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Abstract

Heritage education is increasingly expected to connect past evidence with questions of
responsibility, environmental change, and sustainable futures, yet primary learners often
encounter heritage through fragmented, visually driven exposure with limited support
for interpretation beyond factual recognition. This mixed-methods study applies an SRT
framework (Supply–Response–Transformation) to examine early, sustainability-relevant
meaning-making in primary heritage learning supported by a short animation-based
digital story, with an industrial heritage site serving as the case context. Evidence includes
stakeholder interviews (n = 39), a student pre-test (n = 399), a post-viewing survey (n = 452),
student drawings (n = 12), and classroom observations. Findings indicate that narrative-
visual mediation aligns with students’ reported curiosity and comprehension-related cues
under classroom conditions, and that post-viewing responses cluster around four classroom-
observable outcome signals: valued historical understanding, responsibility and care,
change–consequence–restoration reasoning, and personal and cultural positioning. This
study interprets digital storytelling as a classroom-feasible mediation format through which
meaning-making signals become observable in early meaning-making beyond factual recall.
It provides an interpretable chain for judging the visibility and elaboration of early meaning-
making signals under real classroom constraints.

Keywords: digital storytelling; primary education; sustainability education; heritage
education; industrial heritage

1. Introduction
Heritage education is increasingly understood as extending beyond the transmission of

historical facts [1]. Across heritage and sustainability education scholarship, it is associated
with learners’ developing capacity to interpret traces of the past as evidence, relate prior
human activity to present socio environmental conditions, and articulate early reflections
on responsibility, care, and collective remembering [2]. For primary learners, however, such
interpretive work is not automatically supported by brief or visually oriented encounters
with heritage [3]. In many everyday contexts, heritage is encountered through short visits,
exhibitions, or media fragments that may stimulate curiosity yet offer limited scaffolding
for interpretation, making classroom-observable signals of meaning-making especially
important [4].
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Contemporary heritage scholarship cautions against treating “heritage” as a stable
object or self-evident category ([5], Chapter 1). Rather than existing inherently within
monuments or artefacts, heritage is increasingly conceptualised as a cultural and discursive
process enacted through remembering, narrating, valuing, and positioning identity in the
present ([5] Chapter 1 and Chapter 2). From this perspective, the educational question
shifts from whether a particular heritage type deserves curricular inclusion to how learners
are supported to engage in interpretive practices within specific contexts, and how such en-
gagement can be evidenced in classroom feasible ways [1]. This orientation also recognises
that institutional and expert led definitions may privilege certain forms of heritage visibility,
while everyday memories and labour histories may be marginalised ([5] Chapter 3). Her-
itage contexts are frequently characterised by dissonance, in which multiple and sometimes
competing memories coexist rather than resolve into a singular narrative ([5] Chapter 2).
In such settings, institutional and public framings can shape what learners find easiest
to articulate, making some heritage statements more readily “sayable” than others ([5]
Chapter 1). This matters methodologically because readily available heritage language can
inflate post activity agreement without demonstrating that learners have produced their
own interpretive justifications or positioning.

In parallel, Education for Sustainable Development emphasises outcomes beyond
knowledge acquisition, including systems thinking, relational reasoning, and responsibility-
oriented positioning in complex socio ecological contexts [6]. For primary learners, these
capacities are more plausibly observable as early forms of explanation, causal reasoning,
and positioning statements expressed in situ, rather than as stable value commitments [7].
This implies a methodological need to identify interpretable outcome signals, observable
expressions of meaning making, rather than presuming internalised value change [8]. In
other words, the analytic emphasis is on what children can express and support in context,
not on claiming enduring attitudinal transformation.

Digital storytelling offers one possible pedagogical mechanism for supporting such
interpretive engagement [9]. By combining narrative structure, visual sequencing, and
affective cues, animation-based stories may render temporal processes traceable and situate
socio technical change within coherent story arcs [10]. However, the same narrative visual
affordances may also enable rapid uptake and reproduction of socially authorised heritage
language, producing high post-viewing agreement that reflects “sayability” as much as
interpretive translation ([5] Chapter 1). This tension motivates an evaluative logic that
distinguishes visibility from depth, separating what becomes readily expressible under
existing provision conditions from what is elaborated as meaning-making in children’s
post-viewing responses [1].

The present study therefore adopts a case-based approach to examine early, sustainability-
relevant meaning-making supported by a short animation-based digital story, using an in-
dustrial heritage site as an analytic case context. [11]. The empirical setting is the Dagushan
Iron Mine in Anshan, China, an industrial heritage site undergoing visible environmental
transition [12] (Figure 1). Figure 1 illustrates the large-scale spatial configuration of the
mine and its surrounding tailings area, highlighting the material visibility of extraction,
alteration, and ongoing ecological rehabilitation. As a century scale industrial site currently
subject to ecological restoration and landscape reshaping, Dagushan provides a context in
which questions of change, con-sequence, memory, and responsibility are materially and
socially salient [13]. Importantly, the site’s industrial production legacy, environmental
impacts, and restoration-oriented reframing coexist, shaping contested interpretations of
change and responsibility in context [14]. Within China’s basic education context, heritage
related learning at primary level is frequently delivered through short visits, local activities,
or media-based exposure, and access to site linked resources may vary across regions [15].
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Recent policy attention to local and school-based curriculum construction further highlights
the importance of locally adaptable resource development and management under uneven
provision conditions [16]. In this environment, a short animation-based format offers a
practical and classroom feasible way to examine early interpretive meaning making within
a time sensitive heritage context, without presuming systematic curricular inclusion [17].

 

Figure 1. The Dagushan Iron Mine and its surrounding tailings area representing a large-scale
industrial heritage landscape undergoing ecological transition.

Within this setting, Dagushan is treated as a case context that operates as a temporally
layered learning environment in which industrial legacies, environmental transition, and
restoration narratives intersect and remain socially negotiated. Interview material suggests
that industrial memory continues to circulate through intergenerational labour stories,
family-led return visits, and ongoing reinterpretations under ecological rehabilitation.
These accounts point to an active local field in which past–present relations are articulated
and reworked, rather than presupposed as stable forms of attachment. International
scholarship, including Smith’s (2006) ([5] Chapter 7) discussion of Castleford in the UK,
has shown how industrial legacies can become central resources for local identity under
specific social conditions, while also being shaped by what becomes institutionally and
socially “sayable” within authorised heritage discourse [5]. Framed in this way, Dagushan
provides a case in which local concern is treated as an empirical question rather than an
assumption, allowing this study to examine whether brief narrative mediation translates
locally grounded meanings into classroom-expressible signals or primarily reproduces
generalised heritage formulations. To organise evidence linking provision conditions,
learner engagement, and post-viewing interpretation, the study employs an SRT framework
(Supply, Response, Transformation). Supply captures how heritage related learning is
currently provided, including curriculum presence, access channels, and stakeholder
rationales and constraints. Response examines baseline engagement patterns relevant to
heritage learning. Transformation focuses on early, observable outcome signals expressed
immediately after viewing, interpreted as enacted forms of meaning making rather than as
indicators of stable value change.

Accordingly, this study addresses three research questions:

- RQ1: How is heritage-related learning currently provided for primary students (Sup-
ply), and what rationales and constraints shape this provision?

- RQ2: What grade-related differences are observed in students’ baseline curiosity, prior
exposure, and media preferences (Response)?

- RQ3: After viewing the animation, what early, educationally meaningful interpreta-
tions do students express (Transformation)?
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Using a mixed-methods design, evidence was collected through stakeholder inter-
views (n = 39), a student pre-test survey (n = 399), a post-viewing survey (n = 452), student
drawings (n = 12), and classroom observations. The study contributes by operationalis-
ing observable interpretive outcomes beyond knowledge acquisition and situating these
within a coherent explanatory sequence linking provision, engagement, and post-viewing
meaning-making.

2. Literature Review
Industrial heritage education is increasingly framed through sustainability [6]. Primary

learning outcomes in this area are often discussed beyond factual recognition of sites
or objects [1]. This review integrates process-oriented heritage scholarship, Education
for Sustainable Development, and digital storytelling research to motivate a classroom
observable focus on interpretive meaning making outcomes.

