to explore the
problem-solving beliefs of students with different achievement levels in the unit of
ratios and proportions. Data were collected through questionnaires and interviews.

The study found that high-achieving students prefer using algorithms that require
less computation time when solving problems. They do not rigidly adhere to the
formulas taught in the textbook for the unit; instead, they flexibly apply previously
learned concepts and connect them to the given problems. These students demonstrate
greater flexibility in problem-solving but have a lower acceptance of estimation-based
answers.

Mid-to-high-achieving students prefer using the formulas taught in the textbook
for the unit. Their problem-solving strategies tend to be more rigid, and they prefer
using a single method to solve all problems. When encountering different algorithms,
they attempt to understand the meaning behind each formula, but they may not
always fully comprehend them. Although these students are proficient in applying the
basic formulas taught in each unit, their ability to connect concepts across different
units is relatively weak.

Low-achieving students also prefer using the formulas taught in the textbook for
the unit, as they believe this is the most reliable way to obtain the correct answer.
While they are the most open to different algorithms, they do not engage in deep
thinking about them, meaning they may not truly understand the concepts. As a result,
they may not recall these alternative methods during exams. Their acceptance of
different algorithms often stems from a belief that teachers would not teach incorrect

methods rather than from a genuine understanding.

Key words: Case Study, Problem-Solving Beliefs, Ratios and Proportions
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A Preliminary Study on the Impact of the IMPROVE
Metacognitive Instructional Method on Elementary School

Students' Mathematics Learning
Yun-Hsuan Lin* Yuan-Horng Lin?

! Department of Mathematics Education, National Taichung University
of Education

2 Department of Mathematics Education, National Taichung University
of Education

Abstract

The main purpose of this study were to explore the impact of applying the
IMPROVE metacognitive instructional method and metacognitive questioning on the
mathematics learning outcomes of sixth-grade elementary school students. Based on
the IMPROVE metacognitive instructional method proposed by Mevarech and
Kramarski (1997) and relevant literature, this study adopts a quasi-experimental
research design. The participants consist of two sixth-grade classes from an
elementary school in Taichung City, with one serving as the experimental group and
the other as the control group. The researcher implemented six lessons of the
IMPROVE metacognitive instructional method in the experimental group,
incorporating it into the teaching of the "Greatest Common Factor and Least Common
Multiple™ unit, while the control group received traditional lecture-based instruction
on the same unit. After the instruction, the test scores from the Hanlin version of the
Greatest Common Factor and Least Common Multiple unit test were used as the
dependent variable, while students' mathematics scores from the second semester of
fifth grade were used as the covariate. A one-way ANCOVA was conducted to
analyze the learning outcomes and examine differences in students' error types in
solving mathematical word problems. The findings of this study revealed that:(1)
After the experimental instruction, there was no significant difference in learning
outcomes between the experimental and control groups due to different teaching
methods.(2) Analyzing the types of errors in mathematical word problems within the
unit test showed that both groups exhibited similar misconceptions.(3) Regarding the
problem-solving process of similar error types, students in the experimental group
were more likely to focus on the given conditions in the questions compared to

students in the control group.
Key words: Metacognition, IMPROVE Metacognitive Instructional Method, Metacognitive

Questioning

51



FY B R TRV RE LT — - - B S A L b
B )

FES FHIP RS AL TA L 3T chenl2048@gapp.nthu.edu.tw
#HE

ARARBFEANESHZ HHEE=ZFEmAE"A MK, ~ "B, "C
MR ZBEPHEHME A —RBIFREIAHUM T TRAI A SR,
"HERABER SN, A THEBAMAE |  IRERZERASAFERE
56 AlRARRFARYS > Clk?) ; Mgt EBRAKR?S » ChRxk
Yo REBRABEATE ARKMMBERELEVALY > RARAHMFELS S BIRA
hEABLEABA > ZERMAMASER ; CRARNE WD LB 5A 3
B R PAEFESLY - BB AMI MEIRAKER EAAELABH
75% > X FRELHIE 25% B TrREAANERM - ZIRAZRAY Y
25%  BFPHERAR 0 RBCZIRAHZATRER BAARLRERE AN ER -

MST : lLBA R - BEHAE - HAE KA

o~ @

SEEE KT EA S EE > K nn TEN, EHFE L HBLY -
ARG 4 TE | )y (g &0 2018) » & & 2019 & (108 ¥ =
B) rahfl - ERAARIKT > wB g FA G E > Fu g A @
Aok g T Bt (KT 2014) c FAERBDE AN oBEAL
FAENA - AR BT B K AR PaNEL P
KEHEP S R RRF 0 £ L LAY PARE Y (RAKR - 2003) o Fp

T wm

7 CEFLEV TR RIERFORE R (20F 3
2+ 2017) -

3

1245 Yang # Lin (2015) e » # A B RA T RE L ¢ G5y o 0
SRR ROCEE A EEkE R AR AT RN PR R

FApFERAL LR E R KA FP 7 RRARITRRFEE (113 8
ER) P EFHEP 2R P ROMEE . 2 FRRRE DL EERFES
FI 0 KA PR EE R R ARTHEAEY PTG g Rk
FRE S LA PRHPTHL LR 5T M F LR BF 1 8 A
A BEEPMAOHRETE > AL REHRPE Y - - A 2 et
Pergfdl B B 5N TRARA LT R e ERF RS AP R fo A )k
EAFPEFNLE 075 FRF SR g 3 -

RS S

- N S EE AR

A 108 HH B E AP R B ARTHHY o Tpg, T3
B2 Trd ) GaE > B0t D3gh® - Bird —g i - # 08y ) LA
F ok TPeEd | iHAFELM A i caw !l ThES |

52


mailto:chen12048@gapp.nthu.edu.tw

"HEnY THELE o BayANIKBER AT FCE R A RN
T ARBE AR T RBPUTRAINES T HRERRER L
FoTHRERESERES T s R R AR AR T HAEBRANRE
#HoTARMAERRRAE T SR EER  (BERFAER
2018) - M HF A RFABAAR - B FENL Y > RBP4 ARE S oM E L
B BRFAKATAZPHANBAIAAME  RADHARRKBMES (B
AME2016) Bt > MERCEFRAFEZRKREENETAZA A FTRBRIFHEA
Bl > MAZARAERAZHZBRP L BBHZTARFRAEES
IR L o A KA RER -
= —A=RFBAHEMAERRAR

Yang #2 Lin (2015) $t# 5B ERBEHXMAEFY -k FTEK

BATHERWLE  FAHRANS XX TEAHRZRRL LN EZE - IRER
FEHEFAERAREIHELEAMNEE S BBZAE BT R EBHE N
B BBRZT  §EHMAZTABEN AKX THEER > BRI EHAEHEY
214k (Yang & Lin, 2015) M AeAAA %3t b > 3 B 206 % 4% BA A 42 & A e P
B ZELANTEBRRATRERRES  SEHMUUHHAREEALE > &
AARARG BB R > RAEMBA AR T RS L ER b FREHAE
AR EASATHER  BRARZHMOSN AL HmEEHRMAZTA RO RFRA
AR EBR > BV EAFEEREE (Yang & Lin, 2015) © F b Yang $# Lin

(2015) BAHUMEZRTERVEEH L L RAMNELVE > TERHM
R H A LB RAB G AR TR L2 A2 mEY -

S -HPMEHBERARZRAT X
Stein F A (2000) 4t %4 &AM LM ARG E Y "THEHE

#3040 FE K5 #8 (Cognitive Demand of Mathematical Tasks ) * 58 3 A ] a7 49 A8
BHZ2ARWLAREARE ARG L > HE2MABATRELIZNETREEST A
mAEEA > A AREAE (Memorization ) ~ & i & & ( Procedures Without
Connections ) ~ £ & & F & (Procedures With Connections ) R4k # % (Doing
Mathematics ) > AT AR B WKW 4B R > AR EZRBHUFET - RARE
FHROOPRER > MBI HEMS A EA R H2AMTHHEHE -4
BZTF A RBEMANENGRWE R BRTEERENIN > FRAMSEAAG
RORE S UAHMAENIRE AR 2B FTEFREEBRNERAR RS 4
AEIEIE OB RS R AR IR (ER - AT EH 0 2014) ° RAFHER (2011a >
2011b) A Henningsen ¥ Stein (1997) &5 % > 2 MBI e ABBE R4
LB EE M BRI EEET K - flho o W BHAET TR S T
HRB|AHE PATRELZNAKEAER M LRIPS 2B
BRBOBER - MR BHMNETELE S AKX ARER A Al A B2
A EBREIRMAANBRE PERMHESERAIFES - Bk BiBHLHAALE
Bt TUATRELEEZFZHMNTNHMNBERLERFE  UERGH£LR -

53



W BEHHEARNERASEH

HEXMAETREERABHARZETHEZEN > AN 2 A ERHZH
A HATHIE A - BRIENCTM (2000) 6988 - RUAMNE L AL B
ARPERIEA - HBEIEIEA BAZ o Lesh ~ Post #2 Behr (1987) #2417 A& H
ZREBHR > 2 AT  BEER B - FTREEHE BREEAMAES
AR T EENRAE  MARBHRERAFT ZT (2012) XA Zhu &
Fan (2006) $9HEMAESH AR > ZHRE T FAORBBATHF N AW © #2
R XFHE - REVEABHSAE - HRAE  THEUAHLEHIRZAN
o RV E R XFRE  PAEAUXTHRIEA X BAEEMLe
BeRiEE > LENETEHEAMG — Ny  RERE  MAEBEG  B&
Bw wBEMKXEZR FhPLA 08By XEEHEHS  BHERE &4
WA LR MAE AR BRILE A ERE A MR GRS (2 TR
Rwsfmm e Bk AT 22 @by ZIRAZ =0 — kW 7 £ X e
B AT RHFEABEAE  XFAE - REAEAB SR B w8 FR
NEFHERABM EHZPIRZRA L RE > B4R E B 5 ARE UEFH R
ARG E B - dbd o RIS R R P EEEABITEANLEFR
Er o BRI 2 A UMM A EARLZE (Anderson, 2003; Ensign, 2005;
Gutstein, 2003 ) c M B > 3£ 24 BRA M Z 0B RARAZT FTHERME > TR
BERESLHFTHEEZMSE (Lesh & Lamon, 1992; NCTM, 1989, 2000) * H sk
MRSEE—EESNEBRE S FHBAURIEERA -

2~ HREAERF %X

— ~HREF

RFARKARNBESWAR X RERARTHELAUNEBRNEE > 0 4%
MO N B RITZILOF AR R TG — AR % kR
XHRNBEHBEER ZE RO —EARF L AL > 2000) - KR EZFH
FE 108 RAT » ZHBERPEZERAZIHEHFAZN _L—RB L H £ KAR
BB~ ZRFTAUREAMEGRE - Bib > KAHERA N E S £ ETE
FPERMAESAAR > BBERGT XA RRARZHF T T HERB 9 EE
GeRA ~ g s ARERFA RS  BMEWEZRFTANERBAEBH
PR S XFRECRERRE -BAAEURMEE ZRFTANEREOR(EF R
M IEERA) EER TR o HAENAEB %GHE B 5F LA
EoR o BREERNESNEME -
AR RRER

AARHZAHAR P HEHME > ERHRAHFTIFZAE 108 RAZH
EHHEZ=ZFHIRE > $BRFEHAREK > BIRAURCHRA » a3 A4
K31 EEHMUZIRALARATHHERE > ST HRELSRAT B
FADRBEEYRE  FOLLABF BE HAHMURHGHERE -

BZERAEH S —ME—EI ARG 7HBE 11 —A—RF

54



B I2B -t RBxFREX I3 EAMNE EPYBRAS 1340 LA8—
A—RBIFTREXGER  BEESIRALE 13T L LR 28 BEBOAR
BEHRE L% dwk 320

%31 ARHE %R

A PRA 108 RMAHKMEZ 13 FIR $_MEF—BE T —A—RBILTEX
B iRk 108 RMAHKMEZ 13 FIR $_ME—BET —A—RBILTEX
C hRA& 108 RMAHKMEZ 13 FIR $_ME—BET —A—RBILTEX
& 328MAETNEL
AR A B hr A& Chr Ak

-1 | =a—kFER — -k X — -k X

12 |Boa—RBIFTREX | Mo T—REITRX | Bt — kB FTERX
1-3 | EAMAE Z—RE AR | A AR

JE R

Z-aMEBEAREE

DB RGN BT EAA SRR AR BT RER B B
BB EZEBEO o EM -  ERBHMENRNE ST > TRASH
BROHEEL - ZFEH  ARAMEE - R ZRET - FHREEAIWE
£ Bl E e B TR R RS 5 M S B2 MR > B AT AT
MR L ERIEFRERAREARAEREELAR L ER (KRR
2014) - RSk AR ER B ZRAA AN EEN > A FORHUZMET RS
—EEME BERA—EHFHE BFLH M MR —EARLEHETE
a5 E-F R LBEFRAAA A & B % RIEE TR, A —A
ho % 3-3

& 3-3 o E A

A AR A=A
ERCrzsz) EQ EI2) #Ask

IR THR/VER) x » y {  HFIRE TR 3x—ay+1 B9l

B e Fettseh - SOAE KMl .
Dx=5y=2 x=—2+y=3 Yx=—F y=—3
x

Z—xst

goe
(<[> [=]
goa

2v+4y

2x—6y+3

B A% — B FHEFE—R 0 Bt
A B— A EE > Bkt A 3A -

TR ARBKER T LFL&TM (2025)° 23k A BIRFERM AR NG - B 10-17 ¢

55



W~ fEHE

e AARIEA "R HEEE 0 AR EATIFZ Cohen's Kappa
{24 0.81 > 1R Landis #v Koch (1977) FRiZ Hi ey mifE4Z £ » g B &1
%% — 3 (Almost Perfect Agreement) )%t » BAn3FnH 2 A B L
B —BARS -

MEARR  AARES BB ZERBEY > 2%~ 558~ FimkR
NBEEMERTHM R (BER - FZA 0 2014) AHERZ S TE
USRI RZ AT oA s BRBPHFT ERZNARGE > » 8% > TET
DRMANHIREEE REIARARTZIHUE -

HmELER
A—RBIFBIAGEE 55 5 LR
BEZFHEMEHE A —RBIFTRATR=BEFET > 255 1-1 43
ZA—RFRX 128~ 13 RAMAA AP 1-1 F AJRAGAEB L
% 52%  BIRAZ A48% > CIRAZ 56% ; &£ 12 s h 42X P AJRAER
15t % 35% > BIRAA39% > CHRAA33% ; £ 1-3 EARA T AJRAGAAE
15t % 13% > BIRAA 12% > CHRAA 11% (ki 1) K P TUAHBAAL B
ZAERAHN AR T R X EEAFGRE ¥ ARAABEERMAE
BARABELLARZHY > RbToa ARFIEERZALREANABYEEARE
THAEEERZEAATNES MBRAAM_ T —RE L HTIZXAE B4
LLARD > kT BRAMTEEZANTERN  RF TRIVEBE RS
AREBBIFTRX > MCRAENB_L—RBLFT R BBEELAR
% HBETHCHRARAREZHZUZMSNEHS > WAL E > LHCHk
RO —RBILFTRAARERA RGBS A& D > dbT R C
RAEEHZMENER  BREIEZ2ANGERN  UARATHES

n\‘- \‘

F1~ZRAA—RBILFIEZXFEB o H

A IR B Ik C ik
-1 = L—RFH#2 A4 R 32 R 41
A fEEE 1 52% 15t 48% fEEE 1 56%
1-2 = L—RH AE% 30 R 26 R824
R fEEE 1 35% fEEE 1 39% fEEE 1 33%
1-3 JER AR A1 LR S LR S

fEEE 1 13% fEEE 1 12% fEEE T 11%
KPR o4 85 66 73

E AR A (IRASNEAR) « (BAEAR) EUAWHRBENFRE IR E —
s A—RBIAFEBXHAEE ReoBER 5t

AR H W A& > A (Rt ) B8R (AftHE ) BEgR
FR (Bmmeyst B) 32 (FREE ) ¥ ARAGZBRE L, A

56



18% ~ 46% ~29% ~ 7% * B ARAM 31 2 24% ~ 30% ~39% ~ 6% * C JRAS % %
21% ~34% ~37% ~8% (& 2) HP ARAEBRLEANHEBELIEFT S B
W4 A JRAMAABE LB EMBBE AT AN A SRER0NAR -
1B45t R % 0 ZFREAUFLEB BN EAE > BT A JRAEE 69RFT AR
BREAERAENAEL MBRAGEZENEHABEAR S (BT 4 &)
HbThe B IRAGRAN A EREGNFNE > MAIA L LA AT —
TeyEg o BEAR A RAS TEHFGL EERTEAHNAEMSHE
oo CIRAABZIRA T WER A & A FHe)— ik > BT 40 C Bk AR 694
B &k LRA AR — BRI B G RABF S M A R E AT L —
TSR EEHRBE LTI HAGCHEE A RR T SEERRRE B
By - EEmMT CRABBNABEAN A BREAE EAANEALLE -

F2ONZRAZTAL— R F 2B X soia A A

A IR B ik C ik
EA) B 15 ¥ 16 BB 15
fEEE T 18% fEEE 1 24% fEEE 1 21%
oA A 39 R 20 A 25
fEEE 1 46% fEEE 1 30% fE L 34%
Hig A A 25 R 26 A 27
fEEE 1 29% fEEE 1 39% fEEE 1 37%
VE$ 2 6 R 4 6
1B EE 1 7% 15 EE 1 6% 1B EE ¢ 8%
43 85 66 73

E Ak (BURAS NEAR) + (BAK) BUWBENHERE N KIGF —
Z A RBAFTEANEBRBMAECURREFRIFFRA I LR
RMEWAREMAE  HEWE (BFAHE)  XFEE (XFXE)-RAE
RE (BRAHE) - BHARE (REREEES) £F ARAGERMAB /LY
B 2 76% ~ 24% ~ 0% ~ 0% > B ARA5 51 & 76% ~ 24% ~ 0% ~ 0% > C JR A% 53]
B 75% ~25% 0%~ 0% BARRBHETLT (Zu—RBILHT£2K) HbLA
REAEGAE > AR BABEAENAEL > MZIRABRBE QW ERBAESH
EZRRR > BHEREHIER 5% A EF LT HE=ZMBRAME » —TL—XK
BMIFRAZBEEARZLZURFAITCHARFTERANRERAET R > BELE
R ¥ Yang #2 Lin (2015) $9FF KL RME > mHF T 5% X TRV BB L
FREVEREAMAE BOEE2ARAE A —RBLTRIAERANLT
P BB EZMRAL R MAEEFETBOREEAURIFEEFRLA AR
A EHRIEEFRASL D F B 24% ~ 76% > B BRAD 51 A 24% ~ 76% > C R A»
B2 25% ~ 75% (dwk 3) > ZAEMRAMEZERK » A HL25% M ERAE > ™
BREFRBEHMAFEZEABARTOXFAE > AEZIRAHANBEREY S

57



B~ AR FELEY o
K3 ZRATL— R 2R E X R MA BB

A R B hk C ik
E & Al RAB 65 R 50 AAH 55
15 EE 1 76% 15 EE 1 76% 1B EE T 75%
X FHA R 20 16 R 18
15 EE T 24% 15 EE T 24% 1B EE T 25%
AR RE 0 R0 R0
15 EE 1 0% A5 EE 1 0% 1B EE 1 0%
44 fE RE 0 R0 R0
A5 EE 1 0% A5 EE 1 0% AEEE 1 0%
43t 85 66 73
& 20 ¥ 16 A 18
15 EE T 24% 15 EE T 24% 1B EE 1 25%
FER A 65 A 50 A 55
15 EE ¢ 76% 15 EE @ 76% 1B EE T 75%
Yzt 85 66 73
A (SRR NEAR) + (BAH) BUWHAAKRENSISLE— 11
18 ~ &%

