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Abstract: General education science courses for non-majors often default to diluted lectures, a problem sharp enough in
China to have earned its own label, the shuike (watered-down courses) and pressing enough that reform now targets the
design of individual courses. Materials science is an unusually good vehicle for a better course. It is everywhere in daily
life, and it is interdisciplinary by construction, joining physics, chemistry, and engineering. Yet materials education
research addresses majors, general education science rarely uses materials, and the two have not been joined through
research-based teaching. This paper presents a literature-grounded design framework for a materials science general
education course built on authentic inquiry, together with an implementation pathway and an evaluation plan. Following
the design-based research tradition, it reports the first cycle, the analysis and design, and reports no student data.
Synthesizing four literatures, research-based teaching, materials education, general education science for non-majors,
and interdisciplinary higher education, the framework derives six design principles and organizes a one-semester course
into four interdisciplinary modules on a shared inquiry cycle, culminating in a course-based research capstone scaled for
non-majors. The paper sets out a staged rollout that answers the known failure modes of interdisciplinary teaching, and
an evaluation plan with predefined revision triggers that would close the design cycle. The framework gives Chinese
general education a quality-signaling course model and the Emerging Engineering Education agenda a concrete
interdisciplinary instrument, while remaining adaptable beyond that context. Its effectiveness awaits the empirical
second cycle.
Keywords: Research-based teaching; Inquiry-based learning; Course-based undergraduate research; Materials science
education; General education; Non-majors; Interdisciplinary curriculum; Design-based research; Scientific literacy;
Higher education

1 INTRODUCTION

Almost every university asks students outside the sciences to take a science course. General education exists to give the
non-specialist a working grasp of how the physical world is understood. The ambition is old and the delivery is often
thin. Too many of these courses shrink into a survey lecture, a set of facts to memorize and return on an exam, with the
actual practice of science left out. In China the problem is common enough to have a name. Students call the weakest
electives shuike (watered-down courses) and the label sticks to much of the general education catalogue. Two decades
of expansion have widened access to general education without settling what it should teach or how [1]. The quality gap
is now the central complaint, and reformers have begun to treat the design of individual courses, not just the breadth of
the menu, as the thing to fix [2].
Pressure for a better model is not only internal to general education. China’s Emerging Engineering Education initiative,
launched in 2017, calls on universities to produce graduates who can work across disciplinary lines and to rebuild
courses toward that end [3-4]. The initiative is aimed at engineering programs, but its logic reaches the general
education that surrounds them, and reform cases in that spirit are starting to appear [5]. A general education course that
took interdisciplinary thinking seriously, and that let students practice inquiry rather than watch it, would answer both
the quality complaint and the reform agenda at once.
Materials science is an unusually good vehicle for such a course. Its subject matter is everywhere. Every manufactured
object, from a phone screen to a battery to a plastic bottle, is a materials problem solved, and students already have
questions about the things they use. The discipline is also interdisciplinary by construction. It joins physics, chemistry,
and engineering through a single organizing idea, the relationship among a material’s structure, properties, processing,
and performance, and it reaches naturally into economics, environment, and design [6]. A student who follows one
everyday material through those lenses has done interdisciplinary work without being told to. Few subjects offer that
combination of familiarity and breadth.
The case for teaching such a course through inquiry rather than lecture is by now well supported. A large meta-analysis
found that active learning raises student performance across science, engineering, and mathematics, and lowers failure
rates, relative to straight lecturing [7]. A more specific and powerful idea has matured alongside it. Course-based
undergraduate research experiences, or CUREs, embed authentic investigation into a regular course, so that an entire
class, not a hand-picked few, takes part in research whose outcome is not known in advance [8]. Because the research is
built into the course, a CURE reaches students who would never be selected for a faculty member’s laboratory, which
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makes it a tool for inclusion as much as for learning [9]. That inclusive reach is exactly what a general education course
needs.
These threads have not been drawn together. Research on materials education is real but aimed almost entirely at majors,
concerned with how to teach the engineering curriculum better. Research on general education science for non-majors is
rich but rarely touches materials. The closest published work we have found is a single online materials chemistry
course built for general education students, designed to raise their scientific literacy [10]. It shows the audience is
reachable, but it delivers content rather than research. We are aware of no published course design that combines
materials science, general education for non-majors, and research-based teaching in one framework. That absence is the
opening this paper addresses.
This paper offers a literature-grounded design for such a course, together with the pathway to put it into practice and the
plan to evaluate it. It is deliberately a design contribution. Following the design-based research tradition, in which
usable educational knowledge is built through cycles of theory-grounded design and testing [11], the paper reports the
first cycle: the analysis of what the evidence recommends and the design that follows from it. No implementation data
are presented, and none are implied. What we present is a framework that others can build, critique, adapt, or refute,
with the empirical test set out as the next step.
The paper makes four contributions. First, it synthesizes four normally separate literatures, namely research-based
teaching, materials education, general education science for non-majors, and interdisciplinary higher education, and
locates the gap where they fail to meet. Second, it derives a set of design principles from that synthesis and assembles
them into a concrete course framework built around interdisciplinary inquiry. Third, it sets out a staged implementation
pathway that anticipates the known failure modes of interdisciplinary and general education teaching. Fourth, it
specifies an evaluation plan that would close the design cycle and turn the framework into tested knowledge. The
remainder proceeds as follows. Section 2 reviews the four literatures. Section 3 states the design methodology. Section
4 presents the framework. Section 5 gives the implementation pathway, Section 6 the evaluation plan, and Section 7
discusses significance, limitations, and next steps.

