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Abstract

The effective transfer of research-based instructional innovations into classroom practice
requires assessment tools that allow teachers to critically examine the quality and appli-
cability of STEM learning designs. This study employs the RubeSTEM rubric to analyze
a STEM teaching–learning sequence on fire ecology, focusing on how preservice and in-
service teachers evaluate disciplinary integration, structural coherence, and classroom
feasibility. By involving teachers at different stages of professional experience, the study
examines patterns in teachers’ evaluative judgments and explores differences according
to teaching experience and specialization. The findings indicate a high level of perceived
disciplinary integration, particularly in the dimensions of argumentation and authenticity,
highlighting strengths in the design of the sequence. At the same time, limitations were
identified in relation to engineering design and the evaluation of the learning process,
pointing to areas for improvement in STEM instructional planning. Statistically significant
differences in evaluations were found according to teaching experience, especially in the as-
sessment of the theoretical dimension, with higher ratings from teachers with intermediate
experience. Overall, the results illustrate how a structured evaluation rubric can be used
to examine the quality of integrated STEM teaching–learning sequences from a teacher
perspective, providing empirical evidence on design coherence, disciplinary integration,
and classroom applicability.

Keywords: integrated STEM education; teaching–learning sequence; assessment; rubric;
fire ecology

1. Introduction
In recent decades, integrated STEM education—an acronym referring to Science, Tech-

nology, Engineering, and Mathematics—has become established as a relevant educational
approach for preparing citizens capable of understanding and addressing the scientific
and technological challenges of the twenty-first century (Bybee, 2013; Honey et al., 2014).
This purpose extends beyond the acquisition of disciplinary knowledge to include the
integration of different fields of knowledge in order to foster critical thinking, problem-
solving skills, and the application of learning in real-world contexts (Kelley & Knowles,
2016). These aims are reflected in international educational agendas and curricular reforms
across different contexts, including Spain, which constitutes the educational setting of the
present study (Real Decreto 217/2022, 2022). Nevertheless, the effective implementation of
integrated STEM education in classroom practice continues to face significant challenges,
including curricular disciplinary fragmentation, limited interdisciplinary preparation of
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teachers, a scarcity of appropriate instructional materials, and the lack of clear strategies
that support teachers in evaluating and understanding the level of integration achieved in
STEM educational proposals (Estévez-Mauriz & Baelo, 2021; Palacios & Aguilera, 2020).
Although this study is framed within an integrated STEM perspective, it is also consistent
with broader STEAM approaches that emphasize contextualized problem solving, creativity,
and socio-environmental relevance, even when the arts are not explicitly foregrounded.

Instructional materials, particularly in the form of teaching–learning sequences, play a
key role in the implementation of educational reforms, as they enable teachers to become
familiar with new approaches and to develop pedagogical skills and strategies aligned with
them. From a teacher education perspective, such materials can function as mediating tools
that help teachers articulate and examine key dimensions of integrated STEM design. How-
ever, for such materials to be effective, they must be well designed, contextually adapted,
and perceived by teachers as relevant and usable in their own classrooms (Thibaut et al.,
2018). Accordingly, a recurring challenge in STEM sequences developed either by research
groups or by teachers themselves is the absence of evaluation mechanisms that make it pos-
sible for teachers to critically examine whether the designed materials achieve an authentic
integration of the disciplines involved and to what extent such proposals are perceived as
applicable within their professional contexts. Unlike traditional models, in which assess-
ment focuses primarily on the mastery of specific content, the STEM approach requires
tools capable of evaluating interdisciplinary coherence, the applicability of knowledge, and
alignment with intended learning objectives (Moore, 2014; Roehrig et al., 2021).

To address these challenges, our research group has been working for several years on
the design, implementation, and evaluation of integrated instructional materials for the
primary education level (Greca et al., 2024; Merino-Fernández et al., 2023; Ortiz-Revilla
et al., 2021). More recently, we have also begun to examine the evaluation of the quality of
the instructional materials themselves by teachers (Ortiz-Revilla et al., 2024). The results of
these studies indicate the need to revise an initial material prototype, which was assessed
by users (teachers, students) as partially viable and usable.

Building on this line of work, the present study analyzes a teaching–learning sequence
focused on fire ecology, which was previously designed and published as part of a broader
instructional proposal for secondary education (Martínez-Martínez & Greca, 2025), with
particular attention to how teachers evaluate its design and integration. This topic pro-
vides an intuitive context for integrating knowledge from different STEM disciplines to
understand fire dynamics in ecosystems, its effects on biodiversity, and its relationship
with climate change and environmental management. Accordingly, the aim of this study
is to examine, from the perspective of both preservice and in-service teachers, the level
of disciplinary integration, structural coherence, and classroom applicability of the STEM
teaching–learning sequence. Importantly, this study does not aim to validate the RubeSTEM
rubric (the instrument used for doing this assessment, as explained below) nor to assess
teachers’ professional learning outcomes, but to use the rubric as an analytical lens to exam-
ine teachers’ evaluations of an integrated STEM teaching–learning sequence. Unlike other
studies that focus on the effectiveness of student learning outcomes, this research centers
on the evaluation of the design and structuring of the teaching–learning sequence, making
it possible to identify strengths and areas for improvement from a teacher perspective,
before implementation, in order to better align the didactical material and the eventual
teacher training to the real classroom settings. To this end, the following research questions
are proposed:

1. To what extent does the STEM teaching–learning sequence on fire ecology integrate
the STEM disciplines, according to the evaluations conducted by preservice and
in-service teachers?
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2. How do preservice and in-service teachers perceive the structural and pedagogical
coherence of the teaching–learning sequence?

