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EcoView: An Al-powered App for Enhancing Biologically Inspired Design in
K-12 Engineering Education (Fundamental Research)

Abstract

This pilot study examines EcoView, an Al-enhanced mobile app designed to support K—12
students in Biologically Inspired Design (BID) using the Structure—Function—-Mechanism (SFM)
framework. EcoView addresses challenges students face in understanding complex biological
concepts by analyzing user-submitted animal images and generating educational insights that
link biology and engineering. Its three-part design: Educate, Explore, Extrapolate, combines a
curated knowledge base, Al-driven image analysis, and interactive features such as quizzes to
scaffold learning. A mixed-methods evaluation using surveys and interviews assessed usability,
engagement, and educational impact. Results show that students found the app intuitive and
motivating, with Al supporting conceptual understanding, particularly for learners with limited
prior knowledge. Overall, EcoView demonstrates the potential of Al-driven educational tools to
make complex interdisciplinary topics like BID more accessible, personalized, and engaging for
K—-12 STEM learners.
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Introduction

Biologically Inspired Design (BID), or biomimicry, has recently gained traction in K—12
education as an effective way to teach STEM and engineering concepts [1—4]. By studying
evolved biological strategies, students explore efficient, sustainable solutions through tangible,
nature-based examples [5]. Central to BID instruction is the Structure—Function—Mechanism
(SFM) framework, which helps students analyze biological features by form, purpose, and
operation [6]. Research shows that SFM-based BID activities strengthen connections between
biological structures and engineered functions, enhancing both biological understanding and
engineering reasoning [7].

However, students often struggle with complex biological systems due to multiscale interactions,
abstract mechanisms, and high cognitive load [8]. Digital tools, such as simulations, apps,
multimedia, and virtual labs, can address these challenges by enabling hands-on exploration of
scientific and engineering principles, deepening understanding, and boosting STEM interest [9].
This paper examines the development and evaluation of a BID app for K—12 education
highlighting how technology can support BID pedagogy. It emphasizes that maximizing BID’s
potential requires a sustained synergy among biological knowledge, technological innovation,
and educational practice [9].

Background

Biologically Inspired Design in K-12



Biologically Inspired Design (BID) engages students by drawing inspiration from nature’s
evolved strategies to solve human problems, introducing them to core engineering principles in
practical, hands-on ways [5,11]. By connecting structure, function, and mechanism (SFM), BID
enables students to analyze how biological systems achieve specific roles, fostering
understanding of essential engineering concepts such as problem-solving, optimization,
efficiency, and sustainability [12—13,16]. This approach is particularly effective for learners with
limited prior exposure to engineering, allowing them to grasp design thinking and systems
analysis through real-world examples rather than abstract theory [5].

Integrating BID in K—12 classrooms align with STEM education priorities, promoting systems
thinking and interdisciplinary connections between biology, design, and environmental
responsibility [14]. Educators increasingly adopt BID to enhance engagement in STEM, often
using the SFM framework as a key instructional tool [1-4,15]. However, traditional instruction
alone can make SFM concepts difficult for students to grasp, highlighting the need for supportive
educational technologies [16].

The Role of Technology in BID Learning

Technology offers powerful ways to connect observation and conceptual understanding in BID.
Tools such as image recognition apps allow students to identify organisms and link their
structures to functional roles in real time, making abstract SFM relationships tangible [17].
Interactive simulations, virtual labs, educational apps, and engineering-focused tools like CAD
software or robotics kits provide hands-on opportunities to explore complex systems, prototype
designs, and engage in iterative problem-solving [18-23]. These resources enhance learning by
concretizing abstract concepts, supporting collaboration, and fostering creativity.

Emerging technologies, including augmented reality (AR) and Al-driven tutors, further enrich
BID education. AR enables immersive visualization of biological structures and mechanisms,
improving spatial understanding and engagement [28—29], while Al tutors offer immediate,
personalized feedback to reinforce conceptual understanding and inquiry-based problem solving
[30]. Digital notebooks and similar tools support the organization and synthesis of SFM
information, promoting reflection and iterative learning [27]. Integrating these technologies into
STEM curricula provides flexible, scalable, and engaging experiences that strengthen
interdisciplinary thinking, deepen understanding of biology and engineering, and prepare
students for 21st-century STEM careers, particularly in areas like BID [26].