2 LITERATURE REVIEW

This section reviews the four bodies of work the design draws on. Each has matured on its own. The point of reading
them together is to show that their intersection, a research-based interdisciplinary materials course for non-majors,
remains unoccupied, and to extract from each what a sound design would need.

2.1 Research-Based Teaching and Inquiry-Based Learning

The idea that teaching and research belong together at the undergraduate level has a settled vocabulary. Healey
distinguishes four ways a course can relate to research [12]. Research-led teaching conveys current findings; research-
oriented teaching conveys the methods; research-tutored teaching has students discuss research in small groups; and
research-based teaching has students themselves act as producers of knowledge rather than its audience. The last of
these is the most demanding and the most valuable, and it names the target of this paper. Research-based teaching sits
within a wider family of inductive methods, in which students meet a problem or observation before the governing
principle, and build the principle from the encounter [13].
The evidence that such methods work is strong. The most cited synthesis compared active learning with traditional
lecturing across hundreds of studies in science, engineering, and mathematics, and found active learning improved
examination performance and cut failure rates [7]. A meta-analysis focused specifically on inquiry-based learning
confirmed its benefit, and showed that the effect depends on guidance [14]. Students given appropriate support learn
more than those left to inquire on their own. That finding matters for design. That finding speaks to an old debate. One
influential critique argued that minimally guided instruction ignores how human memory works and burdens novices
past the point of learning [15]. The reply was not that guidance is unnecessary but that good inquiry teaching is guided,
with scaffolding that supports students through investigations they could not yet run alone [16]. The lesson for a course
serving beginners is to choose guided inquiry, not open inquiry, and to withdraw support gradually.
Inquiry also has a usable structure. Pedaste and colleagues synthesized many models into a single cycle with five phases,
orientation, conceptualization, investigation, conclusion, and discussion, that can be arranged and repeated to fit a given
task [17]. This cycle gives a course a repeatable grammar for activity design. The course-based research experience, or
CURE, supplies the authenticity. A consensus report defined the CURE by five features [8]. Students use the practices
of science; the work involves discovery of genuinely unknown answers; the questions are broadly relevant beyond the
classroom; students collaborate; and the work iterates. A companion model theorized how these features produce their
effects on students [18]. A separate argument established their equity value: building research into a required course
reaches every enrolled student rather than a selected minority [9]. Broader syntheses of undergraduate research report
gains in learning, persistence, and confidence, while cautioning that quality of design matters [19-20]. A systematic
review of which scientific practices CUREs actually implement found the practice of “asking questions” often
underdeveloped, a gap a new design should attend to [21]. Evidence that research-based learning benefits students
reaches beyond the sciences [22], and inquiry has been shown to improve the science literacy and confidence of non-
majors specifically [23]. For structuring an undergraduate research curriculum, Brew offers a decision framework
linking the scope of the research to the level of the students [24]. One caution frames all of this. The CURE literature is



Di Wang & DaKe Xu

Volume 4, Issue 7, Pp 78-88, 2026

80

concentrated in the life sciences and in courses for majors, so its transfer to a non-majors materials course cannot be
assumed, and is itself part of the design problem.
2.2 Materials science education

