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Abstract
This study aimed to design an interdisciplinary course integrating science and music to
stimulate students’ Interest in Science Learning (ISL). Although interest in learning has long
been recognized as critical to education, students’ low ISL has prompted efforts to explore
effective interventions. Prior research has suggested that integrating physics with other
disciplines could help enhance ISL. However, most designs emphasized physics content
while treating other subjects as supplementary, which may not engage low ISL students.
Moreover, the potential of music to serve as a boundary object has been overlooked, and the
focus at the high school level remains limited. To address these gaps, this study developed the
course Overtones Know the Tone, integrating physics and choral music with a focus on
"tone," aiming to support both musical development and ISL stimulation. The course was
implemented in high school chorus clubs and taught by a collaborating teacher. It
incorporated interdisciplinary instruction, authentic science learning contexts, and
phenomenon-based learning (PhBL) principles. A design-based research (DBR) approach was
employed, with qualitative data collected from multiple sources across iterations to refine the
course and quantitative data gathered through pre-/post-questionnaires to evaluate changes in
ISL. Qualitative data were analyzed through thematic analysis, while descriptive statistics
and the Wilcoxon Signed-Rank Test were used for quantitative analysis. The findings
indicated that interdisciplinary course design requires careful consideration of related topics,
teaching strategies, scientific content difficulty, interactive activities, and time allocation.
Results also showed that the course effectively stimulated students’ ISL and demonstrated
feasibility for adoption by other high school chorus groups. Beyond enhancing students' ISL,
this study provides practical insights into the design and promotion of interdisciplinary
curricula, contributing to future research and educational practice.

Keywords: chorus, cross-curricular, design research
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Chapter 1 Introduction

The purpose of this study is to design and implement an interdisciplinary course that
integrates acoustics into choral instruction in order to foster high school students’ interest in
science learning (ISL). By embedding scientific concepts into a familiar and personally
meaningful musical context, the course seeks to promote engagement, enhance conceptual
understanding, and address the persistent issue of low science interest among secondary
school learners.

Stimulating students’ ISL has become a critical concern in science education. Studies
have shown a consistent decline in students’ motivation to learn science during the transition
to secondary education (Krapp & Prenzel, 2011; Osborne et al., 2003). In Taiwan, while
students perform well in international assessments like PISA, they report low levels of
enjoyment and motivation in science learning (OECD, 2016). This disconnect suggests that
academic achievement alone does not guarantee meaningful engagement.

Learning interest has been reconceptualized in recent decades as a dynamic and
multifaceted construct involving emotional, cognitive, and value-related components (Krapp
et al., 1992; Schiefele, 1991). The four-phase model by Hidi and Ann Renninger (2006)
further describes how situational interest, sparked by contextual features, can develop into
long-term personal interest through supportive instruction. Effective instructional design,
therefore, plays a key role in fostering ISL.

Three major approaches have emerged in response: interdisciplinary instruction,
authentic science learning contexts, and phenomenon-based learning (PhBL).
Interdisciplinary instruction connects science to students’ everyday experiences and
strengthens knowledge transfer (Michelsen & Sriraman, 2009). Authentic science learning
contexts position science within real-world applications, increasing emotional engagement
and perceived relevance (Braund & Reiss, 2006; Rule, 2006). PhBL encourages students to
investigate complex, meaningful phenomena, promoting both curiosity and deep conceptual
integration (Lonka, 2018; Penuel et al., 2024).

However, despite the growing interest in interdisciplinary and phenomenon-based



learning, most existing designs continue to place physics or other science content at the
center while treating non-science domains, such as music, merely as supplementary tools to
illustrate scientific principles. This science-centered framing may not effectively engage
students who already exhibit low ISL, as it overlooks opportunities to leverage their existing
strengths or passions in other areas. In particular, the unique potential of music to function as
a boundary object (Hultén, 2013)—serving as a meaningful link between abstract physics
concepts and students’ everyday musical experiences—has received little attention in prior
research. Furthermore, few studies have explored how such an approach can be practically
implemented in high school contexts, where students often participate in performance-
oriented extracurricular activities like choruses. This leaves an important gap in
understanding how science can be positioned as a supporting element to enrich music
learning while simultaneously stimulating students’ ISL in authentic, interest-driven
environments.

To address these gaps, this study developed the course Overtones Know the Tone, which
integrates physics and choral music with a central focus on the concept of tone. The course
was designed to simultaneously support students’ musical development and stimulate their
ISL by embedding relevant physics concepts within familiar and meaningful musical
contexts. Implemented in high school chorus clubs and co-taught with a collaborating
teacher, the course draws on interdisciplinary instruction, authentic science learning, and
PhBL principles to make scientific ideas more relatable and applicable to students’ everyday
rehearsal experiences.

In contrast to previous science-centered designs, this study explores how science can
actively support learning in another domain—choral music—by positioning acoustics as a
boundary object between disciplines. Key topics such as sound waves, resonance, overtones,
and timbre are presented not as abstract scientific facts but as practical tools for improving
vocal performance and understanding choral sound quality. This approach creates an entry
point for students who may not be initially interested in science, leveraging their existing

motivation in performance-based settings like chorus rehearsals. By doing so, the course



seeks to lower the threshold for engaging with scientific ideas and to stimulate students’ ISL.

To investigate this instructional design, the study adopts Design-Based Research (DBR)
as its methodological framework. DBR emphasizes iterative refinement in real-world
contexts, integrating theoretical development with practical problem-solving (Design-Based
Research Collective, 2003; Wang & Hannafin, 2005). In science education, DBR has been
used to design virtual labs (Chang et al., 2023), integrate engineering principles (Cunningham
et al., 2020), and support motivation and socio-emotional learning (Zimmerman et al., 2022).

Despite these advancements, few DBR studies have explored integrating science into
non-science domains like music, especially for high school students. Addressing this gap, the
present study applies DBR to develop and refine a course that authentically merges acoustics
with choral instruction.

Accordingly, this research addresses the following questions:

® RQI1: What design principles can be derived from the iterative development of an

interdisciplinary course that integrates science and music to stimulate students’ ISL?
® RQ2: To what extent does participation in the course influence students’ ISL?
® RQ3: What challenges and opportunities arise when implementing such a course in
authentic educational settings?

Through addressing these questions, this study aims to contribute to interdisciplinary
science education by offering a practical, theory-informed instructional model that responds
to students’ low ISL and choral needs, while broadening the scope of DBR 1in science

education research.






Chapter 2 Literature Review

This chapter provides the theoretical foundation for designing an interdisciplinary course
that integrates science and music to promote high school students’ ISL. Section 2.1 reviews
definitions, importance, influencing factors, and assessments of learning interest, concluding
with a focus on ISL. Section 2.2 examines instructional approaches that support ISL,
including interdisciplinary instruction, authentic science contexts, and PhBL, and identifies
key gaps in current research. Section 2.3 introduces DBR as the study’s methodology,
outlining its principles, processes, challenges, and applications in science education.
Together, these sections inform the design and implementation of the present study.

2.1 Learning Interest

Learning interest has long been regarded as a key motivational construct that influences
students’ engagement, learning behavior, and academic outcomes. To provide a theoretical
foundation for this study, this section reviews major perspectives on the definition,
importance, contributing factors, and assessment of learning interest. It concludes with a
focused discussion on ISL, highlighting current challenges and instructional implications.
2.1.1 Definition of Learning Interest

The concept of learning interest has evolved through decades of educational and
psychological research. Dewey (1913) was one of the earliest thinkers to emphasize the role
of interest in meaningful education, arguing that interest arises when a learner connects
personal experience with external subject matter. His educational philosophy emphasized the
necessity of cultivating interest to sustain engagement and thoughtful inquiry.

From a psychological perspective, Schiefele (1991) defined learning interest as a
content-specific motivational trait composed of two components: feeling-related valences and
value-related valences. Feeling-related valences refer to the emotional satisfaction derived
from engaging with a topic, while value-related valences concern the learner’s recognition of
the topic’s personal or educational importance. Building on this foundation, Krapp et al.
(1992) proposed that interest should be regarded as a specific kind of relationship between a

person and a content area, characterized by high value and high personal significance. He



conceptualized learning interest as a psychological construct that integrates affective and
cognitive dimensions, forming a relatively enduring disposition toward certain topics.
Krapp’s definition bridges motivational psychology with educational practice and marks an
important step in distinguishing interest from general motivation.

Further distinctions were proposed by Mitchell (1993), who emphasized the need to
separate personal interest from situational interest. Personal interest is topic-specific and
enduring, shaped by prior knowledge and personal values. Mitchell also highlighted that
personal interest can be further divided into two subtypes. Latent Interest refers to a student’s
existing interest that remains inactive unless triggered by context, while Actualized Interest
manifests as observable engagement and motivation in learning activities. Situational interest,
on the other hand, is context-dependent and can be evoked by features of the learning
environment, such as novelty, challenge, or social interaction. Schraw and Lehman (2001)
contributed further by emphasizing that interest is a complex motivational construct
involving affective, cognitive, and value-oriented dimensions. They argued that both personal
and situational interests involve emotional reactions, value judgments, and cognitive
engagement. Instructional design, therefore, can strategically leverage these components to
support learning.

The developmental process of interest was systematically described by Hidi and Ann
Renninger (2006) in their four-phase model, which outlines how situational interest can lead
to the formation of personal interest. The model includes (1) triggered situational interest, (2)
maintained situational interest, (3) emerging individual interest, and (4) well-developed
individual interest. This framework highlights the dynamic interplay between external stimuli
and internal disposition, suggesting that well-structured learning experiences can promote the
growth of enduring personal interest.

Building on these theoretical insights, this study applied these models to guide the
development and interpretation of two learning interest scales tailored to the interdisciplinary
context. Specifically, two learning interest scales were employed: the Music Learning Interest

Scale and the Science Learning Interest Scale. Both scales adopt Mitchell’s (1993)



framework to distinguish between latent and actualized personal interest. For situational
interest, two classification schemes are applied based on the instruments used. In the music
learning interest scale used in Iteration 1, we follow Schraw and Lehman’s (2001)
categorization of task-based, text-based, and knowledge-based interest guided item
development. In the Science Learning Interest Scale used in Iteration 1 and Iteration 2, we
adopt the three-component model by Linnenbrink-Garcia et al. (2010), which refines Hidi
and Renninger’s four-phase model into: triggered situational interest, maintained situational
interest-feeling, and maintained situational interest-value. These theoretical models—
grounded in distinctions among affective, cognitive, and value-based components—provide a
robust foundation for designing interest measures in this interdisciplinary context. A detailed
explanation of the instruments and their application is provided in the methodology section.

Understanding the definition and theoretical development of learning interest provides a
necessary foundation for investigating its role in educational settings. The following section
will examine the significance of learning interest by reviewing empirical findings on how it
influences students’ learning behavior, cognitive engagement, and long-term academic
development.
2.1.2 The Importance of Learning Interest

The importance of learning interest has been widely recognized in the fields of
education and psychology. Dewey (1913) was among the earliest scholars to emphasize that
learning becomes meaningful when it connects with a learner’s personal experience, leading
to deeper engagement and sustained inquiry. Building on this foundation, Krapp et al. (1992)
conceptualized interest as a specific kind of relationship between an individual and a content
area, characterized by both emotional involvement and personal significance. He argued that
learning interest is not merely a fixed personality trait but a dynamic disposition that
educational experiences can influence. Along similar lines, Hidi (1990) highlighted the role
of interest as a driver of attention and engagement during learning, suggesting that interest
plays a crucial role in initiating and sustaining active participation.

Interest has also been found to correlate closely with learning strategies and



performance. Schiefele (1991) proposed that learners with a strong interest are more likely to
engage in deep processing, organize and integrate information more effectively, and show
greater self-regulation. Krapp (1999) further emphasized that when students perceive content
as personally meaningful, it enhances motivation and supports sustained cognitive
engagement. Hidi and Harackiewicz (2000) extended these ideas by arguing that interest-
driven instruction can directly improve conceptual understanding and learning outcomes.
They maintained that effective instructional design should intentionally integrate elements
that foster situational or personal interest, treating interest not just as a motivational factor,
but as a central mechanism in instructional planning.

Beyond classroom engagement, interest also contributes to long-term educational
outcomes. Harackiewicz et al. (2002) found that learning interest plays a significant role in
shaping academic achievement and fostering enduring motivation in science education.
Renninger et al. (2002) further observed that sustained individual interest can lead to greater
self-directed learning and knowledge building over time. These insights highlight interest as a
foundational element in the development of lifelong learners, particularly when educational
contexts support the gradual transition from situational to personal interest. Lee et al. (2014)
reinforced this view in the Taiwanese curriculum context, arguing that learning interest
fosters stronger identity formation and increases students’ persistence in pursuing disciplinary
or career paths.

In sum, learning interest functions as a core motivational resource that facilitates
attention, deep processing, and sustained engagement. It bridges emotional, cognitive, and
value-based dimensions of learning and contributes to both current state of learning and long-
term academic trajectories. To further explore how learning interest can be developed, the
next section reviews key factors that shape interest formation, including pedagogical
strategies, contextual relevance, and learner characteristics.

2.1.3 Factors Influencing Learning Interests
Learning interest is not a static or innate trait but a dynamic construct that evolves

through continuous interaction between individuals and their learning environments. Prior



research has identified three major categories of factors that influence the development and
maintenance of learning interest: instructional context, task characteristics, and learner
characteristics (Ainley et al., 2002; Hidi, 1990; Krapp, 1999; Mitchell, 1993; Schraw et al.,
2001).

Instructional context plays a critical role in triggering situational interest. Mitchell
(1993) emphasized that novelty, challenge, and social interaction within the learning
environment can effectively capture students’ short-term attention and engagement. Schraw et
al. (2001) proposed three instructional strategies to enhance situational interest: providing
choices, stimulating curiosity, and offering appropriately challenging tasks. These strategies
help create engaging learning environments that foster emotional involvement. Hidi and Ann
Renninger (2006) further argued that when situational interest is sustained and enriched with
value-related components, it has the potential to develop into individual interest.

Task characteristics also significantly affect how interest is maintained and deepened.
Ainley et al. (2002) proposed that interest impacts learning through psychological processes
such as focused attention, emotional engagement, and the construction of meaning. These
processes are closely tied to the structure and features of the task, including the clarity of
learning goals, connections to prior knowledge, and the presence of immediate feedback. In
an empirical study, Rotgans and Schmidt (2011) found that in active-learning classrooms,
situational interest fluctuates dynamically during lessons and is closely linked to students’
learning outcomes. Their findings highlight the importance of task design in supporting
sustained engagement.

Learner characteristics constitute the third major influence on learning interest. Krapp
(1999) conceptualized individual interest as a person—object relationship marked by high
personal value and significance. This relationship is shaped by learners’ self-concept,
personal values, and prior knowledge. Renninger and Hidi (2011) further noted that the
interaction between individual traits and the learning environment determines whether
situational interest can develop into more enduring forms. As Hidi (1990) argued, interest

serves as a mental resource that facilitates attention, comprehension, and memory, ultimately
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supporting deeper learning.

The integration of these three domains can be further understood through the lens of
motivational psychology. According to Ryan and Deci’s (2000) self-determination theory,
students are more likely to develop intrinsic motivation—and thus interest—when the
learning environment satisfies their needs for autonomy, competence, and relatedness. This
perspective underscores that learning interest is not passively received but can be actively
cultivated through thoughtful instructional design and supportive classroom practices.

In summary, learning interest is shaped by a complex interplay of individual
characteristics, task design, and instructional context. Effective teaching must intentionally
engage the emotional, cognitive, and value dimensions of interest to create meaningful and
motivating learning experiences. To further explore how these principles operate within the
domain of science education, the next section focuses on ISL, examining the widespread
decline in students’ interest in science, the factors contributing to this trend, and instructional
strategies designed to address it.

2.1.4 Interest in Science Learning (ISL)

A consistent decline in students’ ISL has been observed across various educational
systems, particularly during the transition to secondary education. This trend has been
attributed to multiple factors, such as developmental changes in adolescence, identity
exploration, and the increasing abstraction of school science (Krapp & Prenzel, 2011;
Osborne et al., 2003). In the Taiwanese context, this issue is particularly pronounced.
Although students consistently perform well in international science assessments, such as
PISA, their enjoyment of learning science and motivation to engage with scientific content
remain notably low (OECD, 2016).

One major explanation is the disconnect between science education and students’
everyday lives. Lee and Brophy (1996) highlighted that students often find science irrelevant,
difficult, or overly theoretical, which diminishes their motivation to learn. Haussler (1987)
and Kurniawan et al. (2019) similarly found that when students cannot relate science topics to

real-world situations or personal relevance, their engagement tends to decline. Conversely,
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students are more inclined to develop an interest in science when instruction emphasizes
meaningful applications, natural phenomena, or elements of everyday experience (Hiussler &
Hoffmann, 2000).

To address these challenges, numerous strategies have been proposed to enhance science
learning interest. Hulleman and Harackiewicz (2009) demonstrated that helping students
make connections between scientific content and their personal goals significantly increases
their interest and academic outcomes. Empirical studies also support the use of instructional
designs that incorporate relevance, novelty, and authenticity to trigger situational interest in
science classrooms (Ainley et al., 2002; Renninger & Hidi, 2011). For example, Woithe et al.
(2022) showed that student engagement and interest increased significantly in authentic
science environments such as the S’Cool LAB at CERN, where learners participated in
hands-on, inquiry-based activities with real-world significance.

In light of these findings, fostering ISL requires more than content delivery; it demands
pedagogical strategies that make science personally meaningful and intellectually engaging.
These include the use of interdisciplinary content, the creation of authentic scientific
contexts, and the design of tasks that evoke curiosity and emotional involvement.

To better understand how instructional design can respond to this crisis in ISL, the
following section reviews instructional approaches shown to stimulate students’ interest in
science effectively.

2.2 Course Designs That Stimulate ISL

Designing instruction to support students’ ISL requires both theoretical grounding and
practical alignment with learners’ experiences. diSessa and Cobb (2004) proposed that
educational design can be informed by theory at multiple levels: grand theories, which
articulate overarching epistemological or psychological views of learning; orienting
frameworks, which define the broad aims and content focus of instruction; frameworks for
action, which guide how instruction is practically implemented in specific contexts; and
domain-specific instructional theories, which inform the detailed design of learning tasks and

activities within particular subjects.



12

In this study, interdisciplinary instruction serves as an orienting framework, shaping the
overall purpose of integrating science with other domains and determining how content is
selected and organized. Authentic science learning contexts function as a framework for
action, specifying the learning environments, instructors, target audiences, and situational
factors that make science learning personally relevant and meaningful. Finally, PhBL
represents a domain-specific instructional theory, providing concrete principles for designing
student-centered learning activities that connect complex phenomena with interdisciplinary
knowledge.

This section introduces each of these three levels in sequence, highlighting their
theoretical underpinnings, their roles in promoting ISL, and their implications for
instructional design. A final subsection reviews prior studies employing these approaches,
identifies persistent gaps in the literature, and lays the foundation for the design-based
research strategy adopted in this study.

2.2.1 Interdisciplinary Instruction

Interdisciplinary instruction is an approach to curriculum design that emphasizes the
integration of knowledge, skills, and perspectives from multiple disciplines. Its central
premise is to transcend traditional subject boundaries and structure learning in a way that
reflects the complexity and interconnectedness of real-world issues (Beane, 1997). Beane
conceptualizes curriculum integration as a vehicle for democratic education, advocating that
learning should revolve around meaningful themes drawn from students’ lives and
experiences. Drake and Burns (2004) further categorize integrated curricula into three
levels—multidisciplinary, interdisciplinary, and transdisciplinary—highlighting important
distinctions among them. In a multidisciplinary approach, subjects remain separate while
being organized around a common theme; each discipline contributes its perspective but
retains its boundaries. In contrast, an interdisciplinary approach deliberately blends concepts
and methods from different fields, encouraging students to construct unified understanding
and draw connections across domains. This deeper integration is intended to promote holistic

thinking and problem-solving skills that reflect authentic, complex situations.
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In the context of science education, interdisciplinary instruction is recognized as a
promising strategy for enhancing students’ ISL. According to Hidi and Ann Renninger
(2006), in the four-phase model of interest development, the instructional context plays a
critical role in triggering and maintaining student interest. Ivanitskaya et al. (2002) found that
interdisciplinary learning fosters deeper conceptual understanding, promotes knowledge
transfer, and increases student engagement. These learning outcomes contribute directly to
the cognitive and emotional components that support both situational and individual interest.

Building on this foundation, Michelsen and Sriraman (2009) conducted an empirical
study showing that interdisciplinary instruction can significantly increase students’ interest in
mathematics and the natural sciences. Their findings suggest that when students perceive
connections between subject matter and their existing experiences or interests, their
motivation to engage with scientific content is enhanced, and their attitudes toward learning
science improve.

Despite its potential benefits, implementing interdisciplinary instruction presents several
challenges. McComas and Wang (1998) discussed the complexities of integrating science
disciplines for instruction, noting that while interdisciplinary approaches may help students
recognize the interconnectedness of scientific knowledge, they also demand careful
curriculum organization and substantial teacher preparation. Effective interdisciplinary
curriculum design requires coherence in instructional objectives, logical connections among
core concepts, and strong links between academic content and students’ lived experiences.
Topic-centered structures, grounded in themes that are accessible and relevant to learners, are
particularly useful in supporting meaningful engagement and interest development.

Taken together, interdisciplinary instruction serves as an orienting framework that
informs the overall direction and philosophy of curriculum design. In science education,
connecting disciplinary knowledge with student-centered, familiar contexts holds promise for
enhancing students’ interest in science and for fostering more integrated, authentic learning
experiences. To translate this vision into practice, authentic science learning contexts function

as a framework for action, specifying where, for whom, and under what circumstances
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science instruction can be made relevant and engaging. The next section discusses authentic
contexts as practical environments that bring interdisciplinary goals to life and directly
support students’ ISL.

2.2.2 Authentic Science Learning Contexts

Authentic science learning contexts refer to instructional settings in which students
engage with tasks that reflect the real-world application of scientific knowledge and practices
(Braund & Reiss, 2006). Rather than treating science as a collection of abstract facts, these
learning experiences aim to position science as a tool for interpreting phenomena and solving
problems. Such designs typically involve socially relevant themes, interdisciplinary
questions, and hands-on activities, allowing students to construct meaning through situated
experience (Rule, 2006).

Scholars have proposed multiple frameworks for understanding the structure of
authentic learning. Rule (2006) outlined seven key components, including contextual
relevance, open-ended tasks, diverse forms of assessment, and embedded reflection.
Woolnough (2000) introduced the idea of "quasi-authentic" science, arguing that although
schools may not be able to replicate the full complexity of professional science, they can still
create meaningful tasks that simulate aspects of real scientific inquiry. Similarly, Braund and
Reiss (2006) advocated for expanding science learning beyond textbooks and classrooms by
integrating out-of-school experiences, social contexts, and real-world applications.

From the perspective of learning interest, authentic contexts serve as important catalysts
that connect scientific content with students’ personal goals and values. In a longitudinal
study of an informal science program, Habig and Gupta (2021) found that high school
students who participated in authentic scientific research activities demonstrated elevated
levels of ISL and disciplinary identity. Their findings suggest that exposure to meaningful
scientific practices and societal relevance not only promotes immediate engagement but also
supports the development of long-term motivation and commitment to science.

Implementing authentic learning contexts in formal education, however, presents

structural challenges. McComas and Wang (1998) argued that even well-prepared teachers
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may struggle to design meaningful and context-rich science instruction due to rigid
curriculum structures, time constraints, and limited resources. Standardized testing regimes
and tightly scheduled syllabi often prevent the deep inquiry and flexibility required for
authentic engagement. Woolnough (2000) further warned that if students are not supported in
making sense of what they do through credible and coherent experiences, their learning may
remain superficial and detached from genuine interest.

For efforts aiming to enhance ISL, authenticity should not be equated with mere
simulation, but rather understood as the extent to which students perceive science learning as
valuable, relevant, and worthy of serious engagement. While authentic science learning
contexts establish where and for whom instruction should occur to maximize relevance, they
do not by themselves prescribe the detailed structure of learning activities. At the level of
domain-specific instructional theories, PhBL offers concrete design principles for crafting
tasks and experiences that link complex phenomena with integrated scientific and
disciplinary knowledge. The following section presents PhBL as a practical strategy for
implementing interdisciplinary and authentic instruction that effectively supports ISL.

2.2.3 Phenomenon-Based Learning (PhBL)

PhBL is an instructional approach that centers learning around real-world phenomena,
encouraging students to initiate inquiry through observation, questioning, and the integration
of multidisciplinary knowledge (Lonka, 2018; Sahlberg, 2021). Originating in Finnish
educational reform, PhBL aims to transcend disciplinary boundaries and foster holistic
understanding through active exploration of meaningful, complex situations. The selected
phenomena are typically embedded in social or everyday contexts, enabling students to
anchor abstract scientific ideas in their lived experiences.

Recent research has highlighted PhBL’s potential to promote ISL. By allowing students
to begin with personally observed or community-based events, PhBL creates space for
curiosity and personal relevance to emerge. Dean (2024), for example, introduced the idea of
“phenomenon walks,” in which students explore their school or neighborhood environment to

identify and document natural or scientific phenomena. This kind of firsthand experience can
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trigger situational interest and stimulate students’ desire to investigate further. Moreover,
Penuel et al. (2024) argue that when instruction is designed around student-relevant contexts
and questions, it not only enhances engagement but also supports the development of longer-
term interest and disciplinary identity.

The successful implementation of PhBL depends not only on curriculum structure but
also on teacher expertise. Halim et al. (2014) found that students’ perceptions of their science
teachers’ pedagogical content knowledge—particularly the ability to contextualize content,
explain concepts clearly, and respond to student questions—significantly impacted their
motivation and understanding. These teacher qualities align closely with the instructional
demands of PhBL, where the teacher acts not merely as a transmitter of knowledge but as a
learning designer who scaffolds interdisciplinary inquiry and meaning-making.

Several key principles guide PhBL instruction. First, the learning process should begin
with phenomena that are relevant to students’ lives and socially significant, prompting them
to initiate inquiry based on personal experience (Dean, 2024; Lonka, 2018). Second, teachers
are expected to design tasks that facilitate conceptual integration across domains, often using
open-ended investigations, multiple sources of information, and varied forms of assessment
(Teresa & Fields, 2023). Third, Penuel et al. (2024) emphasize the importance of aligning
instructional materials with students’ interests and community priorities, ensuring that the
content is not only educationally sound but also culturally responsive and personally
meaningful.

In sum, PhBL promotes a shift from fragmented content delivery to holistic, experience-
driven learning. As a framework for action, it offers concrete strategies for designing
instruction that activates students’ curiosity, supports conceptual depth, and fosters enduring
ISL.

2.2.4 Review of Course Designs That Stimulate ISL

In response to the growing concern over students’ declining ISL, a number of

educational researchers have explored alternative instructional designs to foster engagement

and motivation. Among the most prominent strategies are interdisciplinary instruction,
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applying authentic science learning contexts, and PhBL (Braund & Reiss, 2006; Lonka, 2018;
Michelsen & Sriraman, 2009; Sahlberg, 2021). Each of these approaches emphasizes
different mechanisms for connecting students more meaningfully with science content, and
all have shown promise in stimulating ISL.

Interdisciplinary instruction aims to dissolve disciplinary boundaries and connect
scientific concepts with students’ everyday experiences. Michelsen and Sriraman (2009)
demonstrated that integrating mathematics and natural sciences enhances students’
appreciation for the applicability of scientific knowledge, which in turn fosters deeper
interest. Korsun (2017) reported that using interdisciplinary activities in physics increased
students’ situational interest by creating varied and relatable learning contexts. Crowther
(2012) combined music and biology by asking students to create and perform science-themed
songs, which improved content retention and emotional engagement. However, most of these
examples position science as the primary content, with other domains merely serving as
supporting tools, limiting the depth of integration.

Authentic learning contexts, by contrast, prioritize the connection between scientific
learning and students’ lived realities. Braund and Reiss (2006) found that learning
experiences situated in real-world environments, such as museums, outdoor explorations, or
community spaces, can activate situational interest and make scientific concepts more
tangible. Habig and Gupta (2021) demonstrated that informal science programs involving
authentic scientific practices fostered sustained interest and engagement, particularly when
students perceived themselves as participating in real scientific inquiry. Similarly, Penuel et
al. (2024) highlighted that aligning instructional materials with students’ cultural and
community-based concerns significantly enhances their connection to science.

PhBL, a more recent design framework, encourages students to engage with complex
phenomena that are socially and personally meaningful. Kennedy and Fields (2023) showed
that when students investigate open-ended, phenomenon-based problems, they are more
likely to sustain their curiosity and integrate knowledge across disciplines. In a similar vein,

Tojeiro-Pérez and Gillanders (2024) demonstrated that combining music and ecology enabled
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students to explore scientific themes through culturally resonant and emotionally rich
experiences. These findings align with Bequette and Bequette (2012), who advocate for the
inclusion of arts and design in STEM education to support creativity, expression, and
multimodal learning—all of which can enhance engagement with scientific ideas.

Despite the growing evidence supporting these approaches, several research gaps
remain. First, most existing interdisciplinary or phenomenon-based instructional designs take
science as the primary subject and situate learning within science classrooms. These designs
focus on delivering scientific content with little attention to how science might be
meaningfully integrated into other subject areas. For students with low ISL, such a framing
may limit opportunities for engagement. Embedding science within domains that students
already find meaningful, such as the arts, may provide more accessible entry points for
fostering interest and identity development (Tan et al., 2013).

Second, while music has occasionally been incorporated into science instruction (e.g.,
Crowther, 2012; Tojeiro-Pérez & Gillanders, 2024), it is often positioned merely as a
supplementary tool to support the communication or memorization of science content, rather
than being leveraged as a boundary object that meaningfully connects the two disciplines.
This underestimates the full potential of music as an interdisciplinary resource. Few studies
have explored instructional designs that reflect the epistemic practices of both music and
science in a balanced way. This limits the potential for interdisciplinary learning to draw on
the strengths of both disciplines, particularly in contexts like acoustics, where conceptual
overlaps naturally occur.

Third, even among the few studies that combine music and science in meaningful ways,
the target population is rarely high school students. Much of the current literature focuses on
university students or informal education settings. However, the high school years are a
critical stage for shaping students’ academic trajectories and personal interests. The PISA
2015 results showed that 15-year-olds—a typical age for early high school—already report
lower levels of science interest compared to younger peers, particularly as they transition into

more specialized, abstract science curricula (OECD, 2016). Prior studies have similarly
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documented a decline in ISL during this period (Osborne et al., 2003). Thus, instructional
interventions designed for this age group are especially needed.

Taken together, these studies highlight promising strategies for fostering ISL through
interdisciplinary, authentic, and phenomenon-based instruction. However, the limited
integration of science into non-science subjects, the underdeveloped role of music as a co-
equal disciplinary domain, and the lack of focus on high school learners reveal critical gaps in
the current literature.

These gaps motivate the adoption of a DBR framework in the present study, which will
be elaborated in the next section.

2.3 Design-Based Research (DBR) as a Methodology

To develop and refine instructional interventions situated in real-world educational
contexts, this study adopts DBR as its primary methodological framework. DBR is
particularly well-suited for addressing complex educational problems through iterative cycles
of design, implementation, and analysis. This section introduces the origin and definition of
DBR, elaborates on its core characteristics, explains how it is implemented in practice,
discusses its methodological challenges and potentials, and reviews its applications in science
education. Together, these discussions justify the adoption of DBR for this interdisciplinary
instructional design.

2.3.1 The Origin and Definition of DBR

DBR emerged as a methodological response to the persistent gap between educational
theory and practice. Its origins can be traced back to the early 1990s when researchers such as
Brown (1992) and Collins (1992) introduced the concept of “design experiments.” These
early efforts emphasized conducting systematic, theory-informed interventions within
authentic learning environments to study complex educational processes (Cobb et al., 2003).
Rather than isolating variables in controlled settings, these design experiments aimed to both
test and generate theories in real-world contexts.

By the early 2000s, DBR was increasingly recognized as a distinct research paradigm.

The Design-Based Research Collective (2003) formally articulated its purpose and defining
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features, positioning DBR as a method that integrates theory development with practical
problem solving. It involves iterative cycles of designing, implementing, analyzing, and
refining interventions within authentic settings. Through these processes, researchers aim to
uncover how and why specific instructional designs work and to develop transferable
theoretical insights.

Barab and Squire (2004) described DBR as a method that is “situated and pragmatic,”
grounded in the dynamic realities of classroom environments. They emphasized the dual
focus on improving practice and advancing theory, viewing design itself as a form of inquiry.
Similarly, Collins et al. (2004) highlighted the methodological tensions that DBR must
navigate, such as the balance between experimental rigor and contextual relevance.

In the field of educational technology, Wang and Hannafin (2005) defined DBR as “a
systematic but flexible methodology aimed to improve educational practice through iterative
analysis, design, development, and implementation, based on collaboration among
researchers and practitioners in real-world settings.” This definition underscores the dual
aims of DBR: to solve practical instructional problems and to contribute to the development
of grounded educational theory.

Other scholars have echoed this dual emphasis. Edelson (2002) and Obrenovi¢ (2011)
stressed the epistemic value of engaging in design as a way of generating applicable
knowledge. diSessa and Cobb (2004) further proposed that DBR holds potential for
ontological innovation by producing “proto-theories” derived from iterative, situated inquiry.
These theoretical contributions are not merely byproducts of practice, but integral outcomes
of the research process itself. Furthermore, Hsu et al. (2012) provided a comprehensive
account of DBR, particularly in science education. Their work emphasized the
methodological structure of DBR and its value in curriculum innovation and instructional
improvement, highlighting its applicability to educational research that seeks both theoretical
and practical impact.

DBR is a relatively recent methodological development in the field of education,

emerging in response to the growing need for approaches that bridge theory and practice. As
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seen in the preceding review, it reflects a shift toward research conducted in authentic
contexts, where design and theory evolve together through iterative refinement.

Having clarified the origins and conceptual foundations of DBR, the next section
elaborates on its five core characteristics as articulated by the Design-Based Research
Collective (2003), providing a more detailed analysis of what distinguishes DBR from other
methodological approaches.

2.3.2 Core Characteristics of DBR

According to the Design-Based Research Collective (2003), DBR is defined not merely
by its context of application, but by a coherent set of interrelated features that distinguish it
from traditional educational research methods. These five core characteristics highlight the
methodological identity of DBR and clarify how it operates in complex instructional
environments.

1. Addressing Practical and Significant Educational Problems. DBR begins with
problems rooted in actual educational practice, rather than abstract theoretical concerns. The
aim is to respond to pressing instructional challenges through iterative, theory-informed
design interventions. This problem-solving orientation ensures that the research remains
grounded in authentic needs. Barab and Squire (2004) emphasized that DBR is a
methodology “rooted in practice,” where collaboration with practitioners plays a central role
in transforming theoretical insights into viable designs.

2. Emphasizing the Interaction Between Theory and Design. One of DBR’s defining
features is the iterative and reciprocal relationship between theoretical development and
design enactment. Rather than treating design as an application of theory, DBR treats design
as a means of generating and refining theoretical understanding. diSessa and Cobb (2004)
introduced the concept of “proto-theories” to describe the types of theory that emerge from
DBR—context-sensitive, practically grounded, and generative for future research.

3. Conducting Research in Real-World Contexts. In contrast to laboratory
experiments that seek to control variables, DBR is conducted in real-world educational

settings. It embraces the complexity of classroom environments and seeks to understand how



22

interventions unfold under authentic conditions. As Cobb et al. (2003) noted, learning is
shaped by multilayered interactions that cannot be replicated in artificial settings; therefore,
DBR values ecological validity and situational responsiveness over strict experimental
control.