Theoretical Framework: Structure-Function-Mechanism

This study is grounded in the Structure—Function—-Mechanism (SFM) Framework, developed by
Helms et al. [6] as an evolution of the Structure—Behavior—Function (SBF) model [7, 34]. Unlike
SBF, SFM emphasizes mechanisms—the internal processes driving biological functions,
enabling students to uncover principles that inform innovative engineering solutions. Aligned
with the Next Generation Science Standards (NGSS), SFM encourages active engagement with
natural systems, fostering ecological understanding [6, 35-36].



BID leverages SFM’s integration of structure, function, and mechanism to reflect how biological
systems achieve optimal performance through tightly coupled relationships [32]. By providing a
shared language for interdisciplinary collaboration, SFM bridges biological complexity with
engineering rigor, supporting scalable and testable solutions [6, 31, 32-35]. Although mapping
complex biological systems to engineering principles can be challenging [37-38], Al tools can
scaffold learning by visualizing structure—function relationships, guiding system decomposition,
and delivering tailored feedback [39—40].

Moreover, BID requires a dual understanding: mastery of the engineering problem and
comprehension of relevant biological systems that can inform solutions [31-32]. This
perspective involves systematically analyzing biological structures and functions to identify
elements transferable to engineering contexts, mirroring how engineers decompose complex
systems into structural and functional components [33]. The SFM framework underpins the
design of innovative engineering systems across domains. Biological structures provide
hierarchical models, functions define performance goals, and mechanisms enable adaptability
and resilience [6, 33, 35]. Leveraging these interrelated dimensions remains essential for
advancing sustainable, adaptive, and effective technologies [31, 36].

Purpose and Research Questions

This study evaluates the BID app, a digital tool developed to teach students about biologically
inspired design (BID) and support their design process by guiding exploration of structure,
function, and mechanism. The app aims to help students apply BID principles by connecting
biological inspiration with engineering solutions. This research investigates the following
questions: (1) How do students describe their experiences using the BID app to explore and
deepen their understanding of biological systems? (2) What challenges or limitations do students
encounter when using the BID app, and how do these affect its overall effectiveness?

Methods
Research Design

A mixed-method convergent parallel design (QUANT—qual) was employed to address the
research questions. A mixed method design is advantageous when the research seeks to address
questions such as ‘how’ and ‘what’ holistically within a specific context or situation [41].
Therefore, in this study, a mixed-methods convergent parallel design was employed to provide a
comprehensive understanding of students' perceptions of and experiences with the BID app,
including its design features and usability. The qualitative and quantitative methods were
implemented concurrently within the same phase of the research process; however, the analyses
of the two components were conducted independently [41].



Participants and setting

The participants in this study were 12th-grade and first-year undergraduate students (n=17) aged
18 or older. Participants were recruited via purposive convenience sampling through partnerships
with the developers’ local high school and undergraduate programs that offer engineering or
STEM-related coursework. The 17 participants represented diverse racial, academic, and
educational backgrounds (see Table 1). A majority (76%) reported having taken at least one
engineering course, whereas 24% reported no prior engineering coursework. Although all
students were asked whether they would be willing to be interviewed, only 5 of 17 agreed to
participate. Prior to participation, informed consent was obtained from all participants aged 18 or
older. Of the students interviewed, three were male, and two were female. Prior to data
collection, participants were informed that their participation was voluntary, that they could
withdraw at any time without penalty, and that all responses would be kept confidential and
reported in aggregate.

Table 1. Participant Demographics

Category Sub-Category N Percentage
White 8 47%
African American 1 6%
Race Hispanic 1 6%
Asian 4 23%
Mixed 3 18%
12th 13 76%
Grade Undergraduate 4 24%
Male 11 65%
Gender Female 6 35%
Have you taken any engineering courses? Yes 13 76%
No 4 24%

Context: EcoView Application

A mobile application was developed to support K—12 students in learning about bio-inspired
design by analyzing animal photographs and delivering tailored educational content. The app
integrates artificial intelligence (Al) to interpret animal imagery and provide structured,
informative responses grounded in design principles inspired by nature. The project was
approached collaboratively, with one team member focusing on backend development and the
other on user interface and experience design. This division of labor facilitated a targeted,
iterative design process that addressed both technical functionality and pedagogical usability.

Backend Development and Technical Design. The app’s technical foundation leveraged
Al as the primary tool for analyzing visual input. To inform the backend architecture, the
development process began with an exploration of existing Al capabilities using the ChatGPT



APL This initial research phase guided the logic and structure of the system before any code was
implemented.