Research on teaching materials science is aimed overwhelmingly at students who are becoming materials engineers. Its
recent energy has gone into changing how the existing curriculum is delivered. Studies have tested flipped and highly
interactive classroom formats for introductory materials courses [25-26]. Others have built online laboratory teaching
with augmented reality for topics such as crystal structure [27], and active-learning workshops tied to sustainability
outcomes [28]. Perspectives on the future of the field point toward artificial intelligence and product-based learning [29].
At the level of the discipline as a whole, there is now an explicit argument that materials education should be integrated
across its contributing fields rather than taught as separate silos [6]. That argument supports interdisciplinary design but
is pitched at the training of specialists.
For non-majors, the record thins to a handful of cases. The clearest is an online materials chemistry course built for
general education students, whose aim was scientific literacy rather than disciplinary depth [10]. A course-based
research experience in materials chemistry has been reported, but for chemistry majors in a laboratory sequence [30].
Adjacent non-majors science courses show that unfamiliar material can be made accessible through everyday and
applied contexts. They use nanotechnology, the chemistry of food and cooking, and human health as entry points [31-
33]. These are encouraging analogues. None combines materials content, a non-majors audience, and authentic inquiry,
which is the combination this paper designs for.

2.3 General Education Science for Non-Majors

Teaching science to non-majors has its own well-developed literature, and it begins with a different goal. The aim is not
to produce a junior scientist but a capable citizen who can deal with science as an outsider, drawing on expertise
without possessing it [34]. A national consensus report framed scientific literacy along these lines, distinguishing what
individuals and communities need from science in ordinary life [35]. Concrete redesigns exist. A widely noted rebuild
of a general education science course reorganized it around critical thinking and scientific reasoning rather than content
coverage, with encouraging results [36].
The literature also warns about the audience. Non-majors bring affective barriers that majors often do not, and science
anxiety is a documented obstacle in general education science courses [37]. Non-majors respond differently to the same
pedagogy. A comparison of clicker use found the tool changed learning and retention differently for non-majors than
for majors [38]. Active learning, too, has been shown to shift the attitudes and self-efficacy of non-majors, not only
their scores [39]. Because of these barriers, engagement strategies matter, and even unconventional media such as
comics have been tested as ways to draw non-majors toward science [40]. Assessment must also suit the audience; low-
stakes probes of how students organize concepts, such as word-association methods, have been used to track non-
majors’ changing knowledge structures [41]. The structural precedent closest to our design is a problem-based,
interdisciplinary science course built expressly for non-science majors [42]. This literature supplies both the goals and
the cautions a materials course for non-majors must respect. It matters all the more in the Chinese context, where
general education has grown fast but is dogged by the quality problems described earlier [1-2].

2.4 Interdisciplinary Teaching in Higher Education

The final strand concerns what it takes to teach across disciplines well. A systematic review established the conditions
that support interdisciplinary higher education and the outcomes it seeks [43]. Chief among those outcomes is the
capacity for interdisciplinary thinking, the integration of insights from more than one discipline into a coherent
understanding. A prominent framework, the Connected Curriculum, proposes organizing an entire degree around
research and around the connections between disciplines, which makes it a natural reference for a research-based
interdisciplinary course [44]. But the literature is candid about difficulty. A review of interdisciplinary teaching
activities found them different, difficult, and local, meaning they resist standardization and rarely transfer intact from
one setting to another [45]. Within engineering education specifically, sustaining interdisciplinary work has been shown
to require aligned vision, teaching practice, and institutional support [46].
Two further cautions bear directly on design. Problem-based and project-based methods are often assumed to deliver
interdisciplinarity automatically, but they do not; the interdisciplinary outcome has to be designed for, not left to the
format [47-48]. And interdisciplinary breadth can come at the cost of disciplinary depth, a trade-off that curriculum
designers must weigh openly [49]. Sustaining such courses over time depends on governance that crosses the usual
departmental boundaries [50]. Assessing them requires tools built for the purpose, able to judge whether a student has
genuinely integrated disciplines rather than merely placed them side by side [51].
Read together, the four strands tell a consistent story. Research-based teaching and the CURE model offer a validated
way to give whole classes authentic research, but almost entirely in the sciences and for majors. Materials education
knows its subject is interdisciplinary but teaches it to specialists. General education science knows its audience and its
goals but seldom uses materials or authentic inquiry. Interdisciplinary higher education supplies the theory of
integration and a stern warning that it must be designed deliberately and supported institutionally. The design task, then,
is defined by these gaps. It is to transfer CURE-style authentic inquiry to a general education audience, anchored in the
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interdisciplinary structure of materials science, scaffolded for novices, and kept within reach of students who arrive
wary of science.