— >~ AEKRIRFE

SEAEUEnpH o ZAARAHFZE L RB LT R BPREF LS
BANEBRENEEAELS > RBT EIRAHLEARR G ES ARG - &
S BREAUGEHZHL ZERABE A RBIFBASA=BFET >
PRRE - INB = a—RkFEX (@S- 128X (FE#H2
PERE ) u& 1-3ERAMAE (ERAPAZZY ) #ABBLLHIRE  AMRAE
JER KRB et d (13% ) R ARAFHN ERZALETRAZ T
JER B F 50 0 BAMPRATHNES > METZAERERERHEM
S PARBEBANETEEET - ABBZT » BIRAAR 72 X216k
& (39%) REBRALEZANIERS R RERKTAREDZAY
FRAAIT > BABAEINR - M CRANAEN LB _L—RFI IR LF RS
(56% ) B THFIEEMONEEAER > BALAHBEEARAMANE
BoHERTEAFTRERAMERYD -

BB RPN RBEE R BBEALBRRSH

AR5 AT\ ARAMEREER (At E) B8R bayibe i
46% * B HARBRGHREN AR ERE - 8RR A A ) 093 R 3%
&M BRAMNAERLELER (FEMANIE) BAMGLLERS > #39% > B~ B
FRAEEZ A A BB T A ’ﬁ%ﬁiE%%Lﬁ¢%Am% ®
AN EERRALS » M CIRRMH WAL LA T3 BHNR

58



SRR AN R A AR RS 2Y > BLENMREE B
B RLVBEIATH  MILXTHEAMTEAKRE  ARABAES
& ZfERAMNAEY S hRE %R BHELEAB LA SHETS%NAL > E1E
4R 8 Yang $2 Lin (2015) 89 REFRABG > BT A—L— R L H 28
ZEFEEHMTRRADBTENE AR CES XFUEMEB A 2B% 0 £
ZETARRARMANS  BRBET ZERAHAFEHZOoBERAN LTS ZY
R ARM > REUERBESUENAYURTFRA » ERFRBTLE TR

Mo BT HM AR SN LSRR RN - ERNERAR G 0 ZER

AW F ARG 25% » AR TR BRG] — % BrZERAERA

FERAAAEAMERZEN TR BRBMEAERZBERNETRER

F oo AP RAARRAC ) R BAERE S o
BBRMT  ARMBELM G EARATE X ER A LMY ERA

AEREMA  BRABRANTHAEMAA LRI BARRE  RAZEGHBEATETNHS

PSS ERESN S M CIRAUNBADBZMOS O EAEE -T2 F 842 5%

SHEAEEZAER R R EBH RIFHEE R - 52 B RMERY T HMRTH

HEUEHPFIREAELS > LIETHT LA EEHME > EREZLNEE

FRAKNZE > BERSEGEMIRA » MBI 24 092 F BOR A EL -

RRAEHMB L FRE-SLEEESATUEABSAVENALY > Kok

AR ZAG S ABGERERES > ZR 2O HEETRILEA -

R RAIEF TR > BAERARNIEERIR —FERZHEIHRE THK

oo MEIRE R~ B BAETBRY RETEINHRTAR

WE R MHIRFCEN BT EER R E ol ERTER S LA ERE

P RZ B o § RIB P BRI 0 KA R B T AT T EEE

PRAE R BHTRAR °

5% UK

Anderson, A. (2003). Mathematics for everyday life: Integrating real-life context in
mathematical problem-solving. Journal of Mathematics Education, 12(3), 45-59.

Ensign, J. (2005). Real-life contexts in math education: The value of relevance.
FEducational Studies in Mathematics, 59(1), 67-82.

Gutstein, E. (2003). Teaching and learning mathematics for social justice in an
urban, Latino school Journal for Research in Mathematics Education, 34(1),
37-73.

Henningsen, M., & Stein, M. K. (1997). Mathematical tasks and student cognition:
Classroom-based factors that support and inhibit high-level mathematical
thinking and reasoning. Journal for Research in Mathematics Education, 28(5),
524-549.

59



Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for
categorical data. Biometrics, 33(1), 159 — 174. https://doi.org/10.2307/2529310
Lesh, R., & Lamon, S. (1992). Assessment of authentic problem-solving in

mathematics. American Educational Research Journal, 29(1), 93-106.

Lesh, R, Post, T., & Behr, M. (1987). Representations and translations among
representations in mathematics learning and problem-solving. In C. Janvier
(Ed.), Problems of representation in the teaching and learning of mathematics
(pp. 33-40). Lawrence Erlbaum Associates.

National Council of Teachers of Mathematics. (1989). Curriculum and evaluation
standards for school mathematics. Reston, VA: NCTM.

National Council of Teachers of Mathematics. (2000). Principles and standards for
school mathematics. Reston, VA: NCTM.

Yang, J., & Lin, C. (2015). A comparative study of linear equations in Finnish and
Taiwanese mathematics textbooks. International Journal of Mathematics
FEducation, 23(2), 175-190.

Zhu, Y., & Fan, L. (2006). The analysis of mathematical representation in
textbooks: A case study of Chinese and US textbooks. International Journal of
Mathematics Education, 38(3), 211-225.

HAWM (2014) « (FTFRAREFAHFTRALH) 2T HFIH -

RHFARRE (2018) ° (108 RéAZ - EHMIT) - 2T BEHFTHAR

% e
B#Ir (2013) ° (E2XEHGHHAMERBUGATHRE) - 2T BEH
LRGEACE

B4 (2000)  (HFARFE) - 2T B ZHRARLF -
BEE (2018) ° (BEBEHRFREZRN) - XFHFZ A7, 374), 1527 °
BER T2 (2012) ° (BYHEHMAZRBBIASHN) - XFALEHZ,
58(3), 45-62 °
BRER - FER (2014) o (BEHFPESHFHAR  AETHM AB]) - #HF
R FEF, 27(1), 112-130 °
ABIREFE B A RN E (2025)
ABRFERABRAS -
B R FE A R d (2025)
B R E £ M A RG] o
CHRFERM ARG (2025)
CHBREFERMGAMRAS -

o

(AR T2BERKE M) - 3L :

o

(AR T2HERKE M) - 23T :

o

(AR T2HERKE M) - 3L :

60


https://doi.org/10.2307/2529310

Comparison and Analysis of Junior High School Mathematics Textbook
Problems—A Case Study on Systems of Linear Equations

Yo-Yu Chen

Graduate Institute of Mathematics and Science Education, National Tsing Hua
University
chen12048@gapp.nthu.edu.tw
Abstract

This study employs content analysis to compare and analyze the problem distribution,
cognitive type classification, and representation format of systems of linear equations
problems in junior high school mathematics textbooks from three Taiwanese
publishers (Versions A, B, and C). The findings indicate that each version exhibits
distinct characteristics and areas of emphasis. Version A contains the highest
proportion of application problems, while Version C has the least. Version B features
the most problems involving system-solving computations, whereas Version C has the
fewest.Regarding cognitive type classification, Version A predominantly includes
non-connection-type problems, focusing on fundamental calculation skills. Version B
emphasizes connection-type problems, highlighting conceptual understanding and
application. Version C maintains a balanced distribution across all four cognitive
types, promoting progressive learning.In terms of problem representation,
mathematical representation accounts for over 75% of the problems in all three
versions, while word problems comprise approximately 25%, demonstrating the
significance of application-based questions. Additionally, all three versions allocate
around 25% of their problems to competency-based questions, primarily within
application problems, reflecting a shared emphasis on students' practical problem-

solving abilities.

Keywords: Comparative study, mathematics textbooks, textbook problem analysis
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A preliminary study on integrating the mathematical sense

" Giving example " strategy into the unit of first-grade
mathematics

Yi-Chun Shih!  Yuan-Shun Lee?
'Master's Program of Data Science and Mathematics Education
for In-service Adults
?Department of Mathematics, University of Taipei

Abstract

The purpose of this study is to explore the effectiveness of integrating
the "giving examples" strategy into the teaching of the number unit in first-
grade mathematics and to investigate the reasons behind the observed changes. To
achieve this goal, the researcher adopted a case study approach, utilizing
example-based worksheets to analyze the development of first-grade students'
ability to provide examples in the number unit.

Considering that students’ writing skills are not yet fully developed, the entire
class first practiced giving examples orally, with a focus on the correct use of
quantifiers. Afterward, students transitioned to written exercises. Data collection and
analysis included students’ worksheets, teaching recordings (both audio and video),
and teaching notes. To ensure the reliability and validity of the data analysis,
content validity, expert validity, and triangulation methods were employed.

The study found that in the first semester, approximately 40% of students were
able to provide complete examples. By the second semester, this percentage increased
to 70% in addition problems within 20. The improvement in students’ performance
was linked to the teacher’s emphasis on the correct use of real-life quantifiers,
encouraging students to think before speaking, and guiding them to identify key
points in textbook examples to understand essential concepts. Furthermore, students
were given about one to two months before practicing example-giving, allowing
them to gradually develop learning habits and internalize them as learning abilities.

Key words: giving-example, numbers and quantities, first grade mathematics
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Abstract
This study aims to explore the "learning performance" and "learning attitude" of sixth-
grade elementary school students when engaging in mathematics foundation module
activities integrated into the unit on circle and sector areas. A case study method was
adopted, with five students from a single class (a small rural school) serving as the
case study participants. The goal was to enhance students' "learning performance"
and "learning attitude" through the integration of mathematics foundation activities in
the classroom. To achieve the research objectives, this study utilized pre- and post-
tests, learning feedback forms, and data analysis of students' problem-solving
processes to examine their learning conditions and performance. The findings
revealed the following about the case study students: (1)Integrating mathematics
foundation module activities into the classroom helps improve students'
learning  performance. (2)Integrating mathematics foundation module activities
into the classroom helps enhance students' learning attitudes. Through these
findings, this study aims to provide researchers with additional perspectives on
elementary school students' learning experiences in the unit on circle and sector

arcas.

Keywords:Mathematics Foundation Module, Circle and Sector Areas
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A Case Study of Enhancing Fourth-Grade Students Ability to
Solve Word Problems

Jia-Nian Liu' Jian-Cheng Chen”
! Taoyuan Municipal Dong An Elementary School

? Department of Mathematics and Information Education, National Taipei
University of Education

Abstract
This study aims to enhance the ability of fourth-grade students in a remedial

education program to solve mathematical word problems. The instruction covers single-
step addition and subtraction problems, two-step addition and subtraction problems,
single-step multiplication and division problems, as well as two-step problems
involving a combination of addition, subtraction, multiplication, and division. Drawing
from various problem-solving process models and the researcher's own teaching
experience, a series of problem-solving lessons were designed to help students
overcome learning obstacles, strengthen their reading comprehension and
representational transformation skills related to word problems, boost their learning
motivation and confidence, and support the researcher’s professional growth through
teaching practice.

A case study methodology was adopted, with eight students from the researcher’s
remedial class as participants. Four instructional activities were conducted, each
focusing on a different type of word problem, aiming to develop both problem-solving
and basic computational skills. Throughout the study, students’ learning performance
and changes in attitude were thoroughly documented and analyzed to evaluate the
effectiveness of the instruction. It is hoped that the findings of this study will offer
practical strategies and implementation suggestions for remedial mathematics

instruction and serve as a reference for future teaching improvements and research.
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An Action Research Study on Reducing Fifth-Grade
Students' Mathematical Learning Anxiety Using Polya’s
Problem-Solving Strategy: A Case Study in an Elementary
School in Taichung City

Jia-Yi Lin' Po-Hsin Su?
'Dadu Elementary School, Dadu District, Taichung City
*Department of Mathematics Education, National Taichung University of
Education

Abstract

This study investigates the impact of Polya’s problem-solving strategy on the
mathematical anxiety of fifth-grade elementary school students. Adopting an action
research approach, the study examines the effectiveness of instructional practices in
alleviating students' mathematical anxiety. Mathematical anxiety can negatively affect
students' learning attitudes and achievements, whereas Polya’s four-step
problem-solving method (understanding the problem, devising a plan, carrying out the
plan, and reflecting on the solution) provides a structured framework that enhances
students’ mathematical thinking, fosters problem-solving autonomy, and strengthens
their patience and confidence in tackling challenges.

The study was conducted with 23 fifth-grade students from an elementary school
in Taichung City. Data were collected through pre- and post-tests on a mathematical
anxiety scale, learning worksheet analyses, teacher observations, and student
interviews. The results indicated a statistically significant decrease in students'
mathematical anxiety, with several students reporting reduced nervousness and an
improved ability to analyze problems systematically. In terms of learning outcomes,
test scores in Unit 6 showed significant improvement, whereas scores for Units 8 and
9 did not exhibit statistical significance, suggesting that different mathematical
concepts may be influenced by individual learning factors. Learning worksheet
analyses revealed that most students successfully applied Polya’s strategy, yet the
reflection and review step required further reinforcement.

Overall, Polya’s problem-solving strategy appears to be a promising approach for
reducing mathematical anxiety and may contribute to enhanced learning outcomes in
specific topics. However, given the complex nature of students’ learning experiences,
further investigation is needed to assess its long-term effects. It is recommended that
teachers gradually introduce the strategy, place greater emphasis on reflection and
review, and adapt teaching methods as necessary to improve students’ comprehension
and application of problem-solving strategies.

Keywords: Polya’s problem-solving strategy, mathematical anxiety, action research

101



NEIRFBRARA I EFIHFRE
ﬁ N \&b'l\?—l\a‘ & LP i
F ¢ B s R B &KEF iklejomekai@mail.jkes.tc.edu.tw
Bd? ®Zy <8R E plsompls
K2

rET n L_a‘fﬂ‘?rﬁﬂlmv FHETRE NER I A5 F L EEELE
VAREFHEE LREL T RS cFIHEBRAL R UL ERITES
FEA LR TRe T 2 ToRERE A Tk EAREHETEY
ﬁﬁ%?iiﬁi??@ﬁﬂﬁﬁﬁﬁﬁﬁﬂafim FreEgm . g2
LETEY A BRI P AT REN 4 R REE A N EEFRRRLET
BEREF L P RF A AGIE T W LY FAen g4 R iR H’gé;uza
FHEFET o B ﬁﬁ%w»na N EE - S T bk s
BLZ ~ VREFREERE S BB EAH DALY NS o T RFEYE
AB o B2 A HFHRFYFLEHMAFE A LN LB FENBRERTERERE
EARAEEZABELNG AP TREVIF LIS EAE R OE T KE 2
4 THRERFT R E SRS SRR DE iR o

M%-’? :ﬁ;‘.?frg ‘4.;‘?;“-5343 \&g-ﬁ’.ﬁ-ﬂ‘ ,:“‘.;‘b'_.:ab“:g ‘&5%%

i -

- FEIFRERE

BEFT IR EEE Y HER S 2 a P e i AT AP T BT K
TR EAR o A T2 B e s (Organisation for Economic Cooperation and
Development, [OECD]) »* PISA 2021 EEFE Y R TFELTEREYL
(Research and inquiry)#] 5 21 & % ~ * #kavz - » 2 [ s a4 | (Systems
thinking) ~ " ¥ & | (Reflection) ~ "+ 2|+ 2 % | (Critical thinking) ¥ 7
(OECD, 2018a ; OECD, 2018b) - k& * (2021) &- ﬁa‘fa Mo gl P Foa
hhFydpe TRY TR T2 v AT ER ) TR KEHFT

AEY 22 (ARt EFrad LMo

AR FAE T FAEMAIBEEFEL ol E- THEEN TH2 RFER
T EE AR (RTIN2003) 0 - ERKGREE- HERD TRTFLE

FHE G ) (ERE 020185 &% 2018) - @ OECD # PISA 2021 #

%‘f =R ¥HY o % T4 (Reasoning) | #2 € i % % hfis x> $5 18
ALY 2 %4244 P4 (OECD, 2018a ; OECD, 2018b) - d gt ¥ & » #
T ARFAFAEIEFVHRIPFRELL 03 22 - o SFHER] L HET
oo o B HETOBFE T FEESY > KS P UEEL e BHE
RBCE | RRIEC > T E R AN BEE Y PAEREF RS H #Lﬁé;;i—
oo U EAENT  KEHFTATIEY et R (IS YRS RT

Y

(ﬁ.

w4
ﬁf?ﬁ"is\ﬁ
o+

S

a

102

-



2 B4t -

FLERR ] RERFFEE E0g 26fi o bl B FETE
FIRFELF L DAY RS RS RN H I HEE AT RARER LR
MUY BEFFREhE VAL ML PRI ERNFELEY K
FRZ2HFR > S HE A 2R E o iy L - i
PR FREE S RS SRR A F PN E S BT kY i
PR B e P AN RERFEEINR L Fla MAFAHFT R IR L
ii*%WQﬁ&fé%ﬁJﬁﬁﬂﬁs%MM 24 e
AREFALREIOERSTFE O FRLLY ) P RER G TR
WARE  Hend THELY AR & THRELEEH, - n BFHFLREQ
- fa BAEF 2 3 $eidd %J‘—f‘-"?ﬁ& FEFIT A e kR €% Pk o 42
# Chapman (2007) #7# & édf § K5 v FF A > B BEH 3 ga»n\_sr y
2R AL T 2RI ARG Ea SR P L ik
ARk

wETIE o JER R A MR PE ¢ R R HR
TR I 4 s ka4 ’i%;f'-.
AP L2212 %3 henlcE £ 4

- D

R e e

)
(LSBT HFLTEY I8

&%Jﬁpi%ﬁﬁ@%’i;*m%§i¢&§nwh,wwwﬁi
% B AT g BIFHRF A RET R RE NG I ER T 2 gy
EHEE RS AAPR T4 > T EEd 48 Y ﬁﬁﬂm&a%“*%ﬂ
Pl - Py RE- RENF A SO FIEYERY 2 4R FIRE-F

ENRIEFEFFTES B a4 Bl o
(- ) FHARFIUFLTHRTIER T #55
}ﬁWWﬁaﬂn %47%mﬁno
(Z) AR I #2B2 EFEREFHFTEV V> B4 a0 Lapyd
T i )
ﬁ\: . —;:;ile;}-;sg.