3. Are there statistically significant differences in the evaluation of the teaching–learning
sequence according to teachers’ professional profiles?

4. What adjustments could be made to improve the alignment of the teaching–learning
sequence with the pedagogical principles of integrated STEM education?

Through the analysis of these questions, this study seeks to contribute to the transfer
of research outcomes into educational practice by providing empirical evidence on teachers’
evaluations of integrated STEM instructional resources.

2. Theoretical Framework
The STEM approach has evolved from a more traditional disciplinary orientation, in

which the teaching of science, technology, engineering, and mathematics was addressed
separately, toward an integrated perspective that emphasizes the combination of knowledge
in applied and authentic contexts (Martín-Páez et al., 2019). This shift responds to the need
to educate citizens capable of addressing complex problems that require the integration
of multiple disciplines and methodologies. Consequently, contemporary STEM education
seeks not only to promote the acquisition of specific knowledge in science, technology,
engineering, and mathematics, but also to foster competencies such as problem-solving,
critical thinking, and creativity, within a holistic framework of competency-based student
development (Ortiz-Revilla et al., 2022).

The implementation of integrated approaches in education in general, and of inte-
grated STEM education in particular, faces multiple barriers at the secondary education
level (Asghar et al., 2012; Thibaut et al., 2018). Curricular compartmentalization within
educational systems hinders the planning of integrated learning experiences, while in-
sufficient teacher preparation in pedagogical approaches aligned with integration limits
teachers’ capacity to design and implement effective instructional strategies (Kurup et al.,
2021; Shernoff et al., 2017). Integrated education requires not only a solid command of
disciplinary content but also a clear understanding of how different disciplines can be
coherently and meaningfully combined. This, in turn, demands ongoing dialogue and
collaboration among teachers from different subject areas, who often operate from distinct
epistemological perspectives (McComas & Burgin, 2020; Millar, 2020).

In the Spanish context, recent educational legislation has begun to promote educational
integration and a more holistic view of learning, including the explicit incorporation of
STEM competence from the primary education level onward (Ley Orgánica 3/2020, 2020).
Nevertheless, Spanish teachers continue to face a range of challenges when implementing
integrated STEM approaches in their classrooms (Arabit García & Prendes Espinosa, 2020;
García-Carrillo et al., 2021; Ortiz-Revilla et al., 2023).

The development of instructional proposals has increased in parallel with the signifi-
cant growth of integrated STEM education (Portillo-Blanco et al., 2024), highlighting the
need for appropriate evaluation tools. Due to its nature, traditional assessment approaches
that are external to the instructional intervention and focused primarily on the acquisition
of discipline-specific knowledge present clear limitations when it comes to assessing the
degree of integration and the applicability of knowledge to real-world problem solving
(Mejía Pérez, 2012). However, for integrated STEM education to fully achieve its objectives,
it is essential that instructional proposals focus not only on knowledge acquisition but also
on the interconnection of knowledge and its applicability across diverse contexts.

Accordingly, particular attention must first be paid to the quality of STEM instructional
materials themselves, especially with regard to the coherence of disciplinary integration,
curricular alignment, classroom applicability, and their potential impact on student learning
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(Roehrig et al., 2021). In addition, regardless of the evaluations conducted by researchers, it
is critically important to consider teachers’ perceptions of STEM instructional materials, as
teachers are ultimately responsible for their implementation in classroom settings.

However, research conducted in this area remains particularly limited. Existing studies,
such as those by Domènech-Casal et al. (2019) and Pérez Torres et al. (2021) have focused
exclusively on project-based learning approaches within STEM education. Consequently,
as noted by Aguilera et al. (2022), there is “a need to move toward greater consensus on
rubrics that can serve as guidance for the design of projects and for the evaluation of those
already implemented” (p. 17).

Furthermore, as previously indicated, the STEM approach is grounded in the reso-
lution of real-world problems (Roberts et al., 2022). Accordingly, it is both coherent and
essential to reflect on the importance of selecting meaningful problem contexts that guide
instructional proposals and support the development of significant learning experiences.
In this regard, the use of socio-environmental issues in integrated STEM education has
been shown to be an effective strategy for fostering integrated learning (Burgess & Buck,
2020). Within this framework, teaching fire ecology constitutes a particularly relevant
educational context, as its very nature requires the integration of knowledge from biology,
chemistry, physics, mathematics, and geography to analyze the effects of fire on ecosys-
tems, its relationship with climate change, and environmental management strategies
(Martínez-Martínez & Greca, 2024; Park et al., 2024). From an educational perspective, the
design of integrated instructional proposals on fire ecology offers a valuable opportunity to
strengthen STEM education by providing a coherent framework for the integration of sci-
entific content (Martínez-Martínez et al., 2023, 2024). From a STEAM-oriented perspective,
socio-environmental problems such as fire ecology also allow for the integration of ethical,
communicative, and contextual dimensions that complement scientific and technological
reasoning, reinforcing the relevance of interdisciplinary instructional design.