3 DESIGN METHODOLOGY

This paper is a work of design, and it uses the methodology built for design in education. Design-based research
develops usable knowledge by creating an intervention, grounding it in theory, and refining it through cycles of
enactment and study [11]. Its purpose is dual. It aims to solve a real instructional problem and, at the same time, to
produce knowledge about how and why the solution works [52]. Wang and Hannafin describe the approach through
five characteristics: it is pragmatic, grounded in theory and context, interactive and iterative, integrative of methods, and
contextual in its findings [53]. Over the following decade design-based research matured from a promising idea into a
recognized methodology with an accumulated record [54]. Its generic form moves through phases of analysis, design,
and evaluation, repeated as understanding improves [55].
A full design-based research program runs several such cycles. This paper reports the first two phases of the first cycle,
the analysis and the design. The analysis is the synthesis of Section 2, which establishes what the evidence recommends
and what remains undone. The design is the framework, pathway, and evaluation plan that follow. Enactment with real
students, and the empirical evaluation that would test the design, belong to the next cycle and are not reported here. We
state this plainly rather than apologize for it. A documented, theory-grounded design is itself a contribution of design-
based research, and it is the necessary first move when the literature offers no prior design to iterate upon. In a space
this empty, the responsible step is to build the design carefully, make its reasoning explicit, and set out the terms on
which it can be tested.
Four inputs govern the design. The first is the set of design principles distilled from the four literature strands of Section
2; these are stated and warranted in Section 4. The second is constructive alignment, the course-design theory holding
that intended learning outcomes, the teaching and learning activities, and the assessment tasks must all be designed as a
single, mutually consistent system [56]. We read constructive alignment in the course-level, design-first sense its
authors intended, as a way to build a course rather than a checklist to audit one after the fact [57]. The third input is the
inquiry cycle, which supplies the grammar for the course’s activities, its repeatable sequence of orientation,
conceptualization, investigation, conclusion, and discussion [17]. The fourth is the CURE feature set, which serves as
the benchmark of authenticity against which the course’s research component is measured [8].
Figure 1 shows how these pieces fit. Four literature strands feed six design principles. Those principles combine with
constructive alignment to produce the course framework, whose activities are structured by the inquiry cycle and whose
research capstone is held to the CURE standard. An evaluation plan closes the loop, defining the evidence that the next
design cycle would gather.

Figure 1 The Design Methodology as a First Cycle of Design-Based Research
Note: Four literature strands are distilled into six design principles that, together with constructive alignment, yield the course

framework, implementation pathway, and evaluation plan; the plan feeds the next cycle.

4 THE DESIGN FRAMEWORK

The framework turns the evidence of Section 2 into a course. It has four parts: the design principles that constrain every
choice, the course architecture that organizes the semester, the research capstone that supplies authentic inquiry, and the
alignment matrix that ties outcomes to activities and assessment.