2.1. Heritage as Cultural Process

Recent heritage scholarship has moved beyond object centred definitions and reframed
heritage as a cultural and discursive process in which meaning is negotiated rather than
discovered ([5] Chapter 1). From this perspective, heritage does not reside inherently in
material remains but is enacted through practices of remembering, narrating, valuing, and
positioning identity in the present ([5] Chapter 2). The concept of authorized heritage
discourse explains how institutional, and expert led definitions can privilege monumen-
tal and officially sanctioned forms while marginalising everyday experience and labour
histories ([5] Chapter 1). Educationally, this suggests that heritage learning cannot be
reduced to factual transmission but instead requires attention to whose memories are
foregrounded and how narratives are constructed [1].

Heritage contexts are often marked by dissonance, where competing values and mem-
ories coexist ([5] Chapter 7). Post industrial landscapes exemplify layered meanings that
combine production histories with environmental transformation and restoration trajecto-
ries [14]. Such contexts provide settings in which interpretive positioning and relational
reasoning can be observed [13]. Research on industrial memoryscapes further illustrates
how industrial heritage is experienced through sensory traces and lived associations rather
than as static fabric [13]. From this standpoint, the educational focus shifts toward how
learners interpret and position themselves in relation to these contexts ([5] Chapter 2).

2.2. Sustainability Education and Interpretive Learning

Education for Sustainable Development extends educational aims beyond information
acquisition to include systems thinking, anticipatory reasoning, and responsibility-oriented
judgement in complex socio ecological systems [18]. Rather than treating sustainability as
a discrete topic, ESD foregrounds learners’ ability to reason about change, consequence,
and interdependence [7]. In primary contexts, these competencies are unlikely to appear
as stable ethical commitments and may instead be visible as early interpretive signals,
such as recognising cause effect relationships, expressing concern, articulating responsi-
bility, or tracing change over time [7]. Such expressions are better treated as emergent
interpretive practices rather than fixed transformations [8]. In this sense, sustainability
learning also involves meaning making through contextual reasoning and positioning [19].
These parallels process oriented accounts of heritage learning that treat interpretation and
positioning as central to how meaning is produced [5]. Both fields therefore converge on
the need to specify observable expressions of interpretation rather than assume internalised
value adoption.
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2.3. Digital Storytelling in Heritage Learning

Digital storytelling is widely used in heritage education due to its capacity to integrate
narrative coherence, visual sequencing, and affective engagement [9]. Narrative struc-
tures may render complex processes, such as industrial transformation or environmental
change, developmentally accessible [20]. Animation based storytelling is often associated
with increased motivation and comprehension, yet engagement alone does not guarantee
interpretive depth [21]. From a heritage as process perspective, narrative media can func-
tion as sites where meanings are enacted rather than merely transmitted ([5] Chapter 2).
Post-viewing drawings, explanations, and positioning statements can be understood as
performative engagements with heritage narratives [4]. When learners’ express responsi-
bility, link human action to environmental change, or position themselves in relation to
collective memory, they are not simply recalling content but enacting interpretive meaning
making [22]. However, empirical research seldom operationalises such performative in-
terpretive signals in classroom feasible ways [1]. This gap points to the need for analytic
categories that capture classroom observable post-viewing interpretation in a transparent
and defensible way.

2.4. Operationalising Classroom Observable Meaning Making Outcomes (V/R/C/P)

The preceding review suggests that heritage learning, sustainability education, and
digital storytelling converge on a shared concern, namely learning as interpretive en-
gagement rather than passive reception or factual recognition alone [5] (Ch. 2). From a
process-oriented heritage perspective, educational outcomes are therefore more appropri-
ately captured as observable meaning making, referring to what learners can articulate,
justify, and position in response to a mediated encounter [5] (Ch. 2). At the same time, au-
thorized heritage discourse indicates that what becomes easiest to articulate may be shaped
by institutionally legitimised vocabularies of significance and responsibility [5] (Ch. 1). For
this reason, simple agreement cannot be treated as sufficient evidence of interpretation
unless it is examined in terms of what is being expressed and how it is formulated [1].

Within sustainability education, Education for Sustainable Development emphasises
learners’ developing capacities to reason about change, consequence, responsibility, and
relational interdependence in socio ecological contexts [6]. In primary education, these
capacities are more plausibly observable as early interpretive expressions, such as causal
statements, responsibility language, and situated judgements rather than stable value
internalisation [7]. Digital storytelling offers a plausible pedagogical context for eliciting
such expressions because narrative sequencing and visual mediation can make temporality
and process more traceable for learners [23]. This can support initial construction of
explanations and positions in concept dense topics [23]. However, narrative media may
also increase discursive familiarity by providing culturally authorised formulations of why
heritage matters and why it should be protected [5] (Ch. 1). These dual potential highlights
the need to specify classroom observable outcome signals that can distinguish interpretive
meaning making from simple reproduction.

Accordingly, this study operationalises four theories grounded and classroom observ-
able outcome signals for analysing post-viewing responses [1]. These signals are informed
primarily by process-oriented heritage theory while incorporating sustainability education
concerns and narrative mediation perspectives [5] (Ch. 2). Valued Historical Understanding
captures learners’ capacity to articulate why the past matters, consistent with heritage as
process accounts that foreground valuing and narrating as interpretive practice [5] (Ch. 2).
Responsibility and Care capture normative positioning and early expressions of agency
aligned with sustainability-oriented judgement [6]. Change, Consequence, and Restoration
Reasoning captures process based causal articulation linking human activity to environmen-
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tal change and repair over time [7]. Personal and Cultural Positioning capture’s identity
related claims that connect past experience to present life [5] (Ch. 2).

Rather than treating authorized heritage discourse as the object of analysis, this study
uses process-oriented heritage theory as an interpretive lens to examine which forms
of meaning making become observable when a narrative medium mediates a dissonant
industrial heritage context for primary learners.

3. Methodology
Building on the preceding theoretical discussion, this study adopts a mixed methods

design organised through a Supply, Response, and Transformation (SRT) analytic sequence
to examine observable interpretive expressions among primary students following engage-
ment with a short animation based digital story in a dissonant industrial heritage context.

Within this design, industrial heritage is treated as a case context rather than as a
priori claim regarding the superiority of one heritage type over others. The analytical focus
is on identifying classroom feasible interpretive expressions beyond factual recall. Drawing
primarily on process-oriented heritage theory, and informed by sustainability-oriented
learning perspectives, four analytically derived categories guide the analysis: valued
historical understanding, responsibility and care, change, consequence, and restoration
reasoning, and personal and cultural positioning.

The SRT sequence is used to organise the analysis across three related dimensions.
Supply refers to the provision conditions shaping access to heritage related learning. Re-
sponse describes baseline engagement patterns prior to viewing. Transformation focuses on
observable interpretive expressions immediately following the animation. This sequencing
clarifies how provision context, baseline conditions, and post-viewing expressions relate to
one another within the study (Figure 2).

3.1. Intervention Material: Animation-Based Digital Story

The intervention resource was a short animation-based digital story titled Centen-
nial Mine: Dagushan [11], which presents the historical trajectory of the Dagushan Iron
Mine and its transformation from intensive industrial production to ecological restora-
tion through an intergenerational narrative lens (Figure 3). The animation was viewed in
class under teacher supervision as a single-session intervention. All participating classes
watched the same version under comparable classroom conditions. The narrative adopts
an intergenerational structure in which a grandfather and a child observe and discuss
landscape transformation. The storyline traces a temporal arc from historical industrial
production to environmental consequences and subsequent restoration and reshaping of
the site. This temporal sequencing was designed to render change processes traceable and
developmentally accessible for primary learners. The animation incorporates key industrial
and contextual elements, including representations of mining activity and labour scenes,
large-scale equipment and extraction processes, visible environmental impacts such as
tailings and altered terrain, restoration or rehabilitation actions, and symbolic references
to local memory and identity. These elements provide narrative cues that may prompt
historical recognition, causal reasoning, responsibility-oriented reflection, and positioning
in relation to past and present. To ensure implementation consistency, viewing condi-
tions were standardised across classes. Teachers followed the same basic procedure, and
classroom observation notes were recorded to document engagement characteristics and
immediate expressive reactions. These observations were used as contextual support for
interpreting student responses rather than as an independent dataset for statistical analysis.
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Figure 2. Analytic framework linking theoretical bases, case context, narrative mediation, and
the SRT analytic chain for identifying classroom-observable meaning-making signals in primary
heritage learning.
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Figure 3. A still image from Centennial Mine: Dagushan, depicting an intergenerational narrative scene
in which a grandfather and a child observe landscape transformation at the Dagushan Iron Mine, used
to support narrative-based learning and cultural positioning in primary-level heritage education.