The backend framework was prototyped in Xcode and subsequently migrated to a cloud-based
platform (Replit.com) to enable more flexible development. The first iteration included basic
functionality, such as image input and text output. Over time, the backend was refined to enhance
the AI’s responsiveness and its ability to handle follow-up queries. This evolution was critical in
aligning the app’s capabilities with the learning goals of bio-inspired design education. Due to
limitations encountered during code integration with the OpenAl platform, the Al functionality
was ultimately transitioned to Google’s Gemini API to ensure stability and compatibility within
the app’s larger codebase.

Frontend Design and User Experience. Concurrently, the frontend design focused on
ensuring accessibility and engagement for users ranging from sixth to twelfth grade. A user
centered design framework was adopted, with emphasis on clarity, simplicity, and educational
value. The application was structured into three main sections, Educate, Explore, and Extrapolate
(See Figures 1-3), each serving a distinct function in the learning process:

* Educate: Provides access to a database of previously analyzed animals, allowing
students to review and reinforce their understanding of bio-inspired design principles.

* Explore: Enables users to upload or capture new animal photographs, which are then
analyzed using the AI model.

* Extrapolate: Presents Al-generated interpretations of the submitted images, highlighting
how animal features might inform design innovations.

Animal: Bon, king ol

beasts, Panthera leo
Animal: Bon, king of

beasts, Panthera oo

Figure 1. Explore feature Figure 2. Explore feature after image Figure 3. Extrapolate feature
captured or uploaded

Figures 1-3. BID Application structures and features



To further enhance user engagement and knowledge retention, a quiz feature was embedded
within the Educate section (See Figure 4-6 below). This allowed students to test their
understanding of animal adaptations and their applications in design.

A nature-inspired visual theme featuring gradient backgrounds in green, blue, and purple was
selected to evoke a calming atmosphere, aligning with the app’s ecological focus (See Figures
16). The aesthetic design was purposefully kept intuitive to ensure usability without sacrificing
content depth.

Discover the Wonders
of Wildlife

Tap on an anksal ekt 15 loann bow it
nspares ot s COTTeECT U 10 Quastion 15

Which animal inspired high-
speed irain designs due to its
beak shape?

Gecie

Figure 4. Educate feature Figure 5. Quiz question Figure 6. Qquiz response {green cormrect)

Figures 4 -6. BID Application Educate feature s

In response to initial user testing and feedback, the application's functionality was systematically
enhanced, and several key revisions were implemented to better meet the needs of its target
audience. Early evaluations revealed opportunities to optimize both the educational value and
user interface, prompting the development team to introduce new features and adjust existing
components for greater clarity and accessibility. For example, the quiz feature in the Educate
section was redesigned so that when a user selects an answer, the chosen option changes color—
green for correct and red for incorrect—while always displaying the correct answer to provide
immediate and clear feedback (See Figures 5 & 6). This approach ensures students can quickly
understand their mistakes and reinforces learning outcomes.

The interface was refined to streamline navigation and present information in a more intuitive
manner, ensuring that students could easily access core features without unnecessary complexity.
For instance, terminology in the Educate section was updated based on user confusion over
"What is BID?” now, the full term “What is Biologically-Inspired Design” is shown along with
an explanation, making it easier for users with limited field knowledge to understand the app’s
core purpose (See Figures 7 & 8). Additionally, accessibility improvements were incorporated,
such as clearer visual cues and simplified layouts, to accommodate a wider range of learners,



including those with varying levels of prior knowledge and differing learning styles. These
iterative updates collectively contributed to a more robust, user-centered application that
effectively supports the exploration of biologically inspired design concepts.

Discover the Wonders
of Wildlife
Tap on an animal Below 10 loarn how it
Inspires innovation and connects us o
Here BID
spelled out
Figure 7. Educate feature BID spelled out Figure 8: BID explained in detail with examples

Figures 7-8. BID Application revised Educate features
Data Sources

The data sources for this pilot study included a survey and semi-structured interviews with
students. The survey consisted of 14 five-point Likert-scale items, ranging from 1 (strongly
disagree) to 5 (strongly agree). Students responded to items regarding their overall experience
with the app, engagement and interaction, accessibility, and technical issues. The items were
based on previously validated instruments commonly used in educational technology and user
experience research (e.g., 42-44) and were adapted to fit the specific context of the app in
question. The survey was designed with emphasis on clarity and relevance, following
recommendations by DeVellis [44] to ensure construct validity and response reliability (See
Table 2 for sample items for each construct).