3. Materials and Methods
3.1. Sample

Three groups of teachers participated in the study (Table 1), selected to ensure diver-
sity in terms of professional experience and background in STEM disciplines. The first
group consisted of 23 in-service secondary education teachers who attended a professional
development course organized by the Teacher Training and Educational Innovation Center
of Burgos, entitled Interdisciplinary STEM Learning Situations in Secondary Education.
The participants taught different STEM subjects.

Table 1. Sample overview.

Group Professional Status Participants Completed Rubrics

Group 1 In-service teachers 23 23
Group 2 Preservice teachers 28 5

Group 3 Mixed (preservice
and in-service) 10 10

Total rubrics
analyzed 38

The second group included 28 preservice teachers enrolled in the Master’s degree in
Secondary Education Teaching (Compulsory Secondary Education and Upper Secondary
Education), Vocational Training, and Language Teaching at the University of Barcelona,
specializing in STEM-related disciplines. A distinctive feature of this group was its collab-
orative approach, as participants worked in teams to complete and submit a total of five
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rubrics (n = 5). This format encouraged the organization and exchange of ideas, providing
a diverse perspective in the analysis of the rubrics. In the case of the preservice teachers
(Group 2), the rubric was completed collaboratively in small groups, resulting in five
completed rubrics. This approach was intentionally adopted as part of the instructional
design of the master’s course, where collaborative analysis and consensus-building are
key components of professional learning in integrated STEM education. Consequently,
the unit of analysis in this group was the jointly constructed evaluative judgment rather
than individual responses, which aligns with previous research emphasizing the role of
collective reflection in teacher education contexts.

The third group consisted of 10 participants in a summer course on the theory and
practice of STEM education organized by the University of the Basque Country. This group
included 2 preservice teachers and 8 in-service teachers, all of whom also came from STEM
disciplines. This composition made it possible to combine perspectives from initial teacher
education and active teaching practice, resulting in a total of 38 responses.

It should be noted that the in-service teachers attended the courses on a voluntary
basis, which suggests a certain level of interest in integrated STEM education. All partici-
pants were categorized according to their teaching specialization and years of professional
experience. Teaching specializations included Biology and Geology (n = 19), Physics and
Chemistry (n = 14), and Technology and Computer Science (n = 5). With regard to teaching
experience, participants were grouped into those with less than five years of experience
(n = 14), between five and ten years of experience (n = 13), and more than ten years of
experience (n = 11).

The inclusion of both preservice and in-service teachers was intentional, as the study
aims to examine how teachers at different stages of professional development evaluate the
design quality of an integrated STEM teaching–learning sequence. Rather than assuming
homogeneity, this approach allows for the exploration of convergences and divergences in
evaluative judgments across professional trajectories.

3.2. Rubric

Following our previous work (Ortiz-Revilla et al., 2024), we employed an ad hoc
adaptation of the RubeSTEM rubric originally developed and validated by Aguilera et al.
(2022). This adaptation excluded indicators related to the direct classroom implementation
of instructional proposals, with the specific aim of focusing the evaluation on the design
and planning phases of the teaching–learning sequence. The adapted rubric comprises a
total of 18 indicators, each scored on a four-point ordinal scale ranging from 0 (emerging)
to 3 (sophisticated). An analysis of internal consistency yielded a Cronbach’s alpha of
α = 0.785, indicating satisfactory reliability for the purposes of this study.

Rubrics have been widely recognized as effective assessment tools in STEM education,
as they allow for the establishment of explicit criteria to analyze the quality of instructional
proposals from a structured and transparent perspective. Prior research has shown that
rubric-based assessment supports more precise and systematic evaluation processes and can
assist teachers in refining instructional designs based on empirical evidence (Reynders et al.,
2020). Compared to more general assessment instruments, rubrics offer a differentiated
view of multiple design components, thereby facilitating the identification of strengths and
areas for improvement in instructional proposals.

Within this framework, RubeSTEM was designed to assess the quality of STEM
instructional proposals through two core dimensions: theoretical coherence, represented
by the Why dimension, which addresses alignment with the pedagogical principles of
integrated STEM education, and practical coherence, represented by the What and How
dimension, which focuses on the quality and structural consistency of instructional design
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(Aguilera et al., 2022). The original rubric was validated by a panel of 20 experts and
tested using 26 STEM proposals developed by 145 preservice primary education teachers
in Granada, Spain.