- SRE2 FiE

#c# 272 (Reasoning) ##cH #F 1 b 4Eic + > NCTM §- OECD 35#%-3 41
~Ek a#ﬁ & o OECD % PISA 2021 #c % =8 % %ﬁt’ BT L Py 4 2
- o HaH AEFHFT Y oL & (OECD, 2018a) o NCTM WA BE TR
TFOE B BE AR T I A4 s 7R R (conjectures ) ¥ Fi
(arguments) > £ 4 RiEiBE 4 S CHRUBR%EFE Ii @ 2 4 (NCTM, 1989 ;
NCTM, 2000) - 43 2 > HF3IL T 38 * %5 B fEd A of g2 o
ERUELSLN EE NI - g p

OECD A ¥ T & o BE A 17 0 b4r 1999 & & % TE L jg@ |
(quantitative reasoning) - 3 (OECD, 1999) - % 2003 # - OECD & (PISA
2003 :=# f=2 ) (The PISA 2003 Assessment Framework. ) # & ;% #3718 % »~ #
g2 £:>F % o &t (PISA 2021 # 5 1= % ) (PISA 2021 Mathematics

103



Framework.) ¥ i&—- #5332 A %% 2 £ ¢ e £ ¢ (OECD, 2003 ; OECD,
2018a) - &~ 21 ¥ & {8 > OECD o Hcig » {7d » 427240 5 B 38 344 it »
RGBT R 28 NCTM g3 #77 e o

B H 7 g L s s oo Bjuland (2007) i a3 e g TR v
(sense-making) ~ T #p , (conjecturing) ~ T3LPR , (convincing) ~ M &
,‘LJ (reflecting) ~ "4, (generalizing) » @ David # % (2019) R4y

B R Ak E T®n e, (evaluating situations) ~ TiE % %% | (selecting
strategles) » %1 T B4848% , (drawing logical conclusions) - & & [ 3% 41 f%
A=z, # Pigfag it (developing and describing solutions) o iz gLELEE T >
W EA - RS EHEE Y S > 2 2 OECD #ik en 2] 2 % ~ X it o
ﬁra‘“‘*’ MBLE S fE 4 R R ApRE 0 Flpt 2 L PISATTE b & £ o

ot o AP T EHFE LY e m Ak R The HA
e %\B* R A B R R SRR R A R Hak
- R -
oo~k .&tw_“&"{i:‘éﬁ&;

EEF AR SR T Y 0 L S (Systems Thinking) ¢ 4% ﬁﬁffﬁ‘_nr
* o OECD #-H 7] 3 21 £ % ~+ L ¥ 242 - - OECD 8 & L &
(Computational Thinking) =& Rt kit - g X L we 4 g1t ~ 8 ,;
RE s pEit s s REmEE G oY LT RIE R DP e
(OECD, 2018a) -

Weintrop % 4+ (2016) ##5F 5 Lasr Zir * 8 2 THEpEF B
(data practices) ¥ =422 fickt 9 8 | (modeling and simulation practlces) B
EHFFEL L& - NCTM & % 1989 & T i-dicdf & 7. p\ » BB HoAr g )
E5E A G s AR e sl o 275k % (NCTM, 1989 ; NCTM,
2000) - NCTM:n i #cF i g R v E PR EE 2L A s > ©
56 2 B SR M AL i e 2 8w (NCTM, 2000) - OECD » 35 #c% i 4
i E BE R - 37 R Y 24 (OECD, 1999 ; OECD, 2006 ; OECD,
2018a) « /{_OECD e & k4 » % ¥ %48 4L 5 AEMT £ f oo &
£ NCTM sl 5> TS A 2 RN 5 & - 1 2idie & (2021)
AR TR R ARA S AL 4F T AR R o BRI E B R - 47 0t
W EE R Ea BTSSR Ead P AEREFT ek F o

T AF TR OEREFEL Y A REL Y AR o i T A
B AR AR *ﬂﬂ&iﬁ LW BB SRR A s R e
BER O EFREER -
= ~ Chapman v:f’g“ﬁii}ﬁ?i‘ KEH

4 (2022) v ﬁé%ﬁ??&j H5C 0 I Chapman 2 PR 848 7 8 W\ ok
'*’%‘f'* E A G R W TREER, HF A B e D0
EE N ;—fg‘;aj{,{_%ﬂﬁal %25 > Chapman v FFEHF f KE W imE
ﬁ*'?iil%:ﬁ_"g%\;J N %%’fblu@ . r?’zﬁ'ﬂ;);prag]%_J? rqiz’\; fg
LA ’%‘4"&%4"-‘@»&‘—? }@'/H%‘n\%iéifﬁ%ﬁ AT H B EET R
g 258 > Chapman 2 F# ﬁ,.a,bﬁi KERG Ak e+ LR
WA Y BT > Chapman w BRI T REWS G * R &5 HF 7 3%

SET

104



Ba® (2019) ~mEE (2020) FATFEFT RS- RPN BEAFL T
B BERE L THER O REA P ASHESME > B E KTV (2018)
&?%ﬁmﬁﬁ’aib\Wﬁﬁﬁiﬁﬁmﬁﬂ’—°

@m Chapman (2007) # I1w PFEF T RERS > A8 5 0 (=) 3l rFFE
(an introduction stage ) - #EF 1 3 & §j_ AT I AR FLETEY
o TR ek i ok s (2 ) 2 FFE (an exploration stage) o
A 2 FHETHEEERBART mﬂtﬁff AATLREFL K
gl HRR e e kEHFY ;(_),ngm+¢”¢1(ammmgmd
discussion stage) > &4 & % ~ F & PiE T Wk Ex > FEEEd > KT
%ﬁ-%‘f AREFFLORFFLEL AAF T AL R RORTME S (2 ) B

Fef< (aconclusion stage) - #FF3IHEEF 2 L4 6 PE 1 AREMEL - &
%%%ﬁ%o

FFLRAER
- ‘p’\—i‘kﬂ—

AFETHEBEELZ > ML E BN E TR EE TR AT
%%?it&?&iﬁ% FY R "VHENRFIER T EBF LR
EEHFELEVER I 2t B HEL AR %o

SE S Y B ey AFEg ikgp Chapman (2007) #r# e FREIF T R EH
RN B ﬁ?ixﬁﬁ%\ﬁg PRiE o EHEEEME > TR
AR E R o TEFEB LT L () RPFERBEREFES 20
EXCEL pf ¢ 4&77 4 B2 100 10 p ek A% EfFp i sl w e fief
AR R o (2) KPL1236 @ # SR 3 iR iR g 0 & RE 2 7 i
PR SHERARAERTT - R KAEF| > TRAHEFLSIFELERBD o
I L H%

ﬂi%?%?iﬁ%%ﬁ&’IE&B&?i’gi&ﬁﬁé%iﬁ ’
FARFULFCREFIFLI A IRy RO TR I IR - FYIIALGFEY
#BF&‘?&?’%A omiz 6 EL  RBAEL G- BE- T -4 puE
it ? ﬁi*]d: YRR Bl oo
ZAFTHETE

ﬁp;ﬁ%%ﬁ%@ HEERAPFRAPF LA wmAELIET P TL2
R e, ~ 14 2REE 2Tk, B Pp FEREFELI RIS HFETE
o EEA VNP RAREFET c AFELTRENTRELARE D (- ) R
BRERSGERTRE S TR KERFEELL (Z) 2 BT 2
FLEdwmE &FTE S (Z2) PR TR ERBEES ARl ok
ﬁﬁ”*%ﬁWE %iﬂ%ﬁﬁﬂmﬁﬁﬁ%’ﬁﬁﬁ&?%mm% (z)

Lftge o SHKFERTE - TEFOREFENE FLEF4LIEEFEL
v}b; N Ak o

p =
¥

el

R4

FEEEpFy R F TRk ﬁﬁp P oo 87 i ok
AT AT AT 2 B D drd -1 G RGFBRE LTS AP
Y e AFY %ﬁ*aé;éﬁJ%*”ﬁaﬁﬁﬁ’%%%
??fiﬁﬁﬁ&?wﬁ'(‘)ﬁ TR TEL AT RHFEY Y BE
LA R4 ’ﬁﬁ,(:>¢3?i“@§4pﬁi”ﬁﬁ”%”“&
M REEEERGZARLE S (2) PRAFTHAITRLAHF L ERHE

105



HARHRAE S Laggar g T RRe fAELY 2 rt@;f%‘fﬁﬁ;,
(z) 4 A C'Fr-w{ﬂ ’k‘li’f"’/\’f '122" CIR T%E"’Ei’]%ﬁf"’“ ag 4 e
T ERFARY ATELRT]2 «‘P‘f}%m e Mg it TR LR R e

# 3-1
APkl TR IREP 4
Gl ML FH &

(=) T &R LF g R F 5
FRL T &S R
TFVERT §4ﬁm*$

BRTR S SRTHR LT AR
e = SO

CHER NS R A W) N ” oy
A il Fradwmi  KE Ao FLRAELE

AL vLR R (T E o

R ALK P RARE R SR £
S EEENES RSN C

(Z) AHRA LT 2egde Frandni  fF30v i hAKLE
FERFHEEV R Fia YER M2 FIRFEFVIRLEN -
RE BT ARDRE G T SEF L v T TR (2 7%
A o AR RS IEEE IR EL) o AR 2
GEBEFHELEY TV e LT G e
APHTH Y Sy AT

FHEAFETEY hL R L o

CRRCEE RIS i
I FL&EF
AL BB E (2022) ik mfzﬂiw%‘r#ﬂﬂlw 5 BT R

¥ ﬂ%ﬂimy st o g (2022) B B 2R (1998) 2 Nandamurl
(2014) #74% dee BAERE © BYEEIE - SITHEE  FEEEIZ PP EE
Fht RS THEFA R FaOT R KRR ¢ ZERBTRE 2 ETE R
F‘_tl N /éwﬂ}ufgm HRR w4 ]‘\*Ef' ¢ “mﬁﬂi‘: A, T LE 7L
B iz o
B.FyEE

- VBRBUBERIT NG RBEBRIRE

FLHREe I RF pRg R B LGN G BRI 4
Iﬁ,%“’:ﬁm’é‘éﬂ’ PEPEA RPN AT IR R P SRR NE S

2 4 b enBdt fui X IE o R B P F R A F L LR A S
%LE ZgZEpra, A3 NREF FhaR oA REZ s TiRrER R
ﬂtﬁﬁ?t“ ’ rﬁu\l BRASES R e o T HPER o T Y i~ T R
Tl BAs > 5 p g 4 g2t UmEg s $ANSHEMN GNEHE
WLEY & o

B3 P8 2 b At L R A

Ao B AT RIS 7:’: ﬂzl’ﬁ‘?l“’ffi

;igg;figmgg/ﬂ\q‘;gﬁi] ...... HEE 4 LRRA

s a ﬁ’*]ﬁﬁtrﬁ‘g I‘«m
—5’,\’}} /Ez;' de (13 )(\ , lE"}i
S

(44 20230901 )

‘-‘v
-&‘-
z

EN

106



TSR MR Y Rl L Y R R
*’%EWJ%W L RO EE o bldor BEY 25110 (i
AR P L 1Y Excel & i%_?ff-‘;fg FAAE Sl BB A ] B LK
BAEEARE (4B 4-1) - 56 Excel BHCRMRI > T4 afhdhp PR
N *é4(3@gﬂi“4ﬁﬁﬁfgﬂ—@4ﬁﬁﬁj D¢ AR
A (S4) Hph TR R E 24562810 &F 15—«;;2:1*: fic, ; ARR R
f”?“‘ (S2) Plfzetfpsn TR idies 24680 ™5 2 iz, o

‘ﬂ"rv#»:ﬁ‘]‘pé%‘f4/,4 ;u.\:‘ti;flﬁ'{’}_gj ’3&@ ﬁ}#ﬁw‘ﬁc’fﬁ]ﬁ 5@?"@'{:‘??*;
im“’b‘r}mbﬁ‘b" °

Bl 4-1
EXCEL  #M th2 2 enig dk

A B C D E F G H I J K
L (B A—{lE RS A 2 |
2 Blig A - & I 2 3 4 5 6 7 8 9 10
3 Bl A—{E - o 11 12 13 14 15 16 17 18 19 20
4 o] Hag A—{E » LA {E 21 22 23 24 25 26 27 28 29 30
5 31 32 33 34 35 36 37 38 39 40
6 41 42 43 44 45 46 47 48 49 50
7 51 52 53 54 55 56 57 58 59 60
8 61 62 63 64 65 66 67 68 69 70
9 71 72 73 74 75 76 77 78 79 80
10 81 82 83 84 85 86 87 88 89 90
11 9] 92 93 94 95 96 97 98 99 100

B P B EXCELK Y B0 R B A TR

*A»ﬁ%%’zkﬁﬁﬁiﬂrﬁﬁ%% G m AAd BEAEF RIA
HIRPNL B FR FhupEd ikt iR 51 FEERFTAM
HEFHGHTEEhaERERY 4 5 7 B lEE > LAFL e o
CHAZER CFT P ERRATARNMEe N RRE S TT % 0w B

w-

SHcFRE LT BY A E Fﬁ‘gfé"r&%seiﬁﬂi,l_%\/
%‘i"%%\ﬁs’”ﬁ P AR R F A PR kRS Y
PP T RE OB IAH D f~&&%ﬁ4°
I RZRVEIHEFTREI REHA
PE2YFERTIREL  SERTAF LR 0 T @ﬁﬁJ&’ﬁﬁﬁ?
RO nei“é‘ﬁé\f i «uf*.u%”m%%g o A BN Y 3 HRHERNE > 2
%iF EXCEL £ B iE ~ 4810 > ¢ w3 2 5 Dz 2 ,wg,;;}g deo EidAe
= 3 g Bl &m3m'gtJ°
SaLE 2 HALEMEY T F R EE AR R RE L 01236 5

W
W JE \1- {
1‘.& \\a
% R rl

%

Y

-

B, 7|8 B 3 iRHc AW ;r%%u 10 e 2 2 RERT B A=

$ﬁmm§4(% S6) mMEF BBl B RE P ERER NS S
(S3) B 441236 k2 1 3| 8- kit s B B #Hc > L AF T ; 2R i g
4 (S1) RIEHKE 1236 e > F T4 3 @ F4c 8=t EmAim 58 * ¢ ar
HEE- HHEHF L o L ERF REY AR ERERI TR uE R
F - HI s GE] REIREFL Sk «ulvj‘mj”“ 3o

T: <~ REBRAET AEFRB o TERED?

S5 i A4 4R E 12 o

S4: S ABTHNA o Aol Ry Rt R

S2% St rigcF $3 15 B A3 i ot |

107



Tiw R 1236 Ligphhd R AP0 HF S LT 05 2 KTl B b
BB P e E T AR RIRE A o R S REBHIT > RIS ME
GlF o RPN L T SRR
(4782 20230911 )
F2 A ATIFLERS B R KPP G R L
£&4W”§4ﬁ3%mk¥%,ﬁﬁﬁ B A WL AFE » (£
ER IR T VR SO RN} mﬁﬁ’pwﬁﬁﬁﬁ“ikﬁﬁ,%m
g S G LERI = S 'F%%ﬁ%ﬁa%ﬁiﬁ FE I )ﬁ'ﬁiﬁ B 238 2 0 R 4-
2?i’ﬁ§§i$ﬁ%%§@ﬁiiiﬁﬁﬁmv’ﬁ%ﬁikwMMbF
i X g o

B 4-2
4 BB T RITE
ko 6543 2 3 a9y f= F£ - S A< b ] B 8 : =
899 = WL -
o el e el =X & _ 6435
25 <&4%ﬂ; L 4=
s 4&5% L
e =% QD€;4€§6

AR Y FFL LR WEYFETEY L 8% THFEp FLEFIE
/i o
> B

AT RRRT  KFEEFLIRETARIER T E8F 2 eFHRFH
CEY AT A Py iGe g A R F RS LR L T R E - BER
RFERENE B2 N P REFRE T EFREHLY
BIRBELEG S - AELBY %m«m’%WAmﬁ* LEHRFHELEY
Bdoi it p ¢ LB SHKM G RE, T ¥ RIEEPE L o Ra o
BEFEhn T A HRRERAF e GF 8- F54 2 FRATHLS L5 a5l%E
%ﬁ%“uﬁi’%ﬁﬁéﬁﬁ'ﬁ§ﬂ§§4ﬁiiéﬁrﬁﬁﬂ’ﬁ{ﬁ
LIS 4141#1%"%'% ca ARG LS H g 0 F A F %S
W A TR BRARESNE S L REFERRAE S YA E R AR
B RREEED BTN EREE S PE KFFIIES nbff‘ﬁéi e F 2
CeR e E A ‘L‘J’%“if%?fi?fgaﬁ‘f\?*?b AEER G297 Ko

AT AL A G ﬁ%?L@%*’ﬁ*ﬁﬁﬁﬁ%E%%ﬁ%ﬂﬁﬂ
e AB ~ NG R gHAREL SHELEHRDIEE > 4 ¢ {
RS tn BEFEL A EFER §i i ¥ EEFRET
SR AL gL R h C e i e
MR I A LN EF DS & o 3 05 R4 g X I RFIFY Bk L
%&’in?*%“é°ﬁ&§m T fRE T e

= wd’aiﬁﬁﬁ”r%ﬁjsﬁﬁﬁiﬁﬁﬁﬁﬁﬁjfngn

Z 7 %”” RN RAAFYEPALTLAR SR EL TR E
?ff ? fﬁaffrﬁ%ﬁri\?&? 53 e

ooy

>

e

108



AETHEFBEFALZ ) FENFECEEES A RFRTE AL TR

A PARERL o Re o FT v R e A AL R kg H-o5r

B HRAKEF LA FAEF AT ESTRALE IR Z P BT o

FrERELREE e fRe E (2022) i o B R

FEIRAR - REdEnT RS IRBFEF S o FE P FERE TR

B Fldc, 2 TAREE AT A E A BE RS L REME o &

AFETERF-FLIHERBEHRE > E- HHRBHFLREHF 2 0 4 Ly

B2 EMPE TV IFECFARFATSHELREY DB L3 L FRIPF

W RHET R KR B BARR L6 T T F AR AL T s 0

PRI REL DA AHEFH P & o

342 R

WA R (2021) o = & - kg 4 % fF e Rtk o & WS )
28 > 3-14 -

MR E (L %) (2023) - Lo ERAAFAKTRAY M EFELHA Y3 57 R
ERESEPFRBEFRAIP - REETHFTIR o

e ® (2017) - FELIAKER® LR ER i BFRBE2LA] (0
5 0 107NINT1576012) - (Al #H= > Rzt 5] - £ BAELH
TR Bk AL o

Mg 2 (2020) - £f* Chapman #F 1 3 &z E V82 §Y éiidc (e
Lidse T 108NDHUS331015) - (AL s > M L EX 5] o L 8mE L
W ArERAr (E kLo

2w (2022) - FHALAZEHB2RI® (3%) - FEL A

FT30(2003) - WA EL E- FHBER—HFEVHS o KT

HTR(2018) o L ERRANAIKTHAESE I EFLHS o TN

M (2022) ~HFHFEF () " EFREE-REXPRIB T3 -

Bjuland, R. (2007). Adult Students' Reasoning in Geometry: Teaching Mathematics
through Collaborative Problem Solving in Teacher Education. The Mathematics
Enthusiast: Vol. 4 : No. 1, Article 1. https://doi.org/10.54870/1551-3440.1056

Chapman, O. (2007). Preservice secondary mathematics teachers’ knowledge and
inquiry teaching approaches. In Woo, J. H., Lew, H. C., Park, K. S. & Seo, D.
Y.(Eds.), Proceedings of the 31st Conference of the International Group for the
Psychology of Mathematics Education: Vol. 2. 193-205. Seoul, Korea: PME.

David S., Edward G., Felix H., Pushmeet K.. (2019). Analysing mathematical
reasoning abilities of neural models. The Seventh International Conference on
Learning Representations. New Orleans, America.
https://doi.org/10.48550/arXiv.1904.01557

National Council of Teachers of Mathematics (1989). Curriculum and evaluation
standards for school mathematics. VA: Author.

National Council of Teachers of Mathematics (2000). Principles and standards for
school mathematics. VA: Author.

OECD (1999). Measure student knowledge and skill: A new framework for
assessment,
https://www.oecd.org/education/school/programmeforinternationalstudentassess
mentpisa/33693997.pdf

OECD (2003). The PISA 2003 Assessment Framework—Mathematics, Reading,
Science and Problem Solving Knowledge and
Skills.https://doi.org/10.1787/9789264101739-en

109



OECD (2006). Assessing Scientific, Reading and Mathematical Literacy—A
Framework for PISA 2006. https://doi.org/10.1787/9789264026407-en

OECD (2018a). PISA 2021 Mathematics Framework (Draft). https://pisa2022-
maths.oecd.org/files/PISA%202022%20Mathematics%20Framework%20Draft.p
df

OECD(2018b).  Implementing the Proposed Mathematics  Framework:
Recommendations for  PISA  2021. https://curriculumredesign.org/wp-
content/uploads/Mathematics-in-the-21stC_Geneva-
Presentation_animated_v15.pdf

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K., Trouille, L. & Wilensky, U.
(2016). Defining Computational Thinking for Mathematics and Science
Classrooms. Journal of Science Education and Technology, 25(1), 127-147.
http://dx.doi.org/10.1007/s10956-015-9581-5.