4. Utilizing Iterative and Evolutionary Design Cycles. DBR operates through a
progressive series of design—implement—analyze-redesign cycles. Each iteration serves both
as a test of the current design and a basis for further refinement. This cyclic process allows
researchers to adapt to emerging findings and evolving classroom dynamics. Collins et al.
(2004) argued that such iterative refinement is essential for clarifying the relationships
between instructional design elements and learning outcomes.

5. Pursuing Dual Goals of Practical and Theoretical Contributions. DBR is
distinctive in its simultaneous pursuit of practical effectiveness and theoretical insight.
Researchers must demonstrate not only that an intervention works, but also why and under
what conditions it works. Wang and Hannafin (2005) described this as the development of
“usable theory”—theoretical constructs that inform future design and guide practitioner
decisions in real educational settings.

Taken together, these five characteristics demonstrate that DBR is not merely a flexible
research strategy but a principled methodology that integrates design, implementation, and
reflection. Its distinctive emphasis on context-sensitive inquiry, iterative development, and
the mutual shaping of theory and practice makes it particularly suitable for exploring
complex educational phenomena and informing innovation in instructional design.

In the next section, the discussion will turn to how these five principles are
operationalized in practice, outlining the typical process of DBR implementation and how its
methodological structure unfolds in real educational settings.

2.3.3 Implementation Process and Research Design in DBR

While DBR emphasizes the interplay between theory and practice, its implementation in

educational contexts requires a systematic and iterative approach. Wang and Hannafin (2005)

proposed a five-phase model that outlines the essential steps in conducting DBR, particularly
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within technology-enhanced learning environments. Their framework serves as a conceptual
guide for research planning and execution, spanning from problem identification to
theoretical refinement.

This model can be usefully compared with a parallel structure proposed by Hsu et al.
(2012), who developed an eight-step process based on science education research in Taiwan.
Their model, which is organized into three overarching stages— (1) problem clarification and
initial design, (2) iterative implementation and refinement, and (3) theory building and
practical recommendations—offers a culturally grounded perspective on how DBR is
conducted in local educational settings. The following list integrates Wang and Hannafin’s
framework with relevant points from Hsu et al.’s model to enhance both theoretical
grounding and contextual relevance.

1. Identifying and Analyzing the Problem. DBR typically begins with a genuine and
pressing problem observed in an educational setting. Researchers are expected to analyze the
context in depth, define the core challenges, and consult relevant literature to identify
theoretical frameworks that inform the design. This phase corresponds to the first two steps in
Hsu et al.’s model: defining the educational problem and formulating the research goals and
questions. These steps ensure that the research is both theoretically informed and practically
meaningful.

2. Designing the Instructional Intervention. Informed by theory and contextual
analysis, the next phase involves designing a learning environment or instructional
intervention. Researchers often collaborate with practitioners to create lesson plans,
instructional tools, or teaching strategies that are sensitive to the constraints and affordances
of the setting. This design phase aligns closely with Step 3 of Hsu et al.’s model: designing an
initial instructional plan.

3. Implementing and Observing in Real Settings. The designed intervention is then
enacted in an authentic classroom environment. During this phase, researchers observe how
the intervention interacts with learners and teachers in practice, collecting data through

methods such as classroom observation, interviews, or student artifacts. This corresponds to
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Step 4 in Hsu et al.’s model: implementing instruction and collecting data.

4. Analyzing Data and Refining the Design. Once data are collected, researchers
analyze them to evaluate the effectiveness of the design and identify areas for improvement.
This process often reveals misalignments between theoretical intentions and actual practice.
Findings from this phase inform the redesign of instructional components. Hsu et al. (2012)
describe a similar process in Steps 5 and 6: analyzing data and evaluating the design,
followed by revising the instructional plan accordingly.

5. Iterating and Developing Theory. The final phase involves conducting multiple
design cycles to refine both the intervention and the underlying theoretical framework. Wang
and Hannafin (2005) emphasized the importance of developing “usable theory” through this
process—knowledge that can inform future design and support practitioners in similar
contexts. In Hsu et al.’s model, this phase is reflected in Steps 7 and 8: deriving design
principles and constructing instructional theory, along with practical recommendations for
educational improvement.

In summary, Wang and Hannafin’s five-phase model offers a high-level structure for
conducting DBR. At the same time, Hsu et al.’s eight-step process provides a more granular
view tailored to science education research in Taiwan. Integrating these perspectives
strengthens the practical foundation of DBR and ensures that it remains responsive to both
theoretical rigor and local educational realities.

The next section explores the methodological and practical challenges encountered
during the DBR process, including issues related to data analysis, research validity, and the
negotiation of researcher—practitioner roles.

2.3.4 Challenges and Potentials of DBR

Although DBR has been widely recognized as a promising methodology for bridging
educational theory and practice, its implementation presents several methodological and
practical challenges. These challenges relate to the dual role of the researcher, the complexity
of research contexts, the demands of data analysis, and the nature of theoretical contributions.

At the same time, these challenges underscore DBR’s potential to generate rich, context-
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sensitive knowledge and to support meaningful educational innovation.

One of the defining characteristics of DBR is the active involvement of the researcher in
both the design and implementation of educational interventions. However, this dual role can
lead to tensions between supporting practice and maintaining analytical distance. On one
hand, researchers may dominate the instructional process, limiting the autonomy of
practitioners; on the other, they must balance the need to foster learning to produce
generalizable insights (Barab & Squire, 2004). For researchers new to DBR, this dual
engagement poses both practical and ethical challenges.

Unlike controlled laboratory studies, DBR is conducted in authentic educational settings
where variables cannot be easily isolated or manipulated. As Collins et al. (2004) noted, DBR
often involves long-term, multi-variable, and interaction-rich environments that are difficult
to standardize. This complexity can hinder the replicability and generalizability of findings,
and each iteration builds on the previous one in ways that are highly context-dependent.

DBR encourages the use of multiple forms of data, such as classroom observations,
interviews, learning artifacts, and student performance records, to capture the richness of
instructional environments. While this data diversity enhances ecological validity, it also
places significant demands on the researcher’s ability to integrate qualitative and quantitative
methods. According to the Design-Based Research Collective (2003), producing theoretically
meaningful insights from such data requires sophisticated analytical strategies and sustained
engagement with the field.

Although DBR aims to generate “usable theory” or “proto-theory,” there is limited
consensus on what constitutes a sufficient theoretical contribution. Many DBR studies result
in design narratives or practical insights that may lack broad explanatory power. Moreover,
because these theories are often tightly coupled with specific contexts, their transferability
and generality remain open to question (diSessa & Cobb, 2004). Clarifying the criteria for
theoretical advancement within DBR remains a key issue in the field.

Unlike traditional research paradigms that emphasize internal validity or

generalizability, DBR requires alternative standards of quality. Barab and Squire (2004)
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proposed four dimensions for evaluating DBR: the practical impact of the design, the clarity
of the design theory, the transparency of the research process, and the degree to which
findings are supported by evidence. However, the systematic application of these criteria in
actual studies remains underdeveloped and varies significantly across research projects.

Despite these challenges, DBR offers distinct advantages that align with the complex
and dynamic nature of educational environments. Through iterative implementation and close
engagement with teaching and learning processes, researchers can develop situated theories
that both inform practice and advance academic knowledge. Rather than treating these
challenges as limitations, they can be reframed as opportunities for DBR to establish itself as
a robust, practice-driven paradigm for educational research and innovation.

2.3.5 Applications of DBR in Science Education

DBR has emerged since the early 2000s as a prominent methodological approach in the
fields of learning sciences and educational technology. It has gradually evolved into a
research paradigm capable of addressing both practical instructional improvement and
theoretical advancement (Akker et al., 2006; Barab & Squire, 2004; Design-Based Research
Collective, 2003). According to McKenney and Reeves (2013), the growing popularity of
DBR in science education reflects a shared desire among researchers and practitioners to
promote evidence-based curriculum innovation that is both effective and sustainable.

Unlike traditional experimental or survey-based research, DBR emphasizes close
interaction with real-world educational settings. It relies on iterative cycles of design,
implementation, analysis, and revision to extract theoretically meaningful design principles
and pedagogical strategies. This methodological orientation makes DBR particularly suitable
for exploring complex variables in learning processes, abstract concept construction, and the
integration of technology into instruction (Design-Based Research Collective, 2003; Wang &
Hannatfin, 2005). Consequently, DBR has been widely applied in science education to support
curriculum development, instructional innovation, and the assessment of learning outcomes
(Hsu et al., 2012; McKenney & Reeves, 2013).

In practice, DBR has been employed in a wide range of science education topics,
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including inquiry-based learning, virtual experimentation, engineering design, and
interdisciplinary integration. For instance, Chang et al. (2023) applied a cyclic DBR model to
design and evaluate a virtual lab curriculum for high school students, demonstrating a
complete process of iterative refinement. Cunningham et al. (2020) developed engineering-
informed curriculum design principles for elementary science learning, highlighting the
impact of DBR on students’ concurrent development of engineering and scientific literacy.
Jacobson et al. (2017) explored learning about climate change as a complex system,
showcasing DBR’s potential to support causal reasoning and multi-level conceptual
understanding.

In the local context, Hsu et al. (2012) reviewed the use of DBR in science education in
Taiwan. They proposed a three-phase, eight-step framework that demonstrates how DBR can
serve not only as a research method but also as a strategic system for supporting instructional
development. More recent trends in DBR highlight its capacity to address not just cognitive
but also affective and motivational outcomes. Woithe et al. (2022) examined the effectiveness
of a science outreach lab at CERN and found that DBR-supported interventions significantly
enhanced students’ motivation and interest in science. Similarly, Zimmerman et al. (2022)
applied DBR to the design of a youth science camp involving personal DNA data,
successfully fostering both scientific understanding and socio-emotional engagement.

Building on these successful applications, this study adopts DBR as a strategic response
to the identified gaps in interdisciplinary science education. Specifically, the iterative and
context-sensitive nature of DBR allows for the continuous refinement of course design to
better balance disciplinary knowledge and student engagement. By working closely with
authentic classroom contexts and collaborating with practitioners, this approach ensures that
the interdisciplinary integration of physics and music is not merely theoretical but directly
informed by students’ actual learning experiences and challenges. Furthermore, DBR
supports the generation of empirically grounded design principles that address the overlooked
role of music as a boundary object, bridging abstract scientific concepts with students’

everyday musical practices. The flexibility of DBR also enables the researcher to explore
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how such interdisciplinary instruction can effectively engage high school students—a target
group often neglected in previous research. Overall, employing DBR in this study provides
both a practical framework for tackling complex design problems and a methodological
means to produce transferable insights that contribute to sustainable curriculum innovation in

science education.
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Chapter 3 Methods

This chapter presents the methodological framework of the study, which adopts a DBR
approach to develop and refine an interdisciplinary course aimed at enhancing students’ ISL.
The course was implemented in real-world educational settings, aligning with the core
principles of DBR that emphasize the integration of theory and practice through iterative
design.

Building on the literature reviewed in Chapter 2, the structure of this chapter follows the
five-phase DBR model proposed by Wang and Hannafin (2005). This model serves as the
organizational backbone for describing how the course was designed, implemented,
evaluated, and refined across multiple iterations. Through this structure, the chapter illustrates
how practical insights and theoretical contributions were generated in tandem throughout the
research process.

3.1 Identifying and Analyzing the Problem

This study adopts a DBR approach to systematically design, implement, and refine an
interdisciplinary course that aims to enhance high school chorus students’ ISL. DBR
emphasizes continuous design and improvement in authentic educational settings, making it
particularly suitable for bridging theory and practice in real classrooms.

A persistent challenge in science education is the declining interest of students,
especially when science is presented in abstract, decontextualized ways. At the same time,
music education—particularly in choir settings—rarely incorporates scientific reasoning
despite the inherently physical and acoustical nature of vocal production. Students are often
trained to adjust their singing based on intuitive, experience-based feedback without
understanding the scientific mechanisms behind concepts such as resonance, harmonics, or
timbre. This disconnect represents a missed opportunity to leverage students’ musical
experience to foster interest in scientific thinking.

To address this gap, the current study proposes an interdisciplinary course that blends
physics and music in the context of high school chorus classes. The course is designed not

only to make science more engaging and personally relevant but also to support vocal
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technique through scientific understanding. The instructional intervention was implemented
with naturally occurring student groups and no control group, making a pre-experimental
design the most appropriate methodological choice for examining changes in student
outcomes. A mixed-methods approach—combining quantitative pre-/post-questionnaires with
qualitative data such as field notes, worksheets, and interviews—was used to analyze both the
learning effects and the implementation process.
Accordingly, the study is guided by the following research questions:
® RQ1: What design principles can be derived from the iterative development of an
interdisciplinary course that integrates science and music to stimulate students’ ISL?
® RQ2: To what extent does participation in the course influence students’ ISL?
® RQ3: What challenges and opportunities arise when implementing such a course in
authentic educational settings?
3.2 Designing the Instructional Intervention
To design a course that could stimulate students’ ISL through authentic and relevant
experiences, this study integrated multiple educational approaches. The theoretical
foundations included interdisciplinary instruction, authentic science learning contexts, and
PhBL. These three design theories served distinct theoretical functions: interdisciplinary
instruction acted as an orienting framework that defined the overall purpose and scope of the
course; authentic science learning contexts functioned as a framework for action, specifying
where, who and for whom the instruction should be situated to ensure relevance; and PhBL
operated as a domain-specific instructional theory that guided the concrete design of learning
tasks and activities. Together, these frameworks informed the course development by
blending theoretical principles with practical considerations, ultimately enhancing students’
engagement and understanding. The following sections elaborate on each level in detail.
3.2.1 Interdisciplinary Instruction
The course was designed based on interdisciplinary instruction that connects the fields
of physics and choral music. Specifically, it integrated scientific concepts — such as

harmonics, resonance, and waveform superposition — with the practical skills required in
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chorus singing, focusing on tone quality adjustment. Physics, which emphasizes theoretical
understanding, and music, which values practical performance, were combined to
complement each other. Through this integration, students were expected to enhance their
musical capabilities by deepening their scientific comprehension.

3.2.2 Authentic Science Learning Contexts

Authenticity was emphasized by ensuring that the problems explored in the course
mirrored real challenges commonly encountered in chorus practice. The scientific knowledge
presented was directly linked to practical singing issues, such as controlling volume,
stabilizing pitch, and adjusting timbre. By closely aligning with students’ lived experiences in
the chorus, the course intended to make science learning meaningful, relevant, and more
likely to stimulate ISL.

3.2.3 Phenomenon-Based Learning (PhBL)

The course adopted a PhBL approach, focusing on observable phenomena such as the
mechanism of trumpets, overtone singing, and the resonance chamber of guitars. Each
session began by engaging students with a phenomenon, through activities such as watching
demonstration videos or reflecting on their usual singing experiences, before guiding them
toward an exploration of the scientific principles behind these phenomena. This design
encouraged curiosity, experiential learning, and deeper conceptual understanding.

3.3 Implementing and Observing in Real Settings

This study was conducted in authentic educational settings, specifically within high
school chorus groups. Rather than creating artificial experimental conditions, the course was
implemented during regular chorus sessions at different schools, allowing the research to be
grounded in the real-world contexts where students naturally learn and interact.

The participating choruses were all located in Taipei City, but varied in their size,
student backgrounds, and instructional styles, reflecting the diversity commonly encountered
in actual educational environments. Even within one chorus, the ages, the grades, and the
academic divisions were blended, representing the diversity of students. Moreover, the

teacher was a choral conductor with no teacher education background. Conducting the study
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in real contexts introduced challenges, such as students' differences in engagement, the
teacher’s weakness in teaching methods, and logistical constraints like limited instructional
time. However, these challenges also ensured that the course design remained practical and
adaptable to typical teaching conditions.

By situating the research in authentic settings, the study aligned with the fundamental
principle of DBR, which emphasizes designing, implementing, and refining educational
interventions in environments where they are intended to be used. This approach enhances
the ecological validity of the findings and provides insights that are directly transferable to
practice.

3.4 Analyzing Data and Refining the Design

Consistent with DBR principles, this study employed a mixed-methods strategy and
triangulated data sources to examine the course’s effectiveness and to inform iterative
refinements.

3.4.1 Data Sources

In line with the DBR methodology, this study employed multiple sources of data to
validate and refine the instructional design, aiming to ensure the reliability and richness of the
findings.

First, the teaching plan served not only as an intervention intended to stimulate students’
ISL but also as a means of inquiry to examine how an interdisciplinary design could be
iteratively refined and adapted within a real-world educational setting—specifically, a high
school chorus. By repeatedly designing, implementing, and revising the lessons, this process
generated valuable data and practical insights that contributed to the development of context-
specific design principles for integrating science and music in choral instruction, addressing
RQI.

In addition to the course design, four primary data sources were used throughout the two
cycles of implementation:

® Pre-/Post-Questionnaires: Mainly administered to collect students’ demographic

information and to assess changes in students' ISL before and after the intervention,
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aiming to answer RQ2. Some other scales or questions were adopted in Iteration 1 and
Iteration 2 differently, aiming to answer RQ3.

® Student Worksheets: Students' written responses to open-ended questions during the
lessons provided insight into their participation, understanding, and feedback, which
could answer RQ3. As one of the teaching materials, we could investigate each
question to find out students’ common misconceptions and thus answer RQ1.

® Field Notes: Taken by the researcher during each session to capture immediate
observations of teaching practices. Field notes could be used to examine the teaching
plan and observe the teacher and students, which answered RQ1 and RQ3.

® Teacher Interviews: Conducted after the course to gather in-depth feedback from the
collaborating teachers. The interviews explored both the design considerations during
the course development and the feasibility of implementing the course in real-world
educational contexts, and therefore addressed both RQ1 and RQ3. During data
analysis, the interview responses were categorized based on their relevance to either
RQT1 or RQ3 to ensure a clear and systematic interpretation.

Table 3.1 summarizes the type and its corresponding research questions of each data
source. By integrating these diverse sources, the study systematically tracked the interplay
between design, enactment, and outcomes, allowing for evidence-based refinements across
iterations. The combination of both quantitative and qualitative data supported a robust

analysis of the course's effectiveness in achieving the intended educational goals.
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Table 3.1

The Type and Its Corresponding Research Question (RQ) of Each Data Source

Data Source Type Corresponding RQ(s)
Teaching Plan Qualitative RQI
Pre-/Post-Questionnaires Quantitative (Iteration 1) RQ2, RQ3

Mixed (Iteration 2)
Student Worksheets Qualitative RQ1, RQ3
Field Notes Qualitative RQ1, RQ3
Teacher Interviews Qualitative RQ1, RQ3

3.4.2 Iterative Design and Refinement

A defining feature of DBR is the iterative cycle of design, enactment, analysis, and
refinement(Wang & Hannafin, 2005). In this study, two major research iterations were
conducted to develop and optimize an interdisciplinary course integrating science and music
for high school chorus students.

The overall research process of this study is illustrated in Figure 3.1. Before entering the
main DBR iterations, several preliminary works were conducted, including recruiting
participants and analyzing the needs of the chorus. After these preparations, the study
proceeded into two major iterations.

Figure 3.1

Research Process

Preliminary Subsequent
Works Works
« Participants * Iteration 2-1 * Final Refinement
 Chorus Needs * Iteration 2-2 * Report
* lteration 2-3 * Sharing

Iteration 1 involved the first implementation of the course, followed by data collection
and analysis based on multiple sources. After completing Iteration 1, findings from these data

informed revisions to the instructional design.
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Iteration 2 expanded the iterative nature of the study by incorporating multiple rounds of

refinement within the same iteration. The course was implemented, evaluated, and revised

across three iterations. After each sub-iteration, systematic analysis of the collected data

guided the adjustments to the course structure, activity design, and instructional strategies.

Within each iteration, a cyclic process was followed, as shown in Figure 3.2. In each

iteration, there are six stages, including:

Design/Refinement: The researcher designed or refined a new edition of the
teaching plan based on previous data.

Presentation: The researcher presented the teaching plan to the collaborating
teacher.

Adjustment: The researcher adjusted the teaching plan based on the collaborating
teacher’s feedback on the presentation.

Implementation: The collaborating teacher taught the course in a high school
chorus while the researcher took field notes simultaneously.

Interview: The researcher interviewed the collaborating teacher a few days after
the implementation to discuss the implementation.

Analysis: The researcher analyzed the data collected during the iteration and

prepared for the next iteration.

After completing the iterations, the research proceeded to subsequent works, which

involved final refinements of the course, reporting the findings, and sharing the developed

materials and insights with broader educational communities.

This process embodies the iterative nature of DBR, where design, implementation,

analysis, and refinement are conducted cyclically to enhance both theoretical understanding

and practical application.
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Figure 3.2

Iteration Process

Design/
Refinement

Analysis Presentation

Interview Adjustment

Implementation

3.5 Iterating and Developing Theory

Last but not least, one of the core aims of DBR is to contribute to the development of
theoretical insights that are transferable beyond the specific context of a given study. In this
research, while the primary focus was on designing and refining a course that integrates
science and music to stimulate students' ISL, an important secondary goal was to derive
practical and theoretical implications that could inform future interdisciplinary instructional
development and evaluate the course’s potential for further dissemination.

The findings contribute to a set of design guidelines that are usable not only within the
original study context but also in similar educational settings. While the course was tailored
to high school chorus classes, the underlying design logic—connecting scientific concepts
with students’ lived musical experiences—holds potential for adaptation in other
interdisciplinary teaching scenarios. These principles may inform future efforts in curriculum
development, teacher training, and educational innovation aimed at fostering ISL through
integrative, phenomenon-based approaches.

To this end, the study maintained a strong link between local design decisions and
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broader theoretical reasoning. Each refinement and adjustment was not merely context-
specific but also reflected a growing understanding of how various design elements—such as
the use of real-world contexts, explicit instructional strategies, and hands-on activities—can
contribute to the enhancement of ISL and ensure the course’s viability for wider application.
The resulting design principles are intended to support future researchers and practitioners
interested in interdisciplinary course design within music and science education, while also
providing a practical foundation for scaling up similar instructional innovations to benefit
diverse learning contexts.

Summary

This chapter outlined the methodological framework employed in this study. DBR
served as the primary methodology, supplemented by a pre-experimental design and a mixed-
methods approach to ensure both the rigor and the relevance of the findings. Five core
characteristics of DBR were systematically integrated into the study: conducting research in
real-world contexts, integrating theory and practice, collecting multiple sources of data,
employing iterative design and refinement, and developing transferable theories.

The interdisciplinary course combining science and music was carefully designed as a
research instrument to explore how integrating domains can stimulate students’ ISL. A variety
of tools — including pre-/post-questionnaires, field notes, worksheets, and interviews —
were utilized to collect comprehensive data throughout the iterations.

The following two chapters present the findings of each design iteration. Chapter 4
details the research design and results of Iteration 1, including the participants, research
instruments, process, and key findings related to the initial implementation of the

interdisciplinary course.
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Chapter 4 Iteration 1

This chapter documents the first implementation of the interdisciplinary course designed
to integrate acoustical science into choral practice. Conducted as part of a DBR framework,
Iteration 1 served as an initial trial to explore the course’s feasibility, refine its structure, and
assess its impact on students’ understanding and engagement. The course was co-developed
and delivered by the researcher and a choral conductor, and implemented in a senior high
school chorus setting.

The following sections describe the research participants, instructional design, data
collection tools, and implementation process. Results from both quantitative and qualitative
data are presented to evaluate learning outcomes across cognitive, affective, and psychomotor
domains. Reflections on course effectiveness and research design are included to inform
future iterations and broader applications of science-infused music education.

4.1 Research Participants

Iteration 1 involved a collaborating teacher and 25 high school students from a choral
ensemble. This section introduces their backgrounds.
4.1.1 Collaborating Teacher — Teacher Z

Teacher Z holds a master’s degree in choral conducting. With over 16 years of
experience in choral singing and seven years in conducting, he has led Chorus A for more
than three years. In addition to working with high school students, he also conducts
elementary school, women's, and community choruses. His familiarity with both the students
and the researcher provided a strong foundation for implementing the course.

4.1.2 High School Students in Chorus — Chorus A in School A

School A is a public senior high school for female students located in a metropolitan
area in northern Taiwan. With a student body of approximately 2,400, it is one of the largest
and most academically competitive secondary schools in the region. The school is well-
regarded for its emphasis on both scholastic achievement and well-rounded personal
development, providing a variety of extracurricular opportunities alongside a demanding

academic curriculum.
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Chorus A is a female chorus consisting of students from different grade levels. Students
participate voluntarily and rehearse outside of regular class hours, typically for several hours
each week. The chorus is led by Teacher Z and supported by music teachers who assist in
vocal training and repertoire preparation. Chorus A has a strong tradition of excellence,
having received numerous awards in both national and international choral competitions.
Their high level of performance, commitment, and collaboration make them an ideal case for
exploring interdisciplinary curriculum implementation in a music education context.

Although 25 students participated in this group, a total of 10 matched pre- and post-
questionnaires were collected and included in the analysis. All 10 participants were female,
with ages ranging from 15 to 17 (M = 16.0). The majority were 11th-grade students (n = 6),
followed by 10th-grade students (r = 4). In terms of academic track, three students were from
the first track (Humanities and Social Sciences), four from the second track (STEM: Science,
Technology, Engineering, and Mathematics), and three from the third track (Life Sciences,
Agriculture, and Medicine).

Regarding their involvement in the chorus, the students had varied lengths of
participation: four students had joined the chorus for two semesters, while six had been
involved for four semesters. Their prior choral experience also ranged widely: one student
had less than one year of experience, two had 1-2 years, two had 2-3 years, one had 3—4
years, three had 4-5 years, and one had 8-9 years.

4.2 Course Design

The interdisciplinary course was co-developed by the researcher and Teacher Z through
informal discussions, with a focus on integrating vocal acoustics into chorus instruction.
Although Teacher Z lacked a formal science background, he actively collaborated to ensure
conceptual accuracy and instructional clarity. After two weeks of development, the finalized
version was implemented as a 3-hour workshop.

4.2.1 Learning Objectives.
The course was developed in response to students’ limited understanding of voice

acoustics, which often hindered their ability to improve vocal performance. Observations
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during rehearsals suggested that vocal training in the chorus heavily relied on experiential
rules, with little reference to underlying physical principles. To address this, the course aimed
to blend scientific understanding with practical application in choral singing.

Three learning objectives guided the instructional design:

® Cognitive Objective: Students can explain the physical mechanisms of voice

production, including concepts such as overtones, standing waves, and resonance.
® Affective Objective: Students can demonstrate increased ISL through engagement
with acoustics concepts and their relevance to singing.

® Psychomotor Objective: Students can apply vocal techniques for resonance

adjustment to shape timbre.

These objectives ensured that learning outcomes were aligned with both science and
music domains.

4.2.2 Course Structure

To ensure alignment with the intended learning objectives, the course was structured to
integrate acoustical concepts with practical vocal exercises in a high school chorus context. It
consisted of four 50-minute lessons (200 minutes in total), which could be implemented
weekly or biweekly, or condensed into a single 3-hour workshop format. For this study, the 3-
hour workshop format was adopted to ensure sufficient participant availability.

The instructional design followed a PhBL approach, in which each session began with a
real-world vocal phenomenon and progressed toward scientific explanation and vocal
application. Students were guided through observations, discussions, hands-on vocal
experiments, and reflection via worksheets. The four lessons were structured as follows:

® Lesson 1: The Nature of Human Voice

® Lesson 2: The Principle of Overtones

® Lesson 3: The Causes of Timbre

® Lesson 4: The Selection of Resonance

This structure aimed to bridge the gap between students’ intuitive, experiential chorus

learning and the underlying scientific principles. Through progressive exposure to concepts—
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from vocal fold vibration to overtone manipulation and resonance control—students were
encouraged to connect theory with practice and develop both their vocal technique and
interest in science. For details of the instructional design in Iteration 1, see Appendix A.
4.2.3 Lesson 1: The Nature of Human Voice

This lesson introduced the fundamental principles of vocal sound production by drawing
parallels between the human voice and wind instruments. Through multimedia
demonstrations and interactive activities, students explored how sound is generated by
airflow, modulated by the vocal folds, and shaped by resonant structures. The instructional
goal was to help students recognize the physiological basis of vocal production and to spark
curiosity about the scientific underpinnings of choral singing.

1. Engagement-1: Overtone Singing. To engage students at the start of the course, the
teacher played a video of overtone singing (Video 1-1), in which a performer sang a low,
sustained note while simultaneously producing a high, melodic overtone. After viewing the
clip, students were prompted to respond to two questions via Slido: “What did you hear?”” and
“How did he do it?”” Responses were displayed as a word cloud and discussed collectively.
The teacher then introduced the four-lesson structure and the overarching question of the unit:
“How can understanding overtones help us sing better?”

This activity adopted a PBL approach by presenting an unfamiliar yet authentic vocal
phenomenon without prior explanation. The aim was to elicit curiosity and initial hypotheses
from students before introducing formal scientific content. The Slido platform enabled
anonymous participation and fostered inclusive engagement, while also serving as a
formative assessment tool to gauge students’ prior understanding.

2. Development-1: Review of the Three Elements of Sound. To assess students' prior
knowledge, the teacher used Slido to ask: “What are the three elements of sound?” Students
submitted keywords describing concepts such as volume, pitch, and timbre, which were
visualized in a word cloud. The teacher then reviewed the responses and clarified the correct
scientific concepts.

This segment combined direct instruction with interactive technology. The goal was to
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ensure that all students shared a foundational understanding of core acoustic concepts, which
would be further developed in subsequent lessons.

3. Development-2: Mechanisms of Voice Production and Tuning. Next, the teacher
posed two multiple-choice questions: “What is the mechanism behind voice production?” and
“What is the mechanism behind pitch tuning?” Students first voted individually, then
discussed their ideas in small groups, followed by a second vote. Students holding differing
views were invited to share their reasoning. The teacher paraphrased their responses neutrally
before presenting two videos—one showing vocal fold vibration during pitch shifts (Video 1-
2), and another featuring the vocal folds of four chorus members while singing (Video 1-3).
After the videos, a final round of voting was conducted, followed by a summary of the
scientific principles.

This sequence combined collaborative learning, guided inquiry, and direct instruction.
Peer discussion reduced the anxiety of public sharing and helped scaffold understanding,
while multimedia resources provided rare visual insights into internal vocal mechanisms.

4. Recap-1: Everyday Phenomena and Human Voice. To conclude the lesson,
students responded in writing to two questions: “What is the connection between the pipe
organ and the human voice?” and “Why does our voice sound lower after staying up late or
just waking up?” These questions encouraged students to connect scientific concepts to
everyday experiences. Their answers were submitted via worksheets and used as prompts for
the next lesson's discussion.

This recap activity reinforced the lesson’s key concepts through familiar phenomena,
promoting knowledge transfer. The worksheet format supported the written organization of
ideas and prepared students for future verbal sharing.

4.2.4 Lesson 2: The Principle of Overtones

This lesson focused on the concept of overtones and standing waves. Through a hands-
on rope activity, students explored how vibration patterns form when both ends of a string are
fixed. The concept of harmonic frequencies was introduced, emphasizing how integer

multiples of a fundamental frequency generate overtones. By connecting these principles to
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both musical instruments and the human voice, the lesson helped students develop a scientific
understanding of how different overtones are produced and how they relate to a human voice.

1. Engagement-2: Different Sizes of Eggs. The teacher posed a question: “Which
length of an egg placed in a box is less likely to break when shaken?” This question, though
seemingly unrelated, guided students toward thinking about boundary conditions and
oscillation.

This activity introduced a hypothetical scenario to create cognitive dissonance and foster
curiosity, preparing students for the conceptual learning ahead. Slides were used to guide the
questioning.

2. Engagement-3: Review and Connection. The teacher revisited students’ responses
to the previous worksheet and guided a discussion. Two takeaways were emphasized: (1)
both pipe organs and the human voice produce sound through air-driven mechanisms, and (2)
relaxed vocal folds produce deeper sounds. These served as a bridge to the current lesson.

This activity supported connection-building through PhBL and allowed the teacher to
consolidate understanding using student-generated reflections. Worksheets facilitated
organized thinking.

3. Development-3: Exploring Vibrations Through Jump Rope. To illustrate
vibrational modes, the teacher used a jump rope to demonstrate how standing waves form
when a string is fixed at both ends. Students experimented with creating the fundamental
mode and its harmonics.

This tangible, kinesthetic activity grounded abstract physics principles in physical
experience. It is linked to vocal fold behavior and highlights interdisciplinary connections.

4. Development-4: Fundamental Frequency, Overtones, and Harmonics. The
teacher introduced and defined three terms: fundamental frequency, overtones, and
harmonics. These definitions helped interpret the rope activity and laid the groundwork for
later lessons.

This direct instruction segment clarified distinctions and consolidated terminology.

Slides provided a visual reference.
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5. Recap-2: Identifying and Interpreting Waveforms. Students viewed waveform
diagrams and classified each as fundamental, overtone, or non-harmonic. Cold-calling was
used to elicit reasoning. A follow-up question asked students how real-world strings vibrate.

This activity reinforced understanding through guided interpretation. The worksheet
helped students record and reflect on their ideas.

4.2.5 Lesson 3: The Causes of Timbre

This lesson explored why different instruments can produce distinct sounds when
playing the same pitch. Students examined how differences in overtone composition
contribute to timbre. Through listening exercises, waveform analysis, and simulations,
students deepened their understanding of how waveforms are shaped.

1. Engagement-4: Recognizing Timbre Differences. The teacher played sound clips of
piano, flute, and saxophone playing the same pitch and asked the students to identify each
instrument. The teacher then posed the question: “Why do they sound different despite
having the same pitch?”

This phenomenon-based activity triggered curiosity by presenting a perceptual
contradiction. Audio clips made the phenomenon tangible and engaging.

2. Engagement-5: Review and Connection. The teacher reviewed student responses
from the previous worksheet question on string vibration. Students voted, discussed in
heterogeneous groups, voted again, and shared insights. The teacher paraphrased the ideas
neutrally.

This cooperative activity supported reflection and social learning. Worksheets helped
organize thoughts and scaffolded discussion.

3. Development-5: Vibration and Overtone Selection. The teacher explained overtone
selection using a fruit-sorting analogy. When strings vibrate, all harmonics are generated, but
only specific ones are amplified. The teacher related this to the jump rope experience,
explaining that higher frequencies are harder to produce.

Direct instruction was used to clarify overtone filtering. A fruit-sorting machine video

illustrated the analogy.
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4. Development-6: Understanding Timbre through Waveform Composition. The
teacher asked: “Why do different timbres exist if the pitch is the same?” Students discussed,
and the teacher summarized that waveforms differ due to overtone proportions. A simulation
demonstrated how harmonic waves combine into different waveforms.

This direct instruction segment clarified abstract ideas with visual aids. Simulation tools
and graphing software made overtone composition visible and concrete.

5. Recap-3: Linking Overtone Composition to Timbre Differences. The teacher
provided waveform graphs of various instruments and asked: “What difference do you
observe in timbre based on overtone content?”” Students recorded their answers on a
worksheet.

This recap session used PhBL. The worksheet scaffolded independent thinking and
helped consolidate understanding.

4.2.6 Lesson 4: The Selection of Resonance

This lesson focused on how resonance affects vocal timbre and how singers can adjust
resonance spaces to shape their sound. Students explored resonance principles using
instrument comparisons, anatomical diagrams, and overtone singing.