The indicators considered in the present study include: learning objectives (LO), STEM
education purposes (STEM-P), the problem addressed by the proposal (PB), disciplinary
integration (DI), action deployment (AD), context of implementation and social impact
(SI), argumentation (Arg), inquiry (Inq), modeling (Mod), engineering design (ED), impact
evaluation (IE), relevance (Rel), authenticity (Aut), evaluation of the process and outcomes
(POE), regulation of cooperative work (RCW), opportunities for teacher collaboration
(OTC), and opportunities for external agents’ involvement (OEA). The additional viability
indicator is described separately as a complementary, exploratory dimension.

3.3. Analysis

Following the framework proposed by Aguilera et al. (2022), the indicators were
grouped into two dimensions that allow for a comprehensive evaluation of the instructional
design. The theoretical dimension, which includes indicators 1 to 3, assesses the extent
to which the proposal aligns with the STEM approach, classifying it as pseudo-STEM
(scores between 0 and 4) or STEM (scores between 5 and 9). The practical dimension
comprises indicators 4 to 17, and its score is calculated as the sum of the individual scores
obtained for each of these indicators. This cumulative score reflects the overall quality
of the instructional design of the teaching–learning sequence, including aspects such as
disciplinary integration, pedagogical coherence, and learning activities. Based on the
total score obtained across indicators 4–17, four performance levels were established for
this study: emerging (0–13 points), basic (14–27 points), advanced (28–41 points), and
sophisticated (42 points).

Finally, in order to determine whether the proposal is truly applicable within each
educational context, an additional dimension referred to as viability (V) was incorporated
in this study. This dimension included a single indicator focused on the evaluators’ percep-
tions of the feasibility of implementing the proposal in their classrooms, categorized as not
viable (0 points), potentially viable (1 point), partially viable (2 points), or viable (3 points).

In addition to generating an overall score that reflects the level of quality and viability
of the instructional proposals, the evaluation system made it possible to identify common
patterns and potentially problematic aspects in the design of STEM teaching–learning
sequences based on teachers’ evaluative judgments. The analysis relied exclusively on
descriptive and inferential statistical procedures, which provided a systematic basis for
interpreting teachers’ perceptions across the different dimensions of the rubric. Overall,
this process yielded relevant information to inform future refinements of integrated STEM
instructional designs and to support evidence-informed discussions in teacher education
and professional development contexts.

4. Results
To address the research objectives and questions posed, two subsections of results

are presented below, corresponding to the descriptive and inferential statistical analyses
conducted on the data obtained from the participating teachers.

4.1. Descriptive Statistics of the Evaluated Indicators

To analyze the responses obtained, descriptive statistics were first calculated for each
indicator and dimension of the applied rubric. Table 2 presents the descriptive statistics for
each indicator, including the mean, standard deviation, minimum and maximum values,
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and the total number of valid responses, together with the frequency (f) distribution of
scores across the four performance levels

Table 2. Descriptive statistics by indicator.

Dimension Indicator N 0 (f) 1(f) 2 (f) 3 (f) Minimum Maximum Mean Standard
Deviation

Theoretical

LO 38 0 0 19 19 2 3 2.50 0.507

STEM-P 38 2 5 24 7 0 3 1.95 0.733

PB 38 0 5 20 13 1 3 2.21 0.664

Practical

DI 38 2 2 15 19 0 3 2.34 0.815

AD 38 0 4 27 7 1 3 2.08 0.539

SI 38 9 2 15 12 0 3 1.79 1.143

Arg 38 0 0 8 30 2 3 2.79 0.413

Inq 38 1 4 19 14 0 3 2.21 0.741

Mod 38 1 7 8 22 0 3 2.34 0.878

ED 38 9 11 11 7 0 3 1.42 1.056

IE 38 4 0 15 19 0 3 2.29 0.927

Rel 38 0 2 17 19 1 3 2.45 0.602

Aut 38 0 4 10 24 1 3 2.53 0.687

POE 38 10 11 11 6 0 3 1.34 1.047

RCW 38 4 11 12 11 0 3 1.79 0.991

OTC 38 0 6 13 19 1 3 2.34 0.745

OEA 38 0 4 21 13 1 3 2.24 0.634

Viability V 38 1 7 16 14 0 3 2.13 0.811

These results reveal that the items with the highest mean scores were Argumentation
(M = 2.79, SD = 0.413) and Authenticity (M = 2.53, SD = 0.687), with a high concentration
of ratings at the upper levels of the scale, whereas the lowest-scoring items were Process
evaluation (M = 1.34, SD = 1.047) and Engineering design (M = 1.42, SD = 1.056), which
also showed greater dispersion of scores across the lower and intermediate levels. This
pattern indicates that certain aspects of the teaching–learning sequence exhibited more
homogeneous and higher performance, while others showed greater variability and lower
scores on the scale used.

Subsequently, descriptive statistics were calculated for the three overall dimensions of
the rubric: the theoretical dimension (D_Theo), the practical dimension (D_Prac), and the
viability dimension (D_Via). These results are presented in Table 3:

Table 3. Descriptive statistics by dimension.