110



A Study on Developing Fifth-Grade Students’ Mathematical
Reasoning and Systems Thinking through Inquiry-Based
Teaching

Kai-Cheng Tsal
Teacher, Taichung Municipal Jian-Kong Elementary School
Student, Department of Education, National Taichung University

Abstract

This study aimed to explore how inquiry-based teaching can guide fifth-grade
students in developing mathematical reasoning and systems thinking through inquiry
learning. A case study methodology was adopted, targeting six students from the
researcher’s class. Inquiry-based instruction was implemented in the units “Multiples
and Factors” and “Common Multiples and Common Factors,” and the study examined
students’ performance and development of reasoning and systems thinking throughout
the learning process. The results revealed varying levels of reasoning: high-achieving
students quickly identified patterns and extended their reasoning; average students were
able to deepen their thinking with guidance; and lower-achieving students required
scaffolding to construct mathematical concepts. With the support of scaffolded
activities, color-coded prompts, and hands-on exploration, students were better able to
observe, compare, and generalize mathematical patterns in a structured manner,
gradually cultivating systems thinking and increasing their motivation to learn.
Students became more actively involved in classroom discussions and exploration,
shifting from a focus on computation to a deeper engagement with mathematical ideas.
The findings provide a reference for implementing competency-based and inquiry-
oriented mathematics instruction and offer practical implications for designing upper
elementary mathematics curricula.
Keywords: inquiry-based teaching, inquiry learning, mathematical reasoning, systems

thinking, mathematical literacy
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Comparison of Elementary Textbooks of Taiwan and China
on Mathematical Activity Types Related to the Meanings of
Fractions

Tzu- Yu- Chao®  Pi-Jen Lin?
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University
?Institute of Math amd Science Education, National Tsing Hua University

Abstract

The purpose of this study was to compare the different meanings of fractions in
elementary school mathematics textbooks in Taiwan and China. The subjects of the
study were the A version of mathematics textbooks in Taiwan and the B version in
China. This research adopts a content analysis method, with mathematical problems
as the unit of analysis. The findings of the study includes: The fraction in Taiwan is
distributed across eight volumes, from grade 2 to grade 6, while in China, it is
concentrated in three volumes—the first semester of the third grade, the second
semester of the fifth grade, and the second semester of the sixth grade. Both countries'
textbooks establish the basic concept of fractions through the part-whole relationship,
but their interpretations of this relationship differs. The introduction of the six
different meanings of fractions in Taiwan and China each has different purpose. For
instance, the A version in Taiwan introduces the repeated unit fractions to establish the
concept of improper fractions, whereas the B version in China uses it to handle the
addition and subtraction of proper fractions with like denominators. The introduction
of fractions as the result of division in both versions aims to convert fractions into
decimals, but the Chinese B version has an additional purpose of converting improper
fractions into mixed numbers. .In both countries' textbooks, the repeated unit fractions
is the most emphasized meaning, followed by the part-whole relationship. The
learning of fraction meanings in Taiwan and China primarily involves "manipulation
and computation™ activities, mainly focusing on "fractions as repeated unit fractions."
Meanwhile, "representation™ activities are primarily used to establish the "part-whole
relationship” meaning of fractions. However, both countries' textbooks provide less
than 10% of high cognitive-demand activity types, such as "explanation,"
"argumentation, and reasoning," for students to learn the six meanings of fractions.

Key words: Fraction concepts, elementary mathematics textbooks, Taiwan and
China
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The Study of Student Teams Achievement Divisions (STAD)
Cooperative Learning Integrated into Sixth-Grade Decimal and
Fraction Computation Teaching
Jia-Ying Hsu', Shih-Hsuan Wei?

'Department of Mathematics Education, National Taichung University

“Department of Mathematics Education, National Taichung University
Abstract

The Effects of Student Teams-Achievement Division (STAD) on Sixth-
Grade Students' Learning Achievement and Motivation in Decimal and Fraction
Calculations This study aims to investigate the effects of the Student Teams-
Achievement Division (STAD) cooperative learning method on the learning
achievement and motivation of sixth-grade elementary school students in the
"Decimal and Fraction Calculations" unit. An experimental research design was
adopted to analyze the differences in mathematics learning achievement between two
groups of students and to examine changes in the learning motivation of students
in the experimental group before and after the intervention. The study seeks to
provide insights for elementary school teachers in their mathematics teaching
practices. The two elementary schools in Mailiao Township, a remote area in
Yunlin County, were selected as the research sites. Students were assigned to
either the experimental group or the control group. Based on a review of relevant
literature, the researcher designed and implemented a cooperative learning
instructional experiment for the experimental group.

For quantitative analysis, students' performance on the "Decimal and Fraction
Calculations Achievement Assessment" was collected for both groups. Additionally,
pre- and post-tests using the "Mathematics Learning Motivation Scale" were
administered to the experimental group to examine the impact of different
teaching methods on learning outcomes and motivation.

For qualitative analysis, students in the experimental group were required to
write learning journals after each lesson to record their learning experiences and
reflections. After the instructional experiment was completed, students from the
experimental group were categorized into high, medium, and low achievement levels
based on their assessment results. Two students (one male and one female) were
selected from each category for individual interviews focusing on learning
motivation. These interviews aimed to gain a deeper understanding of the impact of
cooperative learning on students' learning attitudes and motivation.

The results indicate that no significant difference existed in the improvement
of learning achievement and motivation between the two teaching methods.
Although students in the experimental group demonstrated some increase in
learning interest, confidence, and engagement, the difference was not statistically
significant compared to the control group.

Keywords: Student Teams Achievement Divisions (STAD), Cooperative Learning,

Learning Motivation, Remote Areas
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Eighth-Grade Students’ Experiences of Learning Arithmetic
Sequences Through a Digital Mathematics Game

Kai-Lin Yang' Bo-Fan Shih!
"National Taiwan Normal University Department of Mathematics

Abstract

This study investigates eighth-grade students’ affective responses to integrating a
digital mathematics game, Quick-Witted Math Showdown, into arithmetic sequence
lessons. Participants included six classes from three public junior high schools in
Hsinchu and Taoyuan. An affective questionnaire was used to collect students’
reflections on motivation and classroom engagement. Data were analyzed using
descriptive statistics and inductive qualitative methods. Results show that (1) students
demonstrated increased motivation and active participation, and (2) most students
affirmed the teaching approach, offering constructive feedback for improvement.
Future research may explore broader topics, design more challenging tasks, and
include long-term and qualitative assessments.

Key words: Digital Game-Based Learning, Digital Game-Based Instruction
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A Survey on the Implementation of Mathematical Education
Research Findings in the Mathematics Classroom: Taking
Differentiated Instruction as an Example

Tsu-yun Hsiao, Chia-Jui Hsieh
Department of Mathematics and Information Education,
National Taipei University of Education

Abstract

This study aims to explore the current implementation and impact of differentiated
instruction strategies in mathematics teaching at public elementary schools in Taipei.
A questionnaire survey was conducted among in-service teachers enrolled in a master’s
program at a teacher education institution in northern Taiwan. The survey focused on
three key aspects: teachers’ familiarity with research findings in mathematics education,
the application of instructional designs presented in the literature in real classroom
settings, and the critical factors teachers consider when selecting instructional strategies.
The research tools used in the questionnaire were drawn from domestic studies on
differentiated instruction in elementary mathematics over the years; among 21 studies,
five representative ones (targeting grades 2 to 6) were selected. Data analysis was
conducted using simple descriptive statistics, while open-ended responses were
analyzed using content analysis to identify recurring themes.

The results indicated that approximately 82.1% of the teachers had never read the
relevant research literature, with only about 5.26% reporting that they had encountered
these studies. In terms of implementation, 59% of teachers had not adopted the teaching
strategies described in the literature, and only about 4% of teachers implemented them
exactly as described; however, a majority (approximately 89.44%) expressed a positive
willingness to try these strategies, suggesting that they would adapt the approaches to
suit their specific classroom contexts. Further analysis revealed that the main barriers
to implementation included time constraints due to instructional pace, difficulties in
preparing appropriate teaching materials, the varied composition of students within a
class, and a lack of personal time and professional development resources.

Key words: Gap between theory and practice, research application, differentiated
instruction
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Taiwanese Secondary Mathematics Teachers’
Epistemological Views on the Derivative Concept

Kai-Lin Yang Pin-Chen Guo
Department of Mathematics, National Taiwan Normal University

Abstract

Teachers’ epistemological views are identified as important determinants of their
classroom practices. In secondary school calculus, the derivative concept serves as a
fundamental tool for analyzing real-world problems and advancing mathematical
understanding. In view that Taiwanese secondary mathematics teachers performed well
on both mathematical content knowledge and mathematical pedagogical content
knowledge in the international TEDS-M study, this study adopted the
phenomenographic approach to explore Taiwanese experienced mathematics teachers’
epistemological views on the derivative concept and provide implications for
improving calculus learning and teaching. Through semi-structured interviews with six
secondary teachers with high self-efficacy in learning and teaching calculus, we
employed thematic analysis and formed six themes.

For the essence and importance of the derivative concept, teachers’ responses
highlighted (a) both process and product views on the derivative concept, (b) both rate
of change and limit as the foundation of the derivative concept, and (c) dual and
multidimensional perspectives on understanding the derivative concept. For the
learning of the derivative concept, teachers’ responses revealed various perspectives on
(d) prerequisite knowledge and learning skills, (€) the need for mathematical rigor, and
(f) multiple examples used for different connections. This study contributes to
deepening our understanding of how experienced teachers with high self-efficacy
perceive the essence and importance of the derivative concept and the ways of
understanding it. Theoretically, the themes help clarify the derivative concept and its
pedagogical applications through the use of examples for different connections.
Practically, the findings can inform teacher education by addressing pedagogical issues
related to developing teachers’ epistemological views.

Keywords: Taiwanese Secondary Mathematics Teachers, Epistemological Views,
Calculus, Derivative Concept
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1. Introduction

In the curriculum enactment process in mathematics education (Remillard & Heck,
2014), teachers shape their instructional decisions based on national policies and
official curricula, including national curriculum guidelines, consequential assessments,
and approved textbooks. These elements, combined with teachers’ personal learning
and teaching experiences, contribute to their intended curriculum, which further
influences the actual instructional processes and methods employed in the classroom.
Given that Taiwanese secondary school teachers have demonstrated strong
performance in both mathematical content knowledge and mathematical pedagogical
content knowledge in the international TEDS-M study (Hsieh et al., 2010), it is valuable
to investigate their views and knowledge regarding mathematical concepts, especially
among experienced teachers.

Among various teacher-related factors, epistemological views have been
identified as critical determinants of classroom practices (Borko & Putnam, 1996).
Changes in mathematics teaching often require deeper transformations in teachers’
epistemological views. Specifically, epistemology explores questions such as the
“definitions of knowledge, how knowledge is constructed, and how knowledge is
evaluated” (Hofer & Pintrich, 1997, p.88), which directly relate to issues in
mathematical content knowledge and mathematical pedagogical content knowledge as
well as instructional orientations. Therefore, exploring experienced teachers’
epistemological views can offer insights into different perspectives on the nature of
mathematical concepts and valuable experiences related to learning and instruction.

Meanwhile, in an era emphasizing STEM education and technological
advancements, calculus remains a cornerstone of modern mathematics with
applications across various disciplines. As many countries have made calculus
compulsory for secondary-level students (Bressoud et al., 2016), its role in high school
mathematics has become a critical issue in mathematics education (Thompson & Harel,
2021). In secondary school calculus, the derivative concept serves as a fundamental
model for analyzing real-world problems, interpreting the properties of functions in
context, and forming the basis for understanding integration and the fundamental
theorem of calculus. However, several researchers have highlighted students’
difficulties in learning derivatives (Bressoud et al., 2016), with even gifted students
exhibiting unexpected weaknesses in their conceptual understanding of derivatives
(Zandieh, 2000). Given that students’ performance is shaped by their classroom
experiences, which are, in turn, influenced by teachers’ intended curriculum,
investigating teachers’ epistemological views may also reveal the sources of students’
difficulties and suggest ways to address them.

While previous studies (e.g., Eichler & Erens, 2014) have categorized teachers’
orientations (or beliefs) into several types, they pointed out that their findings face
limitations in generalizability due to a predominant focus on Western contexts, leaving
a gap in understanding teachers’ perspectives in Eastern settings. To address this gap,
this study focuses on Taiwanese experienced secondary mathematics teachers and
examines how their epistemological views influence their understanding and teaching
of the derivative concept. By employing a qualitative approach through interviews and
thematic analysis, this study aims to provide a nuanced perspective on how experienced
teachers conceptualize derivatives and the implications for calculus instruction.

2. Theoretical Perspectives
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As the purpose of this study is to explore teachers’ epistemological views of the
derivative concept, understanding the discussions in the related literature will aid in our
analysis and interpretation of the interview data. In this section, we review the
derivative concept from three perspectives: basic mental models, concept formation,
and teaching orientation, which will serve as a reference for the subsequent analysis.

2.1 Basic Mental Models of the Derivative Concept

Regarding the essence of the derivative concept, Greefrath et al. (2016) proposed
four fundamental basic mental models (BMMs), which describe the content-related
meaning learners should or actually do attribute to a mathematical concept from a
subject-didactic perspective: (1) the local rate of change: the derivative provides the
instantaneous rate at which a quantity is changing with respect to another; (2) the
tangent slope: the derivative represents the slope of the tangent line to the graph of a
function at a specific point, indicating the local direction of the curve; (3) the local
linearity: at a sufficiently small scale around a point, the graph of a differentiable
function can be approximated by a straight line, and the derivative gives the slope of
this line; and (4) the amplification factor: the derivative indicates how a small change
in the independent variable affects the dependent variable, acting as a proportionality
factor. Teachers’ epistemological views on these BMMs, including their understanding
and evaluation of the importance and interconnectedness of these interpretations, can
significantly shape their instructional approaches and the opportunities they provide for
students to develop a robust understanding of the derivative.

2.2 Model of Concept Formation of the Derivative Concept

Regarding the learning of mathematical concepts, Sfard’s (1991) model of concept
formation includes the following steps: processes on the prior mathematical objects
(prior knowledge), interiorization, condensation, and reification, which ultimately lead
to the formation of an object. Then, a new process could be applied to this object, which
is the first step in the formation of the new concept. Indeed, the differentiation between
process and object is well accepted in mathematics education. Regarding research on
teachers’ perspectives, a traditional dichotomy suggested that Western educational
systems often emphasized the process of mathematical learning, while Eastern systems,
including Taiwan, were perceived as prioritizing the object or product, such as correct
answers (Leung, 2001). However, recent research suggests that Taiwan’s perspective
has been influenced by the Western emphasis on the process view, indicating that
Taiwanese pre-service teachers place equal emphasis on both the dynamic (process)
and static (product) nature of mathematics (Dreher et al., 2021).

Building on Sfard’s work, Zandieh (2000) used this hierarchical structure to
illustrate the concept of derivatives. A typical learning path for understanding the
derivative begins with the ratio process, which involves taking two differences as
objects which are further acted by division. Then, the reified object, the ratio, is used in
the next process, where we engage in the limiting process to obtain the differential
quotient. Subsequently, the reified object, the limit, is employed again and again to
define each value of the derivative function, forming the reified function object. Finally,
the derivative function is a reified object, which can be manipulated in the instruction
of the higher order derivatives or more applications. Thus, the acquisition of the
derivative concept can be represented as a model in Figure 1 (Litteck et al., 2023),
including three sub-concepts, difference quotient, differential quotient, and derivative
functions with each having operational (process) and structural (object) aspects.
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Figure 1
Model for the Acquisition of the Derivative Concept (From Litteck et al., 2023).
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From the literature (Dreher et al., 2021), Taiwanese teachers’ epistemological
views likely encompass both process and product perspectives on the derivative. While
some teachers may emphasize the derivative as the outcome of a limit process, others
might focus on the application of the reified object. Understanding these different
perspectives held by teachers is crucial for examining their pedagogical choices.

2.3 Teaching Orientation of the Derivative Concept

Eichler and Erens (2014) highlighted that teaching orientation toward calculus,
including the derivative concept, is significantly influenced by teachers’ belief systems.
These belief systems can be understood as a structured organization of central and
peripheral teaching goals. Eichler and Erens identified four main trends in calculus
curricula that shape these teaching goals: (1) the generic trend, which emphasizes a
bottom-up development of concepts through examples; (2) the technology trend, which
focuses on using technology as a tool for conceptual learning; (3) the modeling trend,
which employs realistic applications as a starting point for developing abstract concepts;
and (4) the moderate New Math trend, which prioritizes exactness and formal rigor.

Teachers’ individual teaching orientations can be understood as the ways they
select and prioritize instructional goals, aligning with one or more curriculum trends.
Their epistemological views not only shape their teaching orientations but also
influence how they approach the instruction of the derivative concept. Understanding
these epistemological views and their alignment with broader curriculum trends
provides valuable insights into how teachers conceptualize and teach derivatives.

2.4 Research Questions

Based on Hofer and Pintrich’s (1997) description of the epistemological views,
the research questions are: (1) How are Taiwanese experienced teachers’ views about
the essence of the derivative concept? (2) How are Taiwanese experienced teachers’
views about the learning of the derivative concept?

3. Method

This study was part of a project on analyzing textbooks, assessing students’
understanding, and exploring experienced teachers’ views and their relationships
regarding the derivative concept. This study adopted the phenomenographic approach
to investigate how experienced teachers think about the derivative concept and how the
understanding of the derivative concept is developed as this approach can effectively
capture the variation in teachers’ conceptualizations and how they evaluate different
interpretations and learning (See Marton, 1981). Data were collected using semi-
structured interviews with six teachers who perceived themselves with high self-
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efficacy in learning and teaching the derivative concept. Three main interview
questions included: (1) When teaching the textbook unit on derivatives, what is
essential to teach/learn? What main ideas are important? (This question prompts the
teacher to reflect on the importance of the unit, exploring the underlying reasons why
it is important.) (2) How would you teach and guide students in learning the unit? Why
do you choose this approach? (This question delves into teaching strategies.) (3) What
challenges will students encounter in learning the unit? What might be the reasons for
these challenges? (This question explores learning challenges and their causes.)

Thematic analysis was employed to systematically identify, organize, and interpret
patterns of meaning (themes) within the dataset. The analysis followed an iterative
process, involving multiple stages to ensure the accuracy and validity of the findings.
First, a guiding framework was established to focus the analysis and maintain
consistency throughout the process. After all interview transcripts and written
responses were thoroughly reviewed to ensure familiarity with the data, collaborative
discussions were held to determine the coding strategy. These discussions aimed to
clarify and align interpretations, foster a shared understanding of the data and ensure
consistency in coding practices. During this phase, initial notes and ideas were
documented to capture early impressions and significant observations. Next, the data
were systematically coded, with each text segment assigned descriptive labels to
capture the essence of participants’ perspectives. These codes, along with the
corresponding data, were then carefully reviewed, compared, and grouped into
potential sub-themes based on their similarities and differences. This rigorous process
ensured that the emerging patterns accurately reflected variations in participants’
perceptions and interpretations while maintaining coherence in theme development.
Finally, the sub-themes were synthesized into broader themes that encapsulated the core
patterns and meanings within the data.

4. Main Findings
4.1 Teachers’ Epistemological View on the Essence of the Derivative Concept

As for epistemological views on the essence and importance of the derivative
concept, three key themes were highlighted as both process and product views on the
derivative concept, both rate of change and limit as the foundation of the derivative
concept, and dual and multidimensional perspectives on understanding the derivative
concept. Regarding the process and product views, we identify two types of teachers,
one using terms such as “taking the limit of”, and the other using “the limit value of”
to describe the definition of the derivative. For instance, one teacher said “I think it’s
about drawing the graph, using a secant line, then taking the limit and approaching the
tangent. | feel this is more intuitive, and I also think this is the very first definition of
the derivative.” (T-010), another teacher emphasized “The meaning of the derivative is
the limit value of the rate of change.” (H-001).