1. Engagement-6: Review and Connection. The teacher summarized the previous
lesson’s reflection responses, highlighting that high-frequency overtones lead to brighter
timbres, while fewer high overtones produce warmer tones. This review reinforced students’
prior understanding.

Direct instruction helped consolidate key concepts. Worksheets from the previous lesson
were used for reference.

2. Engagement-7: Can We Change Our Timbre? The teacher asked: “Can we change
our vocal timbre?” After students agreed, the teacher asked: “Since it is difficult to change
our vocal folds, how can we adjust our timbre?”” This guided students to consider the
resonance space.

The teacher used guided questioning to promote critical thinking. The activity

encouraged verbal participation without specific instructional materials.
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3. Development-7: How Resonance Shapes Timbre. The teacher compared ukuleles
and guitars to explain how size affects resonance. A vocal tract diagram was shown to
illustrate human resonance spaces. The teacher replayed the overtone video and asked
students to interpret the phenomenon.

PhBL was employed to link familiar instrument examples to vocal mechanisms. Videos
and diagrams helped visualize resonance effects.

4. Recap-4: Applying Knowledge of Overtones. Students were asked: “How can
understanding overtones help us sing better?” They wrote their thoughts on worksheets and
shared them with the class.

Direct instruction guided reflection. The worksheet provided a structure for organizing
ideas.

5. Conclusion: Extending More Science Behind Music Phenomena. The teacher
concluded the course by introducing other sound phenomena, such as just intonation vs. equal
temperament and harmonic balance. Students watched a video of glass breaking due to
resonance.

This phenomenon-based closing aimed to extend learning and spark curiosity. News
articles and videos illustrated the broader applications of acoustics.

4.2.7 Learning Assessments

To evaluate students’ learning outcomes aligned with the three instructional objectives—
cognitive, affective, and psychomotor—this study employed a combination of written work,
self-report measures, and qualitative interviews.

® Cognitive Objective: Students completed worksheets with open-ended questions

after each lesson. Their responses were analyzed for accuracy and depth of
conceptual understanding. Items covered key topics such as overtone ratios,
waveform interpretation, and voice production mechanisms.

® Affective Objective: The Science Learning Interest Scale was administered before

and after the course. This validated instrument measured five dimensions of

learning interest, and Wilcoxon Signed-Rank Tests were used to detect any
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statistically significant shifts.

® Psychomotor Objective: The collaborating teacher was interviewed after the
course to assess whether students applied scientific understanding to their vocal
practice. The teacher reported increased awareness of timbre and more responsive
rehearsal behavior, indicating successful knowledge transfer to singing contexts.

Together, these assessments provided a multi-faceted picture of students’ learning across
cognitive understanding, attitudinal shifts, and skill development.

4.3 Research Instruments

To address the research questions and evaluate the course's effectiveness, a mixed-
methods approach was adopted. Four types of instruments were used: pre-/post-
questionnaires, field notes, student worksheets, and a teacher interview. These tools were
designed to capture learning outcomes and answer the three research questions.

4.3.1 Pre-/Post-Questionnaires

The pre-/post-questionnaires were designed to take approximately 10 minutes to
complete. These questionnaires were not part of the formal course content but were
administered by the researcher as external data to evaluate the effectiveness of the course.

The pre-questionnaire was distributed at the beginning of the first session, immediately
after the study was introduced to the students. The post-questionnaire was administered after
the final session, following the course summary. To enable paired comparison between pre-
and post-responses, students were asked to write a self-generated code name on their
response sheets. Although responses were matched using these identifiers, all data remained
anonymous.

For details of the pre-/post-questionnaires in Iteration 1, see Appendix B. In Iteration 1,
the pre-/post-questionnaires are roughly the same, consisting of several sections, each
designed to assess different aspects of students’ experiences and learning outcomes. The
following subsections describe the structure and purpose of each section in detail.

1. Demographic Information: The pre-questionnaire would first collect a student’s age,

grade, gender, academic division, years of participating in the chorus, and years of being a
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chorister. The items were chosen by the researcher, aiming to provide more details about the
students so that we could use these materials to explain the data further.

Since the data type of the demographic information was mostly nominal and the
distribution mattered, we used descriptive statistics to analyze the demographic information,
including the ratio of different grades, the average of years of being a chorister, and so on.

2. Science Learning Interest Scale. To answer RQ2 concerning students’ ISL, this
study adapted a self-report instrument originally developed by Cheng et al. (2013), the
Science Learning Interest Scale, for use in the pre-/post-questionnaires. The scale includes
two major dimensions—personal interest and situational interest—comprising five subscales:
latent interest and actualized interest (representing personal interest), and triggered
situational interest, maintained situational interest-feeling, and maintained situational
interest-value (representing situational interest).

Specifically, latent interest captures students’ inherent but undeveloped tendency to be
curious about science topics even when not explicitly exposed to them, whereas actualized
interest reflects students’ stable and ongoing engagement with science learning in their daily
life. For situational interest, triggered situational interest measures the initial spark or
curiosity provoked by new scientific phenomena or learning contexts; maintained situational
interest-feeling assesses the positive emotions, enjoyment, and excitement students
experience during science learning activities; and maintained situational interest-value gauges
the perceived personal value and usefulness students attach to the science content they are
learning.

Each subscale contains four items, making a total of 20 items, rated on a 5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating
greater interest.

The scale was developed based on prior theoretical frameworks of interest by Hidi and
Ann Renninger (2006), who proposed that situational interest plays a foundational role in the
development of personal interest. The three situational subscales were adapted from

Linnenbrink-Garcia et al. (2010), Measuring Situational Interest in Academic Domains, while
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the two personal interest subscales were based on Mitchell’s (1993) Personal Interest Scale.
Cheng et al. (2013) localized and validated the instrument through expert review and pilot
testing with 144 junior high school students in southern Taiwan. Principal component
analysis confirmed the five-factor structure, explaining 74.26% of total variance. Internal
consistency reliability coefficients (Cronbach’s o) ranged from .868 to .942 across subscales,
with an overall reliability of .962, indicating high reliability above the standard criterion

of .70 (George & Mallery, 2010).

To align with the purpose of the pre- and post-questionnaires in this study, minor
wording adjustments were made to the situational interest items in the pre-questionnaire,
following guidance from Lo (2016). Specifically, the phrase “this course” was modified to
“previous science classes” in the pre-questionnaire to reflect better students’ prior learning
experiences rather than their responses to the current interdisciplinary intervention.

3. Music Learning Interest Scale. In addition to measuring students’ ISL, Iteration 1
also incorporated the Music Learning Interest Scale in the pre-/post-questionnaires to assess
whether the interdisciplinary course could positively influence students’ interest in music
learning. This instrument was included to address RQ3. If the course not only enhances
science learning interest but also promotes students’ interest in music, it could strengthen its
practical value for music teachers. Demonstrating such dual benefits would make the
curriculum more attractive and increase its applicability in formal music education settings.

This instrument was adapted from the study of Lai (2011) on high school students’
music learning interest and self-determination needs. All 25 original items were retained
without modification. The scale used a 5-point Likert format (1 = strongly disagree to 5 =
strongly agree), and was designed to evaluate students’ affective engagement with music
education.

The scale consists of five subscales, each comprising five items: /atent interest,
actualized interest, text-based interest, task-based interest, and knowledge-based interest.
Latent interest refers to students’ stable, long-term preference for learning music. Actualized

interest describes students’ internal motivation that drives them to seek out music-related



51

content outside of class actively. The remaining three dimensions represent situational
interest: text-based interest is triggered by how music content is presented (e.g., visual aids,
layout); task-based interest reflects students’ engagement in classroom activities, especially
when they relate to personal life experiences; and knowledge-based interest is influenced by
students’ prior familiarity with the subject matter.

According to Lai (2011), the internal consistency reliability of each subscale, measured
by Cronbach’s a, ranged from .814 to .904: latent interest (o = .881), actualized interest (o
=.904), text-based interest (o = .892), task-based interest (o = .814), and knowledge-based
interest (o = .898). These values indicate satisfactory reliability (George & Mallery, 2010).

4. Choral Learning Attitude Scale. To address RQ3 from another aspect, Iteration 1
also measured students’ learning attitudes toward choral music in both the pre- and post-
questionnaires. Since chorus participation is elective in most schools, students who join a
chorus club typically already possess a relatively high level of interest in choral singing. As
such, Iteration 1 focused on evaluating changes in learning attitudes rather than baseline
interest. From a music educator’s perspective, if an interdisciplinary course can improve
students’ learning attitudes toward chorus participation, it may enhance the course’s practical
value and increase its likelihood of adoption in real-world choral settings.

The Choral Learning Attitude Scale used in this study was adapted from the Music
Learning Attitude Scale developed by Cheng (2004), which was originally designed to
measure junior high school students’ attitudes toward music learning within an integrated
curriculum framework. The original scale contains 32 items, divided into four subscales:
learning motivation (Items 1-8), learning habits (Items 9—-15), learning behaviors (Items 16—
21), and learning cognition (Items 22—32). Each item is rated on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). In Cheng’s study, the internal
consistency reliability (Cronbach’s alpha) for the full scale was .822. The subscale
reliabilities were .838 for learning motivation and .827 for learning cognition, indicating that
the instrument met acceptable standards of reliability (George & Mallery, 2010).

For this study, the original scale was adapted by replacing all references to “music class”
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with “choral class” to better align with the context of the choral-based curriculum. No
changes were made to the item structure, phrasing, or subscale organization beyond this
contextual adjustment. This revision preserved the psychometric integrity of the instrument
while ensuring that the items reflected the learning environment of the participating students.
4.3.2 Field Notes

During Iteration 1, the researcher observed the classroom and recorded field notes
throughout the instructional process. The primary focus of the observation was on the
teacher’s instructional delivery, students’ on-task behaviors, and the overall classroom
atmosphere. These notes provided descriptive records of how the lesson was implemented in
practice and served as qualitative data to support the collaborating teacher interview,
contributing to the analysis of RQ1 regarding the feasibility and reception of the course.

The field notes were recorded in an open-ended and descriptive format, without a
predetermined coding scheme. The researcher recorded the progression of classroom events,
capturing details such as teacher instructions, student reactions, moments of engagement or
confusion, the pace of the lesson, and the tone of classroom interactions. Due to the
researcher's supporting role during student small-group discussions, detailed records of peer
interactions were not consistently captured in the notes.

Notably, two Slido-based word cloud activities at the beginning of Lesson 1 were also
included in the field notes. The first was an Engagement activity involving overtone singing:
after watching a video of a singer performing a single sustained note with a moving overtone
melody (Amazing Grace), students were asked, “What did you hear?”” and “How did he do
1t?” They submitted their responses anonymously via Slido, and the resulting word cloud
offered insight into their initial perceptions and curiosity. The second Slido prompt was
designed to review students’ prior knowledge of sound. Students were asked to recall the
three elements of sound—volume, pitch, and timbre—based on their junior high school
experiences. Their answers were displayed as another real-time word cloud, allowing the
teacher to assess students’ conceptual readiness and provide targeted clarification. These

interactions, along with the classroom dynamics they revealed, were recorded in the field
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notes to enrich the contextual analysis of instructional implementation.
4.3.3 Student Worksheets

To assess students’ conceptual understanding and gather their reflections on each lesson,
a worksheet was developed and implemented across all four lessons. This instrument served
two primary purposes: (1) to evaluate how well students grasped the scientific concepts
embedded in the course, thus addressing RQ1, and (2) to capture students’ engagement and
feedback, contributing to RQ3.

The worksheet was distributed at the end of each lesson as a recap activity. Each lesson
included two to three open-ended questions: one or two focused on science-related concepts
covered in the lesson (e.g., the connection between vocal timbre and overtone ratios, or the
principle behind resonance control), and one invited students to reflect on their learning
experience for that particular session. In the final lesson, students were also asked to respond
to broader questions about the overall course structure and insights gained. For details of the
student worksheets in Iteration 1, see Appendix C.

All worksheet responses were handwritten and collected immediately at the end of each
class. After the course, students' submissions were scanned and archived as part of their
learning portfolio. The open-ended format allowed for a range of student expressions, from
factual recall to personal reflections, providing valuable qualitative data for triangulating
other sources of evidence, such as interviews and classroom observations.

4.3.4 Teacher Interview

To supplement the classroom observations and provide additional insights into the
instructional process and course feasibility, a semi-structured interview was conducted with
the collaborating teacher (Teacher Z) following the completion of Iteration 1. This interview
served two purposes: first, to explore the teacher’s reflections on course design and specific
instructional moments during the course, which addressed RQ1; and second, to gather the
teacher’s feedback on the instruction, which addressed RQ3.

The interview took place five days after the course and was conducted face-to-face in a

private setting. It lasted approximately 100 minutes. With the participant’s consent, the
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conversation was audio-recorded and later summarized by the researcher into interview notes.
A semi-structured interview guide was used, covering the following thematic areas: course
design, material preparation, teaching activities, student responses, and post-course
observations. The questions were developed in advance by the researcher, with
supplementary prompts derived from field notes to probe specific classroom events further
and elicit broader reflections on the course’s impact.

All responses were anonymized using pseudonyms to protect the participants’ identities.
The transcribed data were summarized and organized thematically for analysis. While the
interview questions were not developed based on a specific theoretical model, they were
aligned with the instructional focus of the course and aimed at capturing both in-the-moment
and reflective pedagogical insights.
4.4 Research Process

This section outlines the procedures involved in the design, implementation, and data
collection of the study. The research process was structured to ensure alignment between the
instructional goals and the methodological framework, while also maintaining flexibility to
accommodate the dynamics of a real classroom setting. The following subsections describe
each phase of the process in chronological order, from initial preparation through data
collection and ethical considerations.
4.4.1 Course Development Timeline

This section describes the preparation and execution of the course during Iteration 1,
which served as the first formal implementation of the instructional design. The course was
co-developed by the researcher and a collaborating teacher, and carried out in a real
classroom setting to examine the feasibility of interdisciplinary teaching in a choral
environment. The process is divided into two phases: the preparation phase, which outlines
the instructional planning and logistical setup, and the implementation phase, which details
how the course was delivered, who participated, and how instructional responsibilities were
shared.

1. Preparation Phase. Before the course implementation, several preparatory steps
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were undertaken to ensure alignment between the instructional design and research goals. The
researcher first engaged in collaborative discussions with the collaborating teacher (Teacher
Z) to co-develop the teaching plan. These informal meetings focused on clarifying the scope
of scientific content, sequencing the lessons, and identifying appropriate pedagogical
strategies for integration within a choral rehearsal setting. The first version of the teaching
plan was completed after two weeks of collaborative work and subsequently refined based on
Teacher Z’s feedback.

Given that the collaborating teacher did not have a background in physics, the researcher
provided targeted support to help him become familiar with the scientific concepts embedded
in the course, such as overtones, standing waves, and resonance. Instructional content was
adjusted to ensure accessibility while preserving conceptual accuracy, so that it could be
taught effectively by a music teacher without formal training in science.

In addition, all research instruments were prepared in advance, including the pre- and
post-questionnaires, student worksheets, and interview guidelines. Multimedia teaching
materials, such as video demonstrations of overtone singing and vocal fold vibrations, were
also selected and reviewed to ensure clarity and appropriateness for the target student
population. The entire course, including learning objectives, lesson flow, and materials, was
finalized before the start of the implementation.

Once all preparations were in place, the course was implemented in the designated
setting. The following section outlines the implementation process in detail, including
instructional delivery, classroom environment, and the division of instructional and
observational roles.

2. Implementation Phase. The course was implemented in the form of a single three-
hour workshop, held in the music classroom of School A. This format was chosen to ensure
that all lessons could be completed within a single session, considering the students’ limited
availability during the academic term. The classroom provided appropriate teaching
equipment, and students were already familiar with the environment, which supported a

comfortable and focused learning atmosphere.
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The course was held in March 2024, after the National Student Competition of Music in
Taiwan, which means that most of the choristers had performance experience at least twice.
Implementing the course at this time could avoid some novel issues, and most of the students
had decided on their academic division. Therefore, this timing is good for instruction and
analysis.

The instruction was primarily delivered by the collaborating teacher, Teacher Z, who had
previously rehearsed the lesson flow and scientific content with the researcher. However, due
to a temporary schedule conflict, the researcher assumed the teaching role for part of the
workshop. Specifically, the researcher conducted the course from the end of Lesson 1 to the
end of Lesson 2, and from the middle of Lesson 3 to the middle of Lesson 4. During these
segments, classroom observation was not recorded, as the researcher was directly engaged in
instructional delivery.

The course was conducted with 23 students from Chorus A, all of whom had prior
experience singing under the guidance of Teacher Z. This familiarity facilitated smoother
communication and classroom interaction. Throughout the workshop, students engaged in
group discussions, multimedia-based activities, and worksheet-based reflections, following
the designed lesson sequence.

4.4.2 Data Collection

Multiple sources of data were collected to address the research questions and to
triangulate findings across cognitive, affective, and behavioral dimensions. These data
sources included pre-/post-questionnaires, student worksheets, field notes, and a teacher
interview.

®  Pre-/Post-Questionnaires: The Science Learning Interest Scale, Music Learning

Interest Scale, and Choral Learning Attitude Scale were administered before and
after the course to assess changes in students’ interest and attitudes. The pre-
questionnaire was distributed at the beginning of the workshop, after the study was
explained to participants. The post-questionnaire was completed immediately

following the final course summary. Students used a self-generated code on both
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instruments to allow paired comparisons while maintaining anonymity.

® Student Worksheets: Open-ended worksheets were distributed at the end of each
lesson segment. These worksheets served both as a formative assessment and a data
source for examining students’ conceptual understanding and engagement. In the
workshop format, all worksheets were collected at the end of the session.

® Field Notes: The researcher recorded detailed field notes throughout the course

implementation, focusing on instructional fidelity, student reactions, and overall
classroom dynamics. However, during the segments when the researcher assumed
the teaching role (i.e., part of Lessons 2, 3, and 4), observation was not recorded,
resulting in partial gaps in the field notes.

® Teacher Interview: A semi-structured interview with the collaborating teacher was

conducted five days after the course. The interview lasted approximately 100
minutes and was held in a cafe. It aimed to capture the teacher’s in-the-moment
reflections on classroom events (addressing RQ1) and his subsequent observations
during regular rehearsals (addressing RQ3). With consent, the interview was
recorded and later transcribed for analysis.

Together, these instruments provided a multi-perspective understanding of students’
learning processes, instructional implementation, and the overall feasibility of the
interdisciplinary course.

4.4.3 Ethical Consideration

To ensure the ethical conduct of the study, all data collection procedures adhered to
standard research ethics guidelines, with an emphasis on anonymity, informed consent, and
voluntary participation.

Students were informed of the study’s purpose, procedures, and their right to withdraw
at any time without penalty. Prior to participation, verbal consent was obtained from each
student.

All data were collected anonymously. To enable paired comparisons between pre- and

post-questionnaires, students were asked to create and write a self-generated code on their
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answer sheets. These codes were not linked to students’ real names, ensuring participant
confidentiality. Worksheets and questionnaire responses were stored securely by the
researcher and were only accessible to the research team.

To express appreciation and encourage participation, students who completed both the
pre- and post-questionnaires received a small token of appreciation—a gift card valued at 50
NTD. This incentive was disclosed in advance and was not tied to performance or answer
quality.

The study was reviewed and approved by the researcher’s academic advisor and
followed institutional research protocols for studies involving human participants.

4.5 Analysis and Findings

This section evaluates the first implementation of the course using both quantitative and
qualitative data. Three pre-/post-questionnaires were administered to assess changes in
students’ science learning interest, music learning interest, and choral learning attitudes.
Additional data, including field notes, student worksheets, and a teacher interview, were
analyzed to provide contextual insights. The findings are presented in the following four
subsections.

4.5.1 Pre-/Post-Questionnaires

In this implementation, we collected 20 pre-questionnaires and 15 post-questionnaires
from 25 students. However, only 10 paired questionnaires were counted.

Given the small sample size (» = 10) and the non-normal distribution typically
associated with Likert-scale data, the Wilcoxon Signed-Rank Test was employed to examine
whether there were statistically significant differences in students’ ISL before and after the
course. This non-parametric method is appropriate for paired ordinal data and offers a robust
alternative to the paired-samples t-test under these conditions. Descriptive statistics and test

results for Iteration 1 are presented in Table 4.1 and Table 4.2.
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Descriptive Statistics of Chorus A's Science Learning Interest Scale in Iteration 1
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Subscale Pre Post
M SD Mdn M SD Mdn
Latent Interest 16.1 3.9 16.0 16.1 3.5 16.0
Actualized Interest 16.2 3.0 16.0 16.5 2.0 16.0
Triggered SI 13.1 2.6 14.0 13.6 3.7 14.0
Maintained SI-Feeling 15.1 4.1 15.5 15.8 3.9 16.0
Maintained SI-Value 16.4 2.5 16.0 17.0 2.2 16.0

Note. n = 10 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest.

The results showed that among the five subscales in the Science Learning Interest Scale,

only the maintained situational interest-feeling demonstrated a statistically significant

increase (p < .05), with five students showing higher post-course scores compared to pre-

course scores and none showing a decrease. This indicates an enhancement in students’

emotional engagement with the learning activity after the course. No significant differences

were found in latent interest, actualized interest, triggered situational interest, or maintained

situational interest-value.
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Results of the Wilcoxon Signed-Rank Test on Chorus A’s Science Learning Interest Scale in

Iteration 1

Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Latent Interest Neg. 3 2.5 7.5 0.00 1.000 .00
Pos. 2 3.8 7.5
Ties 5
Actualized Interest Neg. 3 2.7 8.0 -0.53 598 -17
Pos. 3 4.3 13.0
Ties 4
Triggered SI Neg. 2 2.0 4.0 -0.96 336 -.30
Pos. 3 3.7 11.0
Ties 5
Maintained SI-Feeling Neg. 0 0.0 0.0 -2.07 .038* -.65
Pos. 5 3.0 15.0
Ties 5
Maintained SI-Value  Neg. 1 2.0 2.0 -1.51 131 -48
Pos. 4 33 13.0
Ties 5

Note. n =10 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest; Neg. = Negative; Pos. = Positive.

*p < .05. **p < .01. ***p < .001.
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The same statistical method was applied to analyze students’ music learning interest
before and after the course, given the small sample size and the ordinal nature of the Likert-
scale responses. Descriptive statistics and test results are presented in Table 4.3 and Table
4.4.

Table 4.3

Descriptive Statistics of Chorus A's Music Learning Interest Scale in Iteration 1

Subscale Pre Post
M SD Mdn M SD Mdn
Latent Interest 18.8 3.5 19.5 18.6 3.9 19.0
Actualized Interest 17.9 3.8 18.0 18.3 4.1 18.0
Text-Based Interest 19.0 3.8 19.0 19.7 3.6 19.5
Task-Based Interest 15.9 2.2 16.5 16.5 2.6 16.0
Knowledge-Based Interest 20.4 3.3 20.5 20.0 3.1 19.5

Note. n =10 refers to the number of matched questionnaires collected for analysis.
SI = Situational Interest.

The results indicated that none of the subscales showed statistically significant changes.
Specifically, there were no significant differences in latent interest, actualized interest, text-
based interest, task-based interest, or knowledge-based interest. These findings suggest that
the course had a limited measurable effect on students’ reported interest in music learning

across the five interest dimensions.
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Results of the Wilcoxon Signed-Rank Test on Chorus A’s Music Learning Interest Scale in

Iteration 1

Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Latent Interest Neg. 3 4.2 12.5 -0.43 671 -.14
Pos. 3 2.8 8.5
Ties 4
Actualized Interest Neg. 3 3.0 9.0 -0.86 391 -27
Pos. 4 4.8 19.0
Ties 3
Text-Based Interest Neg. 4 2.5 10.0 -1.14 256 -.36
Pos. 4 6.5 26.0
Ties 2
Task-Based Interest Neg. 2 2.5 5.0 -1.56 119 -.49
Pos. 5 4.6 23.0
Ties 3
Knowledge-Based Neg. 4 34 13.5 -0.63 527 -.20
Interest Pos. 2 3.8 7.5
Ties 4

Note. n =10 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest; Neg. = Negative; Pos. = Positive.

*p < .05. **p < .01. ***p < .001.
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The same statistical method was applied to analyze students’ choral learning attitudes
before and after the course, given the small sample size and the ordinal nature of the Likert-
scale responses. Descriptive statistics and test results for Iteration 1 are shown in Table 4.5
and Table 4.6.

Table 4.5

Descriptive Statistics of Chorus A's Choral Learning Attitude Scale in Iteration 1

Subscale Pre Post
M SD Mdn M SD Mdn
Learning Motivation 325 4.2 30.5 32.2 3.9 32.0
Learning Habits 25.8 4.6 23.5 24.5 4.3 23.5
Learning Behaviors 22.8 2.7 23.5 22.6 24 22.5
Learning Cognition 43.4 6.0 42.0 43.5 5.2 42.5

Note. n = 10 refers to the number of matched questionnaires collected for analysis.

The results showed that none of the subscales demonstrated statistically significant
differences. Specifically, no significant changes were found in learning motivation, learning
habits, learning behaviors, or learning cognition. These findings suggest that the course had a
limited impact on students’ self-reported attitudes toward learning in the choral setting.
However, it is worth noting that in the learning habits subscale, the majority of students (n =
9) exhibited lower scores after the course. This pattern will be further explored in the

reflection section of this chapter.
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Results of the Wilcoxon Signed-Rank Test on Chorus A's Choral Learning Attitude Scale in

Iteration 1
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Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Learning Motivation =~ Neg. 3 4.0 12.0 -0.32 152 -.10
Pos. 3 3.0 9.0
Ties 4
Learning Habits Neg. 7 4.3 30.0 -1.71 .087 -.54
Pos. 1 6.0 6.0
Ties 2
Learning Behaviors Neg. 2 33 6.5 -0.55 581 -.17
Pos. 2 1.8 3.5
Ties 6
Learning Cognition Neg. 5 43 21.5 -0.12 905 -.04
Pos. 4 59 23.5
Ties 1

Note. n =10 refers to the number of matched questionnaires collected for analysis.
Neg. = Negative; Pos. = Positive.

*p < .05, **p < 0. ***p < 001,

4.5.2 Field Notes

This section summarizes key observations from the field notes, organized into four

areas: (1) student thinking and prior knowledge, (2) group interaction and classroom

dynamics, (3) instructional conditions and contextual challenges, and (4) noteworthy student

engagement.

1. Student Thinking and Prior Knowledge (Slido Prompts). At the beginning of the

first lesson, students engaged in a Slido word cloud activity after watching a video

demonstrating overtone singing. In response to the prompt “What did you hear?”, the most
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frequently mentioned words included “whistling sound” (n = 6), “Amazing Grace” (n = 4),
and “overtone” or “harmonics” (total n = 6). Additional responses included analogical
descriptions such as “sounds like a flute” (n = 3), “human voice” (n = 2), and remarks noting
the presence of both high and low tones (n = 2). Some students submitted imaginative or
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humorous responses, such as “magical feeling,

- ).

Following this, students were asked a second question: “How did he do it?”” The most

cow sound,” and “mosquito sound” (each n

common response was “I do not know” (n = 9). Other responses included general
descriptions such as “singing” (n = 5), “just do it” (n = 3), and “use strength” (n = 4). Some
students provided more specific answers, such as “changing mouth shape” (n = 3),
“frequency” (n = 3), and “vocal cord vibration” (n = 2).

In a third Slido prompt, students were asked to identify the three elements of sound.
Reported responses included “frequency” (n = 13), “timbre” (n = 10), and
“loudness/amplitude” (n = 8). Six responses explicitly listed a complete combination of the
three elements. Additional responses included related terms such as “waveform” (n = 3),
“medium” (n = 2), and “wavelength” (n = 1). Some students entered unrelated or off-topic
responses, including humorous comments or remarks referencing difficulty with physics
content.

Throughout the Slido activities, responses were displayed in real time via word clouds
visible to the entire class. Several entries appeared to repeat or closely resemble earlier
responses, and several entries were similar in wording, suggesting that students referred to
earlier visible responses when composing their own.

2. Group Interaction and Classroom Dynamics. Later in the first lesson, the teacher
conducted a peer discussion activity using a multiple-choice question: “What is the principle
of vocal sound production?” Students first responded individually, then engaged in group
discussion before voting again. Students formed groups by self-selection rather than through
pre-assigned heterogeneous grouping. During the follow-up sharing, only a small number of

students volunteered to speak. The teacher restated students’ contributions in a neutral tone.
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In several instances during the lesson, the teacher provided the correct answer shortly
after posing a question, particularly when students did not respond immediately. Some
questions were phrased in a way that indicated a specific correct answer. During these
moments, few students offered responses or initiated discussion.

Overall, student responses during these discussion segments were limited, with
participation observed from only a few individuals.

3. Instructional Conditions and Contextual Challenges. Due to temporary external
obligations assigned on short notice, the collaborating teacher was unavailable for parts of the
course. As a result, the researcher assumed teaching responsibilities from the end of Lesson 1
to the end of Lesson 2, and from the middle of Lesson 3 to the middle of Lesson 4. During
these periods, the researcher was unable to take field notes, resulting in incomplete
observational records.

The collaborating teacher, who also served as the conductor of Chorus A, was familiar
with the students. Interactions during the sessions led by the collaborating teacher were
characterized by a relaxed and informal atmosphere. Students occasionally responded to
questions or smiled during instruction, but did not frequently initiate discussion or display
overt enthusiasm without prompting.

Attendance varied across sessions. The first two lessons were conducted during regular
club time; however, students who were not on the official roster of the club were unable to
attend. The final two lessons were held after school, and several students left early due to
private tutoring or other commitments.

4. Noteworthy Student Engagement. While most students demonstrated moderate
levels of participation, a few exhibited notably high interest. One student, in particular,
consistently demonstrated strong engagement throughout the lessons, frequently asking
questions, responding actively to prompts, and showing curiosity about the subject matter.
After class, this student, along with another peer, voluntarily approached the researcher to
express interest in the topic. They inquired about the possibility of conducting further

research.
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These field notes provided insight into classroom dynamics, student engagement, and
the implementation context of the course in Iteration 1.

4.5.3 Student Worksheets

In Iteration 1, we collected 23 pieces of worksheets, which roughly align with the
number of students. The average completion rate of worksheets was .91 (SD = 0.14), while
the average accuracy rate of worksheets was .54 (SD = 0.27).

Table 4.7 presents the completion and accuracy rates for each item on the worksheet.
Overall, the completion rates were relatively high across all items, ranging from .83 to 1.00,
indicating that most students attempted nearly all questions. Items 2 and 3-1 had the highest
completion rates at 1.00, followed by items 1-2, 4-1, and 3-2 (all > .87).

Table 4.7

Chorus A'’s Completion Rate and Accuracy Rate of Each Item on The Worksheet in Cycle 1

1-1 1-2 2 3-1 3-2 4-1 4-2
Completion Rate .87 .96 1.00 1.00 .87 .87 .83
Accuracy Rate 40 73 .30 .65 .30 .80 74

Note. n =23 refers to the number of worksheets collected for analysis.
1-1 refers to the first item of Lesson 1, 3-2 refers to the second item of Lesson 3, and
Lesson 2 includes only one item.

In contrast, accuracy rates varied more widely, ranging from .30 to .80. Notably, items 4-
1 and 4-2 showed the highest accuracy rates (.80 and .74, respectively), suggesting stronger
student understanding on those tasks. Meanwhile, items 2 and 3-2 had the lowest accuracy
rates (.30), indicating that although these items were completed, students may have struggled
with the concepts or reasoning required.

To further examine students’ engagement with the course, we analyzed two types of
qualitative data: open-ended worksheet responses and written reflections from each lesson.
Four worksheet items were selected for thematic analysis based on accuracy patterns and
conceptual demands. In addition, students’ comments were grouped by lesson to identify

recurring impressions, conceptual shifts, and emotional responses. The following sections
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present findings from these analyses.

1. Inference-Based Reasoning: Item 3-2. Item 3-2 had a relatively low accuracy rate
(.30), indicating that many students encountered difficulty when asked to reason about a
phenomenon that had not been explicitly addressed through direct instruction. The item
asked: “Why do overtone ratios differ?” and required students to infer factors that influence
the distribution of overtones in different sound sources. The expected response included one
or more of the following: differences in material, sound production mechanisms, or the shape
and structure of the resonating body.

Student responses varied widely. A portion of students mentioned only one of the
expected factors, such as “material” or “vibration method,” without further explanation.
These responses were coded as incomplete. Another common type of response framed the
question in reverse causal order. Many students wrote that overtone ratios differ because the

2 ¢

timbre is different, using expressions such as “different timbre,” “the sound is brighter or
darker,” or “the waveform is different.” In these cases, students appeared to explain the cause
of overtone variation in terms of its perceptual outcome, rather than identifying the physical
properties that determine the overtone content itself.

2. Conceptual Interpretation of Vibrating Systems: Item 2. Item 2 also showed a low
accuracy rate, as students were asked to explain how a real string vibrates in practice. The
item appeared after a set of images used to distinguish between fundamental frequency,
harmonic modes, and non-harmonic motion. Students were then prompted to record their
ideas in response to the question: “How does a real string vibrate?”” This open-ended task
preceded any formal explanation and was designed to elicit students’ intuitive models of
vibration.

The expected answer was that the vibration of a real string is a combination of multiple
standing wave patterns—i.e., a superposition of the fundamental and its harmonics. Students
could demonstrate this understanding through either a verbal explanation or a drawing

showing overlapping waveforms. However, most students provided only a single vibration

pattern, typically depicting either the fundamental mode or a simplified curve without further
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elaboration. In many cases, there was no indication that students updated their answers after
the correct explanation was introduced at the beginning of the following class.

3. Analogical vs. Physiological Reasoning: Items 1-1 and 1-2. Items 1-1 and 1-2 were
both presented during the first lesson and addressed sound production mechanisms. The
contrast in student performance on these two items highlights differences in how students
responded to analogy-based prompts versus everyday physical phenomena.

Item 1-1 asked: “The word ‘organ’refers to both the pipe organ and human body parts.
What connection do you think exists between them?” The expected answer was that both
share a similar sound production principle, involving airflow that causes vibration. While
some students provided partially correct responses, such as noting the presence of air
passages or referencing airflow, many responses misrepresented the mechanism. For
example, some wrote that both have “space for resonance” or that “air flows through a pipe,”
framing the similarity in terms of physical form or resonance rather than the source of
vibration.

Item 1-2, in contrast, asked: “Why does the voice tend to sound lower when you are tired
or have just woken up? ” The expected explanation was that the vocal folds are in a relaxed
state, leading to slower vibrations and thus a lower pitch. Most students provided responses
aligned with this idea, mentioning vocal fatigue or lack of muscle tension. However, a few
students described only the preceding condition (e.g., “just woke up” or “overused”) without
explicitly stating the resulting change in the vocal fold’s state. For example, some wrote that
the voice 1s low because the vocal folds were “not yet warmed up” or “exhausted,” without
linking this to reduced tension or slower vibration.

4. High-Accuracy Conceptual Recall with Misapplied Mechanism: Item 4-1. [tem 4-
1 yielded the highest accuracy rate (.80), suggesting that most students were able to recall the
central concept emphasized during the lesson. Following an overtone singing demonstration
video, students were prompted to explain how the performer achieved the distinctive sound.
The expected response was that the singer adjusted the size or shape of the resonating cavity,

such as the oral cavity or vocal tract—a concept explicitly addressed during instruction.
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Most students referred directly to this idea, using expressions such as “changing the oral
space” or “adjusting the resonance cavity.” Because the scoring criterion focused solely on
identifying this core concept, the majority of responses were considered correct, resulting in a
high accuracy rate. A small number of students extended their answers by attempting to
explain the mechanism behind the phenomenon. These responses often described the action
as a way to control or produce overtones. Some wrote that changing the shape of the mouth
“controls the overtones,” or that “manipulating the space creates the overtones.” These
responses did not match the intended mechanism but showed attempts to elaborate beyond
the expected answer.