Dimension N Minimum Maximum Mean Standard Deviation

D_Theo 38 4 9 6.66 1.381

D_Prac 38 18 39 29.95 5.647

D_Via 38 0 3 2.13 0.811

Descriptive statistics were examined separately for each dimension, taking into ac-
count their distinct score ranges and measurement scales. In the theoretical dimension
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(range 0–9), the mean score (M = 6.66, SD = 1.381) places the teaching–learning sequence
within the range corresponding to a STEM proposal, according to the scoring criteria estab-
lished by Aguilera et al. (2022), this value falls within the range corresponding to a STEM
proposal. In the practical dimension (range 0–42), the mean score obtained (M = 29.95,
SD = 5.647) corresponds to an advanced level of instructional design quality, reflecting a
generally positive evaluation of the structure and integration of the sequence.

With respect to the viability dimension (ordinal scale 0–3), the mean score (M = 2.13,
SD = 0.811) indicates that the sequence was perceived, on average, as lying between par-
tially viable and fully viable. Given the ordinal nature of this dimension, these values
should be interpreted as descriptive tendencies rather than interval-based measurements.
However, the dispersion of scores in this dimension suggests greater heterogeneity in teach-
ers’ perceptions regarding feasibility, pointing to differences in how easily the sequence is
perceived as implementable across classroom contexts.

From a descriptive perspective, differences were also observed across groups defined
by teaching experience. In the practical dimension, teachers with less than five years of
experience obtained the highest mean score (M = 31.21, SD = 7.266), closely followed by
those with five to ten years of experience (M = 31.08, SD = 3.013), and teachers with more
than ten years of experience (M = 27.00, SD = 5.00). Regarding the viability dimension, the
highest mean score was observed in the group with five to ten years of experience (M = 2.31,
SD = 0.751), followed by the group with less than five years (M = 2.29, SD = 0.611) and the
group with more than ten years of experience (M = 1.73, SD = 1.009).

From a descriptive perspective, variations in mean scores were observed across teach-
ing specializations. In the theoretical dimension, the highest mean score was obtained by
teachers specializing in Technology and Computer Science (M = 7.00, SD = 2.00), followed
by Biology and Geology (M = 6.74, SD = 1.447) and Physics and Chemistry (M = 6.43,
SD = 1.089). A similar pattern was observed in the practical dimension, where Technol-
ogy and Computer Science teachers again showed the highest mean scores (M = 30.40,
SD = 7.503), followed by Biology and Geology (M = 30.32, SD = 5.879) and Physics and
Chemistry (M = 29.29, SD = 4.983). In contrast, in the viability dimension, the highest mean
score was observed among Biology and Geology teachers (M = 2.26, SD = 0.733), followed
by Physics and Chemistry (M = 2.07, SD = 0.829) and Technology and Computer Science
(M = 1.80, SD = 1.095).

4.2. Inferential Statistics of the Evaluated Indicators

To assess the normality of the data distribution, the Kolmogorov–Smirnov test was
applied. The results (Table 4) indicate that none of the dimensions followed a normal
distribution, as the obtained p-values were consistently significant (p < 0.05). This justified
the use of nonparametric tests for subsequent analyses. Specifically, the Kruskal–Wallis
H test was employed to compare groups according to years of teaching experience and
teaching specialization.

Table 4. Kolmogorov–Smirnov test by dimension.

D_Theo D_Prac D_V

N 38 38 38

Test statistic 0.203 0.153 0.226

Asymp. Sig. (two-tailed) 1 <0.001 0.025 <0.001
1 Lilliefors significance correction.

When controlling for years of teaching experience, the results of the Kruskal–Wallis H
test (Table 5) did not reveal statistically significant differences in the practical dimension
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(H = 5.268, p = 0.072). Although the associated effect size was small to moderate (ε2 = 0.081),
this suggests that any observed differences between experience groups were modest and
did not reach sufficient magnitude to support robust practical interpretations.

Table 5. Kruskal–Wallis test by years of teaching experience.

D_Theo D_Prac D_V

Kruskal–Wallis H 10.339 5.268 2.943

df 2 2 2

Asymp. Sig. 0.006 0.072 0.023

Statistically significant differences were observed in the theoretical dimension
(H = 10.339, p = 0.006), with a moderate effect size (ε2 = 0.159), indicating a meaning-
ful association between years of teaching experience and teachers’ theoretical evaluations
of the teaching–learning sequence. In the viability dimension, statistically significant differ-
ences were also found (H = 2.943, p = 0.023); however, the effect size was small (ε2 = 0.045),
indicating that although differences reached statistical significance, their practical relevance
was limited. These results should therefore be interpreted with caution, as small effect sizes
suggest only minor variations that may be influenced by contextual or sampling-related
factors rather than substantive differences between experience groups.

To complement the inferential analysis and provide a distributional perspective con-
sistent with the use of nonparametric tests, box-and-whisker plots were employed. This
graphical representation displays medians, interquartile ranges, and overall score disper-
sion without assuming normality, making it appropriate for non-normally distributed data.
Figure 1 illustrates the distribution of scores across experience groups in the practical and
viability dimensions.