Table 2. Sample Items for BID App

Construct Item (s)

e The app was easy to use.

e Tunderstood what I was supposed to do in each part of the app.
e [t was easy to move between different screens and activities.

o [liked the way the app looked (colors, design, layout).

General Experience

Engagement and e The app kept me interested
Interaction e [ learned something new about nature or design from the app.




e This app helped me understand concepts essential to engineering
and design.

e [ could read all the text and see the images clearly.
Accessibility and Use | o The app worked well without freezing or crashing.
e [ could use the app on my device without problems.

This was followed by semi-structured interviews, designed to provide deeper insights into
students’ perceptions and to complement the quantitative findings with qualitative data.
Interview questions focused on themes such as perceived usefulness, ease of use, and educational
effectiveness, particularly in the context of learning BID. The combination of surveys and
interviews supports methodological triangulation, enhancing the study’s credibility and enabling
a more comprehensive understanding of the user experience [41].

Data Analysis

The survey data was analyzed quantitatively using descriptive statistics (i.e., frequencies and
percentages) to summarize participants' responses [45]. This provided a clear overview of how
participants rated various aspects of their experience with the app, including Overall Experience,
Engagement and Interaction, and Accessibility and Technical Issues. The analysis highlighted the
distribution of responses for each item, providing insight into areas of consensus (e.g., high
levels of agreement) and items with more mixed feedback. This method was useful for
identifying overall trends in student perceptions and for pinpointing specific strengths and areas
for improvement in the app.

A thematic analysis, as outlined by Braun and Clarke [46] in their six-phase framework, was
conducted on the semi-structured interview transcripts because this approach is recommended
for descriptive qualitative research and is well-suited to capturing participants' perspectives.
Although the framework is frequently characterized as linear, our methodology was iterative and
reflective, encompassing regular revisits across phases [46-47] and was complemented by
comprehensive discussions among coders to develop meaningful themes. Discrepancies were
resolved through collaborative dialogues among multiple coders across various stages. Three
major themes emerged from the data: Engagement Through Interactive Features, Content
Complexity and Age Appropriateness, and Support for Conceptual Understanding (see Table 3
for definitions of the major themes). The study findings are organized around themes that
emerged from the data, as highlighted. To protect participant anonymity, participants' names are
replaced with pseudonyms (e.g., S1, S2, etc.).

Table 3. Major themes and definitions

Theme Definition
This theme refers to the ways in which interactive elements,
Engagement Through such as quizzes, images, and feedback mechanisms enhance
Interactive Features user engagement and motivation within the educational app

experience.




. This theme captures the user’s perceptions of how well the
Content Complexity and . . . .\
Age Appropriateness content complexity aligns with the cognitive and developmental
g needs of the intended audience, particularly younger users.
Support for Conceptual This theme‘ explores how the app faghta@d the user’s ‘
Understandin understanding of the core concept, biologically inspired design
g (BID), particularly in the context of limited prior knowledge.
Findings

Overall, the quantitative findings revealed that most users found the app straightforward to
navigate, with its interface and guidance supporting task completion. While most appreciated the
clarity of the instructions, some experienced confusion and suggested clearer support. The visual
design was generally well received, though some were neutral. Engagement levels were positive,
but some participants remained indifferent or disengaged, suggesting the need for more
interactive elements. The app was effective for gaining new knowledge and was useful in STEM
learning contexts, with a strong willingness to use it in classrooms. However, its impact on
deeper conceptual understanding and support for advanced learning was moderate, suggesting
further improvement.

Experience with the App

The data indicate that users generally had a positive overall experience with the app, particularly
with usability and navigation (See Figure 9). A substantial majority of participants (88%) agreed
that the app was easy to use, highlighting the app’s intuitive interface and well-designed user
experience. Moreover, 88% of users reported understanding their expected tasks in each part of
the app, suggesting that the app’s structure and task design provided clear guidance and helped
users remain oriented throughout their interactions. The ease of navigation was also highly rated,
with 88% affirming that moving between different screens and activities was straightforward.
This suggests that the app’s flow was logical and well-organized, minimizing cognitive load and
frustration often associated with poorly designed interfaces

Despite these strengths, instructional clarity remained an area for improvement. While 71%
agreed that instructions within the app were clear, a significant minority (12%) disagreed, and
18% were neutral. This split indicates that although most users could follow the guidance
provided, a notable subset experienced confusion or ambiguity in understanding the instructions.
Such variability in perceived instructional clarity indicates a need to refine the instructional text
or to incorporate additional scaffolding, such as tooltips, step-by-step walkthroughs, or
multimedia instructions to support diverse learning preferences and reduce misinterpretation.
Visual design elements, including colors, layout, and overall aesthetics, were liked by 76% of
respondents, whereas 24% were neutral. Although this reflects generally positive feedback, it
suggests opportunities to enhance the app’s visual appeal, which could further contribute to a
more engaging and inviting user experience.