5. Student Reflections on the Lessons. To complement the worksheet analysis, we
collected open-ended feedback from students after each lesson. The following section
summarizes recurring themes based on students’ written comments, categorized by lesson.

Lesson 1: The Nature of Human Voice. Many students commented on the novelty and
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visual impact of the vocal fold video. Several described it as “very interesting,” “cute,” or
even “a bit uncomfortable,” reflecting a strong affective response. Responses such as “first
time seeing vocal folds,” and “watching how the vocal cords work was very special” suggest
that the anatomical perspective sparked interest. A few students also noted that the discussion
helped them address personal curiosities, with one stating, “This answered a question I have
had for a long time!”

Several responses also mentioned that the lesson encouraged them to think about sound
production in new ways, including how instruments work, or how sound originates in the
body.

Lesson 2: The Principle of Overtones. A recurring theme in this lesson was the use of
jump ropes as a physical model for wave behavior. Students described the demonstration as

29 ¢¢

“fun,” “vivid,” or “a good way to visualize textbook physics.” Many explicitly referred to the
experience of “seeing standing waves,” or noted that “swinging the rope helped me
understand how standing waves form.”

While many found the activities engaging, a few students expressed confusion regarding
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key distinctions, such as between fundamental and overtone frequencies. One student wrote,
“I still do not quite understand the difference between fundamental and overtone.” Others
commented that the lesson felt similar to a science subject review, with one writing, “It feels
like a subject-based review, and physics is not fun—it is hard.”

Lesson 3: The Causes of Timbre. Several students highlighted the demonstrations with
different instruments, particularly guitars, as helpful in illustrating how timbre changes. One
student noted, “The theme was lively with different guitars.” Others remarked that they were
surprised to learn that “timbre comes from differences in overtones,” and that they “never
knew overtones could explain why instruments sound different.”

Some responses also reflected personal engagement with musical aesthetics. For
example, one student remarked, “I realized I do not like the sound of the trumpet,” while
another wrote, “It was interesting to hear different tones from the same type of instrument.”

Lesson 4: The Selection of Resonance. Students frequently mentioned the overtone
singing video and the guest instructor’s demonstration, using expressions such as “the old
man was amazing” or “the conductor was impressive.” These responses suggest that the live
demonstration had a strong impact, both cognitively and emotionally.

One student wrote, “I finally understood how overtones are produced—this answered
the question from the first class,” linking this lesson back to an earlier conceptual gap.
Another response proposed a practical classroom application: “When teaching choral music,
we could let students first feel the emotional effect of different harmonies to build interest.”

Overall Course Reflections. In the course-end feedback, students frequently used words
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like “interesting,” “new,” or “magical.” Many appreciated learning about overtones and
resonance, particularly how these concepts linked physics with music. One student
commented, “I learned things we never covered in music class before,” while another wrote,
“Now I better understand the relationship between physics and music.”

Some students expressed cognitive overload from the course pacing, noting that a short

break might be helpful in a three-hour session. Others reflected on their limitations, writing,

for example, “There was much new knowledge, and I now see that I need to improve my
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science ability.”

A few students asked follow-up questions, such as: “So does being able to sing
overtones mean that you are singing in tune?”’—suggesting that the course stimulated
ongoing curiosity.

Summary. The analysis of worksheet responses and student reflections revealed varied
patterns in recall and reasoning. Students were generally able to reproduce key terms and
concepts when these were directly emphasized in instruction. Items requiring inference,
explanation of mechanisms, or application to unfamiliar contexts showed lower accuracy
rates and more diverse responses.

In written reflections, students frequently commented on specific demonstrations, hands-
on activities, or new concepts they encountered. Comments included expressions of interest,
novelty, and in some cases, confusion or difficulty. Some students highlighted elements they
found enjoyable or memorable, while others noted challenges in understanding or sustaining
attention across longer sessions.

4.5.3 Teacher Interview

This section presents findings from the post-lesson interview with Teacher Z, organized
by key themes. These reflections provide insight into how the course was perceived and
experienced from the teacher’s perspective, informing both the evaluation of Implementation
1 and the refinement of subsequent course designs. Although the interview protocol included
a question about teaching material preparation, Teacher Z did not offer substantive comments
on that topic; therefore, it is not discussed in the following sections.

1. Course Design. Teacher Z expressed that the overall course design required stronger
continuity between lessons. Although worksheets were originally intended to serve as a
bridge from one session to the next, their connective function was not sufficiently clear to
students. Z suggested that transitions should be made more deliberate to reinforce coherence.

Additionally, Z emphasized the value of incorporating interactive activities, noting that
students, especially those in the chorus, responded more enthusiastically to participatory tasks

such as the jump rope swinging activity. These experiences seemed to enhance engagement,
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particularly because chorus members are typically more reserved and reluctant to stand out. Z
believed that embedding similar interactive elements in each lesson could help sustain
students’ interest, even if adjustments to the teaching materials are necessary.

However, Z also raised concerns about the depth of the course content, observing that
for students from the first academic track, some of the scientific concepts felt too abstract or
lacked personal relevance. While recognizing the challenge of meeting the needs of diverse
learners, Z pointed out that the majority of chorus students belong to the first academic track,
and future curriculum design should take this into account.

2. Teaching Activities. When it came to discussion-based activities, Teacher Z observed
that students often tended to limit themselves. They were less likely to express their thoughts
if they heard others speak first, suggesting a concern about conforming or not wanting to
stand out. In response, the researcher suggested using strategies that prevent students from
answering the same question or being influenced by peers’ responses too early in the process.
This approach could encourage more independent thinking and reduce the pressure to follow
others' ideas.

3. Students' Responses. Teacher Z observed that the classroom atmosphere was livelier
than in regular chorus rehearsals. Without the usual emphasis on vocal technique, students
appeared more at ease and participative. Z also shared that on the day of the lesson, some
students showed genuine interest—two of them even approached the researcher afterward,
expressing a desire to pursue further research related to the topic.

4. Post-Course Observations. In post-lesson rehearsals, Teacher Z noted that while
improvements in vocal technique are often difficult to observe immediately, students
demonstrated a clearer understanding of musical terminology. When discussing concepts like
overtones or chords, they appeared more confident and attentive. Z also reported that students
responded more effectively to feedback, such as adjusting dynamics or balance during
rehearsals.

Regarding timbre, students showed heightened awareness of how changes in mouth

shape and resonance space affect vocal quality. This increased sensitivity was seen as an
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outcome of the course's focus on acoustic concepts.

5. Others. Teacher Z and the researcher both noted that late arrivals and early departures
affected learning and data collection. Z emphasized the need for full student participation in
future lessons. The researcher also remarked that while a single three-hour session reduced
scheduling complexity, it risked losing student attention. They discussed the possibility of
splitting the course into two shorter sessions and adjusting the content accordingly.

The lessons were conducted in a noisy environment, with disturbances from nearby
wind band and honor guard practices. Although a theater space had been considered, it lacked
essential teaching equipment.

Teacher Z also pointed out that some students struggled with course content, and that the
challenge might be even greater at other schools. The researcher, however, argued that since
the topic was new for everyone, prior knowledge was not a major barrier. Both agreed that
students at School A had been conditioned by exam-oriented training and might require more
support to engage in open-ended thinking.

Additionally, they discussed the challenges of separating course design and delivery
roles. While Teacher Z was familiar with the materials, unexpected classroom disruptions
hindered the lesson flow. The researcher proposed preparing a detailed teaching script or
conducting trial lessons to help instructors gain confidence and improve continuity. Teacher Z
supported this idea, suggesting that a teacher’s manual that included key instructions and
anticipated student responses would be especially useful for less experienced educators.

Both parties reflected on teaching consistency and responsiveness. The researcher noted
that their questioning style became more directive after re-entering the classroom following
an interruption, which may have discouraged student participation. Teacher Z affirmed the
importance of maintaining professional presence and flexibility.

In discussing teaching style, Z reflected on how traditional choral training had

deprioritized spontaneous engagement:

“I have kind of tucked that part away. However, if [ become more aware of it, maybe |
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can bring it back out. It is not that I do not know how to use it—it is just that I do not
use it often anymore. My current job does not call for it, so I have locked it away.”
(Teacher Z, personal communication, April 3, 2024)

In moments of realization, Z observed that students became visibly more engaged. As Z

described:

“Some of them were engaged—when they noticed something they had not realized
before. Once you pointed it out, their eyes lit up. It is like they always knew it, but
never really saw it until then.”

(Teacher Z, personal communication, April 3, 2024)

These moments underscored the course's goal of making scientific ideas feel familiar
and personally relevant. Both teacher and researcher emphasized the importance of helping
students connect new knowledge to their existing experiences and expressed interest in
making complex ideas more accessible without oversimplification.

Summary. The interview with Teacher Z provided valuable insights into both the
strengths and limitations of the first implementation. Z aftirmed the overall value of the
course, particularly its emphasis on interactive learning and its focus on timbre, which
aligned well with the needs of chorus students. However, Z also noted the need for stronger
continuity between lessons and raised concerns about the accessibility of certain scientific
concepts for students in the first academic track.

Throughout the interview, both the teacher and the researcher emphasized the
importance of balancing depth and accessibility. Several instructional strategies—such as the
use of interactive activities, relatable examples, and gradual conceptual scaffolding—were
identified as effective in maintaining student engagement. Z also reflected on the students'
improved understanding of musical concepts such as overtones and resonance, which became
more evident in post-lesson rehearsals.

Contextual challenges such as inconsistent student attendance, environmental noise, and

the division of course design and instruction roles were also acknowledged. These factors
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influenced both the implementation process and the perceived effectiveness of the lessons.
Moreover, the discussion highlighted the value of detailed teaching scripts and trial runs to
support instructors with less formal pedagogical training.

Finally, the interview revealed moments of strong student engagement, especially when
students discovered new connections between abstract concepts and their prior experiences.
These observations reinforced the course’s goal of making scientific ideas feel tangible,
relevant, and applicable to students’ musical practice. In the latter part of the interview,
Teacher Z also engaged in a collaborative review of the lesson design. This portion of the
discussion focused on identifying areas for improvement and exploring ways to adapt the
instructional flow, which will be further elaborated in the following reflection section on
Iteration 1.

4.6 Reflection

This section provides a comprehensive reflection on the first iteration of the
interdisciplinary course. Drawing from multiple sources—including student work, classroom
observations, field notes, and a post-course teacher interview—it examines both the
instructional design and the research implementation. The reflection is structured into three
main areas: course design (4.6.1), research design (4.6.2), and additional insights (4.6.3).
Each subsection highlights lessons learned and identifies opportunities for improvement,
laying the foundation for the refinement of future iterations.

4.6.1 Course Design

This section provides a comprehensive reflection on the design and implementation of
the interdisciplinary course developed for Iteration 1. Drawing on multiple data sources—
including student worksheet responses, classroom observations, and a post-course interview
with the collaborating teacher—the analysis focuses on five key aspects of the course design:
content appropriateness, instructional methods, instructional activities and teaching materials,
time allocation, and teacher preparation. Each subsection highlights areas of success,
identifies instructional challenges, considers contextual factors, and proposes directions for

improvement. The goal is to refine the curriculum for future iterations and to explore how
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such interdisciplinary teaching strategies can be made more accessible and scalable for music
educators.

1. Content Appropriateness. A key strength of the Iteration 1 course design was its
clear thematic focus on timbre, which proved highly relevant to students in a chorus setting.
Unlike pitch or volume—commonly emphasized in chorus training—timbre is often
underexplored, despite being critical to ensemble blending and expression. By centering the
course on how resonance shapes timbre and using overtone singing as an anchor
phenomenon, the lessons offered students a fresh lens to understand their voices. Timbre, as
both a perceptual and physical construct, offered a unique interdisciplinary bridge, allowing
students to explore how abstract acoustical principles shape real-world artistic expression.
Evidence of successful knowledge retention appeared in students’ written responses (e.g.,
high accuracy on Worksheet Item 4-1), and Teacher Z reported noticeable improvements in
students’ attentiveness to timbre and resonance during post-course rehearsals.

However, some of the scientific concepts embedded in the course, such as waveform
superposition and overtone ratios, proved too abstract for many students. Tasks that required
students to infer physical causes (e.g., Worksheet [tem 3-2) or reason beyond direct
instruction often resulted in low accuracy or vague explanations. While the course succeeded
in introducing basic concepts such as pitch, loudness, and timbre, it became evident that
deeper understanding was limited when students were asked to make causal connections or
apply knowledge to unfamiliar contexts.

Teacher Z initially attributed this difficulty to the large proportion of students from the
first academic track, who are generally perceived as less exposed to scientific content.
However, demographic data showed that students were evenly distributed across all three
academic tracks. A more plausible explanation, proposed by the researcher, was that most
acoustics-related topics in the national physics curriculum, such as standing waves or
overtones, are introduced only in the first semester of Grade 12. Since the participants were
in Grades 10 and 11, likely, they had not yet encountered these concepts in formal instruction,

contributing to their struggle with more abstract content.
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Despite efforts to make the content accessible through analogies, demonstrations (e.g.,
jump rope activities), and visual aids, these strategies were not always sufficient. The
complexity of some topics, particularly those requiring conceptual transfer, remained a
challenge for many. Moving forward, future iterations should retain the timbre-centered
framework but simplify the conceptual trajectory. For example, instead of introducing
mathematical explanations of harmonic series, the curriculum could prioritize multisensory
comparisons (e.g., listening to different instruments) and draw from students’ everyday
experiences (e.g., the echo in a bathroom vs. a closet). Furthermore, reviewing foundational
concepts like pitch and volume before diving into timbre may help students better
differentiate the three and build a more coherent understanding of voice production.

2. Instructional Methods. In the initial design of the course, a variety of instructional
strategies were incorporated, including group discussions, peer collaboration, anonymous
response tools, and visual aids. Some of these methods proved effective, especially the use of
Slido, which allowed students to share ideas without pressure and provided insight into their
intuitive understandings of vocal phenomena.

However, during implementation, it became clear that student participation was limited
during open-ended discussions and group tasks. In several instances, questions posed by the
teacher or researcher were met with silence or minimal response, often dominated by a few
outspoken students. When questions seemed to imply a “correct” answer or when the
instructor revealed the solution too quickly, students were less inclined to offer their thoughts.
While collaborative learning can theoretically promote deeper engagement, it may not be
effective when students lack confidence or background knowledge, leading instead to
cognitive disengagement.

The instructor’s professional background also shaped this challenge. In the post-course
interview, Teacher Z admitted feeling unfamiliar with teaching methods that involved
student-led discussion, exploratory questioning, or indirect instruction. He explained that
choral conducting training typically emphasizes rehearsal techniques and musical

interpretation, but rarely includes formal pedagogical training. From the researcher's
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perspective, this reflects a broader pattern: chorus conductors are not required to have formal
education credentials, and many have limited exposure to instructional strategies or
educational theory. As a result, when placed in teaching contexts that demand facilitation,
scaffolding, and adaptive questioning, they may feel underprepared or uncertain.

In light of these challenges, the next iteration of the course will shift from a
collaborative learning approach to a more structured, teacher-centered model of direct
instruction. In practice, this will involve explaining scientific concepts, supporting them with
videos and demonstrations, and guiding students through increasingly complex ideas. This
shift is intended to reduce students’ anxiety about being “wrong,” improve conceptual clarity,
and provide a more manageable framework for instructors without a science background.
Ultimately, this adjustment enhances both the feasibility of implementation and the potential
for future adoption by music educators in similar contexts.

To further support instructors, future iterations should include clear teacher scripts and
visual guides that outline key moments for explanation, demonstration, and check-for-
understanding. Rather than relying on open-ended group inquiry, the revised model will focus
on structured questioning and guided responses to scaffold students’ learning process.

3. Instructional Activities and Teaching Materials. The instructional activities in
Iteration 1 demonstrated a commendable level of variety and coherence. Hands-on
experiences such as the jump rope demonstration and sound comparison tasks effectively
transformed abstract acoustic concepts into tangible learning experiences. For instance, when
introducing standing waves and overtones, the jump rope activity helped students visualize
nodes and waveforms while also increasing engagement. Teacher Z noted that these types of
interactive activities were particularly effective in drawing interest from chorus students, who
are typically more reserved in classroom settings.

However, certain activities did not achieve the intended learning outcomes. For
example, while the “fruit-sorting machine” video was a creative analogy for overtone
selection, students struggled to understand its underlying mechanism and how it related to

sound filtering. Similarly, the visualizations of waveform superposition and frequency
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spectra, though scientifically accurate, were difficult for students to comprehend in a short
time. Many were unable to connect these representations to their auditory experience, and
worksheet performance suggested this was one of the most challenging sections of the course.

One key takeaway from the qualitative analysis of worksheet responses was that abstract
content needed to be paired with more concrete and tactile experiences. While the design
initially included several visual simulations, these were not always sufficient to support
students’ conceptual understanding. Students' written reflections revealed that they felt more
engaged and understood the content better when activities involved movement, physical
interaction, or direct auditory comparison.

To improve the effectiveness of instruction, future iterations will emphasize the use of
physical teaching aids and hands-on interactive activities. Compared to purely visual
simulations or lecture-based explanations, physical interaction allows students to engage with
concepts through bodily movement and multisensory input. This approach aligns well with
the learning preferences of chorus students, who often learn through experiential and sensory
means. For example, manipulatives could include overtone resonance models, sound masking
challenges, or physical resonance box comparisons. These tools can help students transition
from intuitive perception to conceptual understanding, building a concrete foundation for
grasping complex acoustic principles. By making learning “doable, feelable, and
explainable,” such activities are expected to enhance both conceptual depth and motivation
for application.

4. Time Allocation. The course was implemented in a three-hour workshop format,
which allowed for the full integration of the originally designed four-lesson structure. This
approach offered the advantage of covering a broader range of content and presenting
conceptual progression in a single session. However, several challenges emerged during
implementation. First, many students exhibited signs of decreased attention and fatigue in the
latter part of the course, which affected both their participation and the quality of their
worksheet responses. Observational data and worksheet analysis indicated that responses

during the final lesson were noticeably more concise, with reduced engagement during
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discussions. Teacher Z also reported that students required repeated prompting to stay
focused, suggesting that the continuous three-hour schedule posed a substantial cognitive
load.

Moreover, the three-hour format did not align with the school’s existing chorus
schedule, which is limited to two class periods. To accommodate the extended lesson, the
course had to continue after regular school hours, resulting in some students leaving early and
missing key instructional segments. This scheduling mismatch not only compromised the
consistency of student participation but also created additional challenges for classroom
management and data collection.

Although the full content of the original four lessons was retained, it was difficult for
both the instructor and students to maintain a coherent instructional rthythm. Transitions and
recaps between lesson segments were compressed, which disrupted the natural flow of
teaching and made it harder for students to grasp the connections between ideas. Teacher Z
noted that some learning activities were rushed or skipped due to time constraints, limiting
opportunities for reflection and consolidation.

Based on these observations, the course structure will be revised in future iterations to a
two-lesson, 100-minute version. This more manageable format will focus on reorganizing the
core content and integrating key hands-on activities, while aligning with the school’s standard
class schedule. It is expected that this adjustment will enhance student attendance and
engagement, improve instructional pacing, and strengthen conceptual connections without
overburdening either students or teachers.

5. Teacher Preparation and Support. Throughout the design and implementation of
the course, the researcher and Teacher Z maintained close communication and collaboration.
Before the course, they engaged in multiple discussions to align the instructional focus,
structure, and pacing. After the lessons, they conducted a reflective interview, establishing a
reciprocal and developmental dialogue. Although Teacher Z came from a music background
and had no formal training in education, he demonstrated adaptability and a strong

willingness to collaborate. He was familiar with the context of choral teaching, provided
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practical suggestions for activities suitable for the students, and quickly grasped the overall
structure of the course.

However, during implementation, the researcher observed some challenges in applying
specific teaching strategies, particularly in areas such as classroom questioning techniques,
guiding student responses, and addressing more abstract concepts like waveform
superposition and overtone filtering. In the interview notes, the researcher frequently
explained the instructional rationale behind various strategies to Teacher Z—for instance,
why the course began with a Slido activity, why student questions were sometimes redirected
to peers, or why certain ideas were intentionally left unresolved to carry over into the next
lesson. These conversations not only helped Teacher Z clarify how to use the materials but
also prompted him to reflect on his teaching style and students’ reactions.

Additionally, the more difficult parts of the course, such as the relationship between
standing waves and overtone proportions, were frequently discussed by the teacher and
researcher. Together, they explored ways to simplify terminology, substitute teaching tools, or
reorder activities to reduce the teacher’s cognitive load during instruction. Teacher Z
expressed that while he had strong motivation to teach, content with a heavier emphasis on
scientific theory could be daunting without someone to help break it down, reframe it, and
align it with student thinking.

These experiences highlight that the success of an interdisciplinary course depends not
only on the feasibility of the lesson design but also on the availability of structured support
for instructors. For future implementations, it is recommended to develop a visually
supported teacher’s manual that includes sample student responses, common misconceptions,
key moments for classroom interaction, and suggested language for guiding discussions.
When resources allow, opportunities for rehearsal or access to recorded model lessons could
further enhance teacher confidence and their ability to adapt instruction in real time,
ultimately supporting broader scalability of the curriculum.

Summary. In summary, the first iteration of the course demonstrated strong conceptual

coherence and relevance to chorus students, particularly through its focus on timbre as an



83

interdisciplinary anchor. While hands-on activities and structured materials enhanced
engagement, challenges emerged in facilitating abstract scientific understanding, sustaining
attention in a condensed format, and supporting instructors unfamiliar with science pedagogy.
These findings underscore the need for simplified content trajectories, direct instruction
models, and enhanced teacher support materials. Insights from this iteration not only
informed key revisions for future implementations but also highlighted broader
considerations for adapting interdisciplinary instruction to music education contexts.

4.6.2 Research Design

Beyond the course design itself, the first iteration of the study offered valuable insights
into the research instruments and implementation strategies used for data collection and
evaluation. While many tools proved useful, particularly the science interest scale and student
worksheets, others revealed limitations in their sensitivity or alignment with the course
objectives. This section reflects on the methodological aspects of the study, including
participant composition, the utility of various instruments, and opportunities for improving
data quality and relevance. These reflections not only inform the next iteration of this
interdisciplinary course but also offer broader implications for conducting classroom-based
educational research in music and science integration.

1. Participant Scope and Implementation Frequency. The first iteration of this study
was conducted within a single high school chorus, led by the collaborating teacher with
whom the researcher has established a working relationship. This context allowed for smooth
coordination and detailed data collection, as the researcher was familiar with the students'
learning environment, group dynamics, and instructional culture. Such conditions were
beneficial for piloting a new interdisciplinary course, as they provided a stable and responsive
setting for observing how students engaged with science-infused vocal instruction.

However, the participant sample was relatively homogeneous, comprising only female
students from a single public high school in northern Taiwan, all members of the same
extracurricular chorus. This limited diversity restricts the generalizability of findings. It

hinders the evaluation of the course’s adaptability across other student populations, such as
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mixed-gender groups and those with differing levels of musical training. Similarly, the course
was implemented only once, which limited the researcher’s ability to assess whether any
modifications to the course design would lead to improved outcomes. Without iterative
testing, it is difficult to determine whether specific changes in content, pacing, or
instructional strategy contribute to enhanced student engagement or understanding.

These constraints were shaped by the practical realities of school scheduling and the
need for the collaborating teacher, who had no formal science background, to become
familiar with the materials. Nonetheless, from a DBR perspective, the course would benefit
from implementation across a more heterogeneous sample and under the guidance of
different choral instructors. This would allow researchers to examine how teacher
background and instructional style interact with the course content. Furthermore, multiple
iterations would support the core DBR cycle of design, enactment, analysis, and refinement.
Future studies should aim to implement the course in diverse school settings, with varied
student demographics, and across at least two instructional rounds. Doing so would
strengthen both the empirical robustness and practical applicability of the curriculum.

2. Instrument Refinement: Pre-/Post-Questionnaires. Three self-report instruments
were used in this study: the Science Learning Interest Scale, the Music Learning Interest
Scale, and the Choral Learning Attitude Scale. All were adapted from validated instruments
with established reliability and construct validity. Minor modifications were made to
contextualize the items for this interdisciplinary course.

Among the three, the Science Learning Interest Scale proved most informative. One of
its subscales—maintained situational interest-feeling—showed a statistically significant
increase after the course, suggesting that the curriculum had a positive emotional impact on
students' engagement with science. This aligns well with the affective objective of the course.

In contrast, none of the subscales in the Music Learning Interest Scale and the Choral
Learning Attitude Scale showed statistically significant changes, and the differences between
pre- and post-scores were minimal across all dimensions. One plausible explanation is the

small sample size, which limits the statistical power to detect meaningful progress. Another
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explanation is that students already exhibited moderately high levels of interest before the
course. For example, the pre-course average scores on the Music Interest Scale ranged from
15.9 (task-based interest) to 20.4 (knowledge-based interest) out of a maximum of 25 points,
indicating generally favorable attitudes toward music learning. With such high baseline
levels, there was limited room for further improvement, suggesting that the instruments may
have been subject to a ceiling effect—particularly within a highly motivated and self-selected
chorus population.

Furthermore, the content of the music and choral attitude items had only partial overlap
with the interdisciplinary focus of the course. Since the instructional emphasis was on
acoustics and voice science rather than general music appreciation or choral rehearsal
routines, students may have found it difficult to relate their course experience to the
constructs measured in the questionnaires.

Based on these observations, future iterations of the study should retain the Science
Learning Interest Scale as the primary quantitative instrument, while removing or replacing
the other two. Open-ended questions or brief feedback surveys may serve as more appropriate
tools for capturing students’ evolving perspectives on music and chorus learning. For
example, questions like “How has this course changed your understanding of singing?” or
“Can scientific knowledge help you sing better?” may yield more specific and relevant
insights aligned with the course’s objectives.

3. Instrument Refinement: Field Notes. During the course implementation, the
researcher took concurrent field notes to document teacher-student interactions, student
responses, instructional flow, and situational factors. These notes offered rich firsthand data
that contributed to contextualizing classroom dynamics and interpreting the effectiveness of
various teaching activities. They were particularly helpful in identifying moments of high
student engagement and areas where instructional difficulties emerged, thereby supporting
later stages of interview analysis and curriculum revision.

However, the field notes were not organized using a predetermined structure or coding

scheme. Entries were largely descriptive and open-ended, requiring substantial post-hoc
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interpretation and synthesis by the researcher. Additionally, although the researcher originally
intended to act solely as an observer, an unanticipated scheduling conflict required them to
temporarily assume teaching duties, resulting in gaps in observation during parts of the
course.

In preparation for future iterations of the course, field note documentation will adopt a
more structured approach, using the lesson plan as a guiding framework. The focus will shift
toward observing the teacher’s instructional execution, such as delivery style, scaffolding
techniques, and classroom language. At the same time, student responses will be noted as
supplementary indicators to assess implementation fidelity and instructional clarity.

To enhance the analytical utility of the notes, a semi-structured recording template is
recommended, with predefined observation categories for each teaching segment, including
teacher prompts, student engagement levels, and common misconceptions. Given ethical
considerations and the realities of classroom settings, this study does not employ video or
audio recordings. Instead, future implementations may incorporate a secondary observer to
assist with documentation and ensure more comprehensive coverage when the researcher is
actively teaching.

4. Instrument Refinement: Student Worksheet. In this study, open-ended worksheets
were administered after each lesson to evaluate students’ conceptual understanding and
encourage reflection. Overall, the worksheets served as an effective tool for prompting
students to organize their thoughts, record their ideas, and provide the researcher with
valuable insight into both cognitive progress and affective responses. Some items, such as
Item 4-1 (overtone singing), elicited accurate and focused answers, indicating students had
grasped the core concepts emphasized during instruction.

However, other items—particularly Items 3-2 and 2-1—showed low accuracy rates.
These questions required students to infer mechanisms that were not explicitly taught or to
extend abstract ideas beyond familiar contexts. Analysis of student responses revealed
common misconceptions, such as explaining outcomes in reverse causal order (e.g., “the

overtone ratio is different because the timbre is different”) or failing to connect sensory
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experiences to physical principles (e.g., misunderstanding the superposition of standing
waves). These difficulties suggest that item complexity should be more closely aligned with
students’ prior knowledge and the instructional trajectory.

Beyond conceptual questions, the qualitative feedback collected through worksheet
reflections provided additional insight. Many students commented on the emotional and
sensory impact of specific activities. For example, some described the vocal fold video as
“interesting” or “a little gross,” and others called the jump rope demonstration “fun” or “a
good way to understand textbook physics.” Responses to instrument demonstrations and
overtone singing videos included remarks such as “I finally understood” and “I learned
something never taught in music class before,” illustrating how experiential learning elements
helped foster engagement and cross-domain connections. Still, some students expressed
difficulty keeping up with the lesson pace or grasping the scientific content, writing that
“there was much new information” or that “physics is still hard,” offering useful feedback for
adjusting lesson depth and pacing.

In future implementations, worksheet design should adopt a scaffolded structure that
separates observational description from conceptual explanation. Visual cues, multiple-choice
scaffolds, or comparative prompts may help students bridge the gap between experience and
theory. Additionally, reflection-based prompts might be better integrated with in-class
discussions or peer-sharing sessions to enhance students’ motivation and willingness to
express ideas. Ultimately, to maximize the effectiveness of worksheets, their design must be
tightly coordinated with lesson activities to support both conceptual clarity and learner
engagement.

5. Instrument Refinement: Teacher Interview. This study originally adopted a semi-
structured interview protocol to explore the teacher’s perspectives on course design,
instructional activities, student responses, and post-lesson observations. However, during the
actual interview, it became apparent that the original questions, though comprehensive in
scope, were too general to elicit detailed teaching recollections or implementation

experiences. When faced with abstract or open-ended prompts, the teacher tended to offer
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brief or generalized responses, limiting the researcher’s ability to reconstruct the classroom
context in depth.

In the latter part of the interview, when the conversation shifted to reviewing the lesson
materials in sequence, the teacher was able to recall more specific instructional steps and
student reactions. This approach facilitated more concrete reflections, and the researcher was
able to clarify what occurred in the classroom by referencing both the instructional slides and
field notes. These contextual cues helped the teacher provide richer descriptions and offer
targeted suggestions for improvement.

As a result, future iterations of the teacher interview process will adopt a revised
structure. Rather than beginning with general reflection questions, interviews will be
organized around a lesson-by-lesson walkthrough of the teaching materials, supported by
classroom observation notes to prompt memory, and only after this step-by-step review will
the discussion shift to broader topics such as instructional effectiveness, course adjustments,
and feedback on teaching strategies. This sequencing is expected to enhance teacher
engagement and improve the quality and specificity of interview data.

Summary. The first iteration revealed both the strengths and limitations of the research
design. While instruments such as the Science Learning Interest Scale and student worksheets
provided valuable data, others, like the music interest and choral attitude scales, suffered
from ceiling effects or misalignment with course content. Field notes and teacher interview
generated rich insights, but would benefit from more structured protocols and sequencing.
The homogeneous participant group and single implementation round also limited
generalizability. Future iterations should aim for broader sampling, repeated implementation,
and refined data collection tools that better align with the interdisciplinary goals of the
course. These adjustments will enhance both the validity of findings and the transferability of
the instructional model.

4.6.3 Others
In addition to the core aspects of the course and research design, Iteration 1 revealed two

unexpected yet insightful areas of reflection. First, the collaborating teacher began to
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reconsider his professional role, gradually shifting from a conductor-centric perspective
toward that of an educator. Second, a noticeable decline in students’ self-reported choral
learning habits emerged, suggesting a recalibration of their self-perceptions rather than a
regression in behavior. Though not the primary focus of the study, these developments
highlight the broader influence of interdisciplinary course implementation and underscore the
value of attending to peripheral yet meaningful changes in participants’ identities and
attitudes.

1. Teacher’s Evolving Professional Identity. During the implementation of the course,
an unexpected yet noteworthy shift was observed: the collaborating teacher began to reflect
on and gradually embrace the role of an "educator." Teacher Z, who was trained as a choral
conductor, possessed extensive experience in music performance but had never received
formal pedagogical training. As a result, he initially positioned himself primarily as a
rehearsal leader and performance coach rather than a classroom instructor. However, through
repeated discussions with the researcher, particularly regarding instructional strategies,
activity sequencing, and presentation methods, he not only became more familiar with the
rhythm of teaching but also started to consider how students were processing the material and
engaging with the lessons.

In the follow-up interview, Teacher Z mentioned that he had rarely thought about “how
to teach” in the past. However, this collaboration prompted him to seriously consider how
students’ understanding developed and how their classroom responses could inform
instructional decisions. He even began to imagine ways to incorporate simple teaching
strategies into regular rehearsals. Although the primary focus of this study was not teacher
professional development, the collaborative process appeared to foster a shift in Teacher Z’s
professional identity and instructional mindset. This suggests that co-designing
interdisciplinary courses may hold potential for supporting the growth of music teachers and
expanding their pedagogical practices.

2. Reframing the Decline in Choral Learning Habits. The second point of reflection

concerns the observed decline in students’ post-test scores on the “learning habits” subscale
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of the Choral Learning Attitude Scale. Nine students showed lower scores after the course.
Rather than interpreting this as a negative outcome, the researcher views this shift as a result
of students’ increased self-awareness and recalibration of their self-assessment. Through the
course, students’ perception of their learning behavior became more grounded, shifting from
idealized self-evaluations to more realistic and reflective judgments.

Items in the learning habits subscale—such as “I actively seek out extracurricular
resources related to choral singing” and “I ask the teacher questions based on my interests”—
require both initiative and depth of engagement. The interdisciplinary nature of the course,
which introduced scientific content, teaching activities, and reflective worksheets, prompted
students to examine their choral learning from a new perspective. In doing so, many came to
realize their limitations in proactively exploring or inquiring beyond the standard repertoire.

This interpretation is supported by students’ qualitative feedback on the worksheets.
Several students noted that they had “never thought about the science behind the voice,” that
“overtones affect timbre,” or that they were “still not good at controlling resonance spaces.”
These reflections suggest that the course sparked a recognition of previously overlooked
dimensions of their learning. As a result, students approached the post-course self-assessment
with greater caution and self-honesty. While the shift in scores may appear negative at first
glance, it in fact reveals an important developmental opportunity: although learning attitudes
cannot be transformed overnight, the course successfully initiated a process of self-reflection
and deeper awareness, laying the groundwork for future growth.