4.1 Design Principles

Six principles follow from the literature. Each is a rule the design must obey, and each carries a warrant.
P1. Authentic inquiry at general education scale. Students should do real investigation, however small, not watch
demonstrations of it. This is the move from research-led to research-based teaching [12], and the CURE literature shows
that authentic, unknown-answer research can be built into a whole course rather than reserved for a few [8]. The
principle commits the course to genuine inquiry as its spine, not as a garnish.
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P2. Calibrated scaffolding. Beginners need guided inquiry, not open inquiry, with support that fades as competence
grows. The evidence is that inquiry works best when guided [14], that unsupported novices are easily overloaded [15],
and that good inquiry teaching scaffolds rather than abandons the learner [16]. The course therefore starts with tightly
structured tasks and loosens its grip module by module.
P3. Interdisciplinary anchoring. Every unit reads one material through several disciplinary lenses, aiming at integration
rather than a parade of separate viewpoints. Interdisciplinary understanding, the coherent joining of insights from more
than one discipline, is the stated goal of interdisciplinary higher education [43], and materials science offers it naturally
through the structure-property-processing-performance chain [6]. The principle demands questions that no single
discipline can answer alone.
P4. Low affective threshold. The course must lower the barriers that keep non-majors anxious about science. Science
anxiety is a real obstacle in general education courses [37], and everyday, applied contexts make unfamiliar science
approachable [32]. The design uses familiar objects as entry points and keeps mathematical formalism to the minimum
the ideas require.
P5. Literacy-oriented outcomes. The goal is the competent outsider, a citizen who can reason about materials in daily
life, not a junior materials scientist [34]. The national framing of scientific literacy sets the same target [35]. Outcomes
are written in those terms, and content is chosen for its power to build judgment rather than for coverage.
P6. Constructive alignment throughout. Outcomes, activities, and assessment are designed as one system, so that what
students do and how they are judged both serve what they are meant to learn [56]. The principle governs the whole
framework and is made concrete in the alignment matrix of Section 4.4.

4.2 Course Architecture

The framework specifies a one-semester general education course of two credits and roughly thirty-two contact hours,
open to students from any major, with no prerequisites and no assumed mathematics beyond secondary school. A class
size of thirty to sixty is assumed. The semester is built from four interdisciplinary modules. Each module takes one
familiar class of materials and one guiding question that cannot be answered from a single discipline. The questions do
the interdisciplinary work, because answering them forces students across the boundaries between physics, chemistry,
engineering, and society.
Module 1, “Why doesn’t the phone screen scratch?” studies glass and ceramics. Students meet the physics of hardness,
the chemistry of composition and ion exchange, the engineering of chemical strengthening, and the design trade-offs
between durability, weight, and cost. The everyday object is in every pocket, which is the point.
Module 2, “What makes a battery age?” studies energy-storage materials. It reaches into electrochemistry, the
degradation of materials over cycles of use, the engineering of the cell and its management, and the environmental
questions of supply and recycling. Battery decline is something every student has experienced, which gives the inquiry
an immediate hook.
Module 3, “Can plastic be sustainable?” studies polymers. Students examine molecular structure, the chemistry of
degradation and biodegradation, the life-cycle engineering of materials, and the policy and ethics of plastic use. The
module joins a technical account to a public controversy, which is where materials literacy earns its keep.
Module 4, “What should replace it?” is a synthesis module in which teams choose a material problem and run a small
investigation of their own. It is the course’s research capstone, described in Section 4.3. The overall course architecture
is summarized in Figure 2.
Each module runs the inquiry cycle [17]. Orientation begins with the everyday puzzle. Conceptualization turns the
puzzle into a question and a testable expectation. Investigation is a hands-on or data-based activity. Conclusion
interprets what was found, and Discussion widens the frame to the societal lens the guiding question opened. Across
Modules 1 to 3 the inquiry is structured, with guidance deliberately withdrawn as the semester proceeds, so that by
Module 4 students are ready for the more open capstone. This staged release of responsibility is P2 made operational.

Figure 2 The Course Framework
Note: Four interdisciplinary modules sit on a shared inquiry-cycle spine, bounded by the six design principles, with guidance fading
from the structured early modules toward the open capstone where the disciplinary lenses converge on a student-chosen problem.
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4.3 The Mini-CURE Capstone

Module 4 carries the authentic-research weight of the course, and it is designed against the five CURE features,
honestly scaled for non-majors [8]. Scientific practices are present but bounded. Teams pose a question, gather or find
data, and argue a conclusion from evidence. The practice of asking a good question is given explicit attention, since
reviews find it the most neglected [21]. Discovery is real at the level of the class, because the specific comparisons
students make have no answer key and are unknown to the instructor in advance. Relevance is built in, because the
problems are drawn from students’ own lives. Collaboration is structured into teams of four or five. Iteration is
guaranteed by a required revision round, in which teams act on feedback before their final account.
The investigations must be feasible for beginners with modest equipment, so the framework offers a menu of tractable
types rather than open-ended laboratory work. These include kitchen-scale materials testing, such as comparing how
everyday plastics respond to heat or how coatings resist abrasion. Others are the comparative teardown of consumer
products to gather structured observations, the use of citizen-science and public datasets on materials and recycling, and
simple property measurement using the sensors already in a smartphone. None of these requires a specialist laboratory,
and all can yield data a team can defend. Two precedents establish that this level of research belongs in a course: a
materials chemistry CURE for majors and the broader record of course-based research in chemistry [21,30]. Its viability
for non-majors specifically rests on the problem-based interdisciplinary courses already built for that audience [42].
Figure 3 summarizes the mapping, feature by feature.