3.2. Participants
3.2.1. Stakeholder Interview Participants

Semi-structured interviews were conducted with 39 participants, including primary
and secondary school teachers, museum explainers, museum visitors, and community
members associated with the Dagushan Iron Mine. Teachers represented a range of subjects
relevant to industrial heritage education (e.g., Chinese, mathematics, English, art, history,
and geography). Participants were recruited through purposive sampling, followed by
snowball sampling to identify additional individuals with relevant educational or heritage-
related experience. All participants were anonymised in accordance with ethical guidelines.
Codes were assigned as follows: A = primary teachers, B = secondary teachers, C = museum
explainers, D = museum visitors, and E = community members. An overview of the
interview sample is provided in Table A1 (Appendix A).

3.2.2. Student Participants

The student survey was conducted in Qingdao, Shandong Province, with the sup-
port of a local primary school and administered in class under teacher supervision. A
two-wave survey design was employed, consisting of a pre-test conducted prior to the
animation-based intervention to establish baseline student characteristics, and a post-test
administered after students viewed the digital storytelling animation to capture learning-
related responses. As the surveys were implemented within the same school context but
did not track individual students across waves, comparisons are intended to contextualise
observed patterns rather than to infer within-student change.

In the pre-test, 412 questionnaires were distributed, of which 399 were valid (96.84%).
In the post-test, 512 questionnaires were distributed, with 452 valid responses (88.28%).
All six grade levels (Years 1–6) were represented in both waves, with each grade account-
ing for more than 10% of the sample and broadly balanced distributions across grades
(Table 1), supporting grade-level comparisons. In addition, a small drawing-based task
was conducted as a qualitative supplement. Two students from each grade level (n = 12)
produced drawings after viewing the animation; these were used to examine students’
visual representation of key narrative themes and were not included in statistical analysis.
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Table 1. Year-level distribution of student participants across two survey rounds.

Year Level Pre-Test Frequency Pre-Test Percentage (%) Post-Test Frequency Post-Test Percentage (%)

Year 1 68 17.04 72 15.93
Year 2 79 19.80 68 15.04
Year 3 58 14.54 88 19.47
Year 4 53 13.28 68 15.04
Year 5 80 20.05 73 16.15
Year 6 61 15.29 83 18.36
Total 399 100.00 452 100.00

3.3. Data Collection and Instruments
3.3.1. Stakeholder Interview Participants Data

Interview questions were developed from prior literature and organised into five
heritage-education themes. Interviews were conducted face-to-face or online, audio-
recorded, and transcribed verbatim. Transcripts were imported into NVivo 12 for thematic
coding. To align with the SRT what–how–why logic, prompts captured what heritage content
is currently provided, how it is delivered, and why participants consider it educationally
valuable beyond information recall.

• Representative questions for teachers included:

- WHAT: Does your teaching include content related to heritage (e.g., world, natural,
intangible, or industrial heritage)?

- HOW: How do you usually present such content to students (e.g., text, video,
animation, discussion)?

- WHY: In your view, what kinds of educationally meaningful learning beyond
factual knowledge can heritage-related content support in primary students (e.g.,
historical meaning, care and responsibility orientation, change and consequence
reasoning, or linking past and present)?

• Representative questions for museum explainers included:

- WHAT: What content or key messages do you usually introduce to children about
the site?

- HOW: Which communication approaches do you find most effective (e.g., exhibi-
tions, storytelling, interactive experiences)?

- WHY: What kinds of understanding or interpretation do you hope children de-
velop from engaging with the site (e.g., recognising historical meaning, expressing
care, explaining change and consequences, or connecting the past to present life)?

3.3.2. Student Data

The questionnaire was administered in two stages: a pre-test and a post-test. The
pre-test comprised 16 structured items profiling students’ baseline exposure and engage-
ment (WHAT students already know and encounter; HOW they initially engage), including
recognition of industrial buildings, curiosity, familiarity with “industrial heritage”, willing-
ness to learn related content, and media preferences. To support comprehension, selected
items were accompanied by images of industrial heritage.

• Representative pre-test items included:

- WHAT: Have you ever seen places or buildings like the examples shown in
the images?

- HOW: How curious are you to find out what these places were used for?
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The post-test was administered immediately after students viewed the digital story-
telling animation and consisted of 12 structured items designed to capture early value-
oriented meaning-making responses reported following the narrative experience. Items
addressed four dimensions: valued historical understanding, responsibility and emotional
orientation toward protection, awareness of change–consequence–restoration, and connec-
tions between industrial heritage, people in the past, and present life. Responsibility- and
change-related items were used to operationalise sustainability awareness, while items re-
lated to historical meaning and personal or cultural connection were used to operationalise
cultural identity. All post-test items used a three-point response scale (agree, uncertain,
disagree), appropriate for primary school students.

• Representative post-test items included:

- WHY: I can explain why this heritage place is meaningful or worth caring about.
- WHY: I can explain how people’s actions in the past changed the environment.
- WHY: I can describe how the place changed over time and what was done to

improve or restore it.
- WHY: I can see connections between people’s lives in the past and our life today.

3.4. Data Validation and Reliability Testing
3.4.1. Stakeholder Interview Participants Data Validation

Stakeholder interview data were coded manually. To strengthen coding trustworthi-
ness, intercoder discussion and constant comparison were used throughout the iterative
coding process, with attention to category boundaries and cross-group consistency. As
an auxiliary robustness check of label separability, a Random Forest classifier was used to
reclassify the manually coded data [24,25]. This model-based check was not used to gener-
ate or revise themes; rather, it was used to identify where semantically adjacent categories
might be difficult to separate and to flag areas requiring closer interpretive justification.
Agreement between manual coding and model-based classification was high, with most
confusion occurring between semantically adjacent categories, sup-porting the internal
consistency and conceptual clarity of the coding scheme. Supporting outputs are reported
in Appendices A.2 and A.3.

3.4.2. Student Data Validation

Student questionnaire data were analysed in SPSS 27.0. Analyses included descriptive
statistics (means, standard deviations, and response distributions) and grade-level compar-
isons and associations (one-way ANOVA, Pearson correlations, and partial correlations
controlling for grade), as specified in Section 3.4.2. The pre-test was used to profile stu-
dents’ baseline conditions prior to viewing the animation and was analysed descriptively;
because the pre-test was designed as a descriptive profiling instrument rather than a latent
measurement scale, internal-consistency and construct-validity testing were not treated as
necessary for its intended use.

The post-test, administered after viewing the digital storytelling animation, served as
the primary instrument for examining immediate, classroom-feasible interpretive signals
following the narrative experience. These post-test items were analysed as an interpretable
set of indicators rather than as a confirmed latent-variable scale. Accordingly, reliability
assessment focused on internal consistency (Cronbach’s alpha), which showed acceptable
internal consistency (Cronbach’s α = 0.760; >0.70). To check whether item intercorrelations
were adequate for aggregated interpretation at the dimension level, sampling adequacy
was also examined (KMO = 0.736; >0.70). Based on the validated post-test data, descriptive
statistics and one-way ANOVA examined overall patterns and grade-level differences
across dimensions; Pearson correlations and partial correlations controlling for grade
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assessed relationships between selected variables; and frequency distribution analysis
summarised response patterns across value-related dimensions.

3.5. Ethical Considerations

All research procedures followed approved ethical standards for studies involving
human participants. Participation was entirely voluntary, and informed consent was
obtained from all interviewees and student participants. Personal identifiers were removed
during transcription and data processing to ensure anonymity and confidentiality. For
the student survey, permission was obtained from the school administration, and teachers
supervised questionnaire completion in class. All data were securely stored and used
exclusively for academic research purposes.