Summary. Though peripheral to the study’s main objectives, the developments observed
in Iteration 1 reveal broader impacts on both teacher identity and student self-perception. The
collaborating teacher’s evolving view of himself as an educator points to the transformative
potential of interdisciplinary co-design in professional development. Simultaneously, the
apparent decline in students’ learning habit scores likely reflects a shift toward more honest
self-evaluation, catalyzed by the course’s novel content and reflective structure. These
findings suggest that interdisciplinary instruction may serve as a platform not only for

cognitive learning but also for personal and professional growth.
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Chapter S Iteration 2

Three rounds for Iteration 2 were conducted with Chorus A, Chorus B, and Chorus C in
the Fall semester of 2024. Iteration 2-1 was held with Chorus A around the middle of
December 2024, while Iteration 2-2 and Iteration 2-3 were held two weeks later. Because that
was the first semester of the school year, there was a certain ratio of new members in each
chorus. Fortunately, there was a City Preliminary Round of the National Student Competition
of Music and the same round of the National Competition of Folk Song for Teachers and
Students before the implementations, so that all the students had at least one performance
experience, which was less ideal than Iteration 1 but still acceptable.
5.1 Research Participants

To better understand how different educational contexts influence the implementation
and outcomes of the interdisciplinary course, this study involved two collaborating teachers
and three high school choruses in Iteration 2. The participating teachers brought distinct
professional backgrounds and roles, ranging from direct instruction to observational support,
offering varied perspectives on course delivery and classroom dynamics. The student groups
represented a range of demographic, academic, and musical profiles, enhancing the study’s
capacity to explore how diverse learner characteristics interact with the instructional design.
The following sections provide detailed descriptions of both the collaborating teachers and
the student participants.
5.1.1 Collaborating Teacher — Teacher L

There were two collaborating teachers in Iteration 2, who were Teacher Z and Teacher L.
Both of them are around 35 years old, and they both conduct more than three choruses,
including high school clubs, social choruses, and church choruses. Teacher Z is the conductor
of Chorus A and the teacher of each implementation, while Teacher L is the conductor of
Chorus B and Chorus C.

Unlike Teacher Z, who taught the course, Teacher L only observed the course and
accepted the interview, which could give opinions from an outsider’s perspective. Teacher L

does not have an academic background in Music, but he has been involved in choral music
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for a long time. Besides being a chorister, Teacher L has worked in a famous chorus in Taipei,
organizing many concerts and activities. Chorus C is the first chorus that Teacher L guides in
his conducting journey, and this year is the sixth year since Teacher L met Chorus C. On the
other hand, Teacher L used to be the student conductor of Chorus B, and he was asked to be
the conductor of Chorus B as an alumnus four years ago. Teacher L views students as peers
rather than subordinates, so that his teaching style is unconventional yet more empathetic.
5.1.2 High School Students in Chorus

In Iteration 2, the interdisciplinary course was implemented in three different high
school choruses across Taipei. These groups were selected to enhance contextual diversity
and to examine the course’s adaptability across varying educational environments. Each
chorus differed in gender composition, school culture, and students’ prior musical experience,
allowing for a more nuanced analysis of how background variables might influence the
effectiveness of the instruction. The following subsections introduce the three participant
groups in detail.

1. Chorus A from School A. Considering the accessibility and the comparability, we
chose the same chorus in Iteration 1, but the demographic information was different. The
details are below:

Fifteen students participated in this group, and a total of 14 matched pre- and post-
questionnaires were collected for analysis. All participants were female, with ages ranging
from 15 to 16 (M = 15.9). The majority were 11th-grade students (n = 10), while the rest were
in 10th grade (n = 4). In terms of academic track, five students were from the first track, three
from the second track, three from the third track, and three were undecided.

Regarding their involvement in the chorus, four students had joined for one semester,
two for two semesters, and eight for three semesters. Notably, some of them had taken the
course in Iteration 1. As for their prior choral experience, one student had less than one year
of experience, five had 1-2 years, one had 23 years, two had 3—4 years, three had 4-5 years,
and two had 6-7 years.

2. Chorus B from School B. School B is a prestigious all-boys public senior high
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school located in Taipei City. With an enrollment of approximately 2,800 students, it is
renowned for its academic rigor and selective admissions process. The school places a strong
emphasis on holistic education, encouraging students to engage actively in extracurricular
activities alongside their academic pursuits.

Chorus B is a male chorus, directed by Teacher L and supported by the school’s music
faculty. Rehearsals are held regularly after school, with additional practices scheduled before
major events. The ensemble is known for its disciplined approach to both vocal technique and
musical interpretation. Over the years, Chorus B has received numerous awards in regional
and national choral competitions. This group provided a meaningful setting for exploring
interdisciplinary teaching practices that blend scientific concepts with choral instruction.

Although 18 students participated in this group, a total of 14 matched pre- and post-
questionnaires were collected and included in the analysis. All participants were male, with
ages ranging from 15 to 17 (M = 15.9). The majority were 10th-grade students (n = 8),
followed by 11th-grade students (n = 6). In terms of academic track, one student was from the
first track, two from the second track, five from the third track, and six were undecided.

Regarding their involvement in the chorus, nine students had joined for one semester,
two for two semesters, and three for three semesters. As for their prior choral experience, six
students had less than one year of experience, one had 1-2 years, two had 2-3 years, two had
3—4 years, two had 4-5 years, and one had 7-8 years.

3. Chorus C from School C. School C is a co-educational public combined junior and
senior high school located in a residential area of Taipei City. The school serves
approximately 1,300 students and is recognized for its emphasis on student autonomy,
interdisciplinary learning, and the cultivation of diverse talents. With a balanced focus on
academics and the arts, the school encourages students to explore a wide range of interests
through elective courses and extracurricular programs.

Chorus C is a mixed chorus composed of students with varied musical backgrounds. The
chorus operates as an extracurricular club and is led by Teacher L. Rehearsals take place

regularly after school, often intensifying before performances. Chorus C has participated in
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various local choral events and public performances and is characterized by its open and
inclusive atmosphere.

Although 14 students participated in this group, a total of 9 matched pre- and post-
questionnaires were collected and included in the analysis. The group consisted of seven
females and two males, with ages ranging from 15 to 17 (M = 16.2). The majority were 11th-
grade students (n = 8), with one student in 10th grade. In terms of academic track, three
students were from the first track, one from the second track, four from the third track, and
one was undecided.

Regarding their involvement in the chorus, three students had joined for one semester
and six for three semesters. As for their prior choral experience, one student had less than one
year of experience, four had 1-2 years, one had 2-3 years, one had 3—4 years, and two had 7—
8 years.

5.2 Course Design

The revised interdisciplinary course for Iteration 2 was co-designed by the researcher
and Teacher Z in response to the instructional challenges identified in the first
implementation. Drawing on student performance data, teacher reflections, and logistical
constraints, the new version aimed to simplify scientific content while enhancing physical
engagement and instructional clarity. To increase feasibility and alignment with the school's
schedule, the course was condensed from a four-lesson, three-hour workshop to a two-lesson,
100-minute structure. This shortened format allowed for better classroom integration and
more focused delivery.

5.2.1 Learning Objectives
The core learning goals remained consistent with Iteration 1, emphasizing
interdisciplinary outcomes across cognitive, affective, and psychomotor domains:
® Cognitive Objective: Students can analyze how physical principles such as airflow,
frequency, and resonance apply to vocal production and tone modification.
e Affective Objective: Students can demonstrate increased ISL through active

engagement with vocal acoustics.
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® Psychomotor Objective: Students can apply techniques for adjusting vocal
resonance, such as modifying the shape and size of resonance spaces, to improve
timbre in singing.

Although the affective objective remained unchanged, the cognitive and psychomotor
goals were slightly reinterpreted to emphasize practical application and reduce theoretical
complexity.

5.2.2 Course Structure

To ensure feasibility within the constraints of a regular school schedule, the course
structure for Iteration 2 was revised from a four-lesson (three-hour) format to a streamlined
two-lesson (100-minute) model. While the thematic focus on timbre and vocal acoustics
remained unchanged, the instructional content was reorganized to emphasize clarity, pacing,
and hands-on engagement. Each lesson was designed to align with the updated learning
objectives and to build directly on the experiences and challenges identified in the first
implementation.

The revised structure retained the use of PhBL but replaced extended group discussions
and theoretical explanations with guided demonstrations, analogical reasoning, and embodied
learning experiences. Each lesson opened with an observable vocal phenomenon and
proceeded through concrete analogies and scaffolded teacher-led explanation, culminating in
opportunities for students to reflect on their vocal practice.

The two revised lessons were described as follows.

Lesson 1, Voice and Overtones, introduced the analogy between human vocal production
and wind instruments using video demonstrations and a physical model of a trumpet
mouthpiece. This was followed by a series of structured activities, including overtone
labeling on keyboard diagrams and a hands-on jump rope demonstration to visualize standing
wave patterns and overtone relationships.

Lesson 2, Resonance and Timbre, focused on the effect of resonance on timbre. It used
comparisons between instruments of different body sizes (e.g., violin vs. double bass) to

illustrate how resonance amplifies specific frequency ranges. Anatomical diagrams of the
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vocal tract were used to help students visualize internal resonance spaces, and overtone
singing videos were revisited to prompt students to connect resonance manipulation with
changes in vocal timbre.

This restructured course sequence aimed to maximize accessibility, reduce cognitive
overload, and provide students with intuitive and practical entry points into vocal acoustics.
The simplified progression allowed more instructional time to be spent on direct engagement,
while still preserving the interdisciplinary instruction between physics and choral singing. For
details of the instructional design in Iteration 2, see Appendix A.

5.2.3 Lesson 1: Voice and Overtones

The first lesson in Iteration 2 introduced the basic principles of vocal sound production
and the concept of overtones. Building on insights from the first implementation, this version
of the lesson placed greater emphasis on tangible analogies and kinesthetic experiences to
reduce cognitive load and enhance student engagement. Instead of leading with theoretical
explanations, the lesson opened with practical demonstrations and guided observations,
gradually linking these to core scientific ideas.

1. Engagement-1: Reframing Common Vocal Challenges. The lesson began with a
brief introduction to the rationale behind the course design. The teacher explained that
traditional chorus training often relies on experiential trial-and-error—doing more and hoping
to find what works—which may not be effective for every student. This course aimed to offer
an alternative perspective: to begin from observable vocal phenomena, introduce supporting
scientific principles, and integrate these insights into vocal practice. In doing so, it
encouraged students to develop a more structured and intentional approach to singing.

After this preface, the teacher turned to a more familiar tone. Imitating the critical voice
of a typical chorus conductor, he delivered three recognizable rehearsal complaints: “Why are
you singing so softly? Why is your pitch so off? Why does it sound so bad?” These
deliberately exaggerated remarks prompted both laughter and immediate recognition from the
students.

Without pausing for answers, the teacher acknowledged that these are common—>but
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often unhelpful—questions in the rehearsal setting. He then rewrote them as positive,
actionable prompts: “How can we sing with more presence?” “How can we sing more in
tune?” “How can we make our singing sound better?” This simple rhetorical shift was both a
pedagogical gesture and a reflective cue, encouraging students to think of voice-related
problems not as faults to be fixed, but as processes to be understood and improved.

This opening served several design purposes. First, it replaced the abstract overtone-
singing video from Iteration 1 with a more effectively grounded approach. Rather than
beginning with an unfamiliar acoustic phenomenon, the teacher drew from students’ direct
experience, increasing emotional relevance and accessibility. Second, each of the three
rephrased questions corresponded to one of the fundamental acoustic elements—volume,
pitch, and timbre—core concepts that had previously been introduced through a review of
“the three elements of sound.” However, unlike in Iteration 1, where those concepts were
surfaced via a general recall of science class content, Iteration 2 grounded them in the lived
language of vocal coaching. This shift enabled students to approach scientific ideas not as
external knowledge to be remembered, but as explanatory tools for solving familiar
performance challenges.

Finally, the choice to reframe negative conductor phrases into constructive questions
modeled an important value for future chorus educators. By the researcher’s observation,
many chorus conductors tend to rely on deficit-based feedback, often unaware of its
cumulative impact on students’ confidence. By beginning with humor and then modeling an
affirming approach, the teacher not only engaged the students effectively but also introduced
a meta-message: how we talk about sound matters, and so does how we teach it.

2. Development-1: Vocal Mechanism through Trumpet Analogy. To help students
understand the mechanism of human voice production, the teacher began by introducing an
external analogy: the trumpet. A video explaining how trumpets produce sound was played,
and students were asked to extract key points to complete a guided worksheet. The teacher
then brought out a physical trumpet mouthpiece and demonstrated how it produces vibrations

when air is blown through it. Several students were invited to try it themselves, providing a
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tangible experience of the airflow-vibration relationship.

Rather than immediately explaining the relevance, the teacher posed an open-ended
question: “Why do we need to know how a trumpet works?”” Without offering an answer, he
allowed the question to linger. This pause served to activate curiosity and encourage students
to consider the parallel on their terms.

The lesson then transitioned to a video showing how human vocal folds operate during
sound production. By comparing the mechanical vibration of the mouthpiece with the
biological vibration of vocal folds, students were guided to perceive structural and functional
similarities. These observations were then consolidated into a comparative chart summarizing
how both trumpet and human voice generate and adjust sound, emphasizing shared principles
such as airflow-driven vibration, and methods for modifying volume and pitch.

The teacher returned to the earlier question— “Why compare a trumpet to the human
voice?”—and answered it explicitly: both rely on airflow to generate vibrations, and both
control volume through breath pressure and pitch through tension adjustments. The lesson
concluded this segment with a second chart comparing how singers and trumpet players
adjust loudness (via air pressure) and pitch (via tension). For singers, more airflow means
louder sound, and relaxed vocal folds help access lower pitches. Demonstrations were
provided to reinforce these points.

Compared to Iteration 1, which presented multiple instrument analogies and guided
students through small group discussions to infer voice mechanisms, this version focused
solely on the trumpet as a dual analogy for both sound production and pitch control. The
approach in Iteration 2 favored clarity and efficiency over exploration, sacrificing
opportunities for peer prediction and debate in exchange for streamlined explanation and
direct modeling. Although student interaction was limited, the use of physical models and
targeted questioning helped anchor understanding and ensured that the core conceptual link
was not lost in a shorter time.

3. Development 2: The Concept of Overtones. Building on the previous comparison

between the trumpet and the human voice, the teacher introduced three key terms that had
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surfaced during the discussion: fundamental frequency, overtone, and overtone series. These
terms were presented not as abstract equations but as auditory experiences. The teacher first
played the overtone series featured in the trumpet video, paired with a keyboard diagram that
allowed students to visually and aurally locate each note. Students then labeled overtone
positions on a printed keyboard chart while listening to corresponding sound clips, preparing
them for later activities focused on timbre and resonance.

To help students make sense of these new terms, the teacher introduced two analogies
that linked the physical structure of sound to familiar sensory domains. First, the teacher
described sound as a bowl of ramen: the broth represents the fundamental frequency. In
contrast, the toppings represent the overtones—different ingredients layered on top of a base
to create a specific flavor. Then, the teacher shifted to a visual example, referencing Georges
Seurat’s pointillist painting style. Just as Seurat’s paintings appear unified from a distance but
are composed of individually colored dots on the background color up close, a vocal tone
may sound like a single entity but is made up of layered overtones on the fundamental
frequency.

These analogies were deliberately selected not just for familiarity, but for conceptual
precision. Unlike other common examples, such as adding sugar to tea, which can mislead
students into thinking overtones are optional or adjustable, the ramen and pointillism
metaphors reflect the fixed and proportional nature of overtone structures. The broth-to-
topping and base-to-dot relationships allow for discussions of overtone ratios and harmonic
structure, without oversimplifying the physics. Moreover, the pointillism metaphor captures a
key perceptual insight: what we hear as a single vocal color is, in fact, a composite of distinct,
traceable elements.

In contrast to Iteration 1, where overtone concepts were introduced through explanations
of standing waves and resonance theory, Iteration 2 omitted these theoretical frameworks
entirely. Time constraints partly drove this shift, but also by feedback from the first
implementation, which revealed that students and the teacher found the abstract science

content too difficult. While the lesson no longer included detailed explanations of wave
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behavior, the analogies retained the core conceptual accuracy, providing students with a clear
and accessible entry point into timbre analysis. The simplification was thus not a compromise
of correctness, but a considered pedagogical decision to prioritize intuitive learning without
misrepresenting scientific principles.

4. Development-3: Constraints of Overtone Production. To deepen students’
understanding of why only specific overtones occur with a given fundamental, the teacher
introduced a surprising and engaging demonstration using a long flexible plastic tube known
as a whirly tube—or “magic tube” (as shown in Figure 5.1), as referred to in class. Before
revealing how the tube worked, the teacher asked students to guess how it might produce
sound. Once spun through the air, the tube emitted a clear pitch, drawing expressions of
curiosity and amusement from the class.

Figure 5.1

Teaching Aid in Development 3 of Lesson 1

\\\\\\
"
\\\\

Note. This plastic tube, also known as a “whirly tube” or “magic tube,” was used in class to
demonstrate how specific overtones are selectively produced based on resonant frequency.
Students quickly noticed that different spinning speeds resulted in different pitches, but
always within a discrete set. The teacher highlighted that, unlike a sliding pitch instrument,
the whirly tube could only produce specific notes—those that corresponded to fixed points in
the overtone series. This observation led to a rephrased version of an earlier question: “Why

are the overtones fixed once the fundamental is set?” Rather than providing a theoretical
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explanation, the teacher allowed this question to linger, setting up the next demonstration.

To explore the answer, the teacher brought out a jump rope and asked for a student
volunteer to hold one end. With a few experimental flicks of the rope, the teacher
demonstrated how certain rhythms of movement produced stable wave loops, while others
failed to produce any regular pattern. Some attempts were deliberately “wrong” to show that
without the right frequency, no standing wave—or “loop”—would appear. This tactile
demonstration gave students a concrete sense of physical constraints in vibration systems.

The teacher then connected the number of loops in the rope to the overtone series,
explaining that just as the rope can only support certain vibrational modes, the human vocal
folds can only produce overtones that fit specific resonance conditions. A summary
comparison between the rope and the vocal folds reinforced the concept that overtones are
not arbitrary additions, but physically constrained results of the fundamental frequency’s
properties.

While Iteration 1 had introduced these ideas through diagrams and theoretical
explanations of standing waves, the revised lesson in Iteration 2 replaced theory with
embodied analogy. The jump rope activity, which had left a strong impression on students in
the first implementation, was retained, but this time framed more intentionally as an
experiential response to a real acoustic mystery. By pairing the novel magic tube with the
familiar jump rope, the lesson combined curiosity-driven observation with kinesthetic
modeling, achieving the goal of helping students grasp the constraints of overtone production
without relying on abstract physics terminology.

5. Recap-1: Human Voice, Instruments, and the Overtone Series. To conclude the
first lesson and consolidate learning, the teacher led a review activity that invited students to
synthesize what they had learned about voice production, instrumental analogies, and the
overtone series. The task was structured around two central comparison questions designed to
reinforce key ideas while maintaining student engagement.

First, the teacher asked, “Which instrument is most similar to the human voice in terms

of how sound is produced?” To support informed reasoning, the teacher briefly explained
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how each of the three candidate instruments—clarinet, violin, and timpani—produces sound:
the clarinet uses a vibrating reed, the violin uses a bowed string, and the timpani relies on a
struck membrane. Students were invited to raise their hands and share their thoughts,
followed by a discussion of the correct answer: the clarinet, which, like the human voice,
produces sound via airflow through a vibrating structure.

The second question shifted focus to pitch modulation: “Which instrument is most
similar to the human voice in terms of how pitch is adjusted?” Again, the teacher briefly
described the pitch control mechanisms of each instrument. While the clarinet changes pitch
by altering the length of the air column using different fingerings, and the violin adjusts pitch
by changing string length and tension, the timpani modifies pitch by tightening or loosening
the drumhead membrane. The teacher explained that the human voice adjusts pitch by
changing the tension of the vocal folds—tightening them to raise pitch and loosening them to
lower it, making the timpani the closest match in this regard. The teacher emphasized that
analogies serve to simplify complex ideas, and while none are perfect, each can highlight
specific aspects of how the voice works.

To close the lesson, students revisited the overtone series. On their worksheet, they were
asked to write the first seven overtones of D2 using a blank keyboard diagram. The teacher
guided them through the answers, using either interval names or semitone counts, and played
each corresponding sound. Two additional overtones were introduced to align with the
overtone singing video that would be featured in the next lesson. This preview created a
conceptual link between abstract structure and the upcoming musical experience.

This summary activity was designed with several pedagogical goals in mind. The first
two comparison questions were retained from Iteration 1 but enhanced with a key revision.
Each instrument option was now accompanied by a concise explanation of its sound
production and pitch control mechanism. This ensured that students could make informed
comparisons based on accurate conceptual cues, rather than relying on superficial
associations or prior familiarity.

The use of structured voting and class discussion promoted active participation, while
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also modeling a process of scientific reasoning grounded in everyday musical experience.
Rather than simply recalling textbook definitions, students were encouraged to apply what
they had just observed and discussed, thereby reinforcing the voice-instrument analogies
introduced earlier in the lesson.

The final task on the overtone series served a dual purpose: it provided a review of
content introduced in Development 2 and established a conceptual bridge to the next lesson.
Specifically, the choice of D2 as the reference pitch mirrored the fundamental tone used in
the overtone singing video that would follow. In addition to revisiting the first seven
overtones, the teacher introduced two additional overtones that had not been previously
calculated, ensuring that students would be able to recognize and map the sung pitches to the
overtone structure they had already encountered. This deliberate alignment of content across
lessons was intended to promote continuity, transfer, and readiness for deeper analysis of
timbre and resonance.

5.2.4 Lesson 2: Resonance and Timbre

The second lesson in Iteration 2 revisited the phenomenon of overtone singing—not as a
novelty, but as a familiar yet still captivating entry point for deeper exploration. Drawing on
students’ prior exposure to overtones in the first session, this version of the lesson
repositioned the video as a conceptual bridge rather than an introductory hook. With a clearer
foundation already established, the engagement activity focused on sharpening students’
perceptual awareness and prompting targeted observation. Instead of providing immediate
explanations, the teacher used subtle prompts and open-ended questions to sustain curiosity,
setting the stage for inquiry into resonance and timbre grounded in prior understanding.

1. Engagement-2: The Mystery of Overtone Singing. After a ten-minute break, the
second lesson began with a familiar yet still captivating video clip of overtone singing.
Unlike in Iteration 1, where the video served as the opening phenomenon of the entire unit
and its explanation became the central thread across multiple lessons, in this version, the
video was placed at the start of Lesson 2. By this point, students had already been introduced

to the concepts of overtones and overtone series, allowing them to approach the phenomenon
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with a more informed and focused perspective.

Before playing the video, the teacher gave a subtle prompt: “This time, try to ignore the
low note and listen carefully to the high melodic tones riding above it.” Without directly
stating that these were overtones, the teacher encouraged students to tune into the structure of
the sound and observe with curiosity. After viewing, the teacher asked, “What notes did you
hear in the melody?” Students were expected to respond in a variety of ways—naming
solfege syllables (Do, Re, Mi, Sol, flat Ti), absolute pitches (A5, C6, D6, etc.), or identifying
the overtone series of D3. The teacher then confirmed that the melody was indeed formed by
the overtones of D3, reinforcing the connection to the previous lesson’s worksheet and
playing each overtone pitch again for auditory confirmation.

Next, the teacher posed a more challenging question: “How does the singer control
which overtones are heard?”” Students responded with intuitive ideas such as “mouth shape,”
“facial expression,” or simply “feeling.” Rather than providing a direct answer, the teacher
paused and replied, “That is something we can explore using science.” This moment was
designed to create cognitive tension and sustain attention, not by confusion, but by planting a
specific, solvable question in the students’ minds.

Only then did the teacher reveal the day’s focus: resonance and timbre. By connecting
the mystery of overtone control to previously learned concepts, the teacher framed the lesson
not as a new topic but as a continuation of the question left unanswered from the previous
session. The goal was to invite students to use science as a tool to unpack something they had
already heard, found fascinating, and tried to explain on their own.

2. Development-4: Resonance Box Size and Overtone Emphasis. To explore how
resonance affects which frequencies are emphasized in sound production, the teacher
introduced the concept of the resonance box using examples from familiar string instruments.
A brief explanation was provided: instruments like violins, guitars, and pipas use resonance
chambers to amplify sound. The teacher pointed out that while all these instruments have
resonance boxes, their sizes vary, and that this size difference plays a role in what parts of the

sound are strengthened.
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To prompt student reasoning, the teacher posed a playful but purposeful question: “If
shortening the string produces higher notes, why can’t a double bass just play violin melodies
by shifting hand positions? Wouldn’t that save us the need for violins in an orchestra?”” The
question invited students to confront an apparent contradiction: the double bass can
technically reach higher finger positions, but the sound produced does not carry in the same
way.

Students then watched a video comparing two guitars that were nearly identical except
for the size of their resonance chambers. The teacher instructed students to pay close attention
to the differences in sound when the same pitch was played on each guitar. This setup—
narrowing the variable to just resonance box size—replaced the more complex multi-
instrument comparisons used in Iteration 1 and was designed to focus students’ attention on a
single acoustic factor.

After the video, the teacher presented a comparison chart showing the key differences
between large and small guitars. Rather than discussing general timbre, the focus remained
on the overtone response: which frequencies were more pronounced in each case, the higher
notes or the lower notes. The teacher explained that larger resonance boxes tend to reinforce
lower overtones, while smaller ones allow higher overtones to be more audible. Students
were invited to contribute their observations, and the teacher synthesized the comparison
based on class discussion.

Returning to the opening question, the teacher concluded: “Even if a double bass can
reach high pitches, those notes do not sound good—not because of pitch, but because the
resonance box does not amplify those higher overtones. That is why the sound is weak or
thin.” To strengthen the analogy, the teacher added that just as larger instruments favor low
frequencies, vocalists with smaller resonance spaces—like sopranos—naturally amplify
higher frequencies better than lower ones.

In contrast to Iteration 1, which featured a wider array of instrument comparisons, this
version deliberately focused on a tightly controlled contrast—two guitars differing only in

resonance box size. This simplification was intended to guide students more precisely toward
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the concept that different resonance structures selectively enhance specific parts of the
overtone series.

3. Development-5: Human Resonance Spaces and Overtone Control. Building on the
previous discussion of resonance box size in instruments, the teacher now redirected attention
to the human voice. “So where is the resonance box in our body?” he asked, inviting students
to apply what they had learned to their vocal mechanism. The question sparked curiosity and
opened a transition into the anatomical basis of vocal resonance.

To support the discussion, the teacher presented a sagittal cross-section of the human
head and vocal tract. He explained that after the vocal folds generate sound, it travels through
a series of cavities—most notably the pharynx, oral cavity, and nasal passages—before
exiting the mouth. These anatomical spaces serve as resonance chambers, much like those in
musical instruments. However, unlike fixed physical boxes, these human structures are
malleable and responsive to subtle muscular adjustments.

The teacher then returned to a key question posed at the beginning of the lesson: “How
do we control which overtones are heard?” This time, a direct answer was given: by altering
the size and shape of the resonance chambers, especially the oral cavity, singers can
selectively amplify specific overtones. To illustrate this, the teacher explained that creating a
larger oral space tends to emphasize lower overtones, while narrowing the cavity enhances
higher ones. A practical example was given: “To sing a darker, lower-sounding overtone, you
will likely open your mouth more; to bring out a brighter, higher one, you will shape the
space differently—even if it is not visible from the outside.”

To reinforce this explanation, the class rewatched the overtone singing video. Students
were instructed to focus closely on the singer’s facial expressions and overall stillness, and to
consider what internal changes might be occurring even if the mouth appeared motionless.
The teacher clarified that most of the adjustments happen in the inner oral cavity and
pharynx—areas not visible on the surface. This helped explain why overtone singing, despite
its acoustic complexity, seems effortless.

This activity served a second purpose: it resolved the mystery raised at the start of the
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lesson, giving students a scientifically grounded explanation for a phenomenon that initially
seemed magical. In Iteration 1, student worksheet responses revealed a common
misconception: some students thought that altering the size of the resonance chamber
changed the overtone series itself. In this revised lesson, the teacher explicitly corrected this
misunderstanding by emphasizing that the overtone series remains constant for a given
fundamental; what changes is which overtone is selectively amplified through vocal tract
shaping.

4. Development-6: The Cause of Timbre. The third development activity of Lesson 2
centered on a simple question: Why do different sounds, even at the same pitch, still feel
distinct? To approach this, the teacher returned to a moment from earlier in the lesson—the
comparison between large and small guitars—and recalled that students had already noticed
differences not just in volume, but also in timbre. This became a natural entry point to a
deeper discussion on the acoustic causes of vocal uniqueness.

To build perceptual awareness, the teacher played recordings of a flute, trumpet, and
piano, all producing the same note. Despite identical pitch, the class immediately recognized
the distinctive qualities of each sound. A second set of examples featured the recorder,
clarinet, and oboe—three instruments with more similar construction and sound production
mechanisms. Nevertheless, again, students were able to tell them apart. The teacher pointed
out that even small variations in how sound is produced can result in noticeable differences in
timbre.

The focus then shifted to the human voice. The teacher noted that even when two people
sing the same note, listeners can easily tell their voices apart. Referencing real-world
applications such as voice-activated personal assistants, the teacher posed a question to the
class: if we each have fingerprints, could we also have unique “voiceprints”?

Rather than answering immediately, the teacher guided students to revisit the
foundational concepts they had already explored: voice production, overtone structure, and
resonance. Students were reminded that sound begins with a vibrating source, that this

vibration produces a fundamental frequency along with a structured set of overtones, and that
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the surrounding space modifies which frequencies are amplified. Together, these components
lay the groundwork for understanding what causes timbre.

The teacher explained that timbre arises from the relative prominence of different
overtones. A sound with stronger high-frequency overtones may be perceived as bright or
sharp, while one with more dominant low-frequency overtones may be described as warm or
dark. These overtone patterns are consistent enough that listeners can use them to distinguish
between instruments or between human voices.

To make this principle more concrete, the teacher presented simplified spectrograms
comparing the overtone distribution of different instruments playing the same pitch.
Visualizing the frequency content helped students see how distinct overtone balances define
the “sound fingerprint” of each instrument. These comparisons helped consolidate the link
between the physical behavior of sound and the perceptual experience of timbre.

In contrast to Iteration 1, where similar frequency analyses were used, the emphasis in
Iteration 2 was on using students’ perceptual observations to build toward the scientific
explanation. The use of spectrograms supported, not replaced, the students’ logical reasoning
based on earlier discussions about overtones and resonance.

5. Development-7: The Key to Changing Timbre. With the concept of timbre now
grounded in the overtone structure and resonance behavior of each instrument or voice, the
final development activity returned the focus to a practical and personal question: can we
change our timbre—and if so, how?

The teacher posed this as a rhetorical challenge: “As human singers, how can we change
our timbre?” Rather than offering immediate suggestions, the teacher let the question settle,
inviting students to reflect on what aspects of their vocal sound might be adjustable. The
answer, when it came, was structured around a key limitation. While we cannot
fundamentally alter the physical nature of our vocal instrument, we do have some degree of
control over how it resonates.

The teacher explained that the “identity” of an instrument—what was previously

referred to as its acoustic nature—cannot be changed easily. In humans, this would be akin to
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changing the properties of the vocal folds themselves, something that might only occur
through biological changes such as puberty, disease, or surgical intervention. In normal
singing practice, however, our instrument’s core characteristics remain constant.

What we can change, the teacher emphasized, is the resonance space. To make this idea
concrete, the teacher returned to the earlier anatomical diagram of the human vocal tract.
With a brief recap of how sound passes from the vocal folds through various resonating
chambers, the teacher highlighted which parts of the system singers can consciously control.
Students were reminded that, unlike a violin or trumpet, the human instrument allows for
subtle, moment-to-moment reshaping of internal spaces.

To illustrate this, the teacher demonstrated different vocal techniques—such as altering
mouth shape, tongue position, or pharyngeal openness—to show how resonance adjustments
could modify timbre without changing pitch. Students were invited to try simple variations,
like humming with a more closed or open mouth, or slightly shifting their jaw position while
sustaining a tone. These small exercises helped them connect physical sensation with the
acoustic outcomes they had been analyzing.

By synthesizing prior knowledge about overtone selection and resonance, this segment
guided students to a practical conclusion: while we cannot rebuild our voice, we can learn to
shape it. In doing so, singers can develop greater awareness of their vocal instrument and
learn how to make deliberate, responsive choices to influence the sound they produce.

6. Recap-2: Music with Science. As the lesson approached its end, the teacher returned
to the overarching goal of the course: to understand the scientific principles behind sound in
order to improve one’s singing. Rather than launching into a monologue, the teacher invited
students to participate in a collective review, asking them to recall and summarize the four
main topics covered across the two sessions—voice production, overtones, resonance, and
timbre.

Students were encouraged to share just one sentence or a single key point from any of
the four areas. The teacher used each contribution as a springboard to reinforce, clarify, or

expand on the core concepts. This open-ended recall approach allowed students to revisit
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earlier learning through their language while keeping the summary dynamic and engaging. In
cases where student responses were limited or time was short, the teacher provided the
summary themselves, ensuring that all essential ideas were covered.

After reviewing the four topics, the teacher returned to the very first questions that
opened the course: How can we sing louder? How can we sing more in tune? How can we
make our voices sound better? These questions, initially posed with a touch of humor, were
now revisited with deeper understanding. The teacher invited students to offer revised
answers based on what they had learned, highlighting how scientific knowledge could
transform vague frustrations into actionable insights.

At this point, the teacher introduced a reflective prompt, offering a transition from
science to artistry: “Throughout this course, we have not only integrated scientific
knowledge—we have also touched on the spirit of science. Each ‘why?’ and ‘how?’ we
explored reflects a desire to understand, to question, to improve. However, as singers, we do
not just seek better technique—we also ask: what is the spirit of music? What is the spirit of
the chorus?” This moment opened space for students to consider the broader meaning of their
learning, beyond technical mastery.

Compared to Iteration 1, which concluded with speculative thinking and a list of four
directions for extended learning—including acoustics, vocal pedagogy, musical acoustics,
and recording analysis—this version opted for a more concentrated reflection, using
philosophical questions to anchor students’ takeaways. The shift represented a trade-off: less
emphasis on breadth, more on internalization and thematic coherence.

To close, the teacher shared a quote from French musicologist Jules Combarieu: “Music
is the art of thinking with sounds.” This quote offered a final affirmation that the intersection
of science and music is not a contradiction but a deepening—an invitation to think, feel, and
sing with greater awareness.

5.2.5 Learning Assessments
The assessment framework for Iteration 2 followed the same structure as in Iteration 1,

evaluating learning outcomes across cognitive, affective, and psychomotor domains.
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Cognitive understanding was assessed through open-ended worksheets completed after
each lesson. These items prompted students to describe mechanisms of sound production,
identify overtone patterns, and explain how resonance influences vocal output. Question
design was adjusted from Iteration 1 to improve clarity and better match the revised lesson
flow.

Affective outcomes were measured using the Science Learning Interest Scale,
administered before and after the course. This validated instrument captured changes in
students’ engagement with science-related content, particularly as applied to singing.

Psychomotor learning was evaluated through a post-course teacher interview. The
collaborating teacher provided feedback on students’ ability to apply scientific concepts
during rehearsals, such as referring to resonance adjustments or overtone awareness in vocal
practice.

This combination of written responses, self-report measures, and instructor observations
offered a balanced view of the course’s instructional effectiveness.

5.3 Research Instruments

To investigate the effectiveness and feasibility of the revised interdisciplinary course, a
mixed-methods approach was again adopted in Iteration 2. Four types of instruments were
employed: pre-/post-questionnaires, field notes, student worksheets, and teacher interview.
These tools were designed to address the three research questions from multiple perspectives,
capturing both quantitative and qualitative evidence. While the overall structure of the
research instruments remained consistent with Iteration 1, several modifications were made to
better align with the revised course format and to address limitations identified in the first
iteration. The following sections describe each instrument in detail.

5.3.1 Pre-/Post-Questionnaires

For details of the pre-/post-questionnaires in Iteration 2, see Appendix B. The
instruments in Iteration 2 largely followed the structure established in Iteration 1, with
selective modifications aimed at enhancing conceptual alignment and data quality.