 
(a) (b) 

Figure 1. Box-and-whisker plots showing the distribution of scores for the practical dimension (a)
and the viability dimension (b) according to years of teaching experience (<5 years, 5–10 years,
>10 years). The plots display median values, interquartile ranges, and overall score dispersion across
experience groups.

Post hoc pairwise comparisons using Dunn’s test with Bonferroni correction indi-
cated that the theoretical dimension showed statistically significant differences (adjusted
p = 0.005) between teachers with more than ten years of experience (M = 5.64, SD = 1.027)
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and those with five to ten years of experience (M = 7.31, SD = 1.251), in favor of the latter. By
contrast, no statistically significant differences were found between teachers with more than
ten years of experience and those with less than five years of experience (adjusted p = 0.066),
although the latter group obtained higher scores. Similarly, no significant differences were
observed between teachers with less than five years of experience and those with five to
ten years of experience (adjusted p = 1.000), again with higher scores obtained by the latter
group. Figure 2 presents the node plot and the corresponding box-and-whisker plots for
these comparisons.

 
(a) (b) 

Figure 2. Node plot (a) and box-and-whisker plot (b) illustrating the distribution of scores for the
theoretical dimension by years of teaching experience.

When controlling for teaching specialization, the Kruskal–Wallis H test did not detect
statistically significant differences in any of the evaluated dimensions (Table 6), indicating
that perceptions of the teaching–learning sequence did not vary substantially across the
different teaching specializations considered. In all cases, the associated effect sizes were
negligible (ε2 ≤ 0.021), indicating minimal practical relevance of the observed differences.

Table 6. Kruskal–Wallis test by teacher specialization.

D_Theo D_Prac D_V

Kruskal–Wallis H 1.348 0.721 0.958

df 2 2 2

Asymp. Sig. 0.510 0.697 0.619

When controlling for teaching specialization, the Kruskal–Wallis H test did not detect
statistically significant differences in any of the evaluated dimensions (Table 6). This indi-
cates that the distribution of scores across specialization groups did not differ significantly
in theoretical, practical, or viability evaluations. To provide a distributional perspective
consistent with the nonparametric analysis, Figure 3 presents box-and-whisker plots il-
lustrating the median values and dispersion patterns across specialization groups in the
three dimensions.
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(a) (b) (c) 

Figure 3. Box-and-whisker plots showing the distribution of scores by teaching specialization for
(a) the theoretical dimension, (b) the practical dimension and (c) the viability dimension. Teaching
specializations include Biology and Geology (ByG), Physics and Chemistry (FyQ), and Technology
and Computer Science (Tel).

5. Discussion
The results obtained allow for reflection on the quality and applicability of the STEM

teaching–learning sequence, as examined through teachers’ evaluations using a structured
analytic rubric, as well as on the challenges and opportunities associated with its implemen-
tation. The mean scores in the theoretical and practical dimensions indicate that teachers
perceive the fire ecology STEM sequence as an advanced STEM proposal; that is, it is
highly valued in terms of both theoretical and practical quality. These results improve
upon those obtained previously in an initial prototype of instructional material for primary
education, in which teachers rated the proposal as basic pseudo-STEM (Ortiz-Revilla et al.,
2024). Beyond informing the quality of the teaching–learning sequence, these results also
shed light on how teachers at different stages of their professional trajectories evaluate key
dimensions of integrated STEM design.

From the teachers’ perspective, the teaching–learning sequence was particularly posi-
tively valued for its emphasis on critical thinking and problem-solving, aspects reflected in
the highest-rated items of Argumentation and Authenticity. These competencies constitute
two fundamental pillars of STEM education (English, 2023; Tan et al., 2023). Nevertheless,
opportunities for improvement were identified in specific aspects such as the integration of
engineering design and the strengthening of strategies for assessing the learning process,
which correspond to the lowest-rated items. In particular, the low score obtained for the
engineering design item suggests that this dimension may require the reformulation of
some activities to achieve greater alignment in this respect. However, it is also possible that
these results are related to the limited knowledge that both preservice and in-service teach-
ers often have regarding the nature of engineering and engineering design methodology,
an issue widely reported in the literature (Carbajo-Barbero et al., 2021; Chai et al., 2020;
Deniz et al., 2020). This interpretation is further supported by researchers’ observations
recorded in the field notes during work with the different groups of teachers. The low score
obtained for the evaluation of the learning process reinforces a need previously identified
in the literature: to make assessment strategies explicit through tools and systems capable
of capturing the complexity of integrated STEM teaching–learning processes (Saxton et al.,
2014), with rubrics being among the most frequently used instruments in this approach
(Huang & Jong, 2020; Karakaya & Yılmaz, 2022). From a teacher education perspective,
these findings highlight the importance of making engineering design processes and as-
sessment strategies more explicit within integrated STEM instructional designs and the
criteria used to evaluate them.
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Overall, these findings suggest that, although the sequence is positively valued—
particularly in its theoretical and practical quality—there may be structural or methodolog-
ical difficulties that could affect its implementation.