Figure 3Mapping the Five CURE Features to Their Realization in the Module 4 Capstone
Note: Each feature is retained in a form scaled for non-majors, with the scaling governed by principles P2, P4, and P5.

4.4 Alignment Matrix

Constructive alignment requires that outcomes, activities, and assessment form one system [56]. Table 1 makes that
system explicit. The course sets three intended learning outcomes, all written in the literacy-oriented terms of P5. ILO1
is to explain the behavior of an everyday material through more than one disciplinary lens. ILO2 is to evaluate a public
claim about materials using evidence. ILO3 is to plan, carry out, and communicate a small investigation. The rows of
the table are the four modules; the columns show which outcomes each module serves, the teaching and learning
activities it uses, and the assessment tasks that judge it.

Table 1 Constructive-Alignment Matrix for the Course

Module ILOs
served Teaching–learning activities Assessment

M1 Glass & ceramics
(“Why doesn’t the screen

scratch?”)

ILO1,
ILO2

Structured inquiry cycle; hardness
demonstration and guided data activity; four-

lens discussion

Short multi-lens explanation of a
chosen product; participation in

structured investigation
M2 Energy materials
(“What makes a battery

age?”)

ILO1,
ILO2

Guided inquiry with fading scaffolds;
degradation data interpretation; debate on

supply and recycling

Evidence-based brief evaluating a
public claim about batteries

M3 Polymers (“Can plastic
be sustainable?”)

ILO1,
ILO2

Semi-structured inquiry; life-cycle activity;
policy-and-ethics discussion

Individual analysis joining a technical
account to a societal judgment

M4 Capstone (“What
should replace it?”)

ILO1,
ILO2,
ILO3

Open guided inquiry; team mini-CURE with
one revision round

Team investigation report and
presentation, graded for disciplinary

grounding and integration
Note: ILO1: explain a material across disciplinary lenses; ILO2: evaluate materials claims with evidence; ILO3: conduct and

communicate a small investigation.

Read through constructive alignment, the matrix shows each outcome taught and assessed by activities suited to it, with
the demand rising across the semester. The early modules build the two literacy outcomes through structured tasks and
judge them with focused writing. The capstone adds the investigation outcome and assesses it through a research
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product graded, following the interdisciplinary-assessment literature, for whether students have genuinely integrated
their disciplinary lenses rather than merely listed them [51]. The fading of guidance from M1 to M4 is visible in the
activity column, which is P2 realized as a sequence rather than a slogan.

5 IMPLEMENTATION PATHWAY

A framework is only as good as the route to putting it in place. This section proposes that route. It is written as a plan,
not a report; the course has not yet been taught, and what follows describes what the design calls for rather than what
has happened.

5.1 Staged Rollout

The pathway runs in three stages, each a step in the design-based research cycle.
Stage 1 is preparation, spanning roughly one semester before the course opens. Its central task is to assemble a small
cross-disciplinary teaching team, three or four people covering materials science, physics or chemistry, and at least one
colleague from the humanities, policy, or design who can carry the societal lens with authority. The team would develop
the module kits: activity protocols, sets of everyday-material samples, and data templates for each inquiry cycle. It
would also pilot the Module 4 investigation menu internally, running the candidate mini-projects itself to confirm they
are feasible with modest equipment and that they yield defensible data. This internal trial catches the practical failures
before students meet them.
Stage 2 is the first offering. The framework would run in a single section of thirty to forty students, taught as designed
and documented in full. The documentation is not incidental; it is the empirical material of the design-based research
cycle, capturing what happened in each module, where scaffolding held or failed, and how the capstone investigations
unfolded. This is the point at which the evaluation plan of Section 6 comes into force.
Stage 3 is revision and scale. Guided by the evaluation evidence, the team would revise the modules, the scaffolding,
and the capstone menu, then extend the course to further sections or to other institutions. Each enlargement is treated as
a further iteration rather than a finished rollout, in keeping with the iterative logic of design research [54-55]. Scale is
earned by evidence, not assumed. The implementation pathway and iterative feedback structure are summarized in
Figure 4.