1. Open-Ended Pre-Class Questions. To probe students’ prior knowledge and prime
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their curiosity, three open-ended questions were included in the pre-questionnaire: “How do
you adjust the volume?”, “How do you adjust the pitch?”, and “How do you adjust the
timbre?”. These questions were designed by the researcher and reviewed with Teacher Z to
align with the course’s three major scientific dimensions.

The expected correct answer to the first question was adjusting the amount of airflow,
while a common misconception involved tensing or squeezing the throat. For the second
question, the correct answer was adjusting the tension of the vocal folds, although some
students might mention external references such as tuning with others or using a piano. The
third question addressed the concept of resonance adjustment, although students were more
likely to rely on intuition or vague imagery.

By considering these questions in advance, students were expected to approach the
lesson with heightened curiosity and attentiveness.

2. Demographic Information. The demographic items remained identical to those in
Iteration 1, including student age, grade level, gender, academic division, and years of chorus
experience. These data were used to characterize the sample and support further analysis.

3. Science Learning Interest Scale. The Science Learning Interest Scale was adapted
from Iteration 1, with minor wording refinements for clarity and consistency. The scale
maintained its original structure, comprising 20 items across five subscales, based on the
theoretical model of situational and personal interest (Cheng et al., 2013; Hidi & Ann
Renninger, 2006). Items were rated on a 5-point Likert scale, with higher scores indicating
greater ISL.

4. Learning Satisfaction Scale. To further address RQ3 regarding the course’s
feasibility and appeal, Iteration 2 measured students’ learning satisfaction. Because this
interdisciplinary course emphasized the integration of scientific knowledge into chorus-based
singing instruction, rather than direct improvement of singing skills, it was important to
examine how students perceived the course’s value and relevance. In particular, satisfaction is
often regarded as a key indicator of student engagement and acceptance, which can inform

educators’ willingness to adopt a new instructional approach.
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The research instrument was adapted from Huang’s (2023) Learning Satisfaction Scale,
originally designed to evaluate elementary students’ experiences in music creation courses
using digital audio workstation software. The original scale consisted of three subscales—
course satisfaction (Items 1-4), learning outcomes (Items 5-8), and peer interaction (Items 9—
12)—each rated on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).
Cronbach’s a values in Huang’s study indicated acceptable internal consistency (George &
Mallery, 2010): .824 for course satisfaction, .748 for learning outcomes, and .873 for the full
scale.

In the current study, all references to “music composition” or “software use” were
modified to “choral singing” and “scientific knowledge,” reflecting the content and goals of
the interdisciplinary curriculum. Because the course was not explicitly designed to promote
peer interaction, the corresponding subscale was excluded, and only the two relevant
subscales—course satisfaction and learning outcomes—were retained, resulting in a total of
eight items.

5.3.2 Field Notes

The field notes in Iteration 2 followed the same observational focus as those in Iteration
1, documenting the teacher’s instructional delivery, students’ on-task behaviors, and the
overall classroom atmosphere. In this iteration, the researcher incorporated the lesson plan as
a reference framework for observational alignment. This adjustment was made in response to
prior interview feedback, which highlighted the lesson plan’s utility in clarifying the timeline
and pedagogical decisions. By using the teaching plan as a reference during observation, the
researcher was able to capture key instructional moments better and align them with intended
teaching strategies.

Unlike Iteration 1, in which classroom-based prompt questions were recorded as part of
the field notes, Iteration 2 moved those prompts to the pre-questionnaire. This change
allowed for more systematic data collection and statistical analysis. The rest of the
observation approach remained descriptive and open-ended, with field notes capturing the

flow of classroom events, instructional pacing, student responses, and episodes of
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engagement or confusion.
5.3.3 Student Worksheets

In Iteration 2, the worksheets were redesigned to fit the revised course format better.
Rather than being distributed at the end of each lesson as reflective prompts, the worksheets
were transformed into in-class materials that functioned more like guided note-taking and
embedded practice activities. Students completed the worksheets during the lesson,
responding to questions while learning and applying new concepts. This change was made in
response to the structural shift of the course, from a four-part modular design in Iteration 1 to
a more continuous two-session workshop in Iteration 2. As a result, the worksheets no longer
needed to serve as transitions between sessions.

In addition, the individual reflection questions originally included at the end of each
lesson in Iteration 1 were removed due to low response rates (ranging from 22% to 43%).
Only the final section for overall course feedback was retained, while the rest of the
worksheet focused on content-based tasks that aligned directly with classroom instruction.

The worksheet content was structured around five key topics aligned with the course:
trumpet sound production, human voice, overtones, resonance, and timbre. The first three
topics were addressed in the first session, while the remaining two were covered in the
second. Each topic was supported by questions directly linked to in-class explanations. For
example, the overtone section was supplemented with a keyboard diagram based on feedback
from the trial run, which helped students visualize the concept more clearly. A final reflection
section was retained at the end of the worksheet to collect students’ overall impressions of the
course. All responses were handwritten and collected at the end of the two sessions. For
details of the student worksheets in Iteration 2, see Appendix C.

5.3.4 Teacher Interviews

Teacher interviews in Iteration 2 were conducted similarly to those in Iteration 1: face-
to-face, semi-structured, and audio-recorded with participant consent. Although the exact
timing varied, all interviews took place within a few days after the course and aimed to

capture reflective insights from the instructors. The interview procedure was refined based on
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previous experience. In Iteration 2, the interview began with an open-ended discussion on the
teacher’s most memorable impressions, followed by a review of the teaching process using
the lesson plan and field notes as reference. This scaffolded approach helped facilitate more
detailed recall and targeted discussion on teaching effectiveness.

Interviews were conducted with two teachers across different implementations. Teacher
Z participated in three interviews following each implementation. The first focused on
modifications made in Iteration 2; the final one invited more holistic reflections on the course
design and its overall trajectory. In contrast, Teacher L was interviewed only once, after
teaching the course to Chorus B and Chorus C. His interview covered student responses,
instructional flow, and general impressions of the interdisciplinary curriculum.

5.4 Research Process

This section outlines the research process for Iteration 2, which extended and deepened
the initial design established in Iteration 1. To examine the effectiveness and adaptability of
the interdisciplinary course across different learning contexts, the implementation was
expanded to three choral groups. The process involved a revised instructional design phase,
multiple implementations, systematic data collection, and a final round of instructional
refinement.

The main stages of course development—preparation, implementation, and
consolidation—are presented chronologically in Section 5.4.1. This timeline traces how the
instructional design evolved across multiple contexts and iterations, guided by ongoing
analysis and feedback. Section 5.4.2 describes the data collection procedures used to evaluate
each implementation, while Section 5.4.3 outlines the ethical safeguards maintained
throughout the study.

5.4.1 Course Development Timeline

This section details the second iteration of the interdisciplinary course, which involved a
broader implementation scope and continued refinement of the instructional design. Building
on the outcomes of Iteration 1, the course was revised, tested, and applied across three

different choral groups to evaluate its adaptability and effectiveness in varied educational
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settings. The development process is described in three phases: preparation, implementation,
and consolidation, each reflecting a distinct stage in the DBR cycle. These phases collectively
contributed to the emergence of a more robust, transferable instructional model.

1. Preparation Phase. The teaching plan for Iteration 2, referred to as Version 2.0, was
revised based on reflections and findings from Iteration 1. Drawing on both quantitative and
qualitative data, the researcher refined the lesson sequence, clarified key concepts, and added
scaffolding strategies to support student understanding better. Prior to the first formal
implementation, the revised lesson plan underwent a trial teaching session followed by a
structured lesson rehearsal with the collaborating teacher. Feedback from these sessions led to
a further round of modifications, resulting in Version 2.1, which was used in Iteration 2-1.

In addition to continuing work with Chorus A and Teacher Z, the researcher expanded
the implementation scope by recruiting two additional choruses—Chorus B and Chorus C—
led by Teacher L. This expansion enabled multiple implementations of the same instructional
design under varied classroom contexts, thereby strengthening the robustness of the design
research process.

All instructional materials and research instruments were finalized prior to the first
implementation. These included video and audio resources, physical teaching aids, and
student worksheets, as well as the pre-/post-questionnaires, field notes, and teacher interviews
protocols.

2. Implementation Phase. Iteration 2 was implemented in the form of three single-
session workshops, each held at a different school site and involving one of three choruses:
Chorus A, Chorus B, and Chorus C. These were referred to as Iteration 2-1, Iteration 2-2, and
Iteration 2-3, respectively. The three implementations took place in December 2024, with
Iteration 2-1 occurring in mid-December and the latter two following approximately two
weeks later.

Iteration 2-1 used Version 2.1, the result of the initial revision and rehearsal. Following
this first implementation, the teaching plan was further updated based on classroom

observations and teacher reflections, resulting in Version 2.2, which was then used in Iteration
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2-2. A final round of minor adjustments produced Version 2.3, which was used in Iteration 2-
3.

Because the implementations were conducted in the first semester of the school year,
each chorus included a proportion of newly joined members. Nevertheless, all participating
students had recently taken part in either the City Preliminary Round of the National Student
Competition of Music or the corresponding round of the National Competition of Folk Song
for Teachers and Students. Although this level of experience was not as extensive as in
Iteration 1, it was sufficient to provide students with the choral foundation needed to engage
meaningfully with the course content.

All sessions followed the same general structure and instructional flow. After Iteration 2-
1, the teaching plan was further updated based on classroom observations and teacher
reflections, and this revised version was used in Iteration 2-2 and Iteration 2-3. Each
workshop lasted approximately 100 minutes and was led by the same collaborating teacher
(Teacher Z), who had rehearsed the updated materials beforehand. Unlike in Iteration 1, the
researcher remained in an observer role throughout all three implementations, allowing for
uninterrupted data collection and a consistent record of instructional delivery.

Across the three sessions, class sizes ranged from 12 to 17 students. Participation in each
chorus was voluntary, and not all students were formal members. Meanwhile, their levels of
engagement and familiarity with the teacher varied, and these diverse teaching contexts
offered valuable insight into how the curriculum functioned across different school cultures,
classroom environments, and teacher-student dynamics.

3. Consolidation Phase. This phase took place after all instructional implementations
and data collection activities for Iteration 2 had been completed. Drawing on insights from
pre-/post-questionnaires, student worksheets, field notes, and teacher interviews, the
researcher conducted a comprehensive analysis to evaluate the instructional effectiveness and
identify remaining areas for improvement. Based on these findings, the teaching plan was
refined one final time, resulting in Version 2.4—a consolidated version that integrated

adjustments from all three sub-iterations.
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Version 2.4 represents the most complete and field-tested edition of the interdisciplinary
course. It addressed instructional gaps observed during earlier implementations, streamlined
activity flow, and included revised materials tailored to support both student understanding
and teacher facilitation. Although not implemented in a formal classroom session, Version 2.4
serves as the culminating product of the DBR process and a resource for future application.

In parallel with the final design work, the researcher began composing the thesis to
document the development and outcomes of the study. This writing process aimed to
synthesize theoretical insights with practical findings and articulate a set of domain-specific
design principles for integrating science and music in high school chorus settings. To further
disseminate the findings, selected course materials and research insights were prepared for
sharing with educators to support teacher training and inspire future curriculum innovation in
interdisciplinary science learning.

5.4.2 Data Collection.

Data collection in Iteration 2 followed the same structure as in Iteration 1, using the
same types of instruments administered at comparable points in time. These included pre- and
post-questionnaires, student worksheets, field notes, and teacher interviews, all designed to
answer the three research questions.

Teacher interviews were conducted shortly after each course implementation to capture
timely reflections and feedback. Specifically, the interview with Teacher Z in Iteration 2-1
took place one day after the lesson; the Iteration 2-2 interview occurred two days after
implementation; and the Iteration 2-3 interview was conducted two weeks after the course.
Additionally, an interview with Teacher L, who participated in the final implementation, was
held in mid-April 2025. This variation in timing allowed the researcher to collect both
immediate and more reflective insights into the instructional process and course feasibility.
5.4.3 Ethical Consideration

All ethical procedures for Iteration 2 were consistent with those established in Iteration
1. Students were informed of the study’s purpose and procedures, and verbal consent was

obtained prior to participation. Participation was voluntary, and students were assured of their
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right to withdraw at any time without consequence. To protect anonymity, participants used
self-generated codes on all written responses, and no identifying information was collected.
All data were securely stored and accessible only to the research team.

As in Iteration 1, a small token of appreciation (a gift card valued at 50 NTD) was
offered to students who completed both the pre- and post-questionnaires. The study continued
to follow institutional research ethics guidelines and was reviewed and approved by the
researcher's academic advisor.

5.5 Analysis and Findings

This section presents the findings from the three sub-iterations of the revised
interdisciplinary course, referred to as Iteration 2-1, 2-2, and 2-3. Data were collected through
multiple instruments designed to address the three research questions. To provide a more
integrated and tool-based analysis, the results are organized by instrument rather than by
implementation cycle. This approach enables cross-comparison among the three
implementations and highlights how each instrument contributed to evaluating the
effectiveness, engagement, and feasibility of the course design.

5.5.1 Science Learning Interest Scale

To evaluate changes in students’ ISL, the Science Learning Interest Scale was
administered before and after the course in each of the three implementations of Iteration 2.
The instrument included five subscales: latent interest, actualized interest, triggered
situational interest, maintained situational interest-feeling, and maintained situational interest-
value. Each subscale consisted of four Likert-type items rated on a 5-point scale. Given the
small sample sizes (n = 9-14) and the ordinal-level data, the Wilcoxon signed-rank test was
used to assess differences between pre- and post-course scores. Descriptive statistics are

summarized in Table 5.1.
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Subscale Chorus Pre Post

M SD Mdn M SD Mdn

Latent Interest A 11.3 4.6 11.0 12.1 4.5 12.0
B 15.5 4.8 16.0 15.5 4.9 16.0

C 12.2 4.5 15.0 13.0 4.0 16.0

Actualized Interest A 14.4 33 15.5 15.3 2.6 15.5
B 15.6 33 16.0 16.0 3.8 16.0

C 13.8 33 14.0 15.0 2.9 16.0

Triggered SI A 12.8 3.7 12.0 15.9 2.8 16.0
B 13.9 4.7 15.0 17.9 2.6 19.0

C 133 4.7 16.0 17.1 2.6 17.0

Maintained SI-Feeling A 12.7 43 13.0 15.9 2.6 16.0
B 15.0 4.2 15.5 17.0 3.0 17.5

C 12.3 4.9 14.0 16.0 2.7 16.0

Maintained SI-Value A 15.4 23 15.5 17.0 2.5 17.5
B 16.1 3.6 17.0 18.5 1.7 19.0

C 14.0 4.0 15.0 16.3 2.7 16.0

Note. Iteration 2-1: n = 14; Iteration 2-2: n = 14; Iteration 2-3: n = 9 refers to the number of

matched questionnaires collected for analysis.
SI = Situational Interest.
Across the three implementations, students demonstrated improvements in several

subscales, though the pattern of significant changes varied by group:

1. Iteration 2-1: Chorus A. The Wilcoxon Signed-Rank Test results are presented in

Table 5.2, revealing statistically significant improvements in four of the five subscales. In

latent interest, nine students reported higher scores after the course (p < .05). In triggered

situational interest, 10 students showed improvement (p < .05). For maintained situational
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interest-feeling, 11 students demonstrated increased scores (p < .05). Similarly, in maintained
situational interest-value, nine students scored higher after the course (p <.05). No
statistically significant change was observed in actualized interest. These findings indicate
that the course in Iteration 2-1 was effective in enhancing students’ situational engagement
and in stimulating their latent interest in science, yet actualized interest, which reflects
students’ sustained personal involvement, appeared less responsive to the instructional
intervention in this sub-iteration.

2. Iteration 2-2: Chorus B. The Wilcoxon Signed-Rank Test results are presented in
Table 5.3, showing statistically significant improvements in two subscales. In triggered
situational interest, 10 students reported higher scores after the course (p <.05). In
maintained situational interest-value, all 10 students who showed change reported gains (p
<.01). No statistically significant differences were observed in latent interest, actualized
interest, or maintained situational interest-feeling. These results suggest that the course in
Iteration 2-2 was particularly effective in stimulating curiosity and helping students perceive
value in science learning, even though emotional engagement and sustained personal interest
remained unchanged.

3. Iteration 2-3: Chorus C. The Wilcoxon Signed-Rank Test results are presented in
Table 5.4, showing statistically significant differences in two of the five subscales. In
actualized interest, six students reported higher scores after the course (p <.05). In
maintained situational interest-feeling, six students also showed improvement (p < .05),
indicating gains in both sustained personal engagement and emotional involvement. No
significant differences were observed in latent interest, triggered situational interest, or
maintained situational interest-value, although all three subscales exhibited positive trends.
These findings suggest that while some dimensions of interest improved significantly, others

did not reach statistical significance within this iteration.
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Results of the Wilcoxon Signed-Rank Test on Chorus A's Science Learning Interest Scale in

Iteration 2-1

Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Latent Interest Neg. 1 4.5 4.5 -2.48 .013* -.66
Pos. 9 5.6 50.5
Ties 4 - -
Actualized Interest Neg. 4 4.0 16.0 -1.56 120 -42
Pos. 7 7.1 50.0
Ties 3 - -
Triggered SI Neg. 3 5.8 17.5 -1.96 .050* -.52
Pos. 10 7.4 73.5
Ties 1 - -
Maintained SI-Feeling Neg. 1 6.5 6.5 -2.56 011* -.68
Pos. 11 6.5 71.5
Ties 2 - -
Maintained SI-Value  Neg. 2 5.5 11.0 -1.97 .049%* -.53
Pos. 9 6.1 55.0
Ties 3 - -

Note. n = 14 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest; Neg. = Negative; Pos. = Positive.

*p <.05. **p < .01. ***p < .001.
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Results of the Wilcoxon Signed-Rank Test on Chorus B's Science Learning Interest Scale in

Iteration 2-2

Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Latent Interest Neg. 1 7.0 7.0 -1.26 206 -.34
Pos. 6 3.5 21.0
Ties 7 - -
Actualized Interest Neg. 4 4.9 19.5 -0.36 720 -.10
Pos. 5 5.1 25.5
Ties 5 - -
Triggered SI Neg. 2 4.5 9.0 -2.36 .018* -.63
Pos. 10 6.9 69.0
Ties 2 - -
Maintained SI-Feeling Neg. 4 2.8 11.0 -1.69 .091 -45
Pos. 6 7.3 44.0
Ties 4 - -
Maintained SI-Value  Neg. 0 0.0 0.0 -2.83 .005%** -.76
Pos. 10 5.5 55.0
Ties 4 - -

Note. n = 14 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest; Neg. = Negative; Pos. = Positive.

*p <.05. **p < .01. ***p < .001.
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Results of the Wilcoxon Signed-Rank Test on Chorus C's Science Learning Interest Scale in

Iteration 2-3

Subscale Ranks n Mean  Sum of z P Effect
Rank Ranks Size
Latent Interest Neg. 0 0.0 0.0 -1.84 .066 -.61
Pos. 4 2.5 10.0
Ties 5 - -
Actualized Interest Neg. 0 0.0 0.0 -2.23 .026* -.74
Pos. 6 3.5 21.0
Ties 3 - -
Triggered SI Neg. 1 3.5 3.5 -1.78 .075 -.59
Pos. 6 4.1 24.5
Ties 2 - -
Maintained SI-Feeling Neg. 1 1.0 1.0 -2.20 .028* =73
Pos. 6 4.5 27.0
Ties 2 - -
Maintained SI-Value  Neg. 1 3.0 3.0 -1.58 114 -.53
Pos. 5 3.6 18.0
Ties 3 - -

Note. n =9 refers to the number of matched questionnaires collected for analysis.

SI = Situational Interest; Neg. = Negative; Pos. = Positive.

*p <.05. **p < .01. ***p < .001.

Summary. Taken together, the findings suggest that the interdisciplinary course had a

consistent impact on students’ situational interest across all three implementations,

particularly in stimulating curiosity and reinforcing perceived value. However, effects on

sustained personal interest were more variable, highlighting opportunities for further

instructional refinement.
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5.5.2 Learning Satisfaction Scale

To evaluate students’ satisfaction with the interdisciplinary course, the Choral Learning
Satisfaction Scale was administered at the end of each implementation in Iteration 2. The
scale consisted of two subscales—Course Satisfaction and Learning Outcomes, each
comprising four Likert-type items rated from 1 (strongly disagree) to 5 (strongly agree). A
total score of 12 (4 x 3) was used as the neutral benchmark for comparison.

Given the ordinal nature of the data and the small sample sizes, Wilcoxon signed-rank
tests were employed to determine whether students’ post-course scores were significantly
higher than the neutral value. As shown in Table 5.5, the average scores across all three
choruses exceeded the benchmark on both subscales.

Table 5.5

Descriptive Statistics of the Learning Satisfaction Scale in Iteration 2

Subscale Chorus M SD Mdn
Couse Satisfaction A -4} 3.1 15.5
B 16.5 3.5 18.0

C 14.6 3.0 15.0

Learning Outcomes A 13.9 2.5 13.5
B 16.1 4.3 17.5

C 15.0 3.5 16.0

Note. Iteration 2-1: n = 14; Iteration 2-2: n = 14; Iteration 2-3: n = 9 refers to the number of
matched questionnaires collected for analysis.

The results of the Wilcoxon signed-rank tests are presented in Table 5.6. In all three
implementations, students’ ratings on both subscales were significantly higher than the
benchmark. Chorus B in Iteration 2-2 reported the highest levels of satisfaction and learning
outcomes (p < .01 for both subscales). In Iteration 2-1, Chorus A also showed significant
results (p <.01 for course satisfaction; p < .05 for learning outcomes). Despite the smaller
sample size, Chorus C demonstrated consistent positive outcomes in Iteration 2-3 (p < .05 for

both subscales). These results provide robust evidence of students’ positive perceptions of the
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Table 5.6
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Results of the Wilcoxon Signed-Rank Test on the Learning Satisfaction Scale in Iteration 2

Subscale Chorus Ranks #»  Mean Sum of z P Effect
Rank  Ranks Size
Course Satisfaction A Neg. 2 2.5 50 -3.00 .003**  -80
Pos. 12 8.3 100.0
Ties 0 - -
B Neg. 1 4.5 4.5 -2.88 .004**  -77
Pos. 12 7.2 86.5
Ties 1 - -
C Neg. 1 3.5 3.5 -2.04  .042* -.68
Pos. 7 4.6 32.5
Ties 1 - -
Learning Outcomes A Neg. /) 6.0 120 -2.36 .018* -.63
Pos. 11 7.2 79.0
Ties 1 - -
B Neg. 2 6.0 12.0 -2.55  .011* -.68
Pos. 12 7.8 93.0
Ties 0 - -
C Neg. 2 2.5 5.0 -2.10  .036* -.70
Pos. 7 5.7 40.0
Ties 0 - -

Note. Iteration 2-1: n = 14; Iteration 2-2: n = 14; Iteration 2-3: n = 9 refers to the number of

matched questionnaires collected for analysis.

Neg. = Negative; Pos. = Positive; Benchmark value for comparison = 12 (4 items x Likert

midpoint 3).

*p <.05. **p < .01. ***p < .001.
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5.5.3 Open-Ended Pre-Class Questions

To explore students’ prior conceptions of vocal production, three open-ended questions
were included in the pre-questionnaire: “How do you adjust the volume?”, “How do you
adjust the pitch?”, and “How do you adjust the timbre?”. A total of 39 valid responses were
collected for each question. Student responses were coded using a semi-structured thematic
coding approach. The analysis began with a predefined set of five general categories
applicable to all three questions:

e Code 0: “Do not know”, unclear, or irrelevant

e Code 1: Scientifically aligned explanations (target answers)

e Code 2: Intuitive or affective strategies, such as relying on feeling, imagination, or
listening

o Code 3: Use of scientific terms or conceptual references (e.g., frequency, amplitude,
resonance)

e Code 9: Other, uncategorizable, or ambiguous responses

The numeric labels were assigned solely for coding purposes and do not imply any
ordinal meaning. The predefined codes were determined based on anticipated response types:
students might give irrelevant or unclear answers (Code 0), provide scientifically accurate
explanations aligned with target concepts (Code 1), describe intuitive or feeling-based
strategies commonly observed in the chorus context (Code 2), or mention scientific terms
indicating the use of scientific knowledge (Code 3). Code 9 was reserved for responses that
did not fit the other categories.

Additional codes were inductively generated for each question to capture specific
language patterns and reasoning that emerged frequently. Multiple codes were allowed per
response to account for the complexity of students’ thinking.

1. Question 1: How do you adjust the volume? The expected scientific explanation
was adjusting the amount of airflow or controlling the breath, often described in everyday
terms such as “using more breath” or “controlling breath support”. This reflects a basic

physiological mechanism for amplitude modulation.
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In addition to the general categories, two specific behavioral misconceptions were
observed frequently and assigned unique codes:
e Code 4: Applying muscular force (e.g., “using abdominal strength”, “pushing with the
body”)
e Code 5: Using the throat or squeezing the neck (e.g., “using the throat”, “tensing the
neck”)
These reflect common misconceptions in vocal practice—namely, the assumption that
volume comes from force or tension rather than airflow control.
The coding frequency for Question 1 is summarized in Table 5.7.

Table 5.7

Frequencies of Codes for Question 1: “How do you adjust the volume?”

Code Description Frequency  Percentage
0 Do not know/unclear/irrelevant 2 5.4%
1 Adjusting airflow* 10 27.0%
2 Relying on feeling/imagination/listening 6 16.2%
3 Scientific terms (e.g., amplitude) 5 13.5%
4 Using force/abdominal strength 19 51.4%
5 Using throat/neck tension 4 10.8%
9 Other/ambiguous 1 2.7%

Note: n =37 refers to the number of matched questionnaires collected for analysis.
Percentages may exceed 100% due to multiple codes per response.
*the expected correct answer.

Over half of the students (51.4%) associated volume adjustment with physical exertion
(Code 4), frequently mentioning abdominal force or body strength. An additional 10.8%
explicitly referred to throat tension (Code 5), indicating a belief that loudness is achieved
through pressing or tightening the throat. Together, these two categories accounted for the
majority of responses. By contrast, only 27.0% of students provided responses aligned with

breath control (Code 1), the scientifically accurate mechanism for adjusting vocal volume. A
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small number used scientific terms (Code 3), and 16.2% relied on intuitive or affective
strategies (Code 2), such as imagining the sound or singing “by feel.”

These results suggest that many students equate volume with force rather than airflow, a
pattern consistent with common misconceptions observed in real-world vocal practice, where
“singing louder” is often attempted through muscular strain rather than breath management.

2. Question 2: How do you adjust the pitch? The accurate scientific explanation
involves adjusting the tension of the vocal folds, which directly affects the frequency of vocal
fold vibration and thus the perceived pitch. Appropriate student responses might refer to
“tightening or loosening the vocal cords” or “controlling the vocal muscles.”

This question did not result in the development of any additional codes beyond the
original five-category scheme. The coding frequency for Question 2 is presented in Table 5.8.
Table 5.8

Frequencies of Codes for Question 2: “How do you adjust the pitch?”

Code Description Frequency  Percentage
0 Do not know/unclear/irrelevant 5 13.5%
1 Adjusting vocal fold tension* 4 10.8%
2 Relying on feeling/imagination/listening 25 67.6%
3 Scientific terms (e.g., frequency, airflow) 2 5.4%
9 Other/ambiguous 3 8.1%

Note: n =37 refers to the number of matched questionnaires collected for analysis.
Percentages may exceed 100% due to multiple codes per response.
*the expected correct answer.

Most students (67.6%) described perceptual or intuitive strategies (Code 2), such as
listening to external references, matching pitch by feel, or imagining the target sound. These
responses reflect a reliance on inner hearing or musical experience rather than an
understanding of how pitch is physically controlled. Only a small number of students (10.8%)
mentioned vocal fold adjustment (Code 1), the physiological mechanism most directly

responsible for changing pitch. A few responses used scientific terms such as “frequency” or
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“airflow” (Code 3), but these were limited in both number and clarity.

Compared to the other two questions, this item revealed the strongest dependence on
personal perception, suggesting that many students can execute pitch adjustments in practice,
yet are less aware of how pitch is mechanically produced.

3. Question 3: How do you adjust the timbre? The expected response involves
adjusting the shape and configuration of the resonance cavities, such as modifying the oral
cavity, pharynx, or mouth opening. These changes influence the spectral characteristics of the
voice and contribute to perceived timbre. Common descriptions may include “adjusting the
mouth shape” or “changing the vocal tract.”

In addition to the general categories, three recurring patterns were identified and coded
separately:

e Code 4: Adjusting vocal placement or resonance position (e.g., “changing the place

29 ¢¢

where I sing,” “shifting where the sound vibrates”)
e Code 5: Mimicking external sounds or people (e.g., “imitating the teacher's timbre,”
“copying another singer”)
e Code 6: Engaging in exploratory or trial-based behaviors (e.g., “trying different
ways,” “experimenting with different tones”)

These strategies reflect students’ experiential engagement with vocal timbre, especially
when direct explanations of resonance were absent.

The coding frequency for Question 3 is summarized in Table 5.9.

Most students (37.8%) referred to adjusting parts of the resonance cavity (Code 1), such
as changing the shape of the mouth or throat. A notable number (21.6%) mentioned shifting
vocal placement (Code 4), and 16.2% described mimicking a specific voice or sound (Code
5). Some students (8.1%) reported trying different vocal strategies (Code 6), while a small

portion used scientific language (Code 3) or intuitive descriptions (Code 2). A few responses

were unclear or did not relate to any specific mechanism (Code 0 or 9).
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Table 5.9

Frequencies of Codes for Question 3: “How do you adjust the timbre?”

Code Description Frequency  Percentage
0 Do not know/unclear/irrelevant 2 5.4%
1 Adjusting the resonance cavity* 14 37.8%
2 Relying on feeling/imagination/listening 2 5.4%
3 Scientific terms (e.g., waveform, overtones, muscles) 2 5.4%
4 Adjusting vocal placement or resonance position 8 21.6%
5 Mimicking others or external models 6 16.2%
6 Trying out different vocal strategies 3 8.1%
9 Other/ambiguous 2 5.4%

Note: n =37 refers to the number of matched questionnaires collected for analysis.
Percentages may exceed 100% due to multiple codes per response.
*the expected correct answer.

Although this question had the highest proportion of scientifically accurate responses, it
also involved the largest variety of additional codes, suggesting that students may hold
divergent conceptions about how timbre is adjusted.

Summary. The analysis of students’ responses to the three pre-class questions reveals
varying degrees of conceptual clarity and strategy use across the dimensions of volume,
pitch, and timbre. While the question on volume adjustment elicited the most physically
oriented responses—often linking loudness to bodily force or throat tension—the question on
pitch revealed a heavy reliance on perceptual strategies, with few students demonstrating
awareness of how pitch is physiologically controlled. In contrast, the question on timbre
produced the highest rate of scientifically accurate responses, yet also the widest variety of
additional strategies, ranging from resonance placement to imitation and experimentation.

Across the three questions, the proportion of scientifically accurate responses (Code 1)
remained low, ranging only from 10.8% to 37.8%. This result highlights a significant gap in

students’ conceptual understanding of vocal mechanisms prior to instruction, underscoring
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the importance and necessity of the interdisciplinary course in supporting more accurate and
transferable knowledge of sound production.
5.5.4 Student Worksheets

In Iteration 2, a total of 44 worksheets were collected from three participating choruses:
Chorus A (n = 15), Chorus B (n = 17), and Chorus C (rn = 12). For each group, the completion
rate and accuracy rate were calculated as the average of each student’s individual worksheet
performance across all items.

The average completion rate across all students was .93 (SD = .16), and the average
accuracy rate was .85 (SD = .13), indicating that students generally engaged with the
worksheet and performed well on most items.

When broken down by group:

e Chorus A showed the highest completion (M = .99, SD = .03) and accuracy (M = .89,
SD = .08) rates;
e Chorus C also performed well (completion: M = .88, SD = .24; accuracy: M = .89,
SD =.11);
e Chorus B exhibited lower average performance (completion: M = .90, SD = .16;
accuracy: M =.79, SD = .16), with greater within-group variation.

Table 5.10 presents the completion and accuracy rates for each worksheet item across
all groups. Completion rates were consistently high (ranging from .84 to .98), while accuracy
rates showed more variation (ranging from .46 to 1.00). Items such as I1-1, 1I-2, III-1, III-2,
and V showed uniformly high accuracy (= .93), whereas I-1 and IV-1 had lower average

accuracy, suggesting these may have been more challenging for students.
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Table 5.10
The Completion Rate and Accuracy Rate of Each Item on the Student Worksheet in

Iteration 2

Item Completion Rate Accuracy Rate

2-1 2-2 2-3 AVE 2-1 2-2 2-3 AVE
I-1 1.00 94 .92 .95 73 38 .82 .62
I-2 1.00 94 .92 .95 73 .69 91 76
I-3 .93 .82 .92 .89 .93 .86 1.00 92
II-1 1.00 94 1.00 98 1.00 .94 1.00 98
11-2 1.00 .88 1.00 .95 .93 .87 1.00 .93
1I-1 1.00 94 .92 .95 1.00 1.00 1.00 1.00
1-2 1.00 1.00 .92 98 1.00 1.00 1.00 1.00
IV-1 1.00 .82 75 .86 .60 .50 22 46
IV-2 1.00 .76 75 .84 .93 .69 78 .80
A% 1.00 94 75 91 1.00 .94 .89 .95

Note. Iteration 2-1: n = 15; Iteration 2-2: n = 17; Iteration 2-3: n = 12 refers to the number
of worksheets collected for analysis.

I-1 refers to the first item of Section I, III-2 refers to the second item of Section III, and
Section V includes only one item.

1. Item I-1: How does a trumpet produce sound? This item was designed to assess
students’ understanding of the fundamental mechanism of sound production in wind
instruments. The expected scientific response was that a trumpet produces sound by air
passing through the lips, causing them to vibrate. This analogy allows the teacher to later
relate it to the function of the human vocal folds, which also rely on airflow-induced
vibration.

Across all groups, the average accuracy rate for this item was .62, with noticeable
variation among the three choruses: .73 in Chorus A, .38 in Chorus B, and .82 in Chorus C.

This makes it one of the lowest-scoring items on the worksheet, especially for Chorus B.
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A large number of incorrect responses focused solely on the vibration of the lips,
without mentioning the role of airflow. This omission suggests a partial understanding of the
mechanism. Upon reviewing classroom footage, the researcher found that while lip vibration
was explicitly emphasized during the activity, the explanation of air passing through was
more implicit. This lack of emphasis likely led to the widespread omission in student
responses.

These results indicate that although students may have retained the visible or
emphasized aspect of the phenomenon (lip vibration), they did not always grasp or recall the
invisible but essential component—airflow—as part of the mechanism.

2. Item I-2: How does a trumpet change its pitch? This item aimed to assess whether
students could distinguish between the two mechanisms by which pitch is changed on a
trumpet: (1) adjusting lip tension and airflow to select different harmonics within a given
tubing length, and (2) changing the length of the tubing (via valve combinations) to shift the
entire harmonic series. The expected answer included both components, highlighting that
pitch control on the trumpet involves both embouchure technique and mechanical adjustment.

The average accuracy rate for this item was .76, with notable variation across
groups: .73 in Chorus A, .69 in Chorus B, and .91 in Chorus C. While the overall
performance was better than in Item I-1, the variation and response patterns suggest that
students often had incomplete answers.