3.6. Data Analysis

The data analysis followed a multi-stage process combining qualitative thematic
analysis and quantitative descriptive and inferential analysis to support the SRT logic and
to link provision conditions, baseline engagement, and post-viewing interpretation within
a coherent explanatory sequence. In the Supply layer, interview data were analysed to
characterise provision ecologies and stakeholder rationales and constraints. In the Response
layer, pre-test data were analysed to profile baseline exposure and engagement patterns
across grades. In the Transformation layer, post-test responses, drawings, and observation
notes were integrated to identify immediate interpretive signals expressed after viewing.

3.6.1. Qualitative Topic Identification and Coding

Stakeholder interview data were analysed using iterative thematic coding in NVivo.
Coding proceeded from open coding to axial integration and selective refinement, gen-
erating analytical categories aligned with the Supply dimension of the SRT framework.
Constant comparison across participant groups was conducted to enhance internal consis-
tency and conceptual clarity.

To enhance corpus-level transparency, a supplementary Latent Dirichlet Allocation
(LDA) analysis was conducted to examine overall semantic distributions within the inter-
view data. The LDA results broadly corresponded to the manually developed thematic
structure. Importantly, all reported categories and interpretations in the paper were derived
from manual thematic analysis rather than algorithmic topic assignment; the LDA output
is reported only as a descriptive, corpus-level transparency check. Supporting outputs are
provided in Appendix A.3.

3.6.2. Quantitative Validation and Integration

Student data were analysed using complementary quantitative and qualitative ap-
proaches. The student questionnaire comprised a pre-test and a post-test, each serving a
distinct analytical purpose. The pre-test described baseline conditions prior to animation
viewing, focusing on overall patterns in recognition of industrial buildings, curiosity, prior
knowledge, willingness to learn, and media preferences; these results provided contextual
reference for subsequent analyses.

The post-test was administered after students viewed the digital storytelling anima-
tion and was analysed using descriptive statistics and grade-level comparisons (one-way
ANOVA) to characterise students’ evaluative understanding and affective orientations
following the narrative experience. Associations between selected variables were examined
using Pearson correlations and partial correlations controlling for grade, complemented by
frequency distribution summaries to report response patterns at the item and dimension
levels. Rather than assessing stable or long-term value internalisation, the post-test analysis
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examined whether students, guided by the animated narrative, exhibited early signals of
value-oriented meaning making related to industrial heritage.

Student drawings were used as contextual qualitative evidence and interpreted along-
side post-test results to examine whether students could recognise and externalise key
themes conveyed in the animation (e.g., change, consequence, and repair). The drawings
were not treated as independent quantitative measures and were not subjected to sepa-
rate statistical testing. Teachers’ classroom observation records during implementation
were also included as contextual qualitative evidence to support interpretation of students’
immediate reactions, engagement, and expressive characteristics during viewing and dis-
cussion; these observations were not treated as an independent data source for coding or
statistical analysis.

4. Results
The results are organised through an SRT logic that keeps the interpretive chain explicit:

(1) what is currently provided (Supply), (2) what students bring at baseline (Response),
and (3) what the animation is translated into in post-viewing expressions (Transformation).
Step 1 specifies the provision context and, crucially, clarifies what stakeholders treat as
meaningful learning outcomes for primary students under current constraints. These
supply side accounts are synthesised into an expected learning framework, expressed as
four observable signals (V, R, C, P). Step 2 then reports students’ previewing cognitive and
media conditions to indicate which of these expected signals may be more readily triggered
under baseline circumstances. Step 3 tests translation by examining which expected signals
become visible, how elaborated they appear, and where expression remains weak or uneven.
Industrial heritage functions here as the case context through which this provision baseline
translation chain is examined. Importantly, Step 3 is interpreted as fit to expectation rather
than treating all post-viewing agreement as equivalent.

4.1. Educational Supply (S): Provision Context and the Expected Learning Framework

This section describes the forms of provision that currently shape early industrial
heritage learning and shows how stakeholders define what counts as meaningful learning
for primary students within these conditions. It covers curriculum presence across school-
ing stages, learning channels and resource environments, provision formats and media
resources, and the educational purposes stakeholders attach to early learning. Together,
these accounts define an expected learning framework that later sections use as an inter-
pretive benchmark for judging post-viewing outcomes. Because the framework is derived
from current constraints (for example limited curriculum space and reliance on informal
channels), it supports Step 3 in distinguishing which learning signals become visible and
how elaborated they are, without presuming uniform emergence.

4.1.1. Curriculum Presence Across Schooling Stages: A Provision Gap in Primary Schooling

At the primary level, all eleven interviewed teachers reported that industrial heritage
is not explicitly included in the curriculum. Teacher A03 explained, “Primary school
students still struggle with complex historical or geographical ideas, so those topics do
not appear in the curriculum.” Teacher A01 added, “Including such topics would require
careful consideration of the existing workload and students’ learning capacity.” While
world heritage, natural heritage, or intangible heritage may occasionally be mentioned in
textbooks, industrial heritage appears largely absent at this stage (Figure 4).
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Figure 4. Comparative analysis of curricula involving industrial heritage content in primary school
and in junior & senior high school.

By contrast, lower and upper secondary curricula were described as offering selec-
tive entry points, mainly through history and geography. Among the thirteen secondary
teachers interviewed, nine reported teaching related content through textbooks or contex-
tual qualitative evidence. One teacher noted, “The Cultural Exchange and Transmission
textbook includes a section on preserving cultural heritage and why it matters. An older
version of the Economic Development coursebook even had content about Ansteel and
China’s post 1949 industrial growth.” (B03). Another added, “In geography, we talk about
industrial restructuring in Germany’s Ruhr area as a case study.” (B08). These accounts
indicate a stage divide: industrial heritage is marginal in primary schooling but selectively
introduced in secondary subjects.

Implication for the SRT chain: because primary curriculum provision is limited, early
learning is likely to rely more on non-curricular channels and experience-oriented formats.
This constraint informs what stakeholders consider feasible and meaningful learning signals
at the primary stage.

4.1.2. Learning Channels and Resource Environments: Where Early Exposure Happens

Across settings, early industrial heritage learning was reported as occurring mainly
through informal and place-based channels rather than dedicated curriculum units. Teach-
ers, parents, and museum explainers were repeatedly described as key sources of early
exposure. For example, one mother stated, “My child has just started Year 1 and does not
yet understand how steel is produced, but he was fascinated by the blast furnace, and that
kind of curiosity itself plants a seed.” This illustrates a provision route in which family
experiences support initial contact and early interpretation.

Museum explainers described onsite visits as a major access channel, particularly when
visits are supported by digital interpretation and interactive displays. One explainer noted,
“When short explanations are combined with multimedia interaction, children understand
more easily.” Taken together, these accounts suggest that museums function as a key access
venue, while schools and families provide supplementary exposure and explanation.

Implication for the SRT chain: the dominant channels (museum visits and family
exposure) tend to privilege attention, interest, and meaning making from experience rather
than systematic knowledge instruction. This shapes the expected learning framework used
later to judge post-viewing outcomes.
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4.1.3. Provision Formats and Media Resources: What Is Considered Usable for
Primary Learners

A recurring feature of the provision environment is the use of visual, story based,
and experience-oriented formats. Museum explainers described multi-sensory displays,
including illustrated panels, objects, reconstructed scenes, and sound and light effects.
Explainer C03 said, “We mainly use illustrated panels, real objects, recreated scenes, and
sound and light effects to make everything feel vivid.” Explainer C02 added, “We have
rebuilt scenes like old factories and dorms. It really feels like going back in time.”

At the same time, explainers reported adapting explanations for younger visitors,
implying difficulty in sustaining comprehension through extended verbal instruction.
Explainer C01 observed, “They do not really follow the explanations. They just like
the visuals and the lights.” Explainer C02 noted, “When we get groups of young kids,
we know they will not take in much, so we adjust our approach.” Teachers similarly
described classroom formats that rely on pictures and short explanations, sometimes
supplemented by videos. Teacher A10 stated, “In class, I usually use pictures with short
explanations. Sometimes I play videos.” Storytelling, role play, and guided questioning
were also mentioned as participation strategies. Teacher A05 stated, “Animations and
videos are the most effective. Children remember stories more easily than lectures.”