Regarding the foundation of the derivative concept, several teachers mentioned
“The difference quotient and the limit are essential foundations for learning the
derivative.” (J-163), “The limit of the rate of change is what truly the derivative is.” (S-
007), etc. Regarding the perspectives on understanding the derivative concept, we
found several interesting views, such as “Calculus is basically addition, subtraction,
multiplication, and division, plus a fifth operation called lim” (J-076), “The formula for
differentiation is just like that... even though you don’t fully understand differentiation,
the formula is so simple. It’s like how mathematics is a discovery as if it has always
existed in such beauty. I think letting someone feel this is pretty great” (Y-013).
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4.2 Teachers’ Epistemological View on the Learning of the Derivative Concept

As for epistemological views on the learning of the derivative concept, three key
themes were highlighted prerequisite knowledge and learning skills, the need for
mathematical rigor, and multiple examples used for different connections. Regarding
prerequisite knowledge and learning skills, most participants mentioned velocity in
physics as an important introductory approach, as one teacher even said, “The teacher
who enlightens students about calculus should be the physics teacher” (J-020).
Regarding the need for mathematical rigor, however, the same teacher later remarked,
“I feel like the kids seem to learn one kind of symbol system in physics, but this system
isn’t that rigorous, so when they encounter more complex problems, they get confused”
(J-080). In contrast, another teacher stated, “I think rigor itself is really important in
mathematics, but s/he [student] doesn’t necessarily need to be so rigorous from the
start... maintaining enthusiasm might be even more important” (Y-149).

Regarding multiple examples used for different connections (Rodriguez-Nieto et
al, 2022), most participants used illustrative examples for instruction-oriented
connections or different representational connections, or counter-examples were used
for feature connections or for part-whole connections. For instance, Teacher M
emphasized the use of x-t and v-t diagrams in physics to build upon students’ familiarity
with physical concepts. Teacher J purposefully presented a counterexample by solving
a problem incorrectly due to overlooking given information to encourage students to
analyze common misconceptions and recognize the importance of careful problem
interpretation. Also, all six teachers highlighted the use of dynamic geometry software
to facilitate connections between different representations and mathematical concepts.

5. Discussion and Conclusion

Teachers’ views on the essence of the derivative concept implied that (1) the
derivative concept emerges from the real world and then involves the mathematical
world, and (2) the derivative concept was perceived as definitional and dynamic
knowledge as well as a combination of functional and transformational thinking. The
two views align with the notion that abstract mathematical concepts are grounded in
practical contexts and enhance students’ understanding (Vinner, 1991) as well as the
conception that advanced thinking involves moving from process-based reasoning to
object-based conceptualization by ways of thinking for abstraction from structured
practices (Selden & Selden, 2005). To embrace both views, teachers may be more likely
to integrate practical applications with theoretical knowledge in teaching, fostering a
deeper and more connected understanding of mathematical concepts.

Teachers’ views on the learning of the derivative concept implied that (1)
“knowing why and about”, besides “knowing what and how”, was also emphasized; (2)
“knowing to” was considered as a bridge from “knowing what and how” to “knowing
why and about”, and (3) the same example was used for different connections. These
views suggest a progression in which conceptual and procedural knowledge develop
iteratively, emphasizing the understanding of why they work through connections
within and between multiple representations. This interconnected approach to teaching
derivatives echoes the call for quality in both procedural and conceptual knowledge as
highlighted by Star and Stylianides (2013). This study contributes to deepening our
understanding of to what extent experienced teachers with high self-efficacy in learning
and teaching calculus perceive the essence and importance of the derivative concept
and the ways of understanding it. Theoretically, the themes contribute to elaborating
the essence of the derivative concept and proposing different pedagogical functions
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through the use of multiple examples for different connections. Practically, the themes
can be applied to teacher education as pedagogical issues for eliciting and developing
teachers’ epistemological views.
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A theoretical framework for investigating mathematics teachers’ transition
in digital differentiated instruction

1. Introduction

Recent reports by the OECD (2022) revealed that ,students’ learning abilities and cognitive
levels may span the equivalent of six grade levels within a mathematics classroom, which is
even more pronounced in digital learning environments (Capinding, 2022). In response to this
challenge, digital differentiated instruction (DDI) has been recognized as an effective approach
to satisfy the diverse learning requirements of students (Prast et al., 2018). Teachers, as key
agents, influenced the success of educational reforms (Patfield et al., 2021). Incorporating DDI
into mathematics classroom requires mathematics teachers possess digital differentiated
instruction competencies—including knowledge, skills, and attitudes—and transition from
traditional teaching methods to innovative DDI strategies. It is a challenge which is by no means
trivial. Beyond providing professional development opportunities for mathematics teachers
(Lindner & Schwab, 2020), it is essential to understand the comprehensive trajectory of teacher
changes under educational reform (Trouche et al., 2020). Such an understanding not only
supports professional growth but also promotes the broader dissemination of reform initiatives.

Teacher transition encompasses changes in both cognition (as “knowing”) and practice (as
“doing”) (e.g. Abedi, 2024; Clarke & Hollingsworth, 2002). Over the past two years, the Digital
Differentiated Instruction (DDI) program supported by Ministry of Education has provided the
opportunities for secondary teachers in Taiwan to enhance their digital differentiation
competencies and explore the DDI models that are appropriate for teachers' teaching sites. This
program aimed at promoting positive changes in teachers’ knowledge, attitudes, and behaviors
of DDI to improve student learning outcome. Similar to the previous researches, the DDI
program has interpreted teacher changes by employing assessments of self-reported
instructional knowledge, skills, and attitudes as well as evaluations of observable and
measurable behaviors (Clarke & Hollingsworth, 2002; Desimone, 2009; Lewis & Perry, 2014,
2017; Trouche et al., 2020). However, discrepancies often arise between what teachers know
and how they act—a phenomenon known as the “problem of enactment” (Kennedy, 2016). This
gap suggests stems from a lack of insight on the internal mechanisms of cognitive and affective
aspects, and their interplay. The underlying teacher change have not been sufficiently explored.
Consequently, it is calling for an integrated analysis that addresses the content, process, and
causes of teacher changes to explain the complexity of their changes in DDI programs. It would
benefit to identify the internal and external mechanisms of teacher change, and explore the
underlying reasons for trigger these changes, achieving the consistency between “knowing” and
“doing”. To underscore that our exploration of teacher change extends beyond surface-level
observations and investigation, this article employed the term “transition” to delineate this
distinction.

Given Transformative Learning Theory (TLT) (Mezirow, 2018) benefits to explain the
cyclical, deep, and fundamental transition through critical reflection on key events, while
Concerns-Based Adoption Model (CBAM) (Hall & Hord, 2015) provided the structured models
for inscribing the stages of concerns and levels of use, the present study therefore aims to
integrate these two perspectives to construct a theoretical framework that not only explains the
explicit and implicit transition of mathematics teachers within the DDI program but also
illuminates the internal mechanisms working underlying their transition processes.

2. Transformative Learning Theory

Transformative Learning Theory, as proposed by Mezirow, posits that individuals reconstruct
their existing Frames of Reference (FoR) through a process of critical reflection which was
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evoked by new inputs or triggered events (Mezirow, 2000, p. 16). And the emerged frames of
reference further influences how individuals perceive, understand, and act (Mezirow, 2000,
2008). From this perspective, teacher transition involves more than changes in explicit
competencies and observable behaviors, it also entails a deep, internal process of change and
reconstruction. Research has demonstrated that teachers who engage in a transformative
learning process tend to develop more adaptive instructional strategies (Mei et al., 2022), with
sustained critical reflection enables teachers to achieve an consistent cognitive and affective
transition as well as behavioral transition (Taylor & Cranton, 2012). It bridging the gap between
theoretical knowledge and practical teaching.

Figure 1

Transformative Learning Process

/ isorienting
Dilemma

\
)
Rational gl/ Critical
Dialogue / Reflection

Note : Adapted from Johnson & Olanoff (2020)

Figure 1 illustrates four key elements in the transformative learning process (Mezirow,
2000): (1) Disorienting Dilemma: Events that challenge teachers’ existing assumptions and
expectation (that is frames of reference, which included beliefs, values, intentions, etc.); (ii)
Critical Reflection: The central element of transformative learning, critical reflection allows
individual constructing new understanding from their experiences and their reflections on
those experience; (ii1) Rational Discourse: Engaging in thoughtful discussion and
collaboration with peers to refine new assumptions and understandings; (iv) Action: The
practical application of new insights into teaching practice.

Action

This cyclical process illustrates that a teacher’s frame of reference not only guides their
actions but is also continually reshaped by their actions through critical reflection and rational
dialogue (Mezirow, 2000, 2008). Importantly, transition is not instantaneous; but a dynamic
process marked by trials and periods of instability. Teachers may experiment and revise their
approaches in implementing digital differentiated instruction, undergoing multiple cycles of
critical reflection and rational discourse until a relatively stable transformation is achieved.

Critical reflection, as the cornerstone of TLT, its content and depth have been questioned
and criticized. Drawing on Dewey’s relational perspective theory, Holdo (2023) argues that the
critical reflection process itself should also be considered a key object of reflective learning. In
the realm of digital differentiated instruction, every teaching episode, classroom reflection, or
feedback session serves as a valuable resource for subsequent transformative learning, thereby
fostering a profound and in-depth reflection as well as critical engagement on digital
differentiated instruction.

On the other hand, even though TLT offers deep insights into individual transformation,
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scholars have critiqued it for neglecting contextual factors (Holdo, 2023). Greeno (2009)
argued that an individual’s frame of reference is constructed within specific contexts. Social
norms, school cultures, collaborative practices, and leadership support would shaping
teachers’ frames of reference and teaching-related actions (e.g., Aehling et al., 2012; Bianchini
& Cavazos, 2007). Additionally, personal differences—such as prior knowledge, teaching
experiences, and professional identity—further influence how teachers’ frames of reference
and teaching-related action evolve and form (e.g., Avalos, 2011; Christou et al., 2004; Oerke,
2012; Teerling et al., 2018). Recognizing the importance of both contextual and individual
factors is essential for a comprehensive understanding of transformative learning.

Herbst and Chazan (2023) proposed the practical rationality of teaching, suggesting that
individual’s actions and decisions are shaped by a combination of individual resources
(included stable and malleable characteristics) and social-technical resources (included norms
and obligations). Their framework clearly delineate the component of these two resources.
However, transformative learning theory posits the mutual influence between individuals’
frames of reference and their teaching practices, both are shaped by contexts. Building on this
perspective, the present study restructures the components of individual resources by
considering stable personal characteristics (such as disciplinary background, teaching
experience, lived experience and professional identity) as individual factors influencing
teacher transition. While malleable characteristics, such as knowledge and beliefs, are
conceptualized as one’s frame of reference. In the context of DDI, norms, such as norms of
activities, contractual norms, and situational norms, are regarded as teachers’ practice,
reflecting how DDI carried out in their classroom. Obligations mainly focused on institutional
obligations (such as social, school and class culture) and interpersonal obligations (such as
relationships with administrators, colleagues, students and their parents). Teacher transition is
thus understood under the interaction between individual and contextual factors.

Although TLT has enriched the depth and comprehensiveness in studying teacher transition,
the operationalization still deserves to be strengthened (Taylor & Cranton, 2012). For
understanding teachers’ transition under DDI program, it became imperative to incorporate
operational indicators to help identify the characteristics and evolution of teachers’ frames of
reference and teaching-related actions.

3. The Concerns-Based Adoption Model

The Concerns-Based Adoption Model (CBAM) provides a detailed framework for describing
and measuring the extent to which teachers adopt educational reforms. CBAM considered
teachers’ perspectives and behaviors as a whole. Emphasizing that transition is a process rather
than a one-time event (Hall & Hord, 2015), CBAM encompasses three dimensions:

e Stages of Concern (SoC): Relate to individual beliefs and attitudes, aimed at
interpreting how teachers perceive digital differentiated instruction.

e Levels of Use (LoU): Concern observable behaviors and gauge the extent of teachers’
adoption of digital differentiated instruction.

e Innovation Configuration (IC): Relate to the real-world environment in which the
innovation is implemented, thereby providing an authentic understanding of how
digital differentiated instruction operates.

Each dimension can be wused independently, but combined favorably provides a
comprehensive perspective that facilitates a deeper understanding of the process of teacher
change. This integrated perspective can be employed to study teacher change and provide
analytical tools for tracking its the progress.

Given that the DDI program is embedded in authentic classroom settings, this study primarily
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focuses on teachers’ performances along the SoC and LoU dimensions. However, it is important
to note that CBAM was originally developed for general educational reforms, and its traditional
indicators may not fully capture the deeper, more nuanced transitions emphasized by TLT. To
address this, the study proposes a restructuring of CBAM from the TLT perspective within the
DDI context.

SoC framework outlines the evolution of teachers’ concerns (included emotions, attitudes,
beliefs...), encompassing three major stages—self, task, and impact—further divided into seven
sub-stages (Hall & Hord, 2015). Hall and Hord (1987) noted that teachers might experience
multiple stages with varying rates, and individual concerns may reflect in multiple stages
concurrently (Matar, 2015); moreover, his/her stage of concern may even regress (Hall & Hord,
2015). Nevertheless, the original CBAM does not adequately explain variations among teachers
within the same stage or the dynamics of transitioning between stages. Given that teacher
development and transition are complex processes, the original framework falls short in
clarifying the subtle and recurrent nature of these transitions. The internal factors driving a
teacher’s concern at a given stage, as well as the “dilemma of disorientation” and “critical
reflection” experienced when transitioning between stages, merit further investigation to fully
elucidate teacher transition.

Additionally, although the DDI program is rooted in real classroom settings where students
serve as the primary agents, student’s feedback and performance—as a reference for teacher
adjustment and transition—has not been considered within the original SoC. In light of these
considerations, rather than using the original SoC structure, this study opts for the concern
categories proposed by Watzke (2007) (see Table 1), which more explicitly incorporate student
in the impact concern stage, and considering suited for longitudinal analysis.

Table 1
Different Categories of Stages of Concerns

Groupings Self stage-related Task Stage-related Impact stage-related
groupings groupings groupings
Categories - Professional - Adequacy of - Student academic
development instructional growth
- Performance appraisal ~ materials/curriculum - Student motivation
* School policies and - Instructional deterrents - Student social-
culture to teaching emotional growth
- Relations with students - Classroom conduct - Individual student
- Non-instructional differences

demands on time

- Student personal
problems

- Professional
(instructional) freedom

Note. Adapted from Watzke (2007).

LoU considers teachers’ actions during the digital differentiated instruction process. According
to Hall and Hord (2015), LoU comprises eight levels, which including five levels of active use
(Levels III-VI) and three levels indicating non-use (Levels O-II). Although LoU does not
require teachers to progress uniformly through all levels, each teacher is ultimately assigned a
single level (Matar, 2017). In the context of e-learning, Matar (2017) redefined the seven
categories of LoU which are closely align with the context of this study. Seven categories and
the reinterpretation of each categories under the context of digital differentiated instruction are
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shown as follows:

o Knowledge: Teachers begin to understand the advantages, disadvantages of digital
differentiated instruction, as well as the efforts required to overcome its
shortcomings.

® Acquiring Information: Teachers actively seek information of digital
differentiated instruction.

e Sharing: Teachers engage in proactive dialogue with colleagues about DDI.

® Assessing: Teachers evaluate both student learning outcomes as well as their own
teaching and learning process.

® Planning: Teachers devise the plans for designing and implementing DDI.

® Status Reporting: Teachers share experiences, report reflections, and obtain
feedback for further adjustments.

® Performing: Teachers implement significant modifications or innovations about
instructional approaches, strategies and tools of DDI in their practice.

It is important that LoU not only reflects the levels of innovation adoption within the
classroom but also captures broader changes iin teachers’ daily professional and personal
practices. Author plan to develop a DDI Classroom Observation Protocol by integrating
elements from both technology integration and differentiated instruction frameworks, thereby
enhancing the identification of teachers’ action in classroom.

In summary, Revised-CBAM (R-CBAM) offers operational indicator for identifying
teacher transition. The R-CBAM focuses exclusively on SoC and LoU to capture changes in
teachers’ frames of reference and teaching-related behaviors, while TLT provides an overarching
perspective for considering the deep developmental and dynamic interactive influences within
and between SoC and LoU.

4. A Theoretical Framework for Understanding Teacher Transition in Digital
Differentiated Instruction in Mathematics

Based on the discussion and critique of the aforementioned model and theoretical framework,
this study develops a theoretical framework for understanding the transition of mathematics
teachers within the process of digital differentiated instruction programs (see Figure 2). This
framework aims to assist researchers in interpreting the changes or developments in teachers’
Stages of Concern (SoC) and Levels of Use (LoU) of a transformative learning cycle with the
influence of individual factors and contextual factors. Concurrently, the framework enables the
identification of the brainstorming, critical reflection, and the iterative experimentation and
adjustments that occur between teachers’ SoC and LoU during the transformative learning
process, as well as the dynamic interactions between SoC and LoU. The teachers’ start point
and outcome, along with the transformative learning process, collectively serve as new start
point for subsequent learning cycles.

Figure 2

Teacher s Transition Framework with the Transformative Learning Perspective
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Trigger

Professional

events development

Note. SoC = Stages of Concerns, LoU = Levels of Use, TLP = Transformative Learning
Process. SoC, and LoU, denote the various kinds of teachers SoC and LoU, respectively.

The theoretical framework proposed herein compensates for the lack of operational
specificity in Transformative Learning Theory regarding teacher transition, expands the
application of CBAM within the field of digital mathematics education, and emphasizes the
deep connection between cognitive and affective transition and behavioral transition.
Educational policymakers can utilize this framework to design long-term professional
development programs, to monitor teachers’ progress during the implementation of innovative
teaching or educational reform. By providing appropriate resources and support tailored to
different developmental stages, it is benefit for enhancing the sustainability of teacher
transition and professional growth. Future empirical research may further validate this
framework through longitudinal studies tracking teacher transition.
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Abstract

With the rapid advancement of educational technology, integrating digital tools into
mathematics instruction has become a key approach to meeting students' diverse learning
needs (Drijvers, 2020; Hwang et al., 2021). Digital differentiated instruction (DDI) has
emerged as a means to provide personalized learning pathways through the use of digital tools
(Tomlinson, 2017). However, as teachers adapt to educational reforms, they undergo a
complex transition process, influenced by their knowledge and beliefs, institutional support,
and sociocultural contexts (Lawless & Pellegrino, 2007; Ertmer & Ottenbreit-Leftwich, 2013).
Existing research on teacher change primarily focuses on self-assessed competencies,
attitudes, and observable behaviors, often lacking depth in explaining the internal mechanisms
that drive transition.

Drawing on Transformative Learning Theory (TLT) (Mezirow, 2008), which emphasizes
critical reflection on key events, contributing to explaining the iterative, profound, and
fundamental transition that teachers undergo in DDI. Meanwhile, the Concerns-Based
Adoption Model (CBAM) (Hall & Hord, 2015) provides a structured framework for
delineating teachers' stages of concerns and levels of uses during the adoption of DDI. Given
the complementary strengths of these two perspectives, and considering the interactive
influence of individual difference and contextual factors on teacher transition, this study
integrates TLT and CBAM into a theoretical framework. This framework aims to explore the
explicit and implicit transition of teachers in DDI, shaped by the interplay between individual
factors and contextual factors. It also enables a deeper interpretation of the underlying
mechanisms driving individual transition. It not only offers insights into challenges and
opportunities within DDI context, but also provides a robust theoretical foundation for
exploring the key factors influencing teacher transition.

Keywords Teacher transition, Transformative Learning Theory, The Concerns-Based
Adoption Model, Digital Differentiated Instruction
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Abstract

This study primarily explores how teachers in rural areas integrate the JDM curriculum
into their Professional Learning Communities (PLCs) to enhance their mathematical
teaching knowledge. It focuses on how elementary school teachers in rural areas, with
different areas of expertise, improve their mathematical teaching knowledge in the
classroom.

The research tools used in this study include the Mathematics Pedagogical Content
Knowledge (MPCK) perception scale for elementary school teachers proposed by Chen
(2014) as pre- and post-tests, teaching activity videos, interview transcripts, and
community activity documents. The "Just Do Math (JDM)" curriculum developed by
the Central Math Advisory Team is used for data collection. The study was conducted
with a PLC consisting of four teachers from a rural school in Taichung City.