General Experience Related to the BID Application
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Figure 9. Students’ general experience related to the bid application
Engagement and Interaction

User engagement and interactive experience present a more nuanced picture. Although a majority
(71%) felt that the app kept them interested, the presence of 6% disagreement and a sizeable
24% neutral response indicates that the app’s ability to sustain engagement over time is moderate
rather than robust. This suggests that, while initial interaction is generally appealing, the app may
benefit from incorporating additional interactive or gamified elements, such as challenges,
rewards, or adaptive difficulty, to better capture and maintain user attention (see Figure 10).

From an educational standpoint, the app delivered new knowledge. A strong 88% of participants
agreed that they learned something new about nature or design, supporting the app’s value as a
learning tool for introducing concepts relevant to these fields. Furthermore, 71% perceived the
app as useful in engineering or science classes, and 94% expressed willingness to use it in a
classroom project or lesson. These findings highlight the app’s perceived relevance and potential
integration into formal educational settings.



Students' View about Engagement and Interaction with the BID Application
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Figure 10. Students’ views about engagement and interaction with the BID app

However, the app’s effectiveness in fostering deeper conceptual understanding was less
pronounced. Only 53% agreed that the app helped them understand essential engineering and
design concepts, while 18% disagreed and 23% were neutral. This suggests that while the app is
effective for surface-level learning and engagement, it may not fully support higher-order
cognitive processes required for deep comprehension and application. Additionally, when asked
if the app would have helped them learn better in previous courses, a little more than half (59%)
responded affirmatively. This moderate endorsement indicates that, although the app is perceived
as beneficial, it may require enhancements, such as more complex problem-solving activities,
real-world simulations, or integrated assessments, to enhance its pedagogical impact on
advanced learning.

Accessibility and Technical Issues

Accessibility and technical reliability were generally viewed positively, but some challenges
remain. A notable 94% of participants reported being able to clearly read all text and see images,
indicating that the app meets essential visual accessibility standards. This is critical for ensuring
that users can engage fully with the content without being hindered by poor readability or
unclear visuals (Figure 11).



Students' Views about Accessibility and BID App Use
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Figure 11. Students’ views about the BID app’s accessibility and use.

In terms of technical performance, 82% of respondents reported that the app ran smoothly
without freezing or crashing, suggesting a stable and reliable software platform for most users.
Nevertheless, device compatibility emerged as a potential concern. While 82% reported they
could use the app on their devices without problems, 18% were neutral, suggesting that a
significant portion of users may have encountered minor issues or uncertainties related to device
performance or app responsiveness. This could be due to variations in hardware specifications,
operating systems, or network conditions. Addressing these technical and compatibility issues is
essential for broadening access and ensuring equitable usability across diverse user groups.

Qualitative Findings

The qualitative analysis revealed three central themes in students’ perceptions of the BID app:
high levels of engagement fostered by its interactive features, the suitability of the content for
younger learners, and the app’s effectiveness in supporting conceptual understanding. Together,
these findings suggest that the BID app not only captures students’ interest but also provides
developmentally appropriate scaffolding that enhances meaningful learning of core concepts,
corroborating the quantitative findings. These themes are discussed below.

Theme 1: Engagement Through Interactive Features
This theme refers to the ways in which interactive elements, such as quizzes, images, and

feedback mechanisms, enhance user engagement and motivation within the educational app
experience.



One of the most prominent themes emerging from the interview was the user's enthusiastic
response to the app’s interactive features, particularly the quiz function. The participant
emphasized that the quiz, which was incorporated in the app to assess their understanding, not
only made the experience enjoyable but also helped them identify what they didn’t know,
motivating them to explore more information. As one student stated, “/¢t showed me whatever [
didn't know, which was fun” (S2), highlighting the quiz’s dual role as both an assessment tool
and a prompt for further learning.