A key limitation of this study relates to participant self-selection. In-service teachers
took part in the study on a voluntary basis through professional development activities
focused on integrated STEM education, which suggests a pre-existing interest in innovative
or interdisciplinary approaches. This self-selection may have contributed to the generally
positive evaluations observed and limits the generalizability of the findings to the broader
population of secondary school teachers, particularly those with lower levels of engagement
with STEM integration. In addition, a further methodological limitation concerns the collab-
orative completion of the rubric by preservice teachers in Group 2. While this approach was
intentionally adopted to promote discussion and shared reflection, it may have reduced
the independence of individual judgments. Consequently, results involving this group
should be interpreted with caution, particularly in inferential comparisons with individu-
ally completed evaluations. In addition, the sample did not include teachers specializing in
Mathematics, which restricts the representativeness of the disciplinary perspective within
the STEM framework. The absence of this specialization limits the extent to which the
findings can be generalized across all STEM subject areas and may have influenced the
patterns observed in the evaluation of disciplinary integration and classroom viability.
Future research with larger, more balanced, and more diverse samples—including all STEM
specializations—is needed to examine the robustness of the findings and to determine
whether the small effect sizes observed in some dimensions reflect meaningful differences
in practice or are primarily attributable to contextual and sample-related factors.

Regarding differences related to teaching experience, the results indicate that years of
teaching experience have a significant impact on teachers’ theoretical perceptions of the
sequence. Significant differences were found in the theoretical dimension between teachers
with more than ten years of experience and those with five to ten years of experience.
However, no statistically significant differences were found between teachers with more
than ten years of experience and those with fewer than five years, nor between the latter
and the intermediate group

Teachers with more than ten years of experience tended to evaluate disciplinary
integration and structural coherence more critically. This pattern is consistent with previous
studies in which less experienced teachers were found to have a less robust understanding
of integration and therefore to assess it less critically (Ortiz-Revilla et al., 2023), a trend that
also emerged in the present study among teachers with fewer years of experience. These
results suggest that professional experience influences the identification of methodological
and structural aspects, as well as evaluative perspectives that may vary according to
professional experience (Tao, 2019). Rather than being interpreted solely as differences in
individual attitudes, these patterns may reflect distinct stages of professional experience,
in which teachers progressively apply more differentiated criteria to judge disciplinary
integration and pedagogical coherence in STEM designs.

However, it is also important to consider the existence of negative attitudes toward new
integrated educational approaches among some highly experienced teachers approaching
the end of their careers, as reported in previous research (Thibaut et al., 2019). Although no
statistically significant differences were found, a similar trend was observed in the practical
dimension, where teachers with low and intermediate levels of experience assigned very
similar scores, both higher than those of the most experienced group. On the other hand,
no statistically significant differences were found in teachers’ perceptions of the teaching–
learning sequence according to teaching specialization, suggesting that the educational
proposal is perceived as suitable across different STEM disciplines. The proximity of the
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scores obtained by the three groups of specialists in the theoretical and practical dimensions
indicates a relative homogeneity in their evaluations. This apparent convergence makes it
difficult to identify consistent differential patterns, which is why we consider it premature
to draw definitive conclusions in this regard.

Overall, the results show that, according to teachers’ perceptions, the teaching–
learning sequence demonstrates an advanced level of disciplinary integration, indicating
that it was perceived as being designed with a structure that enables meaningful connec-
tions across STEM disciplines. This represents a response to one of the most recurrent
demands in the literature on integrated STEM education (Roehrig et al., 2021). In this re-
spect, the thematic focus on fire ecology appears to have played a key role, as it constitutes
a topic that allows for intuitive integration of knowledge from different STEM disciplines.
Beyond a STEM framework, this type of socio-environmental context also aligns with
STEAM perspectives by opening spaces for discussion of ethical decision-making, risk com-
munication, and societal impacts, even if these dimensions were not explicitly evaluated in
the present study. Caution is therefore required when extrapolating these results to STEM
contexts with substantially different epistemic or pedagogical foundations.

Despite these generally positive results, variability was observed in the viability di-
mension, indicating that not all teachers perceive the implementation of the sequence as
equally feasible. In this regard, no statistically significant differences were found in the
viability dimension according to years of teaching experience, nor was a clear correlation
identified between teaching experience and viability scores. The highest viability scores
were obtained by teachers with intermediate experience (five to ten years). For the most
experienced teachers, the lower viability ratings may be interpreted as being associated
with a more conservative stance. Previous studies have suggested that veteran teachers,
despite their extensive pedagogical background, tend to exhibit greater resistance to change,
particularly when it involves substantial transformations of established practices, as is the
case with integrated approaches such as STEM education (Morgado et al., 2021; Weinberg
et al., 2021). Conversely, novice teachers, although often more open to innovation, may ex-
perience greater difficulty in perceiving complex proposals as viable due to limited training
in the design of integrated approaches and a lack of teaching experience (Al Salami et al.,
2017). Taken together, these findings suggest that perceptions of viability are not fixed but
contingent on teachers’ experience and perception, prior training, and access to sustained
professional support when engaging with integrated STEM proposals. From an applied
perspective, perceptions of limited viability highlight the importance of providing concrete
forms of support for teachers, such as structured planning templates, adaptable timelines,
access to shared instructional resources, and opportunities for collaborative planning with
colleagues. These forms of support may reduce perceived implementation barriers and
facilitate the appropriation of integrated STEM proposals in diverse classroom contexts.