The findings of this study are as follows: (1) The JDM curriculum has a clear structure
and provides strong support for teachers with a math background, but teachers without
a math background face challenges in the adaptation process; (2) The JDM curriculum’s
assessment tools enhance student participation, but teachers expect more tiered designs
and interactive resources to support diversified teaching; (3) After using the JDM
curriculum, teachers show an overall improvement in their mathematical teaching
knowledge.

Key words: Professional Learning Community, JDM Curriculum, Mathematical
Teaching Knowledge

Introduction

1.Research Motivation and Background

Rural teachers often face significant challenges due to limited resources and
professional development opportunities, resulting in isolation and difficulty in adopting
innovative teaching strategies (Darling-Hammond, 2006; Guskey, 2002). The lack of
adequate teaching materials, technological support, and access to professional
development further hinders their growth (Hargreaves & Fullan, 2012). In this context,
Professional Learning Communities (PLCs) provide a valuable platform for teachers to
share knowledge, collaborate, and solve problems (Stoll et al., 2006).

Since the Ministry of Education established the National Education Guidance Team,
the Mathematics Field Central Guidance Team, led by Professor Lin Fuluai, has
launched the "Just Do Math (JDM)" project. This initiative includes foundational
mathematics modules, literacy teaching modules, and micro-courses, alongside
professional development courses and workshops for mathematics teachers.

This study explores whether PLCs and JDM materials can enhance professional
dialogue, promote continuous learning, and improve rural teachers' teaching practices
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and mathematics skills through feedback and community support.

2.Research Questions

Based on the research motivation outlined above, the research questions are as follows:

(@)What is the effectiveness of JDM materials for teachers with a mathematics
background and those without?

(b)Can the assessment tools of JDM materials effectively support the teaching of rural
mathematics teachers?

(c)Does the use of JDM materials lead to an improvement in teachers' mathematical
teaching knowledge?

Literature Review

1.Professional Learning Community (PLCs)
In rural areas with limited educational resources, Professional Learning Communities
(PLCs) play a vital role in teachers' professional growth and student outcomes. PLCs
foster collaboration, joint lesson planning, and continuous reflection on teaching
practices. DuFour (2004) outlines three core principles for PLCs: ensuring students'
right to learn, fostering teacher collaboration, and enhancing student learning through
professional growth. The Ministry of Education (2009) identifies seven key
characteristics of PLCs: shared vision, collaboration, joint inquiry, practice sharing,
action orientation, continuous improvement, and results focus.
PLCs for rural teachers vary based on school needs. Chang (2009) categorizes PLCs
into four types:
(1) Grade-based PLCs: Formed by teachers of the same grade, focusing on curriculum
design and collaboration, especially important in rural areas with fewer teachers.
(2) Subject/Disciplinary PLCs: Focus on specific subjects, such as math, to improve
teaching through joint planning and observation.
(3) School Mission-based PLCs: Focus on tasks like curriculum design or integrating
local culture, working closely with the school curriculum committee.
(4)Professional Development Theme-based PLCs: Formed around common
educational issues like technology integration or new teaching methods.
PLCs address teacher isolation, promote professional development, and share resources,
helping to bridge the urban-rural education gap. Moving forward, technology
integration, action research, and cross-school collaboration will enhance the
effectiveness of PLCs in rural areas.
2.Analysis of Just Do Math (JDM) Related Teaching Materials
Since the Ministry of Education established the National Education Counseling Group,
the Central Counseling Group has focused on developing curriculum and teaching
strategies to train seed teachers and enhance local teams' professional skills. Led by
Professor Lin Fulai, the "Just Do Math (JDM)" project has created several modules over
the past decade: Math Foundation, Math in the Classroom, Math Literacy Teaching,
and Math Micro-Learning, alongside professional development courses and workshops.
The JDM project uses a progressive teaching approach, with JDM 1.0 (Math
Foundation Module) grounded in motivational theory, representational learning, and
diagnostic conjecture to help students grasp math concepts. JDM 2.0 (Foundation in
Classroom Module) emphasizes practical application with principles like motivation,
mathematical sense, co-constructing knowledge, diagnostic interventions, and
integrated unit design, using hands-on tasks and games.
JDM 3.0 (Math Literacy Module) aligns with the 108 Curriculum Guidelines and PISA
2022, focusing on critical thinking, creativity, and communication. It uses formative
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assessments through written and verbal feedback to evaluate learning outcomes.

JDM 4.0 (Math Micro-Learning Module) offers short, flexible activities that
incorporate 21st-century skills and can be easily integrated into existing curricula.
Available for download at the National Taiwan Normal University Mathematics
Teaching Research Center, these materials support rural teachers in professional
learning communities (PLCs), helping them enhance teaching skills and improve
student outcomes.

3. Mathematical Pedagogical Content Knowledge (MPCK)

Previous studies have explored Shulman’s (1987) concept of Pedagogical Content
Knowledge (PCK) and identified several key components: knowledge of students,
teaching strategies, teaching goals, subject content, curriculum, context, general
teaching, assessment, and media. However, general teaching knowledge lacks
specificity, and media knowledge is often less relevant in typical classrooms.
Consequently, Chen (2014) redefined Mathematical Pedagogical Content Knowledge
(MPCK) into seven core categories: (1) Curriculum and Goal Knowledge (2)Subject
Content Knowledge (3) Teaching Strategy Knowledge (4) Teaching Representation
Knowledge (5) Mathematical Context Knowledge (6) Knowledge of Student Learning
(7) Assessment Knowledge. This framework refines the knowledge areas essential for
effective math teaching and offers a solid foundation for teacher professional
development and learning communities.

Research Methodology

1. Research Participants

The participants in this study are teachers from a rural school located in a coastal
administrative district of Taichung City. The school has a harmonious team atmosphere
and strong ties with the local community. The school also has a professional
development community aimed at enhancing teachers' teaching abilities. However, the
parents in the community tend to adopt more traditional family education methods.
Except for the PLC convener and one teacher with a background in mathematics
education, the rest of the teachers come from non-science backgrounds. This section
provides an individual analysis of this case PLC, as shown in Table 1:

Table 1: Participation of Teachers in the PLC Community Case Study

Teacher Gender Position Educational Age (Years  Years of
Code Background of Teaching Participati
Experience) oninPLC
TO Male Director Master's in 29 (6) 6
(PLC Mathematics
Convener) Education
T1 Female  3rd Grade Bachelor's in 49 (10) 1
Homeroo English
m Teacher Education
T2 Female  5th Grade Master's in Art 37 (11) 1
Homeroo Education
m Teacher
T3 Male Group Bachelor's in 29 (6) 1
Leader Mathematics
Education

As shown in Table 1, the participating teachers are experienced, with over five years of
teaching. Due to the school’s remote location, students do not attend after-school
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tutoring but participate in the school’s after-care program or go home directly. Teachers
only correct homework from the same day, ensuring that students’ math learning is not
influenced by external factors, allowing for a clearer observation of the PLC’s impact
on teachers’ professional growth.
2. Research Framework

The research framework of this study (as shown in Figure 1) outlines the entire
process of teacher participation in the community, including the pre-stage of self-
perception measurement of mathematical teaching knowledge, the mid-stage of
learning and application, and the post-stage of teaching effectiveness assessment. The
framework also integrates JDM materials to support teacher growth.

Analysis Research Process Teachina Inquiry
PLC MPCK Scale MPCK Scale
JDM Materials JDM Materials JDM Materials Interview data
MPCK Community documents Community documents

Figure 1: The research framework of this study

Before the study began, the researcher thoroughly reviewed literature on Teacher
Professional Learning Communities (PLC), Just Do Math (JDM) materials, and
Mathematical Pedagogical Content Knowledge (MPCK). This analysis ensured the
relevance and accuracy of the research materials and established a solid theoretical
foundation for the study. The research tools identified include the MPCK Scale, JDM
materials, and community activity documents, all designed to support teachers' practice
and collaboration within the PLC.

During the study, teachers used the co-planning handbook from the Mathematics
Education Center at National Taiwan Normal University to design and implement
teaching activities. After data collection, the researcher will analyze the MPCK scale
results, teaching videos, teacher interviews, community documents, and student
performance data. This analysis will evaluate the effectiveness of JDM materials and
PLCs in enhancing mathematical teaching knowledge, fulfilling the study's objectives.
3. Research Tools
This study primarily explores how the integration of JDM materials into teacher
professional learning communities (PLCs) can enhance the mathematical teaching
knowledge of rural teachers. The research tools used in this study include the MPCK
Perception Scale proposed by Chen (2014) as pre- and post-tests, interview data, and
documents related to community activities. The use of these research tools is analyzed
in the following Table 2:

Table 2: Analysis of Research Tools
Research Tool Name Purpose of the Research Tool Timing of Use
Mathematics Beginning and end
Pedagogical Content of community

This scale is used to measure
participants' self-perception of their

Knowle_dge (MPCK) mathematical teaching knowledge. activities
Perception Scale
JDM-related PLC teachers use these materialsto ~ During community
Materials design curriculum-related activities.  activities
To understand the participants' Before, during, and
Interview Data engagement process in the after community
community. activities
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Community Activity To understand the events of different During community
Documents activities within the community. activities

(1) Mathematics Pedagogical Content Knowledge (MPCK) Perception Scale
This study uses the MPCK Perception Scale (Chen, 2014) at the beginning and end of
the PLC activities to assess participants' self-perception of their mathematical teaching
knowledge.
The scale includes five dimensions: Curriculum and Goal Knowledge (2 items), Subject
Content Knowledge (5 items), Teaching Strategy Knowledge (3 items), Teaching
Representation Knowledge (4 items), and Assessment of Learning Outcomes
Knowledge (3 items), totaling 17 items. The scale shows good reliability with an overall
Cronbach's a of 0.919, and subscale reliabilities ranging from 0.644 to 0.837. The
survey takes 10-15 minutes to complete, with responses using a Likert scale from 5
(Always) to 1 (Never).

(2) IDM-Related Materials
The "Just Do Math (JDM)" program, developed by the National Education Mathematics
Central Counseling Group, aims to create an engaging, meaningful learning
environment for students. It has evolved through multiple stages: JDM 1.0
(Foundational Math Activities), JDM 2.0 (Classroom Integration), JDM 3.0 (Math
Literacy Teaching), and JDM 4.0 (Micro-Learning Modules). Each stage integrates
principles from the PISA 2022 math framework and focuses on 21st-century thinking
skills. Comprehensive resources, including lesson plans, collaborative guides, and
teaching videos, are available at the National Taiwan Normal University Mathematics
Teaching Research Center. These materials are particularly suited for rural teachers
involved in math PLCs, offering a step-by-step professional development approach.

(3) Interview Data
This study collects interview data to explore teachers' experiences with community
interactions, collaborative lesson planning, and course implementation. A semi-
structured interview outline, reviewed by experts, focuses on course materials, teacher
PLCs, and teaching reflections.

(4) Community Activity Documents
The study includes four types of community activity documents: (1) Collaborative
Planning: Records of teacher discussions on teaching goals, course design, and resource
use during joint lesson planning. (2) Teaching Feedback Sharing: Summaries of
feedback from teachers sharing their teaching practices, including evaluations and
suggestions for improvement. (3) Teacher Collaborative Feedback: Records of teachers'
reflections on collaboration, focusing on efficiency, problem-solving, and knowledge
sharing. (4) Course Development Results: A compilation of lesson plans, teaching
resources, and student learning outcomes reflecting contributions to course innovation
and professional development. These documents provide valuable data for analyzing
the impact of the community on teachers' professional growth.
4. Data Analysis
This study will employ content analysis, or quasi-statistical analysis (Niu, 2021).
According to Shaughnessy et al. (2009), content analysis involves defining data
characteristics, categorizing them using specific rules, and calculating the frequency of
each category. Bryman (2016) highlights that the main advantage of content analysis is
its use of clear, objective standards combined with reliable tools, making it easier to
analyze qualitative data by converting it into quantitative measures for comparison.
5. Research Validity
To ensure the quality of qualitative research, this study follows the four reliability
standards outlined by Niu (2021): credibility, transferability, dependability, and
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confirmability. The researcher maintains close contact with case teachers and
continually reviews relevant literature to enhance their understanding of the topic.
Interview skills are practiced to improve data collection accuracy. Interviews are
recorded to ensure completeness, and after the interviews, case teachers review the
transcripts to verify accuracy and prevent transcription errors from affecting the
research validity.

Research Results and Discussion

In this study, case teachers used the JDM materials, which consist of four sequential
modules: foundational math activities, foundational teaching, literacy, and micro-
courses. The aim is for teachers to gradually improve their teaching skills and ultimately
design their own math curriculum. Since the establishment of the math community in
August 2024, the researcher, as the facilitator, guided three teachers—two with non-
math backgrounds (T1, T2) and one with a Bachelor's in Mathematics Education (T3)—
through the modules. Initially, all teachers began with the "Math Foundation Activities
Module.” The study will analyze their progress based on their classroom performance
and understanding of the modules.

In November 2024, the researcher conducted semi-structured interviews with the
teachers, who had been using the JDM materials for three months. The interview
questions were: (1) Do the JDM materials help you clearly understand the course
structure and implementation? (2) Is the content of the "course plan™ clear and helpful
for your teaching? (3) What are your thoughts on the various assessment tools, such as
"learning sheets” and "hands-on activities"? (4) What improvements would you suggest
for the online materials and teaching tools?

1. What is the effectiveness of JDM materials for teachers with a mathematics
background and those without?

(1) Claim
The JDM materials are well-structured, supporting math-background teachers (T3) in
quickly understanding and applying them. However, non-math-background teachers
(T1, T2) face challenges with mathematical terminology and logic, requiring additional
time and support to adapt. This indicates the materials' effectiveness depends on
teachers' professional backgrounds, with those possessing stronger math knowledge
adapting faster.

(2) Interpretation and Evidence
Support for Math-Background Teachers: Math-background teacher (T3) finds the
materials' clear structure helps quickly grasp the course context, with the "Number
Puzzle™ activity aiding number sense development. T3 can adapt the materials flexibly,
such as adding extension challenges for students based on their abilities.
Challenges for Non-Math-Background Teachers: Non-math-background teachers (T1,
T2) struggle with terminology and logic, which slows their adaptation. T1 noted
difficulty with technical terms, and T2 emphasized needing community support to
understand the materials' logic, highlighting a slower adaptation process.
Adaptability and Teacher Background: Math-background teachers can directly use the
materials, while non-math-background teachers require additional resources and
support, emphasizing the materials' adaptability depends on teacher background.
Suggestions for Improvement: To aid non-math-background teachers, the materials
should include more operational examples, simplify terminology with application
examples, and offer flexible module designs tailored to various needs.
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(3) Summary
The study finds that while the JDM materials support math-background teachers well,
non-math-background teachers face challenges in adaptation.

2. Can the assessment tools of JDM materials effectively support the teaching of
rural mathematics teachers?

(1) Claim
JDM materials, especially the worksheets and hands-on activities, effectively engage
students, particularly in collaborative and exploratory learning. However, teachers
noted that the assessment tools do not address varying student abilities, with struggling
learners facing challenges and advanced students lacking opportunities for further
exploration. Teachers suggest incorporating differentiated design and more interactive
resources.

(2) Interpretation and Evidence
Student Engagement: Teachers observed that the worksheets and hands-on activities
significantly boosted student engagement. T3 mentioned, "Hands-on activities helped
students experience math principles in practice, leading to high participation.” T1
agreed, noting the activities' strong appeal and increased student involvement.
Assessment Tools' Limitations: The assessment tools' uniform design failed to meet the
needs of all students. Struggling learners had difficulty with challenging tasks, while
stronger students lacked further exploration opportunities. T1 suggested adding
differentiation to better cater to diverse abilities.
Need for Interactive Resources: Teachers requested more interactive resources, like
simulated videos and data analysis templates, to improve teaching effectiveness and
foster critical thinking. T2 emphasized, "Simulated videos would clarify activity
processes, saving prep time,” while T3 highlighted the value of templates for
developing data processing skills.

(3) Summary
The study found that while JDM materials increase student participation, teachers seek
more differentiated assessments and interactive resources to support diverse learning
needs.

3. Does the use of JDM materials lead to an improvement in teachers'
mathematical teaching knowledge?
Before and after the community activities, all three case teachers took the MPCK scale,
and the results are shown in Table 3:

Table 3: MPCK Pre- and Post-Test Results of Case Teachers

Curriculum Subject Teaching  Teaching Ic‘)?ﬁggmg
Teacher & Goal Content Strategy Representatio . Overall
Evaluation
Knowledge Knowledge Knowledge n Knowledge
Knowledge
T1(Pre) 5/25 18/3.6 13/4.33 17/4.25 12/4 65/3.82
T1 (Post) 5/2.5 20/4 15/5 17/4.25 13/4.33 70/4.12
T2 (Pre) 6/3 20/4 13/4.33 16/4 13/4.33 68/4
T2 (Post) 8/4 22/4.2 12/4 17/4.25 14/4.67 73/4.29
T3 (Pre) 8/4 23/4.6 13/4.33 18/4.5 12/4 74/4.35
T3 (Post) 9/4.5 23/4.6 13/4.33 20/5 15/5 80/4.71

Note: The numbers in the table represent "Total Score/ Average Score."

The table reveals that T3 consistently scored higher than T1 and T2, both before and
after using the JDM materials. Additionally, all three teachers showed improvement in
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their mathematical teaching knowledge after engaging with the materials.
Conclusion and Recommendations

This study explores how teachers in rural areas integrate the JDM curriculum through
professional learning communities in an action research framework. Based on the
analysis of the research data, the findings of this study are summarized as follows:

1. What is the effectiveness of JDM materials for teachers with a mathematics
background and those without?

The study found that the JDM curriculum supports math teachers in quickly grasping
and applying the content. However, non-math teachers struggle with terminology and
activity logic. To improve adaptability, the curriculum should include more examples,
simplify terms, and increase module flexibility to better support diverse teachers.

2. Can the assessment tools of JDM materials effectively support the teaching of
rural mathematics teachers?

The study found that JDM assessment tools effectively boost student engagement,
particularly through hands-on and group activities. However, the uniform design does
not cater to varying student abilities. Teachers recommend adding tiered designs and
interactive resources, like simulation videos and data templates, to reduce preparation
time and enhance exploratory learning. These improvements would better support
diverse teacher and student needs.

3. Does the use of JDM materials lead to an improvement in teachers’
mathematical teaching knowledge?

The study found that after using the JDM materials, all three case teachers showed
improvements in various aspects of their mathematics teaching knowledge, with an
overall increase in their MPCK scores. This suggests that the JDM materials can
support the growth of mathematics teaching knowledge among rural teachers.
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Exploring the Enhancement of Elementary Students’ Spatial
Reasoning through the “7otem Island” Board Game

Huei-min Wu'!  Hui-chuan Huang?
"Department of Psychology, Fo Guang University
"Department of Applied Informatics, Fo Guang University

Abstract
This study employed the educational board game Totem Island, designed to foster
spatial thinking, to investigate its effects on students’ spatial visualization and
perspective-taking skills. It also examined how the color design of game materials
influenced learning performance, cognitive load, and motivation. A mixed-method
experimental design was conducted with 130 fourth- and fifth-grade students from an
elementary school in Taipei. Independent variables included color combinations of the
materials (mono-mono: monochrome target + monochrome blocks; mono-color:
monochrome target + colored blocks; color-color: colored target + colored blocks)
and grade level. Dependent variables were visualization test scores (pre- and post-
tests), cognitive load, learning motivation, and game preference. Student interviews
were conducted after the activity. Results indicated significant improvement in spatial
visualization across both grades, with a large effect size (np*> =.503). While colored
materials increased the difficulty in advanced tasks, cognitive load remained within an
acceptable range. All groups reported positive motivation and enjoyment. Students
generally perceived Totem Island as a fun and challenging game that enhanced their
spatial thinking, strategic planning, and perspective-taking abilities.