Stakeholders also provided recommendations about communication formats. Among
the twenty-seven interviewees who explicitly commented on media formats, twenty-three
supported the use of animation (Figure 5). Storytelling was supported by nineteen partici-
pants, and short videos were mentioned by eight. Holography, role play, and GPS tools
were each cited by one respondent.

Figure 5. Preferred media formats for industrial heritage education: stakeholder recommendations.

Implication for the SRT chain: supply side formats and recommendations consistently
favour narrative visual media as a feasible means of access for younger learners. This
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provides a supply grounded rationale for Step 3, which tests whether animation can
translate engagement into meaningful learning signals beyond simple recall.

4.1.4. Educational Purposes Perceived: What Counts as “Meaningful Learning” Under
Current Provision

Beyond provision as a set of resources or formats, stakeholders described the edu-
cational significance they associate with industrial heritage learning for children. Across
accounts, these purposes cluster into four expected learning signals that can be observed in
children’s expressions after a brief narrative intervention:

- Valued Historical Understanding (V): explaining why the past matters (meaning-
oriented historical judgement).

- Responsibility and Care (R): articulating normative stances and actions (what ought
to be done and why).

- Change–Consequence–Restoration Reasoning (C): linking human action to environ-
mental change over time and recognising repair.

- Personal and Cultural Positioning (P): relating the narrative to present life, memory,
and identity.

These expectations are visible in how stakeholders frame significance. Museum
explainers often framed industrial heritage as historical evidence through which children
can interpret societal transformation. As C01 stated, “Industrial heritage is a testament to a
nation’s history. . . [it] represents our country’s transformation from a major agricultural
nation to a major industrial one.” C02 similarly highlighted landmark sites as symbols
of development, noting that “the No.1 blast furnace built in 1917 and the old sintering
workshop from 1957. . . symbolize the development of China’s steel industry.”

Stakeholders also emphasised contemporary relevance through intergenerational
memory and lived experience. As C02 noted, “I’ve seen many elderly visitors who bring
their families to revisit the places where they used to work, just to remember the past.”
A community member E01 explained, “This place carries the work and lives of several
generations in our family.” Teachers connected learning to national development and early
identity positioning. A02 argued that children should learn such content “to understand
how the country developed,” while A04 noted that “schools focus a lot on humanities, but
we’re lacking when it comes to industrial education.” B11 linked learning to pride and
spirit: “Learning about those buildings helps students understand our development. . .
Building national pride is important. It’s part of their spirit.” A parent also observed that
“seeing real industrial sites makes children start asking why things changed and what
should be protected.”

4.1.5. Summary: Supply Defines Both the Provision Context and the Expected
Learning Framework

In primary contexts with limited formal curriculum coverage, stakeholders tend
to treat meaningful learning as early signals of V, R, C, and P rather than fully devel-
oped disciplinary knowledge. Step 2 therefore reports baseline conditions that may make
some signals easier to trigger than others, and Step 3 tests which signals are reflected in
students’ post-viewing expressions, how elaborated they appear, and where translation
remains uneven.

4.2. Learner Response (R): Baseline Conditions That Shape What Can Be Triggered

This step reports students’ baseline awareness, willingness, media preferences, and
comprehension related patterns before the animation. These indicators clarify readiness for
engagement and suggest which expected signals from Step 1 may be more readily elicited
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under baseline circumstances, especially when learning relies on narrative visual access
rather than extended instruction.

4.2.1. Awareness and Willingness to Learn (By Grade)

Students’ awareness varies across grades (Table 2; Figure 6). The proportion of students
who have seen industrial buildings rises from 60.3% in Year 1 to 77.0% in Year 6. Awareness
of the term “industrial heritage” increases from 26.5% to 65.6%, with a clearer rise in
Years 5 and 6. Self-rated understanding declines from 4.37 to 3.44, suggesting that older
students may more readily recognise limits in what they know even as exposure increases.
Willingness to learn remains high across grades, peaking in Year 5 (62.5%) and staying
between 41% and 51% in other grades.

Table 2. Year-level distribution of student participants across two survey rounds.

Year Level
Have Seen
Industrial

Buildings (%)

Have Heard of
Industrial

Heritage (%)

Level of
Understanding

(Score)

Willingness to
Learn (%)

Year 1 60.3 26.5 4.37 45.6
Year 2 60.8 20.3 4.30 50.6
Year 3 56.9 24.1 4.28 41.4
Year 4 62.3 28.3 4.00 49.1
Year 5 75.0 50.0 3.75 62.5
Year 6 77.0 65.6 3.44 47.5

  

Figure 6. Students’ exposure, awareness, understanding, and willingness to learn about industrial
heritage by grade (bar chart).

Link to the expected learning framework: high willingness and growing exposure
indicate readiness for engagement, which is compatible with the emergence of meaning ori-
ented and responsibility-oriented expressions (V and R) after a short narrative intervention.
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The decline in self-rated understanding also suggests that more structurally demanding
causal reasoning (especially C) may be less uniformly explicit without supportive scaffold-
ing, particularly in lower grades.

4.2.2. Media Preferences and Grade-Related Differences

Students’ preferences for four learning media show grade related variation. Overall
mean scores were 28.96 for animation, 28.26 for documentaries, 23.10 for books, and
19.68 for short videos (out of 100) (Table 3). Animation shows the strongest grade effect
(F = 6.564, p < 0.01), with the Year 1 mean (37.19) notably higher than the Year 6 mean
(18.05). Preferences for books (F = 2.421, p = 0.035) and documentaries (F = 4.768, p < 0.01)
increase with grade and peak in Years 5 and 6, while short videos show no significant
difference across grades (F = 1.333, p = 0.249) (Table A2 (Appendix A)).

Table 3. Summary of pupils’ preference scores for different learning methods.

Learning Method Watching
Animation

Reading
Books

Watching
Documentaries

Watching
Short Videos

Score (out of 100) 28.96 23.10 28.26 19.68

Link to the expected learning framework: Given that Supply emphasises narrative
visual formats as feasible for younger learners, the strong animation preference in lower
grades supports the plausibility of eliciting early V and R signals through narrative meaning
making. Older students’ increasing interest in documentaries and books is consistent with
the possibility of more explicit C type articulation, although this remains an empirical
question tested in Step 3.

4.2.3. Relationship Between Media Preferences and Comprehension

Correlation analysis shows that preference for animation is positively associated
with comprehension (r = 0.248), whereas preference for books is negatively correlated
(r = −0.223). Documentaries (r = −0.138) and short videos (r = 0.056) show weaker
associations (Appendix A Table A1).

Link to the expected learning framework: baseline comprehension aligns most clearly
with narrative visual preference under current provision conditions. This does not de-
termine post-viewing outcomes, but it supports Step 3 in testing whether the animation
translates engagement into visible V and R signals more readily than into more structurally
complex signals (especially C and place anchored P).

4.2.4. Recognition of Heritage Value Dimensions at Baseline

Students’ recognition of industrial heritage value focuses mainly on cultural and
historical aspects. Historical value receives the highest recognition (85.5%), followed by
national culture (79.2%) and spiritual home (74.2%). “Broadening horizons and general
knowledge” is mentioned less frequently (65.7%) (Figure 7). Open ended responses occa-
sionally reference technological innovation and its relation to heritage, suggesting emerging
attention to industrial and scientific dimensions.

Link to the expected learning framework: baseline value recognition is more readily ar-
ticulated through historical and cultural frames, which is consistent with V being relatively
easier to express than place anchored P or causally elaborated C under baseline conditions.
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Figure 7. Pupils’ recognition of industrial heritage value dimensions (stacked chart).

4.2.5. Summary: Response as Baseline Engagement Patterns

In summary, baseline data indicate high willingness and substantial exposure, with a
clear preference for narrative visual media among younger students and more diversified
media preferences among older students. Comprehension aligns most clearly with anima-
tion preference. These baseline conditions set up Step 3 by indicating that some expected
signals (especially V and R) may be more readily triggered through short narrative viewing,
whereas others (especially C and place anchored P) may require greater developmental
readiness or more explicit elicitation supports.