The most common incorrect or partially correct responses mentioned only the change in
tubing length, reflecting the students’ prior knowledge or assumptions about trumpet
mechanics, namely, that pressing valves alters pitch. The newly introduced idea that airflow
and lip tension also influence pitch was rarely incorporated, suggesting that students had not
yet internalized or applied this new information to the trumpet-playing context.

These results indicate that while students were able to recall familiar mechanical aspects
of pitch adjustment, they were less likely to integrate recently introduced concepts that
involve the control of sound within a fixed physical structure.

3. Item I'V-1: How do larger and smaller guitars differ in volume? This item was
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designed to assess students’ understanding of how resonance cavity size interacts with
frequency to influence perceived loudness. The expected response was that larger guitars
produce louder low-frequency sounds, while smaller guitars tend to amplify higher
frequencies more effectively. In other words, the difference in volume is frequency-
dependent, not absolute.

The average accuracy rate for this item was .46, the lowest among all worksheet items,
with particularly low performance from Chorus C (.22). This indicates that the majority of
students did not identify the conditional nature of volume differences across pitch ranges.

Most incorrect responses stated simply that larger guitars are louder, treating “volume
difference” as a general or absolute comparison rather than one that varies by frequency. This
pattern suggests a potential misreading of the question, as the prompt asked about
“differences in volume” but did not specify whether this referred to overall loudness or pitch-
specific loudness.

Although the teacher had emphasized the correct interpretation during instruction, the
widespread misunderstanding suggests that students may not have revised their initial
assumptions. The way the question was phrased may have allowed students to default to pre-
existing mental models about size equating to loudness, without activating the target concept
of frequency-dependent resonance amplification.

4. Item I'V-2: How do larger and smaller guitars differ in timbre? This item was
designed to assess students’ ability to describe qualitative differences in timbre between
instruments of different sizes. The expected response was that larger guitars tend to have a
fuller, warmer, or more resonant timbre, while smaller guitars sound brighter or more
focused. These descriptions reflect differences in how the body size and resonance cavity
shape influence sound quality, rather than measurable loudness or pitch.

The average accuracy rate for this item was .80, with moderate variation across
groups: .93 in Chorus A, .69 in Chorus B, and .78 in Chorus C. While overall performance
was higher than in Item V-1, analysis of incorrect responses revealed a consistent pattern of

misapplied reasoning.
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Most incorrect responses stated that larger guitars amplify lower pitches and smaller
guitars amplify higher pitches, which is the correct answer to Item I'V-1. These students likely
recalled the correct information from the previous question. However, they applied it in the
wrong context, failing to shift from a discussion of volume to a discussion of timbre.

This suggests that although students had memorized the teacher’s explanation, they did
not fully grasp the distinction between timbre and frequency-specific loudness, leading to
conceptual confusion between the two. The surface similarity of the two prompts may have
further contributed to the error.

5.5.5 Field Notes

To better understand how students engaged with the interdisciplinary course and how
instructional design influenced their responses, this section presents two sets of qualitative
observations from the three implementations of Iteration 2. The first focuses on patterns of
student participation and classroom dynamics across different choral groups. The second
highlights recurring instructional features and challenges observed throughout the sessions,
with particular attention to how specific teaching strategies, such as the sequencing of
concepts, the use of analogies, and questioning techniques, affected student comprehension
and engagement.

1. Classroom Observations. In Chorus A, student engagement was moderate and varied
across activity types. Hands-on demonstrations, such as swinging the whirly tube and using a
jump rope, successfully captured students’ attention and generated some participation.
However, classroom discussions revealed uneven involvement: while a few students
responded when prompted, many were hesitant or struggled to articulate their understanding
of key concepts like resonance and timbre. These patterns suggest that while the physical
activities were effective in attracting attention, additional conceptual scaffolding may have
been necessary to support deeper understanding and verbal expression. The overall
atmosphere was respectful and comfortable, but lacked the dynamism seen in more
interactive sessions.

Chorus B exhibited more polarized patterns of engagement. Some students were highly
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responsive—volunteering for demonstrations, answering questions, and contributing
actively—while others remained passive or disengaged throughout the session. Individual
differences were particularly noticeable: one student repeatedly interrupted with off-topic
comments, while another demonstrated anxiety when asked to speak. Students who sat farther
from the teacher tended to participate less, although at least one student demonstrated
accurate musical recall despite limited verbal interaction. While the overall classroom tone
was positive, these disparities in participation highlight the need for differentiated strategies
to support a wider range of learners.

Student participation in Chorus C was generally lower than in the previous groups.
Many students arrived late or left early, and several were not official members of the chorus,
which may have affected their investment in the session. A few students responded well to
demonstration-based activities, but most remained silent during class discussions. Even when
invited to share their answers, no students volunteered, suggesting low confidence or
motivation. Unclear instructional transitions may have compounded the muted peer
interaction and flat classroom energy, but the overall participation trend points to challenges
in engaging a less cohesive or transient group of learners.

2. Instruction Observations. Several recurring instructional issues emerged across the
three implementations, offering insight into areas where the teaching design could be refined
to better support student learning and classroom interaction.

One consistent challenge involved the sequencing of overtone-related concepts. In all
three sessions, students were often asked to identify overtone pitches on a piano diagram
before being given a formal explanation of what overtones are. This reversed instructional
order led to observable confusion, especially among students with limited prior exposure to
harmonic theory. The misalignment between concept introduction and task execution
suggests a gap in scaffolding. A more effective strategy would begin with defining key terms,
such as “fundamental frequency” and “overtone,” and illustrating them with audio-visual
examples before introducing application tasks like notation or comparison.

Another instructional pattern involved the use of analogies to explain abstract concepts
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such as timbre and harmonic structure. Examples like ramen broth and toppings, or Seurat’s
pointillism, were intended to make complex ideas more accessible. While these analogies
were creative, they sometimes overshadowed the core scientific concepts or were extended
without a clear explanatory focus. In several cases, students appeared more engaged with the
metaphor than the intended physics principle. This highlights the need for well-structured
analogies that are concise, explicitly mapped to target concepts, and followed by clarifying
discussion to ensure accurate interpretation.

A third issue concerned spontaneous questioning and classroom response management.
As the teacher became more confident, they increasingly incorporated impromptu questions
meant to prompt critical thinking or connect to prior knowledge. While this flexibility
reflected instructional growth, the execution was occasionally problematic. Questions were
sometimes posed without sufficient wait time or clear signals for student response, leading to
awkward silences or confusion, particularly in Chorus A and C. Fillers like “right?”” further
blurred whether a response was expected. These findings emphasize the importance of
intentional questioning techniques that provide clarity and space for meaningful student
participation.
5.5.6 Teacher Interviews

To deepen the understanding of how instructional adjustments affected student
engagement and learning, this section synthesizes field notes and post-session reflections
from the course instructor (Teacher Z) and an observing teacher (Teacher L). Across the three
implementations of Iteration 2, each chorus presented distinct classroom dynamics,
prompting adaptive teaching strategies and iterative refinement of the lesson design. By
documenting these classroom interactions, instructional decisions, and observed student
behaviors, this section highlights both the challenges and the affordances of implementing an
interdisciplinary course in real-world choir settings. The following subsections offer a close
look at how teaching unfolded in each context and how teachers made sense of student
responses, instructional pacing, and the evolving role of science within choral practice.

1. Teacher Z in Iteration 2-1. Several modifications were made to the course design in
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this iteration to lower the threshold for understanding and increase student engagement. The
overall duration of the course was shortened, and theoretical explanations were reduced in
favor of example-based instruction, allowing students to follow the lesson flow more easily.
The course was structured around three core themes—vocal and instrumental sound
production, overtones and timbre, and resonance chambers—with a final review session to
help students consolidate their understanding. The design also intentionally left conceptual
gaps to encourage students to ask questions and engage in self-guided exploration beyond the
lesson.

The instructional activities emphasized hands-on experiences and phased progression.
Activities such as “tube swinging” and “jump rope” were designed to help students
physically experience sound phenomena, which were then connected to scientific
explanations. Differentiated instruction was applied by assigning extended observation or
explanatory tasks to advanced students, while those who needed more help were guided by
the teacher or supported by peers. Worksheets and videos were integrated with guiding
questions to focus student attention. However, observations revealed that some teacher
questions were phrased ambiguously, making it unclear whether student responses were
expected. Future implementations could benefit from clearly distinguishing rhetorical
prompts from actual questions to enhance classroom interaction.

Students showed generally positive engagement with the course. Those without prior
background knowledge were able to grasp the content, indicating that the revised design
effectively reduced the cognitive load. Meanwhile, students with backgrounds in chorus or
physics demonstrated deeper thinking and asked follow-up questions, showing the course’s
potential to support advanced learners as well. Hands-on activities noticeably improved
student concentration, particularly after physically engaging tasks like “tube swinging.”
Students’ understanding of overtones, resonance, and timbre varied depending on their
musical experience, with those trained in chorus displaying quicker comprehension.
Nevertheless, classroom interactions remained somewhat limited by the pacing and

facilitation style; future adjustments could include more deliberate scaffolding during review



140

sessions to encourage broader student participation.

2. Teacher Z in Iteration 2-2. The students in Chorus B exhibited noticeably different
learning traits compared to those in previous iterations. Unlike Chorus A, where students
tended to ask questions when encountering confusion, students in Chorus B showed a
stronger tendency toward internal processing. Rather than seeking immediate clarification,
they were more likely to engage in self-directed reflection when faced with cognitive
dissonance. This made the lessons' built-in moments of inquiry and ambiguity especially
impactful, stimulating deeper thought and engagement. Some students actively participated in
discussions and even photographed key slides, indicating a strong interest in the content. As

the teacher noted,

“I felt that their internal cognitive struggle was quite strong. Unlike students in

Chorus A, who would ask questions whenever they did not understand, students in

Chorus B tended to process things internally. As a result, the questions and

uncertainties built into the lesson design had a greater impact on them.”

(Teacher Z, personal communication, December 27, 2024).

However, not all students were equally involved. Several were more reserved or passive,
and a few appeared disengaged, especially after the mid-session break. Although the
classroom atmosphere remained generally respectful, the level of interaction was relatively
low. Additionally, since students were allowed to choose their seats, more motivated students
gravitated toward the front while others stayed in the back, resulting in uneven participation
across the room.

To strengthen student engagement and reinforce key concepts, the second session of the
lesson could incorporate more interactive activities. For instance, students could be invited to
experiment with producing overtones themselves or to apply what they have learned about
resonance and vocal mechanisms to adjust their timbre intentionally. These hands-on
experiences would provide opportunities for embodied learning, deepen conceptual

understanding, and help students make more explicit connections between scientific
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principles and their singing practices.

3. Teacher Z in Iteration 2-3. The implementation of Iteration 2-3 with Chorus C
marked a turning point in the study, as both student reactions and instructional pacing
revealed clearer patterns. While students initially appeared disengaged, their level of focus
improved considerably as the session progressed, especially after interactive elements were
introduced. The teacher noted that students responded well to singing activities and were
better able to identify acoustic patterns when they actively vocalized rather than listened. This
highlights the importance of embodied participation in helping students connect scientific
principles with their own musical experience.

At this stage of the DBR process, the course had reached a relatively stable form.
Iteration 2-3 demonstrated the growing coherence of the instructional design, with
refinements based on earlier field trials yielding more consistent engagement and clearer
learning outcomes. The shift to a phenomenon-based instructional strategy—presenting
observable events first and then guiding students to uncover the underlying mechanisms—
proved to be particularly effective. Rather than beginning with abstract theories, students
were encouraged to investigate visible and audible phenomena, which better matched their
intuitive learning processes.

The interdisciplinary theme of combining science and choral practice remained central
to the curriculum’s identity. According to the teacher, the success of this approach hinged on
the choice of content: effective integration required topics that were strongly connected to
both disciplines and relevant to students’ experiences. While the fusion of acoustics and
singing provided a meaningful foundation, it was suggested that more surprising or
unconventional pairings could potentially spark even greater student curiosity in future
iterations.

In terms of teaching context, the use of a chorus setting, rather than a general science or
music classroom, proved to be a double-edged sword. On the one hand, students in the chorus
were presumed to have stronger motivation and musical sensitivity, which supported deeper

exploration of concepts like resonance and timbre. On the other hand, some students,
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especially in elective settings like Chorus C, participated with varying degrees of interest and
preparation. Despite this, the course was viewed as highly feasible overall. With further
streamlining of terminology, activity timing, and instructional scaffolds, the curriculum was
seen as adaptable and implementable in similar chorus-based learning environments.

4. Teacher L. In this study, Teacher L served as the instructor for both Chorus B and
Chorus C, providing firsthand observations of student characteristics and participation across
two different groups. Importantly, Teacher L did not participate in the course design process
and thus acted as an independent, external evaluator. This positioning allowed Teacher L to
offer an objective assessment of the course’s feasibility, usability, and relevance from the
perspective of a typical chorus teacher. His feedback therefore reflects both insider
knowledge of choral instruction and outsider detachment from the research team’s design
decisions, contributing valuable insights into how the curriculum could be adopted and
adapted by other choral directors.

Teacher L observed that students in both Chorus B and Chorus C demonstrated a wide
range of participation styles and personal characteristics, which influenced how they engaged
with the interdisciplinary course. Some students remained quiet and peripheral during the
lesson but still exhibited signs of understanding, such as offering corrections when something
was misstated or responding nonverbally. One student, for example, often isolated himself
during class yet showed intellectual engagement and later continued to attend rehearsals
despite transitioning to a self-directed learning model. Another student, in contrast, frequently
interjected with spontaneous thoughts that sometimes veered off-topic. While this behavior
occasionally disrupted the lesson flow, it was also indicative of a more advanced and
independent thought process. Teacher L reflected that such diversity in the classroom, though
occasionally challenging, enriched the learning environment and revealed the chorus as a
space where different identities and ways of thinking could coexist.

Regarding classroom questioning and student expression, Teacher L emphasized the
importance of providing students with adequate time and scaffolding before expecting verbal

responses. Some students, when called upon, found it difficult to articulate their thoughts on
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the spot, which sometimes led to awkward silences. Teacher L suggested that allowing
students first to write down their thoughts, as was done in an earlier version of the course at
Chorus A, could lower the pressure and make verbal sharing more accessible. He also pointed
out that because traditional choral rehearsals rarely invite open discussion or student
reflection, students may be unaccustomed to being asked for their input. This cultural gap
between performance-based instruction and dialogic learning meant that teachers needed to
develop more intentional strategies for drawing out student thinking.

After the lesson, Teacher L noticed meaningful changes in students’ rehearsal behaviors.
In particular, students began using more precise terminology during ensemble work, asking
whether an issue was related to pitch or timbre and showing a greater awareness of vocal
qualities. This demonstrated that students were not only retaining conceptual knowledge but
were also beginning to apply it in practical, musically relevant ways. Although such changes
were more apparent in some students than others, it affirmed the potential for
interdisciplinary instruction to support long-term learning transfer beyond the immediate
classroom context.

Teacher L regarded the curriculum as highly feasible and well-structured. The total
duration of 100 minutes, divided across two sessions, was seen as manageable and
compatible with the realities of high school scheduling. The materials—slides, worksheets,
PVC tubes, jump ropes, and trumpet mouthpieces—were all considered accessible and easy
to prepare. The lesson plan’s clarity, with each activity mapped to corresponding slides and
accompanied by detailed explanations, made it particularly useful. Teacher L recommended
annotating scientific terms with optional extensions (e.g., “basic,” “intermediate,” or
“advanced”) so that teachers with different backgrounds could decide how much detail to
include. This would also empower teachers to personalize the lesson based on their
confidence and familiarity with the content.

Finally, Teacher L emphasized the curriculum’s potential not only as a classroom
resource but also as a teacher training tool. Many choral directors, he observed, have strong

musical skills but limited training in pedagogy. This curriculum provided clear models for
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positive language use, student attention management, and lesson structure—all of which are
crucial for effective instruction. He noted that many rehearsals, while instructional, lack
planning around student engagement and conceptual progression. The design of this course,
with its attention to student motivation, interactive pacing, and cognitive accessibility, could
offer a valuable framework for both new and experienced teachers. He also suggested that the
curriculum could be integrated into professional development workshops, especially for
teachers preparing choruses for competitions, where a deeper understanding of vocal
acoustics could enhance both teaching and performance outcomes.

When discussing the idea of positive behavioral support, Teacher L shared:

“I think this is helpful. Like, if [ were teaching this course and also working as the
chorus conductor, I honestly think it would be hugely beneficial to our regular
rehearsals. Because usually, rehearsals are all about correcting mistakes.

Furthermore, when you are correcting mistakes, you have to be fast and precise, so

you end up negatively framing things. People tend to remember negative phrasing

more clearly. Like, when I think about it now, what I remember most from before are

all the ‘don'ts’— do not do this, do not do that. However, I rarely remember the things

we are supposed to do. So yeah, I think this part is helpful.”

(Teacher L, personal communication, April 12, 2025)

This perspective highlights how the course's instructional style—especially its use of
affirming language and constructive feedback—can directly enhance daily rehearsal practices
by shifting attention from error correction to actionable, positive guidance.

5.6 Reflection

To refine the interdisciplinary course and enhance its applicability in real classroom
contexts, Iteration 2 incorporated a range of design and research modifications based on
insights gained from the first implementation. This section presents a multi-faceted reflection
on these changes, focusing on both instructional revisions and research procedures. It begins

by outlining the major shifts from Iteration 1 to Iteration 2, followed by smaller within-
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iteration adjustments made after each implementation. The section also reviews
improvements in research design and explores how the course contributed to teacher learning
and empowerment. Together, these reflections illustrate the iterative and adaptive nature of
the DBR process.

5.6.1 Major Changes from Iteration 1 to Iteration 2

In the design of Iteration 2, the researcher made systematic revisions to the course’s
timing, instructional content, and teaching methods based on insights gained from the
implementation and reflection of Iteration 1. These adjustments were aimed at responding to
the practical needs of the teaching context and enhancing both the feasibility of the
curriculum and student engagement.

1. Time Allocation. In terms of time allocation, the original structure of four sessions
totaling 180 minutes was condensed into two sessions lasting 100 minutes in total. This
change not only aligned better with school scheduling constraints and teachers’ workload but
also significantly improved students’ learning conditions. According to feedback from
Teacher Z in the Iteration 2-1 interview, the shorter duration helped students maintain focus
and increased their level of participation. Worksheet data corroborate this: the completion rate
for Chorus A in Iteration 2 reached 0.99, compared to 0.91 in Iteration 1. Teacher L similarly
noted that 100 minutes was an appropriate length, given the limited attention span of high
school students. Classroom observations also indicated that the three-hour session in Iteration
1 often led to student fatigue, particularly during the later stages involving discussion and
hands-on activities. In contrast, the tighter pacing of Iteration 2, with a structured mid-session
break, allowed for better maintenance of concentration and emotional regulation. Overall,
although shortening the course necessitated trade-offs in content coverage and instructional
strategies, it ultimately contributed to improved instructional quality and learning efficiency.

2. Instructional Content. Adjustments to instructional content focused on two main
aspects: (1) reducing overly complex scientific theories and (2) increasing the use of real-life
examples and interactive activities to lower abstraction and enhance accessibility. Teacher Z

acknowledged that this simplification might feel shallow to students with prior knowledge or
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a science background, who might wish to explore the underlying mechanisms and theories
more deeply. However, he also emphasized that the revised content allowed most students to
more quickly grasp the core concepts, making it a reasonable trade-off. Teacher L added that
the adjusted difficulty was more appropriate for chorus teachers and made implementation
more manageable. Nonetheless, for academically advanced students such as those in Chorus
B, who showed the highest pre-test scores across all five subscales of the Science Learning
Interest Scale, it was suggested that the curriculum retain optional extensions for deeper
exploration. Worksheet results also supported these content adjustments: Chorus A’s average
accuracy rate increased from 0.54 in Iteration 1 to 0.89 in Iteration 2, indicating stronger
conceptual understanding. Student feedback further suggested that relatable examples from
daily life facilitated their comprehension of acoustic phenomena. Although field notes
revealed that the teacher’s use of analogies was not yet fully refined, occasionally leading to
unclear or tangential explanations, these examples generally helped foster a positive
classroom atmosphere and boosted learning motivation.

On the other hand, the inclusion of interactive activities was another key direction of
revision. Both Teacher Z and Teacher L affirmed that these activities were effective in
capturing students’ attention and sustaining classroom momentum. Teacher Z specifically
noted that because Iteration 2 relied more on explanation and demonstration, it was even
more important to incorporate interactive elements to distinguish the experience from typical
school instruction. The researcher observed that while these additions raised the threshold for
teaching preparation, requiring materials such as whirly tubes, jump ropes, and trumpet
mouthpieces, they also demanded greater instructional competence, particularly in voice-
related activities like overtone control and timbre adjustment. These tasks required vocal
expertise and improvisational skill for in-class demonstration. Fortunately, Teacher Z
possessed both the technical ability and enthusiasm to carry out these demonstrations,
resulting in strong instructional outcomes. Therefore, the final version of the teaching plan
included recommendations for other teachers to choose whether to implement such activities

based on their confidence and capabilities, ensuring flexibility while maintaining
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instructional quality.

3. Teaching Methods. While Iteration 1 employed cooperative learning and inquiry-
based instruction, encouraging students to think through peer discussions and open-ended
questions, Iteration 2 adopted a more structured and teacher-centered approach. In response
to limited instructional time and consideration of teachers’ disciplinary backgrounds, direct
instruction was chosen as the primary strategy for its efficiency and familiarity. Teacher Z
noted that this method tended to place students in a passive role, and without planned
activities, their attention might diminish within 15 minutes. Consequently, the revised
teaching plan interspersed several interactive segments within lectures to enhance
engagement. Although direct instruction may not be the most engaging method, it proved to
be a pragmatic and effective choice for delivering essential scientific content within a
constrained timeframe while making the curriculum more accessible to chorus teachers.

Summary. In sum, the design of Iteration 2 successfully integrated and responded to the
reflections from the first phase of the study. Through practical revisions, it demonstrated
improved relevance and feasibility in real classroom settings, enhancing student
understanding and participation while also strengthening teacher confidence and willingness
to adopt the curriculum. These outcomes underscore the value of DBR in iteratively refining
instruction in response to contextual realities.

5.6.2 Minor Changes within Iteration 2

To clarify the progression of the course adjustments, each version of the teaching plan is
named as follows: Version 2.0 refers to the initial design of Iteration 2. After a trial teaching
session and discussions with Teacher Z, Version 2.1 was created and used in Iteration 2-1
with Chorus A. Following the implementation of Iteration 2-1, Version 2.2 was developed
based on teacher interview feedback and used in Iteration 2-2. Similarly, Version 2.3 was
produced after interviews for Iteration 2-2 and used in Iteration 2-3. After three
implementations, the researcher added the last adjustment directions into Version 2.4, which
is the version presented in Section 5.2 on course design.

1. Version 2.1. After the trial teaching session, the researcher reflected that Lesson 1's
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“Development Activity 3: Constraints of Overtone Production” did not run smoothly.
Originally, students were asked why overtone pitches are fixed, followed by a demonstration
of the whirly tube. It became clear that the initial question was too abrupt, and the sequencing
of the whirly tube and jump rope activities failed to capitalize on the peak of student
attention. In Version 2.1, the whirly tube demonstration was moved before the question to
allow students to observe the phenomenon first and then reflect on the cause, aligning better
with the principles of PhBL and optimizing students’ focus during the learning sequence.

Teacher Z also suggested that the piano keyboard diagram used in the slides for
explaining overtone calculations should be included in the worksheet to help students identify
pitch locations. Regarding the summary activity at the end of Lesson 1, Teacher Z noted that
both the violin and timpani tuning mechanisms could be reasonably compared to vocal fold
function, prompting revisions to the instructional explanation. Other unclear or
supplementary areas were marked in blue within the lesson plan, such as added introductory
explanations or the removal of potentially confusing text. These revisions were compiled into
Version 2.1 for use in Iteration 2-1.

2. Version 2.2. In Lesson 2's “Development Activity 2: Human Resonance Spaces,” the
teacher originally replayed the overtone singing video first and then summarized how singers
enhance overtones. However, classroom observations revealed that since overtone control
largely involves internal mouth cavity adjustments, these changes were not externally visible
in the video, making it difficult for students to deduce the method. In Version 2.2, the
sequence was reversed: the teacher first explained the technique for amplifying specific
overtones and then replayed the video to reinforce understanding. The video thus served as a
recap rather than a discovery prompt, and students were warned that internal vocal tract
movements may not be externally observable.

Additionally, in Iteration 2-1, the researcher observed that “Development Activity 3: The
Cause of Timbre” was not delivered fluently. In the follow-up interview, Teacher Z indicated
the need for better conceptual scaffolding. Therefore, Version 2.2 provided a clear outline

linking the three prior topics to the causes of timbre, aiming to support the teacher’s
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explanation. Other observations were marked in red to flag potential difficulties noted in
class, while blue annotations indicated added or revised content.

3. Version 2.3. Teacher Z noted that Lesson 2 had fewer interactive activities and
recommended adding hands-on tasks related to overtone enhancement and timbre adjustment.
As a result, Version 2.3 incorporated new interactive activities at the end of both
“Development Activity 2: Human Resonance Spaces” and “Development Activity 3: The
Cause of Timbre.” Red annotations highlighted areas for further teacher attention—mostly
revisions added in the previous version—while earlier red notes had been addressed,
demonstrating the teacher's responsiveness to instructional feedback.

4. Version 2.4. After the third implementation, the researcher identified several
instructional issues that persisted despite repeated teaching, suggesting design flaws rather
than teacher unfamiliarity. These areas were revised accordingly.

In Lesson 1°s “Development Activity 2: The Concept of Overtones,” the overtone
pitches from the trumpet video were initially introduced before defining the terms
fundamental frequency, overtone, and overtone series. To improve instructional logic, these
definitions were moved earlier in the sequence, with the overtone pitch mapping now placed
at the end of the section.

In Lesson 2’s “Development Activity 1: Resonance Box Size,” a discussion question—
“Why can’t the double bass play high notes?”’—was meant to prompt reflection on the
relationship between resonance box size and timbral range. Previously, this question followed
a video comparing large and small guitars, but the sequence disrupted the flow. In Version
2.4, the question was posed before the video to create anticipation and guide student
observation, thereby aligning better with typical learning processes.

Finally, analysis of student worksheets revealed that some key ideas or answers were
presented too implicitly in earlier versions. To address this, new annotations were added to
the lesson plan, reminding teachers to highlight important explanations or cues during
instruction explicitly. These refinements aim to improve clarity and ensure that all students

can more readily connect classroom activities with core scientific concepts.



150

Summary. The differences across Iteration 2’s lesson plan versions were relatively
minor, focusing primarily on sequencing and clarification of instructional content. However,
these nuanced revisions reflect careful pedagogical consideration and may serve as useful
references for future curriculum designers.

5.6.3 Research Design

Several modifications were made to the research design in Iteration 2 to enhance the
richness and diversity of the data collected. First, the number of participating choruses
increased from one to three, and an additional teacher was interviewed. These changes
broadened the scope of data sources and contributed to more comprehensive perspectives,
allowing the study to examine the course’s adaptability and effectiveness across different
group contexts and teaching styles.

In terms of instrumentation, the pre/post questionnaires retained only the Science
Learning Interest Scale, while two new tools were introduced: open-ended pre-class questions
and the Learning Satisfaction Scale administered after the course. The open-ended questions
provided deeper insights into students’ prior conceptions, supporting more targeted lesson
adjustments, while the satisfaction scale offered immediate feedback on students’ perceptions
of the lesson’s clarity, relevance, and overall quality. Both additions successfully captured
valuable data as anticipated, enriching the understanding of how students experienced and
responded to the interdisciplinary course.

For field notes and teacher interviews, the lesson plan served as a structural reference for
documentation, which significantly improved the precision of instructional observations and
informed micro-level revisions to the teaching plan. This systematic alignment between the
plan and observation ensured that data collection focused on key moments of teaching and
learning, resulting in more actionable feedback for refining content, pacing, and classroom
management.

In terms of research participants, instruments, and implementation procedures, three key
aspects warrant further discussion: the differences among the participating choruses,

reflections on the use of student worksheets, and the intervals between implementations.



151

1. Differences Among the Three Choruses. While the basic demographic and
contextual information of the three choruses has been introduced in the earlier description of
research participants, classroom implementation revealed that the actual variation in student
characteristics was far greater than initially anticipated. These nuanced differences became
evident only through direct observation and teacher interviews during the lessons. Therefore,
this section presents these differences as part of the research reflections rather than as
background information, highlighting how understanding and responding to students’ diverse
traits is crucial for the effective adaptation of interdisciplinary instruction in future practice.

Beyond the objective differences in gender composition, group size, and school ranking,
the researcher identified distinct student characteristics across the three choruses through
classroom observations and post-lesson teacher interviews.

Chorus A, led by Teacher Z, exhibited a relatively quiet classroom atmosphere despite
the familiarity between the teacher and students. The researcher speculated that the students
were deeply accustomed to the teacher’s usual rehearsal style; thus, even when instructional
strategies were altered, students responded passively out of habit. In Iteration 1, Teacher Z
noted that although these students were diligent and motivated, they tended to be constrained
by existing knowledge structures, requiring additional time to adapt to new content or
learning approaches. Chorus A students also displayed a noticeable fear of making mistakes
when answering questions, often waiting for the “correct answer” from the teacher. This
behavior influenced the design of both Iteration 1 and Iteration 2 lesson plans, which
intentionally minimized pressure during class discussions. On the other hand, this cautious
attitude led students to ask questions when confused, enabling the instructor to clarify in real-
time and providing observers with valuable insights into student comprehension.

Chorus B, which frequently collaborates with Chorus A, was also familiar with Teacher
Z. The classroom atmosphere was notably more active, with several students responding
enthusiastically. Compared to the other groups, Chorus B demonstrated the greatest
individual variation: some students were consistently eager to participate, while others

appeared disengaged. Teacher L explained in interviews that two such students had special
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education needs—one later transitioned to home schooling and was actively engaged in stock
trading. At the same time, the other, diagnosed with an autism spectrum disorder (Asperger’s
Syndrome), regularly visited the school counseling office at lunch. Interestingly, Chorus B
scored the highest in pre-test measures of ISL, both in terms of mean and median scores,
suggesting a stronger baseline engagement with science content.

Chorus C, by contrast, was less familiar with Teacher Z, and Teacher L described the
students as less self-directed and more passive in classroom settings. The atmosphere was
comparatively subdued. According to Teacher L, students in Chorus C generally exhibited
lower cognitive readiness and motivation, often requiring multiple explanations to grasp key
concepts and showing little enthusiasm for group-related activities. However, they tended to
comply readily with teacher instructions, placing greater demands on teacher experience and
classroom management skills.

In summary, despite the geographic proximity of the three choruses and the close
collaboration among conductors, there were substantial differences in student profiles and
classroom dynamics. Nevertheless, the course was successfully implemented across all three
groups, contributing to measurable gains in students’ ISL, demonstrating the curriculum’s
adaptability and broad applicability.

2. Reflection on Student Worksheets. The role of student worksheets shifted notably
between Iteration 1 and Iteration 2. Originally used as end-of-class reflection tools, the
worksheets in [teration 2 were integrated directly into classroom instruction as guided notes
and in-lesson exercises. Students were thus expected to complete them with as much
accuracy as possible.

Upon analyzing the worksheet responses, two recurring issues emerged: incomplete
answers and misinterpretation of questions. The former was often linked to a lack of
emphasis in video materials or teacher explanations; this prompted the inclusion of teacher
reminders about worksheet completion in the final version of the lesson plan. The latter
typically stemmed from ambiguous question phrasing or unclear instructions, leading to

revisions in item wording and the addition of explanatory notes in the teaching plan to reduce
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misunderstanding.

3. Implementation Intervals. The three implementations of Iteration 2 occurred within
a short timeframe, with only a two-day gap between Iteration 2-2 and Iteration 2-3. This
limited the extent of possible adjustments between sessions and left insufficient time to
analyze student worksheets and questionnaire data prior to the next round. Consequently, all
revisions—except those in Version 2.4—were based solely on field notes and teacher
interviews.

Looking ahead, it is advisable to ensure adequate time between each implementation to
allow for comprehensive analysis and reflection. Such spacing would better align with the
iterative intent of DBR and enable more meaningful refinements based on full data review.

Summary. In sum, the revised research design in Iteration 2 allowed for more robust
and nuanced data collection through the inclusion of additional participant groups, expanded
instrumentation, and improved documentation methods. The comparative analysis across
three choruses highlighted the importance of contextual factors in shaping instructional
effectiveness. Meanwhile, the integration of worksheets into real-time instruction and the
compressed implementation schedule offered valuable insights into the practical challenges
of iterative refinement. Together, these reflections underscore the need for both
methodological flexibility and strategic planning in DBR.

5.6.4 Teacher Empowerment

In the reflection on Iteration 1, the researcher identified that choral conductors often lack
formal pedagogical training and require additional support. In response, Iteration 2
incorporated several strategies to enhance teacher readiness. Beyond providing a more
detailed lesson plan, a model teaching demonstration was conducted prior to the first
implementation to help the instructor become familiar with the content and activities.
Furthermore, the researcher found that the most effective way for instructors to gain
confidence was simply through repeated practice. Not only did teaching this course increase
students’ scientific interest and improve their vocal technique, but it also appeared to

contribute to the teachers’ professional development, as detailed below.
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1. Teacher Z’s Growth Through Teaching. Across the three implementations, the
researcher observed noticeable progress in Teacher Z’s delivery—from the tentative and
disjointed instruction in Iteration 2-1, to the more natural handling of students with special
needs in Iteration 2-2, and finally to the adaptive inclusion of extra interactive activities in
Iteration 2-3. This progression suggests that the “learning-by-doing” principle applies well to
chorus instructors: with a well-structured teaching plan, they can become more confident and
effective through repeated implementation. In interviews, Teacher Z frequently attributed
classroom challenges to a lack of familiarity with the materials, noting that it was difficult to
prepare in advance fully. Therefore, repeated teaching was essential for mastery. For future
teachers intending to adopt this course, it is recommended not only to review the teaching
materials thoroughly but also to conduct one or two trial runs to ensure optimal delivery.

2. Contributions to Teacher Professional Development. In Iteration 1, Teacher Z
extended the learning experience into regular rehearsals by designing vocal exercises related
to the oral cavity space. On the other hand, Teacher L observed a shift in Chorus B after
completing the course: students became more attuned to rehearsal instructions. They expected
greater clarity, which prompted Teacher L to reflect on the precision of his language and even
sparked interest in exploring the science of vocal sound further. Recognizing this potential,
the researcher integrated more rehearsal-enhancing strategies into the Iteration 2 lesson plan.

Teacher L also noted that the course had a profound impact on his instructional mindset.
For example, the use of “positive behavior support”—originally added to the script as a
humorous touch—prompted serious reflection. He began questioning whether his usual
rehearsal style leaned too heavily on criticism and sarcasm, and upon experimenting with
more positive reinforcement, he noticed a clear improvement in the rehearsal atmosphere.

While the course was initially designed to enhance students’ ISL, with secondary goals
of fostering musical engagement and improving choral attitudes, no significant changes were
detected through formal measurement tools. Nevertheless, teacher interviews revealed that
the course unexpectedly heightened both student awareness and teacher intentionality. From

the researcher’s perspective, chorus rehearsals are rich educational settings, and thoughtfully
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designed curricula tailored for chorus instructors could help transform the rehearsal
environment into a more engaging and pedagogically informed space.