Key words: spatial reasoning; visual representation and perspective-taking;
board game; cognitive load; color design
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Applying of four-tier assessment to diagnose sixth-grade students'
performance in fraction division problems

Abstract

Yueh-Jung Hsul Yuan-Horng Lin2
1 Taichung Municipal Da Yuan Elementary School

2Department of Mathematics Education, National Taichung University

This study aims to develop a four-tier assessment diagnostic tool to investigate
the problem-solving performance and metacognitive performance of sixth-grade
students in fraction division.The main objectives are to develop four-tier assessment
items suitable for elementary school students in fraction division, apply
constructed-response item scoring to analyze students' problem-solving thinking and
performance in fraction division, and explore students' metacognitive performance in
fraction division problem-solving.

The study participants were sixth-grade elementary school students, with testing
conducted in 12 classes. The study results revealed the following:(1) The test
reliability, measured using Cronbach’s Alpha coefficient, showed that the first-tier
items had a coefficient of .621, while the third-tier items had a coefficient of .800,
indicating good test reliability.(2) Pearson’s product-moment correlation was used to
analyze item discrimination, and all item correlation coefficients reached a significant
level (<.05).(3) Regarding factual knowledge judgment ability: The results showed
that in the "Equal-Group Type — Mixed Number + Mixed Number" category, the
accuracy rate was .29. When fraction division could not be simplified, students had a
higher probability of making calculation errors. Additionally, in the "Proportional
Type — Mixed Number + Proper Fraction" category, the accuracy rate was .39,
indicating that students failed to convert remainders into appropriate units.(4)
Regarding explanatory ability in interpretive knowledge: The third-tier results showed
that the "Equal-Group Type — Mixed Number + Mixed Number" category had the
lowest average score of only .67 points, suggesting that students had lower confidence
when dealing with complex fractional division problems. Additionally, the
"Equal-Group Type — Proper Fraction +~ Mixed Number" and "Proportional Type —
Proper Fraction + Mixed Number" categories had scores of .73. Both problem types
involved dividing a proper fraction by a mixed number, and students tended to

confuse unit quantities with unit numbers, leading to calculation errors.

Keywords: fraction division, constructed-response items, four-tier assessment,

metacognition
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A Study on Sixth Graders' the Types of Mistakes in
Answering Questions: Focusing on Thumbnails,
Enlargements, and Scale

Yi-Jia Wu! Kai-ju Hsieh?
"Department of Mathematics Education, National Taichung University
’Department of Mathematics Education, National Taichung University

Abstract
The purpose of this study was to investigate the types of mistakes of sixth graders in
answering mathematics questions. The participants were 70 sixth-grade students from
two elementary schools in Taichung City. A paper-and-pencil test was administered
after the instruction. The researchers analyzed the students' performance based on the
test results, selected the questions with a correct answer rate below 0.40, and
categorized the types of errors made by students in this unit.
The results indicated that students' the types of mistakes included "concept errors",
"expression errors" and "calculation errors". The findings of this study are as follows:1.
students tend to confuse the side length relationship between the miniature and the
original image. 2.Misunderstanding the meaning of the scale, which leads to errors in
solving problems.
Therefore, future teaching should provide a variety of examples and practical activities.
For example, digital tools or animations can be used to simulate changes in different
scaling ratios, so that students can more intuitively feel the correspondence between the
thumbnail and the original image, supplemented by exercises to measure side lengths
to strengthen students' understanding and application of the concepts of scaling and
scale.

Key words: enlargements, error type, scale, thumbnail
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Exploring Misconceptions and Teaching Design in Addition
and Subtraction of Fractions with Unlike Denominators

Kai-Cheng Wei! Ru-Fen Yao?
"Tong An Elementary School, Yunlin County
?Department of Education, National Chiayi University

Abstract

This study aims to investigate the misconceptions of two low-achieving
elementary school students in the addition and subtraction of fractions with
unlike denominators and to design remedial instructional activities
accordingly. A case study approach was adopted, focusing on two sixth-
grade students in a remedial class at a remote elementary school in Yunlin
County. Through pre-remedial assessments and interviews, the study
identified several misconceptions, including a lack of understanding of the
part-whole relationship, frequent misjudgment of unit quantities, and
difficulties in transitioning between multiple representations, such as
textual, graphical, and numerical forms. Additionally, the students
habitually multiplied denominators directly to find a common denominator
instead of identifying the least common multiple, thereby increasing their
computational burden.To address these issues, this study designed
instructional activities incorporating multiple representations and story-
based contexts, aiming to enhance students’ understanding of fraction
operations with unlike denominators. Future research will further
implement these instructional activities, evaluate their effectiveness, and
provide concrete pedagogical recommendations.

Key words: low-achieving students, addition and subtraction of fractions

with unlike denominators, misconceptions, instructional
design
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An Action Research on the Implementation of Mathematical

Writing in Fifth-Grade Integer Four Operations
Pin-Hsuan Tseng!
Po-Hsin Su?
! Jiude Elementary School
’Department of Mathematics Education, National Taichung University of
Education

Abstract

This study examines the implementation of mathematical writing in a fifth-
grade class at a public elementary school in Wuri District, Taichung City, employing an
action research approach. The research explores the challenges encountered during the
implementation of mathematical writing and the corresponding strategies for
addressing them, as well as students’ performance in three types of mathematical
writing tasks: explanatory, error-detection, and problem-posing. Data were collected
through students’ mathematical writing worksheets, and an analysis was conducted to
derive the following findings.

During the implementation of mathematical writing activities, teachers faced
several challenges. First, low-achieving students often struggled with initiating their
writing. To address this issue, teachers integrated mathematical writing instruction into
regular lessons and provided encouragement throughout the writing process. Second,
as writing activities consumed a considerable amount of instructional time, teachers
scheduled mathematical writing sessions during interdisciplinary and flexible courses
to minimize disruptions to regular lessons. Additionally, students’ interest in writing
activities tended to decline over time. To sustain their motivation, teachers needed to
adjust both their own and students' mindsets, making mathematical writing more
engaging. Lastly, students’ written responses were often overly concise. To improve
this, teachers presented exemplary models before writing exercises and reminded
students to review their responses to ensure clarity and completeness.

Regarding students’ performance in the three types of mathematical writing
tasks, they generally found error-detection tasks the easiest, as these only required a
direct judgment of correctness. Explanatory tasks were manageable for most students,
as they closely aligned with classroom content, allowing them to provide correct
equations and explanations. However, some students struggled to clearly articulate the
meaning of their equations. In contrast, problem-posing tasks posed the greatest
challenge. High- and medium-achieving students often created scenarios that were
either inappropriate or incomplete, whereas low-achieving students frequently
produced responses that were incomplete, inconsistent with the problem’s
requirements, or entirely blank.

The findings indicate that mathematical writing can enhance students’
understanding and expression of mathematical concepts. However, teachers must
continuously refine instructional strategies to address the challenges students encounter
in mathematical writing activities.

Key words: Mathematical Writing, Action Research, Explanatory Mathematical
Writing, Error-Detection Mathematical Writing, Problem-Posing Mathematical Writing
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A Pilot Study on the Mathematics Exemple-Giving
Ability of Underachievers in the Second Grade of the
Elementary School Extra-Curriculums

Ti-An Chang! Yuan-Shun Lee?
"Master's Program of Data Science and Mathematics Education for
In-service Adults
’Department of Mathematics, University of Taipei

Abstract

The purpose of this study is to explore the changes in mathematics example-giving
ability among underachievers in the second grade students after participating in extra-
curriculums incorporating "student giving example" over the course of a semester. The
research adopts a case study method, targeting three low-achieving mathematics
students. The process involved using one flexible lesson each week, across ten units in
one semester, to revisit content already learned in their original class. Worksheets
integrating example-giving questions were employed to develop students' ability to
provide examples related to specific concepts and content of each unit. At the same
time, their example-giving content was guided and improved. Data collection included
worksheets, teaching recordings, and student interviews. The reliability and validity of
the data were ensured using content validity, expert validity, and triangulation. This
study focuses solely on the content of the unit on integers and operations.

The findings reveal that, initially, students could only write a few simple words.
Over time, they progressed to providing more complete examples involving two-step
addition and subtraction operations. The reasons for this improvement include a safe
learning environment where students had the opportunity to articulate and write down
their thoughts. Even if their expressions were incomplete, teachers offered
encouragement, boosting the students' confidence.

Keywords: giving example, extra-curriculum, underachiever, second grade math.
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A Study on the Effectiveness of Diagnostic Teaching Applied to the
Teaching of the Fraction Unit in Mathematics

Tzu-Lun Chiu! Yuan-Shun Lee?
!Master Program of Mathematics Education, University of Taipei
2Department of Mathematics, University of Taipei

Abstract

This study aims to investigate the effectiveness of applying diagnostic teaching in the
instruction of fractions for fourth-grade elementary school students. The research adopts an
interpretative approach and involves 24 fourth-grade students as participants. The fraction unit
covers mixed numbers, improper fractions, their conversions, and comparative magnitude.

The research process begins with a literature review on relevant misconceptions,
followed by the design of diagnostic assessment items to identify students’ misconceptions.
Subsequently, diagnostic teaching is implemented, and its effectiveness is evaluated.

Data collection and analysis include pre- and post-test questionnaires and classroom
teaching recordings. The validity and reliability of the study are ensured through content
validity, expert validity, and triangulation.

This paper reports solely on students' learning outcomes. The results indicate that
students' average scores in identifying and defining mixed numbers improved from 0.08 points
(4%) to 1.13 points (56.5%). Their ability to compare the magnitude of mixed numbers and
improper fractions with the same denominator increased from an average of 0.5 points (25%)
to 1.71 points (85.5%). Performance in addition of fractions with the same denominator
improved from 1.63 points (81.5%) to 2 points (100%), while subtraction of fractions with the
same denominator improved from 1.29 points (64.5%) to 1.67 points (83.5%). Students’
ability to compute integer multiples of mixed numbers showed an improvement from 0.08
points (4%) to 1.58 points (79%).

Out of a total score of 28 points, students' average scores increased from 11.7 points
(41.8%) to 17.8 points (63.6%), demonstrating an overall improvement in their performance.

Key words: diagnostic teaching, unit fraction , misconception, error types
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Factor and multiple concepts play an important role on the mathematics
learning. Factor and multiple are abstract concepts so that students often have
difficulties. Their related concepts include factor, multiple, common factor, common
multiple, greatest common factor and least common multiple. When students are
asked to respond word problems of factor or multiple tasks, they always have
difficulty to perceive and understand the latent structure of factor and multiple [8, 13].
Some researchers provide instruction strategies to overcome misconceptions of factor
and multiple. Bassarear [2] uses interaction and union of Venn diagram to improve
factor and multiple concepts. Kennedy, Tipps and Johnson [11] adopt factor tree to

clarify the misconceptions of factor and multiple. (Yuan-Horng Lin, Jeng-Ming
Yihand Tsai-Nuan Tsai,2014)
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The term “prior knowledge” is used in relation to teaching and learning and refers to
the knowledge that a learner or group of learners has prior to a specific learning
episode or course/program of study. The notion of prior learning is important from at
least two perspectives. From the perspective of educational purposes, educational
provision should be designed such that each stage or phase of educational experience
allows learners to make progress beyond what they have already achieved in earlier
stages or phases. So, for example, teaching about any science topic in secondary

education should represent progression over what is taught in primary school. (Taber,
K.S,2015)
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The Pilot Study of The Invention of A Learning Diagnostic Tool
Focusing on Factors and Multiples

Po-Sgang Su' Ming-Hsun Shen’
"Graduate Institute of Science Education and Environmental Education,
National Kaohsiung Normal University

Abstract

The concepts of factors and multiples in elementary and middle school serve as
the foundation for fraction operations and equation solving. However, students often
met difficulties when solving problems due to the lack of understanding of the
concepts. Research has found that when learning this unit, students frequently neglect
factors, confuse concepts, misuse strategies, even giving up on word problems,
leading to a sense of helplessness towards learning. To address this issue, based on the
Knowledge Structure Star Map from the Adaptive Learning Platform, I developed a
diagnostic tool for students from fifth grade in elementary school to eighth grade in
middle school, helping teachers identify students' weak points quickly. By using this
diagnostic tool, teachers can conduct targeted reviews before formal instruction,
reinforcing prerequisite knowledge, enhancing learning effectiveness, and reducing
difficulties caused by unclear concepts.

Keywords:factors and multiples, prerequisite knowledge, the knowledge
structure, learning diagnosis
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A Case Study on Enhancing Students’ Word Problem-Solving
Performance through the Integration of Questioning and
Mathematical Sense

Sin-Rong i Jian-Cheng Chen

Department of Mathematics and Information Education,

National Taipei University of Education

Abstracts

This study aims to investigate the effects of integrating questioning strategies and
number sense learning strategies on elementary students’ performance in solving
mathematical word problems. The participants were three fourth-grade students
receiving mathematics remedial instruction at a public elementary school in Keelung
City, categorized as neither mountainous nor urban. A case study approach was
adopted to implement and evaluate the instructional intervention.The instructional
design incorporated four questioning strategies—restating, responding, probing, and
challenging—and five number sense strategies—providing examples, simplifying,
drawing, asking "why," and recalling. These were structured into a four-step problem-
solving process: understanding the problem, planning strategies, recording equations,
and verifying the answer. This design aimed to guide students in comprehending
problem statements, constructing mathematical concepts, and enhancing their
problem-solving abilities.

Data were collected through pre- tests and post-tests of word problem-solving,
classroom observations, student worksheets, and interviews. Both quantitative and
qualitative analyses were conducted to examine student performance. The pre-test
results revealed that students struggled with issues such as unit conversions,
misinterpretation of keywords, and computational errors. As the study is still in its
early stages, only the pre-test and partial observation data have been completed.

This research is expected to provide an evidence-based instructional model for
classroom practice and to strengthen teachers’ abilities in designing and applying
effective questioning strategies in teaching mathematical word problems. It also aims

to serve as a reference for future instructional design and research.

Keywords: Questioning Strategies, Mathematical Sense Learning Strategies,

Mathematical Word Problems, Problem-Solving Performance
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A Case Study on the Use of a Digital Learning Platform for
Junior High School Mathematics Remedial Instruction
Shen-Chao Lin® Ju-Fen Yao?

TTaichung Hsiao-Ming Girls’ High School, Taichung City, Taiwan
Pepartment of Education, National Chiayi University, Chiayi City, Taiwan

Abstract

This case study explores the impact of using a digital learning platform in supporting
junior high school mathematics remedial instruction, focusing on the third unit,
"Factorization," from the first semester of the eighth-grade curriculum. The participant
was a low-achieving student from a private junior high school in Taichung. Multiple
research tools were employed, including pre-tests, post-tests, semi-structured interviews,
and reflective journals, to examine the student's learning process and outcomes. The
analysis revealed that after engaging with the digital learning platform, the student
showed increased motivation and reduced resistance toward mathematics learning.
Through instructional videos and immediate feedback provided by the platform, the
student successfully grasped key concepts in factorization, such as factoring out the
greatest common factor and applying the cross-multiplication method. The student’s post-
test score improved from 38% to 72%. The findings suggest that the platform helped
alleviate learning anxiety and enhanced academic performance through systematic and
repeated practice. This study recommends the application of digital learning platforms in
other mathematics units and among diverse student populations to further evaluate their
effectiveness and generalizability.

Keywords: digital learning platform, factorization, mathematics remedial instruction,
learning process
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Application of three-tier assessment to explore the
performance of elementary school 5" students in solving
factors and multiples.

Chin-Yi Lin' Yuan-Horng Lin®

1
Department of Mathematics E atlon National Taichung Universit
P ?Eucf ucation g y

2 Department of Mathematics E%ucfuaééo%nNatlonal Taichung University

Abstract

This study was to develop a three-tier assessment to investigate the
misconceptions of fifth-grade elementary school students regarding factors and
multiples. The study aimed to analyze students' performance and problem-solving
types related to factor and multiple problems and explore the correlation between their
assessment results and metacognitive performance.

There were 215 fifth-grade students who come from different regions, with the
research tool being a self-developed three-tier assessment on factors and multiples for
fifth-grade students. The results of the study are as follows: (1) The reliability
coefficient of the test, as measured by Cronbach's Alpha, was .677
and .854, indicating that the test had good reliability. (2) Pearson’s correlation
analysis of the item discrimination showed that all item correlation coefficients
were significant (<.05), indicating that the items could effectively differentiate
students' abilities. (3) Regarding factual knowledge judgment ability, the lowest
accuracy rate was observed in the error type of "missing the number itself when
identifying multiples,” with an accuracy rate of .34, suggesting that students tend to
overlook that each number is its own smallest multiple. (4) Regarding interpretive
knowledge and explanation ability, students had the lowest average score of .70
when "identifying factors and missing 1, the number itself, or some factors,"
indicating that they often overlooked starting from the smallest factor 1 or failed to
list all factors completely. Overall, the assessment tool developed in this study
demonstrated good reliability and discrimination, making it a valuable reference
for future research on elementary school students' understanding of factors
and multiples.

Keywords: factors, multiples, three-tier assessment, instrument, constructed-response
items, metacognition
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A Preliminary Study on Mathematics Emotions in Upper

Elementary School Students
Yu-Ping Zhang ! Yuan-Horng Lin?
I Department of Mathematics Education, National Taichung University of
Education

2 Department of Mathematics Education, National Taichung University of
Education
Abstract

This study aims to develop and validate the Mathematics Emotions Scale for upper
elementary school students and to explore differences in their mathematical emotions
across various demographic variables. Mathematics-related emotions refer to the
emotions students experience during learning, problem-solving, and assessments,
which influence their motivation and academic performance. According to Pekrun’s
(2006) Control-Value Theory (CVT), emotions are shaped by students’ perceived
control over tasks and the value they assign to them, which in turn affect their learning
attitudes, motivation, and achievement, highlighting the inseparable link between
emotions and learning attitudes.Therefore, this study seeks to develop a Mathematics-
Related Emotions Scale suitable for upper elementary school students, analyze their
emotional responses, and examine differences in emotions across different backgrounds.
A total of 868 upper elementary school students participated in the study. The scale
developed in this study categorizes mathematical emotions into five dimensions:
enjoyment, pride, anxiety, anger, and boredom, measured using a five-point Likert
scale.The results indicate that:(1) The reliability coefficient of the scale is .767,
demonstrating good reliability;(2) factor analysis extracted five factors that align with
the five designed dimensions of the scale, explaining 73.168% of the total variance,
indicating good validity;(3) significant gender differences were observed in
mathematical emotions, specifically in enjoyment, anxiety, anger, and boredom. Female
students reported higher mean scores in negative emotions (anxiety, anger, boredom)
than male students, while male students had higher mean scores in positive emotions
(enjoyment). No significant differences were found across different grade levels.The
findings of this study provide valuable insights for elementary mathematics education,
helping teachers design more effective instructional strategies to reduce students'
negative emotions and enhance their learning motivation.

Key words: mathematics affect, mathematics emotions scale
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2025 Annual Meeting of Taiwan Association for Mathematics Education and the 17th International
Conference on Technology and Mathematics Education

Integrating the History of Mathematics into Elementary
School Teaching: The Circle Field Problem in The Nine

Chapters on the Mathematical Art
Tzu-Hsuan Tseng ! Po-Hung Liu? Po-Hsin Su?
! Department of Mathematics Education, National Taichung University
2 Fundamental General Education Center, National chin-yi University of
Technology

3 Department of Mathematics Education, National Taichung University
Abstract
This study is a pilot study aims to design lesson plans by extracting appropriate
historical mathematical materials from relevant mathematical history books and to
conduct actual teaching in order to observe students' thinking behaviors and analyze
the benefits of integrating mathematical history lesson plans on the development of
students' problem-solving thinking. The mathematical history materials used in this
study were primarily drawn from Euclid's Elements and The Nine Chapters on the
Mathematical Ar. The lesson plan designed in this study is practice-oriented and
follows the guidelines for lesson plan design provided by the Center for Research on
Teaching and Learning at the University of Michigan. After designing the lesson plan,
it was implemented and evaluated through actual teaching. The results show that
students exhibited high levels of focus during the class and gained a deeper
understanding of the topics taught through the comparison of ancient and modern
problem-solving methods.
Key words: Integrating the history of mathematics into teaching, History of
Mathematics, Mathematical Culture, Mathematical Thinking
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Case Study on Visuo-Spatial Thinking of Geometric
Shapes in Fifth-Grader Elementary School
Students

Tai-YingWu ! Hui-Yu Hsu?
! Graduate Instiute of Mathematics and Science Education, National
Tsing Hua University
2 Graduate Instiute of Mathematics and Science Education, National
Tsing Hua University

Abstract

This study aims to investigate the visual perception of geometric shapes
among fifth-grade elementary school students in informal mathematical learning
environments, as well as to explore the thinking processes involved. The
researcher referred to the methodology used by M. Kus & E. Cakiroglu (2022)
with slight modifications, focusing only on simplified diagrams to interview
students. This study adopts a qualitative research approach, specifically case
study methodology, and primarily utilizes semi-structured interviews for one-
on-one sessions with students. No prior teaching is conducted by the researcher.
During the data collection, the interviewed students are not subject to any
restrictions and are asked to freely respond according to the interview outline.
The researcher will follow up on the students’ responses as necessary and
provide guidance to further explore the visual-spatial thinking processes that can
be prompted in students within informal mathematical learning environments.
The results indicate that informal mathematical learning environments enable
students to exhibit more visual perceptual processes.