4.3. Educational Transformation (T): Early Outcome Signals and Their Distribution Across V, R,
C, and P

The Transformation step tests the expected learning framework defined in Step 1
against students’ post-viewing expressions, interpreted in light of the baseline conditions
reported in Step 2. The focus is translation and elaboration: which expected signals
become readily visible in students’ expressions, and where expression remains weaker,
more uneven, or more dependent on grade related readiness. Evidence is triangulated
across post-viewing questionnaire responses, meaning expressions in student drawings,
and teachers’ interpretive records.

Across the four dimensions (three-point scale), mean scores were R = 2.77, V = 2.71,
P = 2.66, and C = 2.62. The proportion of “Agree” responses ranges from 71.7% to
82.2% across dimensions (Figure 8). These distributions suggest that all four signals
are present to some extent. The sections below clarify their relative visibility and typical
level of elaboration.
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Figure 8. Response distribution by dimension.

4.3.1. Valued Historical Understanding (V): Meaning-Oriented Interpretation of the Past

This outcome captures an early form of interpretive historical judgement, where
students express why the past matters rather than only reproducing historical information.
Across year levels, V shows consistently high scores (overall mean = 2.71/3), with modest
variation. In students’ statements, historical reference is linked to labour, contribution,
and reasons for preservation. Some students noted that the mine “has a history of over
100 years” and “serves as a foundation for national industry” (A02). Others foregrounded
intergenerational effort, observing that “the grandfathers and fathers worked very hard”
(A04). Teachers’ interpretive records noted phrases such as “passed down from previous
generations” and “should be protected” in students’ recounting (A09).

Within the SRT chain, this pattern fits the Supply expectation that V is a feasible
primary stage signal under limited curriculum provision, and it aligns with Step 2 readiness
patterns that support meaning making through narrative viewing.

4.3.2. Responsibility and Care (R): Normative Language and Early Agency Positioning

This outcome reflects responsibility-oriented reasoning and early agency, where stu-
dents articulate what ought to be done and why. R recorded the highest overall mean
(M = 2.77), with slightly higher scores among lower grade students. Post-viewing state-
ments include normative judgements such as “we should protect the environment and
not allow the mine to be further damaged” (A01) and “protecting industrial heritage in
the future is also our responsibility” (A01). Teachers recorded emotional responses to
environmental damage scenes, with students saying they “felt sad” and expressing a desire
to “protect our home” (A10).

Responsibility language and emotional responses often co-occur. In many cases, re-
sponsibility is expressed as general moral intention rather than through detailed reasoning
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about mechanisms or trade-offs. Within the SRT chain, this matches Step 1 expectations
and is compatible with Step 2 conditions indicating high willingness and strong narrative
visual receptivity, especially in lower grades.

4.3.3. Change–Consequence–Restoration Understanding (C): Causal Sequencing with
Grade-Related Differentiation

This outcome reflects sustainability relevant causal reasoning, where students connect
human action to environmental change over time and recognise the possibility of restoration.
C shows the clearest grade related pattern, increasing from 2.45 in lower grades to 2.59 in
middle grades and 2.81 in upper grades. Drawings and teacher records show depiction
of degradation using symbols such as rubbish accumulation, polluted water, or darkened
land surfaces, sometimes organised through contrast to suggest deterioration and recovery
(A11). Representative examples of these visualised change sequences are presented in
Figure 9, which illustrates how students spatially and temporally structured environmental
decline and subsequent recovery within a single narrative frame. Students stated that “the
mine used to be very beautiful, but now it is polluted, which is such a pity” (A11), and articulated
sequences such as “when there was too much rubbish, the environment got worse, but later
someone cleaned it up and it improved” (A11). Teachers noted restoration imagery such as
“small trees are growing in the current mine pit” (A07). Some students expressed intentions
like “don’t litter; protect the ecosystem” (A01) or suggested “planting more trees” (A08).

Figure 9. Student drawings representing narrative stages of environmental change at Dagushan Mine.

Within the SRT chain, C appears present but less evenly elaborated, and it tends to be
clearer in older students’ expressions. This pattern is consistent with Step 2 baseline indica-
tions that structurally demanding reasoning may depend more strongly on developmental
readiness and may require additional scaffolding to become explicit in lower grades.

4.3.4. Personal and Cultural Positioning (P): Connecting Narrative, Present Life, and
Collective Memory

This outcome captures identity-based positioning in which students relate the nar-
rative to present life, memory, and self-placement. P shows a relatively high mean score
(M = 2.66) and a stage like pattern across grades. Students stated, “our current life is very
fortunate” and “I am proud that our country has developed so strongly” (A02). Teachers
observed that some students interpreted the narrative as a value story related to tradi-
tion, labour, and environmental responsibility (A12), and expressed generalised cultural
positioning within historical frames (A13).
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Within the SRT chain, P is visible mainly through broad national cultural framing.
Place anchored, locally specific identity statements appear less consistently in the student
data reported here than in adult stakeholder accounts. If place specific positioning is treated
as a key intended outcome, the current viewing and response format may benefit from
more targeted prompts or structured reflection tasks to elicit local attachment and personal
connection more explicitly.

4.3.5. Summary: Distribution of Early Outcome Signals Across V, R, C, and P

Across questionnaire distributions, drawings, and teacher records, students show
post-viewing expressions that correspond to the four expected learning signals specified
in Step 1. However, these signals differ in visibility and typical level of elaboration when
interpreted against the baseline conditions in Step 2.

First, V and R are the most readily reflected signals. Students frequently justify why
the past matters (V) and express responsibility-oriented language (R). This profile fits the
Supply expectation that meaningful primary stage learning is often expressed through
early meaning judgement and normative positioning, and it is compatible with baseline
readiness patterns showing high willingness and strong alignment between animation
preference and comprehension.

Second, C is reflected less evenly and shows clearer grade related differentiation,
with more explicit action consequence restoration sequencing more often visible in older
students’ expressions. This aligns with the baseline pattern that self-rated understanding
declines with grade even as exposure increases, suggesting that older students may both
recognise complexity and articulate causal structure more explicitly.

Third, P is reflected but is less consistently anchored in place. It appears more often as
broad national cultural positioning than as locally grounded identity claims in the student
data presented here. Where place specific positioning is a priority, additional elicitation
supports may help translation become more explicit.

Overall, the SRT chain clarifies a differentiated translation profile: V and R appear
readily visible under baseline engagement conditions, C appears more developmentally
differentiated, and place anchored P appears comparatively less consistently elicited under
the current viewing and response format.

5. Discussion
Guided by the SRT sequence and aligned with the study design, this discussion

interprets the findings at three interrelated levels: the provision context documented
through stakeholder interviews (Supply), baseline student engagement patterns identified
through the pre-test (Response), and early post-viewing outcome signals evidenced in the
post-test questionnaire, student drawings, and classroom observations (Transformation).
The SRT framework is used as an analytical lens to keep the interpretive chain explicit,
clarifying what is currently provided, what learners bring under baseline conditions,
and what the animation is translated into in post-viewing expressions. Importantly, the
Transformation layer is interpreted as fit to expectation rather than treating all post-viewing
agreement as equivalent. This sequencing treats heritage meaning as an enacted process
and addresses an empirical tension: narrative mediation can foster meaning-making, but it
can also amplify response familiarity, making some statements easy to produce without
indicating interpretive depth. This approach is particularly relevant in heritage education,
where dominant narratives can shape what counts as legitimate heritage meanings and
therefore what learners find easiest to articulate ([5] Chapter 1).
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5.1. Supply Layer: Provision Constraints and the Social Framing of Meaningful Learning

At the Supply layer, stakeholder interviews indicate a provision context in which
industrial heritage is largely absent from formal primary curricula, with early exposure
occurring mainly through informal and place-based channels such as museum visits,
family experiences, and community-related encounters. Within these settings, stakeholders
repeatedly described visual, story-based, and experience-oriented formats as feasible for
young learners, including guided interpretation, reconstructed scenes, illustrated panels,
and multimedia displays. These accounts align with constructivist and experiential learning
perspectives, which emphasise that learners build understanding through meaning-making
supported by situated cues, affective engagement, and accessible representations [7,17].