Figure 4 The Three-Stage Implementation Pathway
Note: Preparation, first offering, and revision-and-scale each pass through a gate, and the evidence gathered at each stage feeds back

into the design, closing the design-based research loop.

5.2 What can Go Wrong, and the Design’s Answers

The literature on interdisciplinary and general education teaching is a catalogue of ways such courses fail. The pathway
is built to answer each known risk rather than to hope it away.
The first risk is that interdisciplinary teaching does not travel. Reviews find it different, difficult, and local, resistant to
being lifted from one setting into another [45]. The answer is the full publication of the design, its kits, and its reasoning,
so that a team elsewhere adapts it knowingly instead of copying it blindly. Deliberate adaptation is the realistic goal,
and it requires the design to be transparent, which is part of the purpose of this paper.
The second risk is that team teaching fractures. Sustaining interdisciplinary work in engineering education depends on
aligning the team’s vision, its teaching practice, and its institutional support [46]. The answer is to budget the co-
planning time explicitly in Stage 1, so that shared design happens before the course opens rather than being improvised
once it is running.
The third risk is that active methods produce activity without integration. Problem-based and project-based formats do
not deliver interdisciplinarity on their own [47]. The answer is designed into the architecture: the guiding questions
cannot be answered from one discipline, and the capstone is graded for integration rather than for effort [51]. The
interdisciplinary outcome is required by the tasks, not left to chance.
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The fourth risk is the loss of disciplinary depth that interdisciplinary breadth can bring [49]. The answer is the course’s
literacy orientation. Because the goal is judgment rather than coverage, the course does not pretend to teach a materials
major’s depth, and it is honest that it does not. The fifth risk is specific to the setting: a general education elective may
be dismissed as a shuike, a low-effort shuike ( watered-down courses ) [1]. The answer is visible workload parity with
credit-bearing courses and a tangible research product from every student, which is hard to reconcile with the water-
course reputation.

5.3 Institutional Conditions

Some conditions lie beyond the teaching team and must be secured at the institutional level. Sustaining a course that
crosses departments requires governance that also crosses them: a clear home unit, recognition of team teaching in
workload accounting, a modest budget for consumable materials, and access to a room that can host hands-on work [50].
In the Chinese setting, these needs align with the incentives of the Emerging Engineering Education initiative, which
rewards exactly this kind of interdisciplinary course reform [3], and with the appetite for general education renewal that
reform cases have begun to show [5]. Finally, the course benefits from deliberate quality signaling, the public markers,
in its outcomes, workload, and research deliverables, that separate it from the electives students have learned to dismiss
[2]. None of these conditions is exotic, but the course will not last without them.

6 EVALUATION PLAN

This section specifies what would be measured once the course runs. It is a plan, and no data exist yet. Stating the
evaluation in advance serves two purposes. It makes the design falsifiable, by fixing the evidence that would confirm or
challenge it, and it prepares the empirical second cycle of the design-based research program.

6.1 What to Measure

The plan measures three outcome families, each tied to an intended learning outcome from Table 1.
The first is interdisciplinary understanding, the target of ILO1. It would be assessed with a rubric adapted from the
targeted assessment of interdisciplinary work [51]. The rubric scores a student product for the quality of its disciplinary
grounding, the degree to which insights are genuinely integrated, and the presence of critical awareness about the
integration itself. The capstone reports from Module 4 are the natural site for this assessment, since they ask students to
bring several lenses to one problem.
The second is scientific literacy in the competent-outsider sense, the target of ILO2. It would be measured with
performance tasks that present a public claim about a material and ask students to evaluate it with evidence, following
the literacy framings that define the goal [34-35]. Alongside these tasks, low-stakes knowledge-structure probes, such
as word association administered before and after the course, would track how students’ mental organization of
materials concepts changes [41]. The pairing gives both a performance measure and a structural one.

Figure 5 The Evaluation Plan across the Semester
Note: Three outcome families run as parallel lanes, with pre and post instruments, checkpoints after each module’s inquiry cycle, and

the capstone artifacts as the summative evidence; predefined revision triggers feed the next design cycle.