Keywords: Geometric shapes ~ Visual-spatial thinking, ~ Informal
mathematical learning environments
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A Study on Mathematical Creativity in Problem-Posing
Among Sixth-Grade Elementary School Students

Fan, Yu-Ting!  Hsu, Hui-Yu?
"nstitute of Mathematics and Science Education, National Tsing Hua
University
’Institute of Mathematics and Science Education, National Tsing Hua
University

Abstract

This study aims to investigate the mathematical creativity of sixth-grade
elementary school students in Taiwan through problem-posing tasks. Based on
Leikin’s creativity assessment model, three indicators—fluency, flexibility, and
originality—are used to evaluate students’ mathematical creativity (Leikin et al.,
2009). The study participants include ten sixth-grade students from an elementary
school in Taoyuan, Taiwan. The problem-posing tasks cover three main topics:
coin problems, fraction problems, and component problems, which assess
students' ability to apply mathematical knowledge in real-life contexts. This study
primarily employs statistical analysis, supplemented by interviews, to compare
students' performance across different problem-posing scenarios.

The results indicate that students demonstrate relatively similar levels of fluency
across the three problem-posing tasks, exhibiting comparable abilities to generate
multiple mathematical problems within a short period. However, their flexibility and
originality vary depending on the degree of constraints imposed by the problem
conditions. For instance, in open-ended scenarios, students tend to propose a wider
variety of mathematical problems, demonstrating higher creativity. Conversely, when
problem conditions are more restrictive, students’ flexibility and originality are
relatively constrained.

By analyzing students' posed problems, researchers can identify potential gaps in
their mathematical understanding, highlighting the potential of problem-posing as a
formative assessment tool. This approach enables teachers to diagnose
students’ mathematical comprehension and provide timely feedback and guidance.
This study anticipates that problem-posing activities will encourage deeper
mathematical thinking and flexible application, fostering students' mathematical
creativity and problem-solving skills. Additionally, it aims to offer new
perspectives on assessment in mathematics education, emphasizing conceptual
construction and creative thinking to ultimately enhance learning quality and
enjoyment.

Key words: Problem-posing, Creativity, Alternative Assessment
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From Chessboard to Decision-Making: A Study on
Cultivating Students' Tree Diagram Thinking

and Decision-Making Skills through Board

Games

Yu-Jui Chen!, Jeng-Chung Chen?
'Graduate Student of Graduate Institute of Mathenmatics and Science
Education National Tsing Hua University
2Professor of Graduate Institute of Mathenmatics and Science Education
National Tsing Hua University

Abstract

The purpose of this study is to explore how board games can serve as educational
tools to cultivate students' tree diagram thinking and decision-making abilities. Through
literature review and empirical analysis, the researchers found that board games can
effectively guide students to establish systematic thinking, helping them to employ
layered reasoning strategies for comprehensive decision evaluation when facing
problems. The rules and mechanisms of board games encourage students to make
optimal choices through prediction, analysis, and adaptation, thereby enhancing their
mathematical reasoning and problem-solving skills. Additionally, this study suggests
that integrating other interactive tools, such as digital software, programming, and
puzzle-solving activities, could further expand students' learning contexts and facilitate
more in-depth research, making the application of tree diagram thinking more flexible
and diverse.

According to the research findings, this study also recommends that teachers
appropriately incorporate board games into the classroom to inspire students' decision-
making thinking and combine various teaching tools to create a more challenging and
stimulating learning environment. Furthermore, curriculum design should encourage
students to enhance the quality of their decisions through practical engagement and
reflection within the games, enabling them to flexibly apply tree diagram thinking in
both academic learning and daily life, thus cultivating their ability to face future
challenges.

Keywords: board games, tree diagram, decision-making ability
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Design dynamic virtual teaching aids to support the learning of
multiple integrals

Abstract
The focus of learning multiple integrals is double integrals and triple integrals. To
solve multiple integral problems, students must first be able to describe the region of
integration. The dynamic virtual teaching aids and application platforms (GGB)
designed in this study are mainly aimed at the discussion of two- and three-
dimensional regions, aiming to assist the learning of multiple integrals and are
suitable for classroom teaching and after-class self-practice. "Hands-on writing" plays
an important role in learning mathematics. GGB creates a dynamic digital learning
environment with a feedback mechanism that requires students to practice. This paper
analyzes the impact of GGB on the effectiveness of double integral learning through
paper-based tests. The analysis results show that introducing GGB into double

integral teaching does have a positive impact on learning.

Keywords: double integrals, multiple integrals, GeoGebra, iterative integrals, dynamic

virtual teaching aids
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A Study on Integrating GeoGebra into the Learning Support
of Symmetry Centers in Cubic Functions

Ming-Yan Tsai' Ru-Fen Yao?
"National Chia-Yi Senior Commercial Vocational School

’Department of Education, National Chiayi University

Abstract

This study investigates the impact of integrating GeoGebra on the learning
performance of first-year high school students regarding the symmetry center of cubic
functions. A pre-test was conducted to identify students’ common misconceptions.
During the intervention, GeoGebra’s dynamic and visual features were used to help
students explore the relationship between the symmetry center and cubic functions by
manipulating variables. Classroom observations and data collection revealed that
students initially struggled to understand the concept of the symmetry center, identify
itin forms suchas y = a(x —h)® + p(x —h) + k, or convert from the general
formy = ax® + bx* + cx + d to identify the center. Interviews during the
intervention indicated that GeoGebra’s dynamic and visual representation
significantly enhanced students’ intuitive understanding. Post-test results showed
marked improvement in students’ ability to relate symmetry centers to cubic functions

after the GeoGebra-based learning support.

Key words: cubic function, GeoGebra, remedial instruction
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	摘要
	關鍵字：因倍數概念、先備知識、知識結構、學習診斷
	壹、緒論
	一、研究動機與背景
	國中小階段建立因數與倍數概念是十分重要的，因為它是分數運算的先備基礎，也和之後的解方程式課程有很大關聯。但根據許多專家的研究報告發現，國中小階段學生的因數、倍數、公因數、公倍數知識表現並不理想（謝堅，1995；蕭金土，1994；游麗卿，1997），研究者在補習班教學中發現，國中小學生的因倍數概念普遍模糊不清。特別是在解因倍數相關的文字題時，學生常常遇到許多困難，具體表現在以下幾點：1.依賴猜測解題：學生傾向於用猜測方式尋找解題策略，而非依據邏輯推理。2.誤用關鍵字：常因誤解題目中的關鍵字，導致...
	二、研究目的
	貳、文獻探討
	一、因倍數概念
	因數(factor)也稱因子、除子、除數，是一個常見的數學名詞用於描述自然數a和自然數b之間存在的整除關係，即b可以被a整除。這裡我們稱b是a的倍數，a是 b的因數或因子。
	理解因、倍數概念是認識其他數學領域知識的基礎。有關因、倍數表現的研究，一些是關於證明的數學議題(Lester & Mau,1993; Martin & Harel,1989; Movshovitz-Hadar & Hadass,1991)，部分研究則透過解題探索因倍數關係(吳碧智、張駿勝、陳嘉皇，2013；Ball,1990; Graeber,Tirosh & Glover,1989; Greer, 1992)，部分則探索教師對因、倍數概念的理解(Campbell & Zazkis,2002;...
	tree to clarify the misconceptions of factor and multiple. (Yuan-Horng Lin, Jeng-Ming Yihand Tsai-Nuan Tsai,2014)
	二、先備知識與知識結構
	先備知識（prior knowledge）是學習新知識及進行問題解決的基礎（Brooks,1983），也是影響學習者學習表現的最重要因素（Doukakis, Tsaganou, &Grigoriadou, 2007）。因此，在程式設計問題解決過程中，學習者的「先備知識」與「規劃解題」能力扮演關鍵要素。在「先備知識」方面，Mayer（1992）提出程式語言教學時提供程式設計電腦運作相關的心智模式、訓練先備技能、將學習任務解析成更小的學習任務並教導問題解決的思考技能及遷移技能，有助於初學者學習程式...
	The term “prior knowledge” is used in relation to teaching and learning and refers to the knowledge that a learner or group of learners has prior to a specific learning episode or course/program of study. The notion of prior learning is important fr...
	三、學習診斷工具
	學習診斷的定義，意指教師或專家使用診斷工具或方法對學習者學習狀況進行資料蒐集，藉以分析學習者學習困難之所在以及困難形成的原因。從學習輔導相關研究得知，導致學生學習困難的因素大致上可分為個人因素以及環境因素，環境因素意指不適當的課程安排或學生不適應課程教學之情況，此種狀況凸顯了補救教學的重要性(何英奇等人，2001) 。教師需對學生進行學習診斷的時機: 1.學生遭遇學習困難，教師需對學生進行補救學習的情況。2.學生在學習過程中，有以前學過的觀念模糊不清楚的情況。
	學習診斷工具分為正式的診斷評量(formal assessment)與非正式診斷評量兩大類，正式的診斷評量即所謂的常模見評量，其測驗診斷結果是與同性質(例如:同年級、同年紀或者相近智力)的常模比較而得。非正式診斷評量的實施程式不一定為結構化程式，且不依定視標準化的測驗結果。由於非正式診斷評量可以自訂評量的內容及評量方法，較能符合實際的教育需求，也較適合實現個別化的學習診斷。
	參、研究方法
	一、研究架構
	根據研究目的與文獻探討發展出本研究的研究架構，對學習階段、先備知識以及概念理解的影響關係進行研究。本研究旨在建立與驗證「先備知識」與「概念理解」的路徑關係模型，並建立與驗證「學習階段」對「先備知識」與「概念理解」的影響，了解「先備知識」對「概念理解」的直接效果和間接效果。簡言之，本研究將以學習階段作為自變項，而先備知識和概念理解為依變項做相關性研究
	二、研究對象
	本前導研究選取的研究對象有六年級、七年級、八年級之學校的學生，因上述年級都學習過六年級之質因數分解與短除法單元，因此選這些學生當作研究對象。本研究預計在預試階段的時候，先選取研究對象為五年級學生60位，六年級學生60位，七年級學生60位，八年級學生60位。正式施測階段預計研究對象為五年級學生300位，六年級學生300位，七年級學生300位，八年級學生300位。
	三、研究工具
	本研究以學生探究先備知識對於跨年級因倍數概念學習之關聯研究為目標，對五年級、六年級、七年級以及八年級因倍數因倍數概念理解之學習診斷工具，專家小組成員為一位國中小補習班專業教師及一位數學教育領域專家所組成，共同討論編製研究工具。本研究依據李源順(2022)著作的數學這樣做國小數學感教育之書本，以及美國數學教育成就評量(National Assessment of Educational,NEAP)(NAGB,2002)所提出的數學內容和數學能力雙向的評量架構，其中數學能力就是概念性知識、程序性知識和...
	1.三種題目屬性
	(1)概念型(Concept)
	數學觀念是人腦對現實對象的數量關係和空間形式的本質特徵的一種反映形式，即一種數學的思維形式。 在數學中，作為一般的思維形式的判斷與推理，以定理、法則、公式的方式表現出來，而數學概念則是構成它們的基礎。 正確理解並靈活運用數學概念，是掌握數學基礎知識和運算技能、發展邏輯論證和空間想象能力的前提。
	(2)計算型(Operation)
	計算是一種將「單一或多個的輸入值」轉換為「單一或多個的結果」的一種思考過程。
	(3)應用型(Application)
	應用數學是以應用為目的的明確的數學理論和方法的總稱，研究如何應用數學知識到其他範疇（尤其是科學）的數學分支，可以說是純數學的相反，應用純數學中的結論擴展到物理學等其他科學中，應用數學的發展是以科學為依據，作為科學研究的後盾。
	2.三種數學題目類型之屬性分為概念題(屬性C)、計算題(屬性CO)、應用題(屬性COA)，依照難易度區別依序為概念題(屬性C)<計算題(屬性CO)<應用題(屬性COA)，也就是說概念題的難度最低，應用題的難度最高。
	肆、研究結果
	以下針對六年級因倍數概念之學習診斷工具開發為例，研究討論如下:
	一、專家效度
	研究者蒐集完各年級之題目後，綜合兩位數學領域的專家甲和乙專家綜合討論數學題目類型之屬性，六年級之數學題目中，第五題的題目為:用短除法求56的質因數分解，下列哪一個算式是正確的?
	(A) (B)
	(C) (D) 。
	專家甲認為此題目選項中都已經做好短除法的計算過程，所以認為此題目是很單純在考觀念而已，所以專家甲認為此數學題目為概念型，專家乙認為此題目雖然選項中已經有做短除法的過程，但學生仍需知道該如何使用短除法進行運算，所以專家乙認為此數學題目為計算型，經兩位數學領域專家討論後，認為此題目有進行短除法這個運算過程，學生仍須有短除法的基本預算能力，因此將題目屬性調整成計算型。
	二、預試及工具編修
	1.項目分析
	(1)高低分組設定
	根據預試樣本回收62份，區分問卷答題總分前27%和後27%分別為高分組和低分組(吳相儀等人，2018)，高分組和低分組各18人進行後續的問卷總分差異的獨立樣本t檢定。
	2.高低分組差異t檢定
	統計資料顯示，高分組問卷答題總分平均數22.33，低分組13.89，由獨立樣本t檢定分析顯示，高低分組答題總分差異達顯著水準(t = 13.972, p< .001)，表示高分組答題總分明顯高於低分組，由此表示該問卷總分具有良好的鑑別力。
	表 高低分組量表總分差異之獨立樣本t 檢定摘要表
	***p<.001
	3.題項與問卷總分相關分析
	依據上述問卷總分具良好鑑別力後，接續進行各題項與問卷總分的關聯分析，若各題項的相關係數越高，表示題項之間具有內部一致性；再者，本研究依照李亭儀等人(2011)研究強調會將相關係數低於0.3的題項予以刪除，以確保各題項具有較佳的診斷功能。
	綜合兩位數學領域的專家甲和乙專家綜合討論後，將第1題的題目修正為沈老師問同學，下面哪一個數是質數? 請問哪位同學回答是正確的?(A)天天:1(B)阿奇:91(C)小莉:97(D)路馬:111。另外第7題的題目用短除法求56的質因數分解，下列哪一個算式是正確的?
	(A)  (B)  (C)  (D)
	原為計算(CO)屬性，將題目修改為求56的質因數分解，下列哪一個算式是正確的?(A)56=7×8(B)56=2×2×2×7(C)56=2×2×14(D)56=2×7×4，將題目修改成概念(C)屬性。
	另外由第3題和第4題的錯誤狀況來看，學生可能因題目沒有看清楚，把「質因數」看成「因數」，因為題目的屬性為概念(C)，主要用意是要了解學生對概念的了解程度，因此討論後決定將題目的質因數三個字加上「」；
	另外第13題雖然相關性達.461，但與第9題的問題是一樣的，只是加上了生活情境而以，但本身這兩題的都是計算(CO)屬性，所以選擇留下第9題。
	最後新增了一題改念(C)屬性的題目，下列選項何者是2×5和5×7最小公倍數(A)2×7(B)5×5(C)2×5×7(D)2×5×5×7，藉由增刪題以及修正題目後，六年級問卷留下屬性為概念(C)5題、屬性為計算(CO)5題、屬性為應用(COA)5題，總題數15題，作為六年級學習診斷工具的正式問卷。
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	三、學習診斷工具的可行性
	參考文獻
	邱濱文(2004)。模糊理論在學習診斷資訊系統之應用-以國小學童解未知數解題程序的錯誤類型為例。國立新竹教育大學進修部數理教育碩士班(數學組)論文，未出版，新竹市。
	黃綺芳、林志成（2023）。學習扶助運用數位科技的思維及作法。學校行政，(145)，25-39。
	劉哲源、劉祥通(2008)。國一資優生對因倍數問題的解題分析。資優教育期刊，8(1)，47-66。
	謝如山、潘鳳琴（2012）。情境教學於學生因數與倍數概念發展之行動研究。藝術學報，(90)，347-371。
	林宗翰、姚如芬（2011）。情境融入國一最大公因數與最小公倍數文字題補救教學之研究－下一站‧北港。台灣數學教師電子期刊，(28)，21-39。
	林宜靜(2012)。應用S-P表於學習回饋對國小數學學業成就、學習態度、自我調整之影響研究。淡江大學教育科技學系碩士班論文，未出版，新北市。
	蔡彩暖(2014)。五年級學童數學直覺法則與因數倍數概念關聯性探討。國立臺中教育大學數學教育學系論文，未出版，台中市。
	李源順(2022)。數學這樣教國小數學感教育。台北:五南。
	史麗珠、鍾佳玘、趙國玉、林雪蓉、侯嘉玲、林慧芬(2015)。注意力不足過動症知識量表之發展及信效度評估。台灣公共衛生雜誌，34(3)，319-334。
	李亭儀、楊仁仁、徐志輝、張梅香(2011)。有氧舞蹈課程滿意度量表編製之研究。運動健康休閒學報，2，47-57。
	吳相儀、陳冠羽、廖思涵、劉政宏、謝碧玲(2018)。「新編青少年強項量表」之編製與驗證。測驗學刊，65(4)，367-399。
	郭彥成、林靜萍(2006)。大學生桌球認知測驗之編製。體育學報，39(3)，119-129。
	趙梅如、黃信樽(2009)。數學學習需求之內涵建構及量表編製。教育學刊，32，159-195。
	Taber, K.S. (2015). Prior Knowledge. In: Gunstone, R. (eds) Encyclopedia of Science Education. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-2150-0_483
	The Pilot Study of The Invention of A Learning Diagnostic Tool Focusing on Factors and Multiples
	Po-Sgang Su1　Ming-Hsun Shen2
	12Graduate Institute of Science Education and Environmental Education, National Kaohsiung Normal University
	Abstract

	31李欣蓉-全文 - 欣蓉Tr
	32林珅兆–全文 - 林珅兆
	39林沁儀－全文
	本研究旨在發展三階段評量診斷工具，透過三階段評量測驗與建構反應試題，探討國小五年級學童在因數與倍數問題中的表現與類型，以及學童的評量結果和後設認知表現之相關。本研究主要研究目的如下：
	(一)發展適用於國小五年級學童在因數、倍數的三階段評量試題。
	(二)分析國小五年級學童在因數、倍數各階段解題表現相關性。

	2025年台灣數學教育學會年會暨 第十七屆科技與數學教育學術研討會 (1)
	33張榆平-全文 - 張榆平
	34新 曾子軒-全文
	35吳岱穎-全文 - 吳岱穎
	37范喻婷-全文 - 范喻婷
	2025年台灣數學教育學會年會暨 第十七屆科技與數學教育學術研討會 (1)
	海報13陳宥睿 - 全文 - CYR
	海報16林姿均-全文
	海報18蔡明諺-全文(最新)