Beyond describing delivery formats, stakeholders also clarified what they treat as
meaningful learning for primary students under current constraints. Rather than expect-
ing disciplinary mastery or detailed technical knowledge, stakeholders emphasised early
signals of interpretive judgement, responsibility language, basic causal awareness of envi-
ronmental change, and broad identity positioning. This is why the Supply layer in this study
defines an expected learning framework expressed as four observable signals: Valued His-
torical Understanding (V), Responsibility and Care (R), Change–Consequence–Restoration
reasoning (C), and Personal and Cultural Positioning (P).

Interpreting these provision accounts in terms of dominant heritage framings helps
explain why these signals take the form they do. Heritage can be naturalised as a set of
values and meanings that appear self-evident, morally obligatory, and closely tied to expert
authority and national narratives [5] (Ch. 1). Within such a discourse, heritage learning is
readily framed as stewardship for future generations and as recognition of nationally signif-
icant pasts, while locally grounded, multi-vocal, or contested meanings are less structurally
supported [5] (Ch. 1 and Ch. 2). This helps clarify why stakeholders frequently framed
industrial heritage as testimony to national development and intergenerational labour,
and why early learning purposes were often expressed through moral responsibility and
broad collective identity. In this study, these framings are treated as contextual conditions
that shape what becomes readily “sayable”, rather than as normative commitments that
the analysis seeks to endorse. In this sense, the Supply layer is not simply a catalogue
of available resources. It also documents the social framing of what is most sayable and
teachable as heritage within existing schooling and museum conditions [14].

5.2. Response Layer: Baseline Readiness as Discursive and Cognitive Access

At the Response layer, pre-test findings suggest that students enter industrial heritage
learning with generally high curiosity and willingness to learn, alongside grade-related
differences in exposure, perceived understanding, and media preferences. Exposure and
awareness increase with grade, while self-rated understanding declines, which suggests
that older students may become more aware of conceptual complexity even as their contact
with industrial heritage increases. Media preferences show a clear pattern: animation is
most preferred overall and is especially strong among younger students, whereas pref-
erences for books and documentaries increase with grade. In addition, comprehension
correlates positively with animation preference, indicating that narrative-visual formats
are particularly accessible under baseline conditions.

These patterns are broadly consistent with multimedia learning accounts, which
highlight the potential of visual and narrative cues to support comprehension when learners
have limited prior knowledge or when content is concept-dense [9,23]. The grade-related
diversification of media preferences also aligns with developmental accounts of changing
representational interests across childhood [17].
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Importantly, the Response layer can also be read as discursive access as well as cog-
nitive access. If prevailing institutional vocabularies structure what counts as legitimate
heritage meaning, animation may function as a low-threshold entry route into readily artic-
ulable statements such as why the past matters and why protection is a responsibility [5]
(Ch. 1). In this sense, high willingness and strong receptivity to animation in lower grades
support the plausibility of eliciting V and R signals through narrative meaning-making,
even when more structurally demanding causal articulation or place-anchored identity
claims are less readily available at baseline.

5.3. Transformation Layer: Differentiated Translation Across V, R, C, and P

At the Transformation layer, post-test responses supported by drawings and classroom
observations indicate early outcome signals that correspond to the expected learning
framework. Across the four dimensions, mean scores show R highest, followed by V, P,
then C. Agreement rates are high across dimensions. However, the SRT logic requires the
analysis to go beyond overall positivity and to examine translation and elaboration. In
other words, the question is not whether students agree, but which signals become visible,
how elaborate they are, and where expression remains uneven when interpreted against
baseline conditions.

First, V and R are the most readily reflected signals. Students frequently expressed
meaning-oriented historical judgement and responsibility language, often linking industrial
heritage to intergenerational labour, national development, and moral duties to protect
the environment and heritage. This profile fits the Supply expectation that under limited
curriculum provision, meaningful learning at the primary stage is often expressed through
evaluative judgement and normative positioning rather than through detailed disciplinary
explanation. It also aligns with baseline readiness patterns indicating high willingness and
strong alignment between animation preference and comprehension. The prominence of
responsibility language is also consistent with a familiarity effect: stewardship formulations
are culturally recognisable and therefore easy to reproduce after brief exposure, even when
underlying reasoning remains thin.

Second, C shows clearer grade related differentiation. Older students more often
articulated action consequence restoration sequences and expressed causal links between
human activity, environmental degradation, and repair. This pattern is consistent with
the Response layer finding that perceived understanding declines with grade even as
exposure increases, suggesting that older students may recognise complexity and are better
positioned to articulate causal structure explicitly. In SRT terms, C appears present but less
uniformly elaborate, and its translation seems more dependent on developmental readiness
and possibly on additional scaffolding.

Third, P is visible but less consistently anchored in place. Students often expressed
broad national cultural positioning, such as pride in national development or gratitude
for present life, but locally grounded, place specific identity statements appeared less
consistently than in adult stakeholder accounts. This divergence is theoretically informative.
Where dominant heritage framings privilege nationally legible meanings, locally situated
or multi-vocal positioning may be harder to elicit through brief post-viewing agreement
tasks. If heritage is treated as a cultural pro-cess rather than a stable object, then identity
positioning is not merely a cognitive outcome, but a practice shaped by the prompts,
participation format, and available discursive resources [4]. The current viewing and
response format, which relies heavily on brief post-viewing agreement, may privilege
generalised value statements over situated self-positioning. If place anchored positioning
is treated as a key intended outcome, then targeted prompts and structured reflection tasks
are likely needed to elicit local attachment and personal connection more explicitly.
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5.4. Why SRT Matters as an Evaluative Logic in Heritage Education

A key implication of the revised interpretation is methodological: SRT treats the dis-
tinction between meaning-making and response familiarity as an empirical issue rather
than assuming that post-viewing agreement reflects interpretive depth. In heritage educa-
tion, high post-viewing agreement may indicate meaningful engagement, but it may also
reflect the reproduction of dominant heritage framings already available in the provision
environment [1,5] (Ch. 1). By defining expected signals from the Supply layer and then
testing fit and elaboration in the Transformation layer, the SRT chain provides a way to
interpret post-viewing outcomes without assuming that all agreement is equivalent. Ac-
cordingly, the discussion interprets high agreement as a visibility indicator and relies on
elaboration cues (open statements, drawings, and teacher records) to judge interpretive
depth rather than treating agreement alone as evidence of transformation. This supports
a more cautious reading of early value-oriented responses and clarifies where learning
appears robust (V and R), where it is developmentally differentiated (C), and where it may
require different elicitation conditions (place-anchored P).

5.5. Design Implications

The findings suggest that animation-based digital storytelling can serve as a feasible
entry-point format for primary heritage learning under constrained provision conditions.
To reduce the familiarity effect and strengthen interpretive depth, classroom use may bene-
fit from brief prompts that elicit (i) local/place-anchored positioning (P) and (ii) explicit
change–consequence–restoration sequencing (C), especially in lower grades. Simple sup-
ports such as guided “because” questions, sequencing organisers, or short pair discussion
tasks can help externalise reasoning rather than relying on agreement-based responses.
These implications align with the SRT logic by specifying the elicitation conditions under
which expected signals are more likely to become observable and elaborated.

6. Limitations and Future Directions
Although this study provides an interpretable evidence chain for understanding early

learning signals generated by animation-based digital storytelling in industrial heritage
education, several limitations should be acknowledged. First, the empirical data were
collected within a single regional context (Qingdao), and the findings may reflect locally
specific curriculum cultures, institutional practices, and museum interpretation frame-
works. Caution is therefore required when generalising the results to other regions, school
systems, or heritage contexts. Second, the study focused on early, post-viewing expressions
of meaning and employed a cross-sectional pre–post design with independent samples
rather than tracking the same learners longitudinally. As a result, the findings support
interpretation of short-term translation patterns rather than claims about sustained value
development or long-term learning outcomes. Third, several indicators relied on self-
reported student responses and brief expressive tasks, which may be influenced by social
desirability, classroom norms, or the reproduction of socially authorised heritage language.
While triangulation with drawings and teacher records strengthened interpretive credibility,
these measures remain limited in their capacity to capture deeper or more contested forms
of understanding. Finally, variation in classroom implementation conditions (e.g., teaching
style, viewing environment, technological facilities) could not be fully controlled and may
have influenced students’ engagement and expression, affecting external validity.