Summary. In conclusion, Iteration 2 not only advanced student learning but also
empowered teachers through structured support and iterative practice. Teacher Z’s
progression across implementations exemplified how repeated engagement with a clear
instructional framework can foster pedagogical confidence and adaptability. Meanwhile, both
teachers reported that the course prompted deeper reflection on instructional language,
classroom dynamics, and even personal teaching philosophy. These findings highlight the
potential of interdisciplinary curricula not only to enhance student outcomes but also to serve
as a catalyst for meaningful teacher professional development, particularly in rehearsal-based

educational contexts where formal pedagogy is often underemphasized.
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Chapter 6 Discussion

This chapter synthesizes key insights from the design, implementation, and evaluation of
an interdisciplinary course that integrates science and music to enhance students’ ISL. Guided
by three research questions, the discussion is organized into three main sections. The first
section (6.1) addresses critical design principles, exploring how the course was structured to
align with students’ musical needs while incorporating accessible scientific content and
interactive pedagogical strategies. The second section (6.2) examines the extent to which the
course influenced students’ ISL, highlighting shifts in both situational and personal interest as
well as qualitative indicators of engagement and reflection. The final section (6.3) turns to
practical challenges and opportunities encountered during implementation, focusing on the
perspectives of teachers, students, and the researcher. Together, these findings offer a
comprehensive understanding of how interdisciplinary curriculum design can meaningfully
support science learning in authentic educational settings.
6.1 RQ1: What design principles can be derived from the iterative development of an
interdisciplinary course that integrates science and music to stimulate students’ ISL?

This section addresses RQ1 by identifying key design principles that emerged through
the iterative development and implementation of the interdisciplinary course. Drawing on
field observations, student responses, and teacher interviews across both iterations, five major
considerations were distilled. These principles reflect the pedagogical shifts and content
adjustments made to align the course with the practical realities of choral instruction while
enhancing students’ ISL. Rather than approaching science as the central focus, the course
design emphasized relevance to students’ musical experiences, clarity of instruction, and
cognitive accessibility (Aikenhead, 2006; Rule, 2006). Each of the following subsections
discusses one design consideration, supported by data and reflections from the course
development process.
6.1.1 Selecting Topics Based on Students’ Choral Needs

In both iterations of the course design, “how to adjust timbre” was chosen as a core

instructional focus. This decision was based on three considerations. First, compared to



158

volume and pitch, the mechanisms underlying timbre are more abstract and complex, making
them more difficult for students to understand. The researcher observed that this concept is
one of the most commonly encountered yet least consciously addressed aspects of vocal
technique among chorus students. This observation was supported by responses to the open-
ended pre-questionnaire in Iteration 2: most students were unable to articulate specific
mechanisms for adjusting timbre. Instead, they tended to rely on imitation or trial-and-error
strategies, often using vague terms such as “placement,” reflecting the presence of numerous
alternative conceptions. In addition, Teacher Z stated in the post-course interview for
Iteration 1 that if the course were to be implemented again, “adjusting timbre” should remain
the central topic, as it is both essential for chorus members and relatively accessible through
practice.

This design approach also departs from the structure of many previous interdisciplinary
courses (Crowther, 2012; Tojeiro-Pérez & Gillanders, 2024), which typically place science
concepts at the center and use music as a supplementary tool to stimulate interest or support
understanding. In contrast, this study began from the practical needs of chorus instruction—
specifically, the improvement of vocal technique—and then incorporated scientific
knowledge to support that goal. In doing so, it offers a reversed design logic: one that
foregrounds students’ real-world interests rather than abstract scientific content.

Underlying this approach is a broader critique of the dominant view of science in formal
education. Science is often framed as objective, authoritative, and intrinsically valuable—a
subject linked to high-stakes assessments and academic success (Aikenhead, 2006; Osborne
et al., 2003). While this positioning reinforces its importance, it may also contribute to
students’ perception of science as distant, rigid, or unengaging. By embedding scientific
concepts within a context that students care about, such as improving their singing ability
within a chorus, this course seeks to make science more approachable and personally
relevant. This design also aligns with the view that learning is more engaging when it
connects with students’ lived experiences, personal goals, or areas of interest (Renninger &

Hidi, 2011; Ryan & Deci, 2000).
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Looking ahead, for future implementations of similar interdisciplinary courses, it may be
beneficial to begin by observing actual chorus rehearsals to identify specific vocal challenges
faced by students or by discussing instructional observations with on-site chorus teachers.
Instructors might initiate lessons based on common choral practices, such as blending, tuning,
or resonance, and guide students in uncovering the underlying physical or acoustic
mechanisms. By using students’ lived singing experiences as the starting point, scientific
knowledge can be introduced in ways that feel directly relevant and immediately useful,
thereby fostering both conceptual understanding and sustained engagement.

6.1.2 Prioritizing Direct Instruction Over Exploratory Methods

In Iteration 1, the researcher initially incorporated several student-centered pedagogical
strategies, such as cooperative learning and guided inquiry, in an effort to increase
engagement and stimulate interest. These methods are commonly advocated in the literature
as effective for promoting student motivation and learning interest (Blumenfeld et al., 1991;
Renninger & Hidi, 2011). However, classroom observations revealed that these methods were
not particularly effective in this context. The instructor was unfamiliar with these approaches
and lacked the pedagogical training to implement them eftectively. As a result, the researcher
revised the instructional approach in Iteration 2, shifting primarily to direct instruction. This
included teacher-centered explanation of concepts, supplemented by conductor-led
demonstrations. Not only did this improve instructional efficiency, but it also aligned more
closely with the rehearsal practices typically used by choral conductors, thereby making it
more feasible for them to teach the course.

Teacher Z confirmed this alignment during the post-course interview for Iteration 1,
noting that conductor training often emphasizes efficiency and time-sensitive rehearsal
management. Consequently, most choral conductors are more comfortable with directive and
teacher-led instructional formats. That said, because many conductors are also skilled singers,
demonstration-based teaching can serve as a complementary strategy that remains within
their comfort zone.

On the other hand, evidence from Iteration 2 indicates that this shift to direct instruction
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did not compromise students’ conceptual understanding. Analysis of the pre-class open-ended
questions and student worksheets revealed clear gains in students’ grasp of the target
concepts. For instance, while students initially gave vague or intuitive explanations for how
to adjust volume, pitch, and timbre, their worksheets showed substantial improvements: over
80% accurately applied the notion of overtones to explain timbre, and similar gains were
observed for questions related to volume and pitch. These results demonstrate that, within a
teacher-led framework, students were able to internalize and apply key scientific ideas in
meaningful ways.

Looking ahead, if similar courses are to be taught by chorus conductors, it would be
advisable to rely primarily on direct instruction and demonstration methods to ensure
teaching quality and effectiveness. If student-centered or exploratory teaching approaches are
to be introduced, sufficient scaffolding and teacher training should be provided to ensure
instructional effectiveness and confidence.

6.1.3 Simplifying Scientific Content Through Observable Phenomena

Although the initial course design already aimed to reduce the density of scientific
content, feedback from Iteration 1 revealed that many students—and even instructors—
struggled to grasp the concepts fully. In Iteration 2, the scientific rigor was maintained, but
much of the abstract theoretical content was removed. Instead, everyday examples were
introduced to clarify scientific terms and ideas. Field notes and student worksheets indicated
improved participation and understanding, and Teacher Z confirmed in the post-course
interview that this adjustment made the content feel more approachable for most students.

From the perspective of science educators, there is often a natural inclination to explain
the underlying mechanisms behind observable phenomena (Osborne et al., 2003). Ideally, this
would lead students to develop transferable conceptual knowledge. However, given the
constraints of class time, students’ limited prior knowledge, and the instructors’ varying
levels of science teaching experience, aiming for depth can backfire. In practice, intriguing or
thought-provoking phenomena tend to be more effective in sparking students’ interest than

complex theoretical explanations (Hidi & Ann Renninger, 2006; Mitchell, 1993). Using
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relatable, real-world examples helps students connect new information to prior experience,
making scientific ideas more deeply internalized and meaningful (Duit & Treagust, 2003;
Rule, 20006).

For future interdisciplinary course designs that aim to enhance students’ ISL, it is
essential to evaluate the difficulty level of the scientific content carefully. If the material is
too abstract or cognitively demanding, students may become overwhelmed and disengaged,
ultimately reinforcing the perception that science is inaccessible or uninviting.

6.1.4 Integrating Interactive Activities Around Conceptual Instruction

Interactive activities consistently received positive feedback from both students and
instructors during Iteration 1. These activities were therefore expanded in Iteration 2, with
additional segments added even after the second implementation (Iteration 2-2) to enhance
engagement further. Teacher Z noted that students’ attention levels significantly improved
after engaging in such activities and recommended placing them both before and after
theoretical explanations to reinforce key concepts. He also pointed out that, since Iteration 2
relied more heavily on direct instruction, these activities played an essential role in
differentiating the course from typical academic classes and maintaining student interest.

In this context, interactive activities included teacher-student exchanges such as Q&A,
the use of physical props or demonstration tools, and guided vocal practice. These activities
not only encouraged student participation and improved classroom dynamics but also
provided multiple modes of representation for abstract concepts. By seeing, hearing, or
physically experiencing phenomena, students developed a more intuitive and emotionally
resonant understanding of the content (Duit & Treagust, 2003; Rule, 2006). This not only
enhanced memory retention but also fostered greater emotional engagement with the subject
matter.

Looking ahead, when designing courses aimed at stimulating students’ ISL, integrating
interactive and experiential components can help create a more dialogic classroom
atmosphere. Such activities promote not only cognitive gains but also affective engagement,

which is critical for cultivating lasting interest (Renninger & Hidi, 2011; Ryan & Deci, 2000).
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6.1.5 Structuring the Course Within a Realistic and Focused Time Frame

The final key design consideration pertains to lesson duration and how it affects both
research implementation and instructional effectiveness. During Iteration 1, the course was
delivered as a single three-hour workshop. While this extended format allowed for more
content, it created practical challenges for both data collection and learning continuity. Many
students were unable to attend the entire session due to scheduling conflicts or fatigue, which
not only reduced the number of matched pre-/post-questionnaires but also resulted in some
students missing key activities and explanations. This partial participation weakened both the
research data quality and the instructional coherence for those students. To address this,
Iteration 2 adopted a condensed two-period format (approximately 90 to 100 minutes) that
aligned more realistically with the scheduling of club activities in Taiwanese high schools.
This adjustment enabled more students to participate in the entire lesson without leaving
midway, ensuring that each student could complete the full sequence of learning activities
while also providing more complete data for research purposes.

In addition to supporting full participation, the shorter lesson format also enhanced
students’ sustained attention and active engagement throughout the session. Field notes and
teacher interviews during Iteration 1 revealed that student focus dropped significantly in the
latter half of the three-hour workshop, limiting learning effectiveness. Research on classroom
dynamics supports this finding, suggesting that lesson length and pacing can significantly
influence students’ attention and engagement (Blatchford et al., 2003). In contrast, the more
focused 90—100-minute lesson in Iteration 2 helped maintain high levels of student
concentration until the end, with no noticeable decline in participation. This demonstrates that
designing lessons within a realistic time frame not only maximizes cognitive engagement but
also reinforces the completeness and coherence of the learning experience.

Looking ahead, this course structure could serve as a useful model for implementing
similar interdisciplinary content in informal settings or extracurricular contexts. A workshop
lasting approximately 90 to 100 minutes appears optimal for maintaining student

concentration while fitting within real-world scheduling constraints. If this course were to be
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adapted for formal classroom settings, such as general science or music classes, the difference
in time allocation and pacing would need to be addressed, particularly the continuity and
connection between lessons spread across separate days.

Summary

Together, these five design principles illustrate how the course evolved to suit better the
needs of both learners and instructors within a chorus-based setting. By foregrounding
students’ practical concerns, simplifying content without sacrificing rigor, and adopting
familiar instructional formats, the course became more engaging, accessible, and teachable.
These design considerations were not predetermined but emerged through iterative
refinement and close attention to the realities of classroom implementation. They demonstrate
how interdisciplinary instruction, when grounded in learners’ authentic experiences, can
meaningfully integrate scientific understanding into arts-based education. These insights may
inform the development of future courses that aim to foster science interest in non-traditional
learning environments.

6.2 RQ2: To what extent does participation in the course influence students’ ISL?

To address the second research question, this section explores the extent to which
students’ ISL was influenced by participation in the interdisciplinary course. As one of the
central indicators of instructional impact, ISL was assessed through a five-subscale
framework that distinguishes between two types of interest: personal interest—reflecting
internalized, long-term engagement—and situational interest—reflecting context-specific
motivation driven by immediate affective and cognitive responses (Hidi & Ann Renninger,
2006; Mitchell, 1993). By analyzing patterns of change across the five subscales, we examine
how the course design, implementation context, and student characteristics shaped both the
short-term and potential long-term interest outcomes. The following subsections present a
layered analysis, beginning with overall trends in Iteration 2, followed by a comparison
between Iteration 1 and 2, a cross-group analysis of the three choruses, and a dimension-
specific reflection on the implications for future design.

6.2.1 Overall Impact of the Course on Students’ ISL
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In all three implementations of Iteration 2, the pre- and post-test results of the Science
Learning Interest Scale indicate that the course consistently promoted students’ interest in
science across different educational settings. The scale comprises five subscales, with the first
two—Tlatent interest and actualized interest—representing personal interest, which reflects
students’ long-term motivation and internalized desire to learn science. The remaining three
subscales—triggered situational interest, maintained situational interest-feeling, and
maintained situational interest-value—are categorized as situational interest, capturing
students’ affective and value-based engagement during classroom activities. In Iteration 2,
each of the three choruses showed statistically significant gains in at least two subscales,
indicating a generally positive influence of the course on student interest.

The design of Iteration 2 was guided by several key principles: drawing from students’
familiar singing experiences, simplifying scientific language, emphasizing directly applicable
knowledge related to vocal performance, and incorporating sensory-based, feedback-rich
learning activities. These strategies not only enhanced classroom engagement but also
allowed students to perceive clearer links between scientific content and musical practice,
which in turn increased their attentiveness and sense of relevance. As Hidi and Ann
Renninger (2006) argue, interest development depends not only on the inherent appeal of the
content but also on opportunities for meaningful cognitive processing and personal
connection.

Taken together, the findings suggest that an interdisciplinary course that integrates
acoustics with music, when grounded in students’ real-life experiences and delivered through
accessible, engaging instruction, holds strong potential to foster situational interest and
motivate deeper learning. Through carefully designed teaching language and activity
structures, students were not only able to enjoy the learning process but also began to build a
conceptual bridge between their lived experiences and underlying scientific principles, laying
the groundwork for longer-term interest and motivation.

6.2.2 Changes in Outcomes from Iteration 1 to Iteration 2

Within the framework of DBR, this course underwent multiple rounds of revision, and
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the results indicate that these refinements contributed meaningfully to the improvement of
students’ ISL. In Chorus A, for example, only one subscale—triggered situational interest—
showed a statistically significant increase during Iteration 1, suggesting that while the course
initially captured attention, it was less successful in fostering emotional involvement, value
recognition, or action-oriented engagement. In contrast, during Iteration 2, four out of the five
subscales showed significant gains, including all three dimensions of situational interest and
latent personal interest. Only actualized interest remained non-significant, indicating
substantial overall improvement in both breadth and depth of engagement.

This shift may be closely related to several key modifications made in the course design.
First, Iteration 2 included more real-life examples that resonated with students’ everyday
experiences, such as connecting sound principles to vocal performance, instrumental sound
production, or even analogies from food and visual art. These examples helped students
perceive scientific content as more relevant and accessible. Second, the course emphasized
interactive activities that featured immediate feedback and embodied experiences, such as
producing overtones by swinging a whirly tube or demonstrating wave motion with a jump
rope. These activities not only enhanced student participation but also increased the sense of
novelty and emotional engagement within the learning environment.

Such strategies are especially important for triggering and sustaining interest. As
Mitchell (1993) argues, situational interest is often sparked by novelty, challenge, and the
inherent appeal of the activity itself. Similarly, Palmer (2009) emphasizes that students are
more likely to engage when they can physically interact with materials and construct meaning
through firsthand experiences.

These results suggest that when course design thoughtfully incorporates students’
familiar contexts and interactive elements, it not only captures initial attention but also
encourages cognitive engagement and value formation, thereby supporting the development
of personal interest. The transformation from Iteration 1 to Iteration 2 not only demonstrates
the course’s adaptability but also highlights the substantial impact that instructional design

details can have on student ISL.
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6.2.3 Differences Among the Three Choruses and Possible Contributing Factors

Although the course produced positive effects on students’ science learning interest
across all three schools, the degree and pattern of impact varied noticeably among the groups.
These differences suggest that the effectiveness of implementation may be influenced by
contextual factors such as school environment, teacher-student dynamics, and learner
characteristics.

Chorus A demonstrated the most comprehensive improvement, with four out of five
subscales showing statistically significant increases. This result may be attributed to several
factors. First, the students had a strong rapport with the instructor, creating a comfortable and
interactive learning atmosphere. Second, some students had participated in Iteration 1 and
thus possessed prior exposure to the course content, which may have enabled deeper
understanding in Iteration 2. Additionally, Chorus A is an all-girls school, and the students
appeared especially responsive to examples related to everyday experience. When lessons
connected vocal resonance or sound perception to familiar situations, students often showed
strong emotional engagement and value recognition. This finding aligns with Krapp’s (2002)
observation that when physics instruction is closely linked to students’ real-life contexts,
interest levels rise significantly, particularly among female students, who tend to respond
more sensitively to such learning environments and display higher levels of interest.

Chorus B showed significant gains in both "Maintained Situational Interest-Value" and
"Triggered Situational Interest," with the former being the most prominent. This suggests that
students not only found the course engaging but also recognized its value, especially in
applying scientific knowledge to improve vocal performance, a connection they may not have
previously considered. This is consistent with theoretical models suggesting that the
development of interest involves not only affective engagement but also a growing
appreciation of the content’s personal or instrumental value (Hidi & Ann Renninger, 2006;
Schiefele, 1991). It is also notable that Chorus B had the highest mean and median ISL scores
in the pre-course survey, which may have introduced a ceiling effect, limiting the room for

further measurable growth despite active participation and positive classroom dynamics.
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Chorus C showed a statistically significant improvement only in the "Actualized
Interest" subscale, making it the only group to exhibit growth in this dimension. This
suggests that some students not only became interested in the science of sound but also began
to recognize its practical implications and develop a desire for further application or
exploration. Chorus C students were generally characterized as passive yet well-behaved.
However, classroom interaction was less active compared to the other two groups; the shift in
perception regarding the usefulness of science seemed to occur subtly over time. This kind of
internal cognitive shift may not be immediately observable through behavior, but it is
reflected in the interest scale data, indicating a quiet but meaningful change (Renninger &
Hidi, 2011).

Taken together, while there were commonalities across all three groups, their differing
response patterns underscore the importance of contextual factors in interdisciplinary
instruction. Teacher style, student background, classroom culture, and prior exposure all
appear to shape the effectiveness of interest development. These findings highlight the need
for adaptable, flexible curriculum design to ensure relevance and scalability across diverse
educational settings.

6.2.4 Analysis of Interest Dimensions and Future Directions for Course Optimization

Analysis of the five subscales of the Science Learning Interest Scale revealed that the
course had the most consistent impact on situational interest, particularly in the dimensions of
maintained situational interest-feeling and maintained situational interest-value. This suggests
that students found the lessons enjoyable and meaningful, with many recognizing the
personal relevance of the course content. These outcomes can be attributed to the course’s
emphasis on concrete demonstrations, sensory-rich activities, and real-life contexts, which
helped students engage more readily with the material and derive positive emotions and value
from the learning experience (Mitchell, 1993; Schiefele, 1991).

In contrast, changes in personal interest, which include latent interest and actualized
interest, were less consistent across groups but still showed important highlights. Chorus A

demonstrated a significant gain in latent interest, indicating that students developed a deeper
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curiosity about science as a potential area of further exploration. Chorus C showed a
significant improvement in actualized interest, suggesting that some students moved beyond
interest and began to consider applying or extending what they had learned. These results
indicate that when the course content is meaningfully contextualized and personally relevant,
there is potential for supporting the development of personal interest as well.

According to Renninger and Hidi (2011), personal interest emerges through repeated
exposure, cognitive challenge, and opportunities for autonomous meaning-making. In this
study, although the course successfully fostered participation and emotional resonance, its
structure and time frame may not have been sufficient to support long-term motivation or
self-initiated learning fully. To strengthen the development of personal interest, future
iterations of the course may consider the following design enhancements:

First, incorporate more opportunities for student autonomy and extended tasks, such as
open-ended questions, observational assignments, or group-based research projects that allow
learners to explore beyond the classroom. Second, reinforce connections to students’ self-
concept, for instance, by encouraging reflection on their own vocal experiences and helping
them translate scientific ideas into personalized singing strategies. Third, provide
opportunities for longer-term engagement and follow-up, enabling students to revisit and
deepen their understanding of key concepts across different learning stages and gradually
internalize interest as a sustained motivational force.

In summary, the course demonstrated clear success in triggering and maintaining
situational interest, particularly through its engaging teaching contexts and activity design. To
further promote the development of personal interest, future course designs should attend
more explicitly to mechanisms that foster long-term investment, thereby supporting students
in moving from “finding it interesting” to “wanting to learn more.”

Summary

In summary, the interdisciplinary course demonstrated a meaningful and multi-layered

impact on students’ ISL. The findings show that situational interest—especially affective

engagement and perceived value—was consistently enhanced across diverse learning
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environments, while certain groups also exhibited growth in personal interest. Iteration 2
yielded broader and deeper improvements than Iteration 1, suggesting that design
refinements, such as contextualizing scientific concepts through familiar experiences and
increasing interactive activities, played a key role in strengthening student motivation.
Variation across the three choruses further highlights how contextual factors, including
teacher-student familiarity, gender composition, and baseline interest levels, may shape the
course’s effectiveness. Finally, a closer look at the subscales revealed that while triggering
and maintaining situational interest were robust outcomes, transforming that interest into
sustained, self-directed engagement remains a challenge—one that future designs should
explicitly address. Collectively, these findings affirm the course’s potential to promote
science interest through music-based, context-rich instruction, while also pointing to clear
directions for deepening long-term motivation.

6.3 RQ3: What challenges and opportunities arise when implementing such a course in
authentic educational settings?

Implementing an interdisciplinary course that combines science and choral education in
real-world contexts presents both significant challenges and meaningful opportunities. These
challenges are not limited to one group of stakeholders but emerge across all levels of course
involvement, from the teachers responsible for delivering the lessons to the students receiving
them and the researchers facilitating the process. Accordingly, this section examines the
implementation of the course from three perspectives—teacher, student, and designer—by
identifying the obstacles encountered, strategies for overcoming them, and the unique growth
opportunities that emerged from practice-based engagement. This multi-perspective analysis
provides a more comprehensive understanding of what it takes to translate an
interdisciplinary curriculum into authentic educational settings.

6.3.1 Challenges and Opportunities about the Teacher

A major challenge in implementing this course lies in the limited pedagogical and

scientific knowledge among chorus conductors in Taiwan. Many conductors do not have

formal training in education, and some are not even specialized in choral conducting, but
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rather in voice or piano performance. As a result, they often lack key components of teacher
professional knowledge—namely, pedagogical knowledge (PK) and pedagogical content
knowledge (PCK)—and possess primarily content knowledge (CK). This imbalance makes it
difficult for instructors to address student learning difficulties effectively, which can, over
time, impact both the musical quality of the ensemble and the sustainability of the chorus
program (Shulman, 1986). A central goal of this course is to enable general chorus
conductors, regardless of their background in science, to implement the curriculum. However,
without adequate preparation, these instructors may struggle to understand the materials or
respond confidently to student questions.

To address this, both short-term and long-term strategies were adopted. In the short term,
course content and instructional strategies were tailored to the capabilities of the specific
teacher involved in each implementation, ensuring instructional quality. For long-term
dissemination, it is recommended that future iterations build on teaching approaches and
content structures already familiar to chorus conductors, gradually introducing more diverse
methods and deeper scientific content. This should be accompanied by teacher training and
clear instructional materials to provide the necessary scaffolding and support.

Although some conductors initially expressed discomfort or uncertainty about teaching
the course, the implementation process revealed meaningful opportunities for professional
development. Teacher L explicitly noted during the interview that the course supported the
growth of chorus conductors’ instructional expertise, prompting them to reflect on their
teaching language and rehearsal strategies. Teacher Z, after completing the course,
independently incorporated teaching activities into his regular rehearsals, applying what he
had learned. These examples suggest that the course not only supports students’ development
in science learning and vocal technique but also contributes to teachers’ pedagogical growth.
As choruses are inherently educational spaces, implementing such a course can enhance both
student learning and teaching effectiveness, ultimately leading to more productive and
pedagogically informed rehearsals (Borko, 2004; Clarke & Hollingsworth, 2002).

6.3.2 Challenges and Opportunities about the Student
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Students in the chorus came from diverse grade levels and academic tracks, resulting in
varied levels of prior knowledge. As Teacher Z noted during Iteration 2-1, although
simplifying the course content helped most students follow the lessons, it led to confusion
among students with stronger science backgrounds, who found the material overly simplistic.
This highlights the difficulty of designing a curriculum that fully aligns with all students’
entry-level competencies. In addition, some students had special educational needs—for
example, Chorus B included several students requiring individualized support, posing
challenges for classroom management and instructional responsiveness.

To accommodate student diversity, the curriculum should aim for a level of difficulty
accessible to the majority while maintaining room for extension. Differentiated instruction
may be used to offer tasks of varying difficulty, or heterogeneous grouping can allow higher-
achieving students to support their peers. Differentiated instruction emphasizes modifying
content, process, and product based on student readiness, interest, and learning profile
(Tomlinson, 2001), while heterogeneous cooperative learning groups have been shown to
support mutual understanding and motivation through peer interaction (Johnson & Johnson,
1999). The former requires teachers to possess sufficient content knowledge to anticipate and
address students’ advanced questions, while the latter depends on teachers’ classroom
management skills and appropriate pedagogical training. These demands point to the need for
strong pedagogical content knowledge (PCK) in addition to general teaching competence
(Shulman, 1986). For students with special needs, it is recommended that instructors
unfamiliar with a particular chorus consult with the regular conductor beforehand to
understand students’ characteristics better and prepare appropriate instructional strategies.

From classroom observations and student worksheets, it was found that although the
level of classroom enthusiasm varied, most students were able to follow the lessons and
demonstrated consistent engagement through their in-class performance and worksheet
responses. Furthermore, post-course learning satisfaction surveys revealed significant gains
across all three choruses in terms of both satisfaction and perceived learning outcomes. These

findings indicate that the course effectively addressed students’ needs in terms of both
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atmosphere and content, yielding visible and practical learning benefits. Since students are
the central stakeholders in any educational intervention, their high receptivity and satisfaction
underscore the course’s strong potential for broader implementation.

6.3.3 Challenges and Opportunities about the Designer

DBR is characterized by iterative implementation, ongoing revision, and the use of
multiple data sources to gain a deeper understanding of instructional phenomena (Design-
Based Research Collective, 2003). These features, while essential, pose significant challenges
in terms of time and workload. In this study, the entire research process—from the initial
course design to the final interview—spanned over a year. Course implementation had to be
scheduled around students’ academic calendars and school events, including music
competitions, exams, and vacation periods. In addition, the researcher devoted substantial
time to discussing lesson plans and revisions with the collaborating teacher. The volume of
data collected, particularly during Iteration 2 (which included three rounds of
implementation), was approximately three times greater than that of Iteration 1, resulting in a
substantial workload for data management and analysis.

Having a long-term and cooperative teaching partner is crucial in DBR. Such
partnerships not only enable consistent data collection but also ensure ongoing course
refinement through reflective teaching (Barab & Squire, 2004). Although Teacher Z lacked a
background in science and had limited pedagogical training, he was highly committed to the
educational philosophy of the course. After each lesson, he was willing to reflect on what
worked and what did not, and implement adjustments in subsequent sessions. This iterative
process significantly improved both instructional quality and research validity. Given the
large volume of diverse data, the researcher had to make selective decisions—analyzing
every piece in fine detail was impractical. For this reason, the study focused on key insights
that emerged across multiple data sources. Interview transcripts, for instance, were not
analyzed verbatim; instead, notes from the interviews were synthesized and cross-referenced
with other sources such as worksheets and field observations to enhance coherence and

consistency.
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Throughout the DBR process, the designer could gain a deeper appreciation of
classroom realities. Many instructional theories or pedagogical models that seem effective in
theory may not be easily applicable to specific contexts like choral instruction. For example,
while student-centered methods were initially adopted to increase engagement, they were less
effective when the teacher was unfamiliar with them. Furthermore, designing a science-
integrated course from the perspective of choral instruction differs significantly from
traditional science lesson planning. By grounding the course in students’ lived experiences
and learning needs, the researcher was able to shift away from a discipline-centric approach
and instead focus on how scientific knowledge could be used to support student growth.
Ultimately, this represents a learner-centered design process that bridges theory and practice
in meaningful ways (diSessa & Cobb, 2004).

Summary

In sum, the implementation of this interdisciplinary course revealed that authentic
educational settings are shaped by a complex interplay of teacher expertise, student diversity,
and design logistics. A teacher with limited pedagogical and scientific backgrounds presented
notable challenges, yet the course might offer opportunities for their professional
development through practice and reflection. Similarly, the diversity and varying readiness
levels among students required instructional flexibility, but their overall engagement and
satisfaction affirmed the course’s effectiveness and adaptability. From the designer’s
standpoint, the design-based approach was both labor-intensive and insightful, offering a rare
opportunity to reconcile theoretical design with on-the-ground realities. These findings
suggest that while authentic implementation demands significant effort and adaptability from
all parties involved, it also creates rich conditions for mutual growth, deeper understanding,

and sustainable educational innovation.






175

Chapter 7 Conclusion
7.1 Summary of the Study

This study aimed to design and implement an interdisciplinary course that integrates
science and music, using a high school chorus as the primary learning context. The goal was
to explore how such a course could enhance students’ ISL. Adopting a DBR methodology, the
study went through two major iterations of course design and implementation. A mixed-
methods approach was used to collect and analyze data, including questionnaires, student
worksheets, field observations, and teacher interviews. Participants included students from
three high school choruses and one instructor.

In the second iteration, results from the Science Learning Interest Scale indicated
significant improvements, particularly in the three dimensions of situational interest. This
suggests that the course effectively stimulated students’ interest in acoustics-related scientific
concepts. Analyses of pre-course questions and student worksheets revealed clear gains in
students’ understanding and application of concepts such as overtones, resonance, and timbre.
Field notes and teacher interviews further indicated that the course not only enhanced student
motivation but also contributed to the professional development of the instructor.

The findings suggest that interdisciplinary instruction of science and music is both
feasible and impactful in authentic educational settings. This study offers concrete insights
for future course development and teacher training in similar contexts. With these outcomes
in mind, the next section outlines the key contributions this study makes to educational
research and practice.

7.2 Contributions of the Study

The contributions of this study can be discussed across three major dimensions:
curriculum design, student learning outcomes, and professional growth for teachers and
researchers.

First, by employing a DBR approach, this study developed an interdisciplinary course
that integrates acoustics and choral singing within a high school chorus setting. It offers a

concrete and practical model for educators and researchers interested in designing integrated
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courses that combine science and music. By documenting the full trajectory of course
development and refinement, the study fills a gap in the literature where music education is
often underrepresented in interdisciplinary curriculum research.

Second, the course effectively enhanced students’ ISL, especially in all three dimensions
of situational interest. This suggests that the curriculum not only connects well with students’
prior singing experiences but also successfully uses simplified scientific language and hands-
on activities to make abstract concepts more accessible. It serves as a replicable and
adaptable model for motivating science learning through familiar artistic contexts.

Lastly, the implementation of the course yielded positive impacts on teachers, students,
and the researcher. The instructor became more confident and skillful in teaching scientific
content, students demonstrated deeper and more varied forms of understanding, and the
researcher gained valuable insights into the alignment between instructional theory and
practice. Together, these outcomes suggest that the course has long-term developmental
potential and meaningful educational value. Despite these contributions, certain
methodological and contextual limitations remain, which are discussed in the following
section.

7.3 Limitations of the Study

Although this study presents an innovative interdisciplinary curriculum and implements
it across three chorus contexts, several limitations should be acknowledged regarding the
design and execution of the research.

First, the number of participants was relatively small, including both the collaborating
teacher and the student groups. While the curriculum was deliberately designed to be
accessible for most chorus conductors and feedback was gathered from an observing teacher,
the actual teaching was carried out by only one instructor. This means that the findings cannot
fully capture how different teachers might implement the course or what challenges they
might encounter. In addition, although three separate chorus groups were recruited, each
ensemble had only about 15 to 25 members, resulting in a total of just 37 valid student

questionnaires for Iteration 2. This limited sample size weakens the explanatory power of the
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quantitative findings regarding the course’s impact on students’ interest in science learning.

Second, the duration of instruction was relatively short. To ensure sufficient sample size
and to enable students to participate in the entire course without interruption, the lesson was
condensed into a 100-minute workshop format. However, fostering sustained interest—
especially the development of enduring personal interest—typically requires extended
exposure and repeated reinforcement. While short-term gains in situational interest were
observed, the limited timeframe means it is unclear whether this situational interest can
stimulate long-term personal interest and deeper engagement in science learning.

Third, the scope of observation was somewhat limited. Although the study utilized
multiple sources of qualitative and quantitative data, the focus remained primarily on pre- and
post-implementation measures within the course itself. Moreover, the science learning
dimension emphasized in this curriculum mainly targeted improving scientific knowledge
and understanding the nature of science, rather than addressing broader aspects such as
increased time invested in science-related activities outside class or measurable
improvements in science achievement. As such, additional indicators that could demonstrate
changes in students’ sustained learning behaviors and academic performance were not
collected, which constrains the ability to draw comprehensive conclusions about the broader
impact of the curriculum.

Taken together, these limitations suggest that the findings should be interpreted with
caution and highlight areas where future research can build upon and extend the insights
gained from this study. Building on these reflections, the final section proposes directions for
future inquiry that can extend and deepen the work initiated by this study.

7.4 Suggestions for Future Research

Building on the limitations identified above, several directions are recommended for
future research to strengthen the robustness and applicability of interdisciplinary instruction
that integrates science and music.

First, future studies should aim to increase the overall sample size by involving more

teachers and student groups. Recruiting additional chorus conductors to implement the
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curriculum and provide feedback would help examine how diverse teaching styles and
classroom contexts influence the effectiveness and adaptability of the course. Expanding the
number of participating choruses would also enhance the validity and reliability of the
findings.

Second, future research should consider extending the duration of instruction to provide
more sustained exposure and reinforcement. While each individual session could remain
within a manageable time frame (e.g., 90 to 100 minutes), distributing the lessons across
multiple weeks would offer students repeated opportunities to engage with scientific
concepts. This extended timeframe could better support the development of enduring
personal interest in science learning beyond the initial situational interest observed.

Third, future work should broaden the scope of observation and data collection to
capture the longer-term impact of the curriculum on students’ science learning behaviors and
outcomes. This could include follow-up studies that track changes in students’ academic
performance in science subjects, monitor how much time they devote to science-related
activities outside of class, or explore whether participation in the course influences their
future study and career choices. Such longitudinal data would provide more comprehensive
evidence of the curriculum’s potential to foster sustained interest and engagement in science.

By addressing these areas, future research can build on the insights gained from this
study and contribute to the continued refinement and scaling of interdisciplinary science-

music instruction in diverse educational contexts.
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Appendix B: Pre-/Post-Questionnaires

Pre-Questionnaire in Iteration 1
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