The third is attitude and self-efficacy, which the non-majors literature marks as decisive for this audience. Because
science anxiety is a known barrier and active methods are known to shift confidence, the plan includes established
measures of science anxiety and of confidence in the general education context [23,37]. A course that raised
competence while leaving students more anxious would have failed at something the design cares about, so the affective
measures are not an afterthought. Figure 5 places the three families on the semester timeline.

6.2 How to Interpret the Evidence
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The design would be evaluated within a single offering, using a pre and post comparison on the literacy and attitude
instruments, module-level checkpoints after each inquiry cycle, and the capstone artifacts as the summative evidence of
integration. The quantitative instruments would be triangulated with a sample of student interviews, so that scores are
read alongside students’ own accounts of what changed. Expectations should be set honestly. Published redesigns of
general education science courses report gains in reasoning and attitude [36,39], and models of CURE outcomes
describe the kinds of effect authentic research tends to produce [18]. But a first offering of a new design should be
judged against those qualitative patterns rather than against a promised effect size. The point of the first empirical cycle
is to learn where the design works and where it breaks, not to declare a victory.

6.3 Feeding the Next Cycle

Because this is design-based research, the evaluation is built to inform revision, and the revision triggers are defined in
advance rather than chosen after the fact. If integration scores cluster at the level of juxtaposition, with disciplines listed
but not joined, the module prompts would be redesigned to force deeper connection. If anxiety measures rise over the
semester, the openness of the capstone would be rebalanced toward more guidance, in line with the finding that inquiry
needs appropriate support [14]. If the question-asking practice stays weak, the scaffolds around it would be
strengthened, addressing the gap the CURE literature has flagged. Setting these triggers before the data arrive guards
against reading whatever happens as success. It closes the design-based research loop [11,55] and defines the second
design cycle, the enactment and empirical study, as the direct follow-up to this paper.

7 DISCUSSION AND CONCLUSION

The framework is best understood by what it adds to the work closest to it. The nearest precedent delivered materials
chemistry to general education students online, with scientific literacy as its aim [10]. That course showed the audience
is reachable and the content teachable, but it worked in a research-led mode, conveying findings to students. The
present framework moves further along Healey’s spectrum, from research-led toward research-based teaching, by
giving students structured inquiry cycles, a four-lens interdisciplinary architecture, and a capstone in which they
conduct a small investigation of their own [12]. In the other direction, a materials chemistry CURE has shown that
authentic course-based research succeeds with chemistry majors [30]. What the framework contributes there is the logic
of scaling that research down to non-majors, through calibrated scaffolding, a low affective threshold, and literacy-
oriented outcomes rather than disciplinary depth. The design occupies the space between these precedents, which the
literature had left open.
The framework speaks to two reform agendas at once. For Chinese general education, it offers a documented course
model with the quality signals that the shuike problem demands, a concrete answer to the complaint that general
education electives ask too little of students [1-2]. For the Emerging Engineering Education initiative, it supplies a
specific interdisciplinary course that the reform can adopt, one built to produce the cross-boundary thinking the
initiative seeks [3]. Neither application is parochial. The inputs to the design are general, drawn from an international
evidence base, so the framework can be adapted well beyond the setting that motivates it.
The limitations are real and should be stated without hedging. This is a conceptual contribution. The framework has not
been enacted, and no claim about its effectiveness can be made until it has. Any judgment about learning gains awaits
the next design cycle and the evaluation set out in Section 6. The scope is a single course, and the design leans on a
capable, well-supported teaching team, which not every department can field. And as the interdisciplinary literature
insists, a design like this does not transfer intact; it must be adapted locally, with the understanding and the institutional
support that adaptation requires [45]. These are constraints on the claim, not flaws in it, but they mark the boundary of
what a first design cycle can assert.
The work ahead is clear. The immediate next step is to enact the first offering, run the evaluation plan, and report the
empirical cycle, converting a designed framework into tested knowledge. Beyond that first study lie natural variants
worth exploring: different classes of material as the module anchors, larger sections, and a fully online delivery of the
kind the nearest precedent used [10]. Each variant is a further turn of the design-based research cycle.
Materials science, read through the objects students already hold, is a natural place to give every general education
student one genuine experience of research. The pieces needed to do this have each been validated on their own:
authentic course-based inquiry, guided scaffolding, interdisciplinary integration, and a literacy-first approach to non-
majors. What has been missing is a design that puts them together for this audience and this subject. This paper offers
that design, and the terms on which it can now be tested.
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