Future studies could extend this work in several ways. Longitudinal or matched pre–
post designs with delayed follow-up measures would allow examination of whether early
value-oriented meaning expressions observed after viewing are sustained, transformed, or
attenuated over time. Larger or multi-site samples could support model-based validation
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of the SRT mechanism, for example, through mediation or cross-lagged analyses that
test relationships among provision characteristics, baseline learner conditions, and post-
viewing outcome signals. In addition, future research could employ more fine-grained
and standardised learning measures to differentiate levels of elaboration within V, R, C,
and P, moving beyond agreement-based indicators toward deeper assessments of causal
reasoning, identity positioning, and interpretive complexity. Comparative studies that
vary narrative framing, prompting strategies, or institutional interpretation contexts may
also help clarify how dominant heritage discourses shape what students find easiest to
articulate and under what conditions more locally situated or multi-vocal expressions
emerge. Together, such work would strengthen the empirical and theoretical basis for
evaluating digital storytelling as a classroom-feasible approach across contexts to industrial
heritage education.

7. Conclusions
Using the SRT framework (Educational Supply, Learning Response, and Educational

Transformation), this study synthesised mixed-methods evidence on how a short animation-
based digital story can support primary heritage learning under constrained provision
conditions, with an industrial heritage site serving as the case context. Interviews indicate
that industrial heritage remains marginal in primary curricula and that early exposure
relies largely on museums and family experiences, where visual and story-based formats
are viewed as feasible for younger learners. Baseline patterns from the pre-test support the
feasibility of animation as an accessible entry-point medium. Post-viewing evidence from
questionnaires, drawings, and classroom observations converges on four early outcome
signals (V, R, C, P), suggesting that students’ responses extend beyond factual recall toward
initial meaning-oriented interpretation. These outcomes should be understood as situa-
tional expressions rather than evidence of sustained value internalisation. The SRT logic
supports a cautious reading of post-viewing responses by separating what becomes visible
from what is substantively elaborated. Future work should test stability and transfer using
matched or longitudinal designs with delayed follow-up and multi-site sampling.
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Appendix A
Appendix A.1. Overview of Interview Participants

Table A1. Overview of interview participants.

Serial
Number Role Subject/Area Grade Level(s)

Covered Place of Work

A01 Primary Teacher Chinese Year 1–4 Primary School A
A02 Primary Teacher Chinese Year 4–6 Primary School A
A03 Primary Teacher English Year 1–6 Primary School A
A04 Primary Teacher English Year 2–4 Primary School A
A05 Primary Teacher Mathematics Year 2–4 Primary School A
A06 Primary Teacher Mathematics Year 1–3 Primary School A
A07 Primary Teacher Mathematics Year 5–6 Primary School A
A08 Primary Teacher Art Year 1 Primary School A
A09 Primary Teacher Art Year 1 and Year 5 Primary School A
A10 Primary Teacher Art Year 5 Primary School A
A11 Primary Teacher Art Year 1–6 Primary School A
B01 Secondary Teacher History Year 7–12 Secondary School B
B02 Secondary Teacher History Year 7–10 Secondary School B
B03 Secondary Teacher History Year 7, 10–12 Secondary School B
B04 Secondary Teacher Geography Year 7–8 Secondary School B
B05 Secondary Teacher Geography Year 7–12 Secondary School B
B06 Secondary Teacher Geography Year 10–12 Secondary School B
B07 Secondary Teacher Geography Year 7–8 Secondary School B
B08 Secondary Teacher Geography Year 10–12 Secondary School B
B09 Secondary Teacher Art Year 7–9 Secondary School B
B10 Secondary Teacher Art Year 10–12 Secondary School B
B11 Secondary Teacher Chinese Year 7–11 Secondary School B
B12 Secondary Teacher Chinese Year 7–9 Secondary School B
B13 Secondary Teacher English Year 7–12 Secondary School B
C01 Museum Explainer Interpretation — Anshan Iron and Steel Museum
C02 Museum Explainer Interpretation — Anshan Iron and Steel Museum
C03 Museum Explainer Interpretation — Anshan Iron and Steel Museum
D01 Visitor—Student Public Visitor Year 7 Anshan Iron and Steel Museum
D02 Visitor—Student Public Visitor Year 5 Anshan Iron and Steel Museum
D03 Visitor—Student Public Visitor Year 5 Anshan Iron and Steel Museum
D04 Visitor (Teacher) Chinese Year 1–6 Anshan Iron and Steel Museum
D05 Visitor—Parent and Student Public Visitor Year 1 Anshan Iron and Steel Museum
D06 Visitor—Parent and Student Public Visitor Year 7 Anshan Iron and Steel Museum

E01 Retired Miner
(Three-generation family) Community Member 65–70 Grandparents, parents, and self all worked at

the Dagushan Iron Mine

E02 Local Historian/Former Resident Community Member 55–60 Born and raised near the mining area; family
experienced the Japanese occupation period

E03 Former Safety Inspector Former Employee 60–65 Responsible for mine safety management and
operational inspections

E04 Retired Equipment Operator Former Employee 60–65 Operated large-scale mining machinery at the
Dagushan Iron Mine for several decades

E05 Local Shop Owner Community Member 50–55 Provided commercial services for mine workers
and their families

E06 Long-term Resident (Descendant
of Farming Family) Community Member 55–60 Family previously engaged in farming in the

surrounding mining area

Appendix A.2. Keyword Co-Occurrence Heatmap

This heatmap illustrates the co-occurrence relationships among high-frequency key-
words extracted from the stakeholder interview data. Warmer colours indicate stronger
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co-occurrence intensity, highlighting semantic proximity and thematic clustering among
key concepts.

Figure A1. Keyword co-occurrence heatmap in interview responses. Note: The keyword cloud
visually displays the most frequently mentioned terms in the stakeholder interviews. Larger font
sizes correspond to higher frequency, indicating key focus areas within the dataset.

Figure A2. Word cloud of high-frequency terms from interview data.

https://doi.org/10.3390/su18052319

https://doi.org/10.3390/su18052319


Sustainability 2026, 18, 2319 28 of 30

Appendix A.3. Machine Learning Classification Validation

Appendix A.3.1. Confusion Matrix

This matrix presents the classification performance of the Random Forest model in
reproducing manually coded categories. Diagonal values indicate correctly classified in-
stances, while off-diagonal values reflect confusion between semantically adjacent themes.

Figure A3. Confusion matrix of random forest classification.

Appendix A.3.2. Precision, Recall, and F1-Score Heatmap

The heatmap visualises precision, recall, and F1-scores for each category based on
the Random Forest model’s performance. Darker shades signify higher agreement with
human-coded labels, indicating strong recognizability of that category.

Figure A4. Classification report heatmap.
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This table presents descriptive statistics and ANOVA results examining differences in
students’ preferences for various media formats when learning about industrial heritage.
Results show that younger students (Years 1–4) tend to prefer animation, while older
students (Years 5–6) show a growing preference for books and documentaries. Statistically
significant differences were found for animation (p < 0.01), book reading (p < 0.05), and
documentary watching (p < 0.01), indicating age-related shifts in media engagement. No
significant difference was found for short videos.

Appendix A.4. Media Preference Differences by Year Level

Table A2. Analysis of differences in media preferences for industrial heritage by year level.

Year Level Watching Animation Reading Books Watching
Documentaries Watching Short Videos

Year 1 (n = 68) 37.19 ± 29.35 20.72 ± 21.88 17.72 ± 18.12 24.37 ± 27.08
Year 2 (n = 79) 29.71 ± 27.58 25.13 ± 22.10 28.11 ± 26.78 17.05 ± 18.35
Year 3 (n = 58) 33.16 ± 26.43 17.02 ± 17.98 29.48 ± 27.06 20.34 ± 22.40
Year 4 (n = 53) 38.42 ± 32.94 20.11 ± 19.26 26.09 ± 22.30 15.38 ± 19.49
Year 5 (n = 80) 20.25 ± 26.07 27.68 ± 25.19 30.55 ± 27.00 21.52 ± 27.39
Year 6 (n = 61) 18.05 ± 17.00 25.52 ± 16.37 37.90 ± 21.36 18.52 ± 17.09

F-value 6.564 2.421 4.768 1.333
p-value 0.000 (p < 0.01) 0.035 (p < 0.05) 0.000 (p < 0.01) 0.249 (ns)
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