Additionally, the ability to integrate images added another layer of engagement, as multiple
students (S1, S4, S5) asserted. Specifically, one claimed that “I could put an image of the animal
and learn more about the animal to do better on the quiz” (S5), referring to the ability to learn
about multiple organisms by simply uploading the images, then proceeding to the quiz to test
one’s knowledge.

These responses suggest that features that combine playfulness with purpose, such as feedback
loops and media integration, can effectively foster active learning. The repeated expressions of
satisfaction, by all students, for instance, “That's good” (S1), That's good”’(S5), and “You're
doing a good job at teaching me” (S2), reinforce the idea that the app successfully captured the
user’s attention and supported an intrinsically rewarding learning experience. Overall, this theme
highlights the importance of interactive learning design in fostering user engagement.

Theme 2: Content Complexity and Age Appropriateness

This theme captures the user’s perceptions of how well the content complexity aligns with the
cognitive and developmental needs of the intended audience, particularly younger users. While
the app was praised for being easy to navigate, the participant raised concerns about the level of
detail in some of the content, especially when considering younger users. As one student
asserted, “If the app is geared towards a younger audience, maybe it doesn't need as much
information” (S4), suggesting that although depth is valuable, too much information might
overwhelm or confuse certain users. The student was careful not to criticize the content harshly
but hinted at the need for further simplification, as he further went on to state, “I don't want to
say dumb down, but simplify,” and added, “Even though it is pretty simple already, but a little bit
simpler” (S5). These comments highlight the tension between delivering rich, meaningful
content and ensuring its developmental appropriateness.

Furthermore, another student was dissatisfied with the “hashtags” and considered them
unappealing and confusing. The student stated, There were also some parts where I saw, like,
hashtags, which made the app confusing” (S1). This also suggests that some formatting or
interface elements may have seemed out of place or confusing. Although several participants
reassured that “nothing was hard to use” (S1, S4, S3), their reflections on content complexity
reveal a need for adaptive content design that aligns with the varying levels of understanding and
attention spans across age groups. This theme highlights the importance of striking a balance
between educational depth and accessibility.



Theme 3: Support for Conceptual Understanding

This theme explores how the app facilitates the user’s understanding of the core concept of
biologically inspired design (BID), particularly in the context of limited prior knowledge. The
final theme highlights the app’s role in fostering conceptual learning, particularly in the context
of biologically inspired design. Many students openly admitted to having minimal prior exposure
to the concept, as one student claimed, “My understanding of biological design... is very limited”
(S3). Despite this, they felt that the app significantly enhanced their understanding, as another
student pointed out, “What I didn 't know, this app enforced it a lot, I'd say” (S1). These
statements illustrate the app’s effectiveness in scaffolding the acquisition of new knowledge and
promoting meaningful learning among users with low baseline knowledge.

Moreover, the students also described the learning process as cumulative and informative.
Student two claimed, “Pretty much every animal that I looked up or that I saw, I learned more
information” (S2). This suggests that the app’s structure encouraged discovery-based learning,
allowing users to build conceptual knowledge through repeated exposure to diverse examples.
The participant’s reflective tone further indicates a developing ability to articulate and apply the
concept. Overall, this theme underscores the app’s value as a tool for introducing and reinforcing
complex scientific ideas through accessible, example-rich content and exploratory learning
pathways, such as quizzes.

Discussion

The findings from this study provide a comprehensive picture of students’ experiences with the
EcoView BID app, highlighting its strengths in usability, engagement, and introductory learning,
while also revealing areas for improvement related to instructional clarity and deeper conceptual
understanding. Taken together, the quantitative and qualitative results suggest that the app is well
positioned as an accessible and engaging entry point to biologically inspired design, particularly
for novice and younger learners, but would benefit from enhanced scaffolding and greater
instructional depth to support higher-order learning outcomes.

Quantitative results for ease of use, navigation, and task clarity indicate that the BID app follows
sound usability principles, minimizing extraneous cognitive load and allowing users to focus on
learning [48]. Qualitative feedback, such as “nothing was hard to use,” reinforces that the
interface aligns with human-computer interaction guidelines emphasizing clarity, consistency,
and intuitive design [49]. However, variability in perceptions of instructional clarity suggests that
some learners may require additional scaffolding. Prior research highlights the importance of
examples, prompts, and just-in-time feedback to support diverse prior knowledge and learning
preferences [50]. Enhancing these supports could improve equity and reduce ambiguity during
task completion.