No statistically significant differences were found in the viability dimension according
to teaching specialization either. In this case, the highest scores were assigned by Biology
and Geology teachers, followed closely by Physics and Chemistry teachers, with lower
scores assigned by Technology and Computer Science teachers. This pattern may be inter-
preted considering the thematic focus of the teaching–learning sequence analyzed in this
study. It is reasonable to assume that Biology, Geology, Physics and Chemistry teachers
are more familiar with a sequence based on fire ecology, given its strong emphasis on
scientific content directly related to their disciplines. It is possible that the sequence did
not sufficiently foreground elements more closely aligned with Technology and Computer
Science, despite the inclusion of activities related to information and communication tech-
nologies, such as the use of drones, simulation software, and satellite resource analysis.
Nevertheless, previous studies have indicated that teachers with technical backgrounds
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may show greater resistance to the implementation of innovative methodologies (Rigler,
2016). Taken together, these findings highlight the challenges inherent in implementing
classroom innovations, particularly in the case of multi-, inter-, and transdisciplinary pro-
posals (Gresnigt et al., 2014). This is consistent with prior research emphasizing the need
to adapt interdisciplinary proposals to real classroom conditions and to the structural
constraints of the educational systems in which they are implemented (Holmlund et al.,
2016; Murray et al., 2020). From this perspective, evaluation tools such as the one used
here can function not only as assessment instruments but also as analytic frameworks that
help preservice and in-service teachers articulate, examine, and compare key dimensions
of integrated STEM instructional designs.

6. Conclusions
The results obtained in this study allow for drawing conclusions regarding the evalua-

tion of a STEM teaching–learning sequence from teachers’ perspectives, with relevant and
novel educational implications for research on integrated STEM education. In addition,
although statistically significant differences were identified in some dimensions accord-
ing to teaching experience, the associated effect sizes indicate that these differences were
moderate or small. This suggests that, in practical terms, variations in teachers’ evaluations
should be interpreted with caution, as they may reflect nuanced tendencies rather than
substantial or systematic differences between professional groups. Future research with
larger and more balanced samples is therefore needed to further examine the practical
significance of these effects and to explore how contextual and professional factors shape
teachers’ evaluative judgments. Against this backdrop, the findings highlight that the
availability of instructional materials perceived as high quality is associated with more
favorable teacher evaluations and perceptions of classroom applicability. In this sense, high-
quality instructional materials contribute to advancing processes of educational renewal
and innovation.

Overall, the analysis presented in this paper made it possible to identify strengths and
areas for improvement in the design of the STEM teaching–learning sequence, providing
an analytical framework to assess its disciplinary integration, structural coherence, and
classroom viability.

Based on these findings, a set of improvements is proposed to optimize the STEM
teaching–learning sequence and enhance its alignment with quality principles in integrated
STEM education, which may also be extrapolated to the design of future instructional
proposals. First, greater emphasis should be placed on strengthening the integration of
engineering design within the instructional sequence by promoting activities that enable
students to apply engineering principles to the resolution of contextualized STEM problems
(Roberts et al., 2022; Rodrigues-Silva et al., 2023), as well as specific training and/or
materials for teachers about this topic. Second, particular attention should be given to the
assessment of the learning process through strategies that address not only the evaluation
of final products, but also the monitoring of competency development throughout the
unit and its activities (Grangeat et al., 2021). The use of detailed rubrics, along with the
incorporation of self-assessment and peer-assessment mechanisms, may contribute to
this aim.

In addition, efforts should be directed toward greater flexibility in instructional plan-
ning to allow adaptations to different educational contexts, thereby enhancing the viability
of the teaching–learning sequence across diverse teaching environments. This is especially
feasible given the versatility of the thematic focus around which the sequence is structured.
From a broader educational perspective, teacher education in integrated education strate-
gies represents an important contextual factor in ensuring more effective implementation
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of this type of instructional proposal in classroom practice (Lantau et al., 2020). Moreover,
to ensure effective implementation, such training should be initiated and sustained within
official teacher education programs (Castro-Rodríguez & Montoro, 2021).

In conclusion, this study highlights the value of using an established analytic rubric
such as RubeSTEM to examine teachers’ evaluations of the design quality of an integrated
STEM teaching–learning sequence. The analysis made it possible to identify specific
strengths of the sequence—particularly in terms of disciplinary integration, argumentation,
and authenticity—as well as areas requiring further refinement, such as engineering design
and the assessment of learning processes. Rather than validating the instrument itself, the
findings illustrate how structured evaluative frameworks can support systematic reflection
on STEM instructional design from a teacher perspective. In this sense, the results provide
empirically grounded insights to inform the iterative improvement of integrated STEM
teaching–learning sequences and to guide discussions in teacher education contexts about
the characteristics of high-quality STEM instructional designs.
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