Engagement was a key strength of the BID app, driven by interactive features such as quizzes,
image uploads, and feedback mechanisms. These elements enhanced motivation and curiosity
driven, exploratory learning, consistent with constructivist and inquiry-based STEM approaches



[51-53]. Research shows engagement is strongest when interactive features include meaningful
challenges, adaptive difficulty, and learner choice [43]. Incorporating gamified or problem-based
tasks linked to engineering decision-making could further sustain attention and deepen
involvement.

The app was generally perceived as effective for acquiring new knowledge and suitable for
STEM classrooms, supporting introductory and surface-level learning, especially for students
with limited prior exposure to BID. Qualitative reflections indicated cumulative learning through
example-rich exploration, a strategy known to foster conceptual growth in novice learners [31—
32]. However, ratings for deeper conceptual understanding were more modest; only about half of
participants felt the app supported essential engineering and design concepts. This suggests that
while the app effectively introduces BID, it may not fully support abstraction, transfer, or
application, highlighting the need for explicit connections between structure, function, and
mechanism to promote robust, higher-order learning [31-32].

Overall, the findings suggest that the BID Al-powered app functions effectively as an engaging,
accessible introduction to BID and holds strong potential for classroom integration. To enhance
its impact on deeper learning, future iterations should emphasize explicit conceptual connections,
richer problem-solving tasks, and adaptive scaffolding aligned with learners’ prior knowledge.
By strengthening these elements, the app could more fully support the development of
conceptual understanding central to biology—engineering integration and design-based STEM
education.

Limitation

The study results are meaningful for the development of a future Al-powered app. However,
several limitations should be considered when interpreting the study’s findings. First, the sample
size was small and included students with varied educational backgrounds and prior STEM
exposure, limiting the generalizability of results [41]. Trends in usability, engagement, and
conceptual understanding may not fully reflect broader or more diverse learner populations
Second, the study relied on self-reported data from surveys and interviews, which are subjective
and may be influenced by social desirability or immediate impressions. Qualitative insights,
drawn from a small subset of participants, provide depth but may not capture the full range of
user experiences. Third, the study assessed only short-term interactions with the BID app,
limiting insights into how engagement, usability, and learning outcomes might evolve with
sustained use. Moderate ratings for conceptual understanding may reflect limited exposure rather
than app limitations. Future research should employ larger, more diverse samples, longitudinal
designs, and performance-based measures to more rigorously evaluate the impact of Al-powered
BID tools.

Conclusion and Implications
This project demonstrates how Al technologies can be effectively incorporated into educational

tools to teach complex, interdisciplinary concepts like bio-inspired design. The design process
involved technical exploration, user-focused interface development, and iterative improvements



to create an application that is both functional and educationally effective. The resulting app
offers a platform for students to explore the connection between biology and design through
interactive, image-based learning. Together, these technological advances greatly improve
students’ ability to understand and apply the structure-function-mechanism framework, thus
supporting a deeper integration of biology-inspired design in education. Image recognition,
digital notebooks, Al chatbots, and augmented reality each play a unique role in making SFM
concepts more accessible, engaging, and tailored to individual learners. As research and
development in educational technology progress, these tools show strong potential for preparing
students to approach BID with the analytical precision and creativity required by modern
engineering challenges.

The findings of this study have important implications for engineering education at the
precollege level. These findings suggest that interactive, user-friendly digital tools like the BID
app can play a valuable role in pre-college engineering education by increasing engagement and
lowering barriers to entry for novice learners. However, to support deeper conceptual
understanding, such tools should be intentionally integrated into structured instructional
approaches, such as inquiry-based or design-centered learning, with appropriate scaffolding. For
the pre-college engineering education community, this highlights the importance of pairing
engaging technologies with pedagogically grounded implementation to ensure meaningful and
lasting learning outcomes.

Future Work

In the next phase of this app development, we plan to enhance EcoView by integrating explicit
structure—function—mechanism connections, richer problem-solving tasks, and adaptive
scaffolding to support deeper conceptual learning. We will also conduct classroom-based testing
to evaluate usability, engagement, and learning outcomes in real instructional settings using pre-
and post-assessments, performance tasks, surveys, and teacher feedback. Testing across diverse
grade levels and school contexts will ensure accessibility. Finally, longitudinal studies will
examine how repeated app use supports cumulative understanding of BID principles,
interdisciplinary thinking, and STEM identity development. Iterative cycles of deployment,
evaluation, and refinement will guide improvements and inform best practices for Al-supported,
biology—engineering education in K—12 classrooms.

Acknowledgement

We would like to acknowledge the contributions of the project team, participating students and
whose time, insights, and engagement made this work possible.



References

[1]

[2]

[3]

[4]

[5]
[6]

[7]
[8]

[9]

[10]

[11]
[12]
[13]

[14]

A. P. Rehmat, A. A. Towner, M. Alemdar, R. A. Moore, M. E. Helms, J. H. Rosen, J.
Varnedoe, and M. J. Weissburg, “Biologically inspired design for engineering education:
A multiple year evaluation of teachers’ professional learning experiences,” in Proc. ASEE
Annu. Conf. & Expo., Minneapolis, MN, USA, Jun. 2022.

A. P. Rehmat, M. Alemdar, M. Helms, D. Baptiste-Porter, J. Rosen, and M. Weissburg,
“Biologically inspired design: High school students’ engagement in BID integrated
learning in engineering classrooms,” in Proc. [EEE Frontiers in Education Conf. (FIE),
Oct. 2023, pp. 1-7.

A. P. Rehmat, A. A. Towner, M. Alemdar, M. E. Helms, J. H. Rosen, R. A. Moore, and M.
J. Weissburg, “Examining an evolving biologically inspired design professional learning
environment through conjecture mapping and design-based research,” Biomimetics, vol.
9, no. 8, p. 468, 2024.

A. P. Rehmat, M. Helms, M. Alemdar, and M. Weissburg, “Interdisciplinary overload:
Can incorporating biology in an introductory engineering course turn some students away
from engineering pathways?,” in Proc. ASEE Annu. Conf. & Expo., Jun. 2025.

Y. Bar-Cohen, Biomimetics: Nature-Based Innovation. Boca Raton, FL, USA: CRC
Press, 2011.

M. E. Helms, H. Ehsan, E. Kim, R. Moore, M. Alemdar, C. J. Cappelli, J. Rose, and M.
Weissburg, “Getting beyond the hairy house: Using structure-function-mechanism to
advance biologically inspired design pedagogy,” in Proc. ASME Int. Design Eng. Tech.
Conf. and Computers and Information in Eng. Conf., vol. 85420, 2021.

J. Yen, M. Weissburg, M. Helms, and A. Goel, “Biologically inspired design: A tool for
interdisciplinary education,” in Biomimetics: Nature-Based Innovation, 2011.

C. E. Hmelo-Silver, R. G. Duncan, and C. A. Chinn, “Scaffolding and achievement in
problem-based and inquiry learning: A response to Kirschner, Sweller, and Clark
(2006),” Educational Psychologist, vol. 42, no. 2, pp. 99—107, 2007, doi:
10.1080/00461520701263368.

[. L. Khalid, M. N. S. Abdullah, and H. Fadzil, “A systematic review: Digital learning in
STEM education,” Journal of Advanced Research in Applied Sciences and Engineering
Technology, vol. 53, no. 2, pp. 48-62, 2025, doi: 10.37934/araset.51.1.98115.

P. T. Velivela and Y. F. Zhao, “A comparative analysis of the state-of-the-art methods for
multifunctional bio-inspired design and an introduction to domain integrated design
(DID),” Designs, vol. 6, no. 6, p. 120, 2022.

Biomimicry Institute, “What is biomimicry?” 2020. [Online]. Available:
biomimicry.org/what-is-biomimicry

K. Cutler, J. Whiting, and R. Grandy, “Introducing biomimicry to high school students,”
American Biology Teacher, vol. 74, no. 2, pp. 75-78, 2012.

D. Reider and C. Thomas, “Bio-inspired design in middle school: Exploring systems
thinking through nature,” Journal of STEM Education, vol. 22, no. 3, pp. 5562, 2021.
T. J. Moore, M. Stohlmann, H. H. Wang, K. Tank, and G. Roehrig, “Implementation and
integration of engineering in K—12 STEM education,” in Engineering in Pre-College
Settings, S. Purzer, J. Strobel, and L. M. Cardella, Eds. West Lafayette, IN, USA: Purdue
Univ. Press, pp. 37-59, 2014.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B. K. Post and S. E. Riechert, “Bridging the gap: Connecting biology and engineering in
the high school curriculum,” in Proc. ASEE Southeast Section Conf., Southern
Polytechnic State University, Marietta, GA, USA, Apr. 2009

Y. Wang and M. Chen, “Teaching structure-function relationships in biology through
digital visualization tools,” Advances in STEM Education, vol. 22, no. 1, pp. 45-60,
2019.

J. Smith and L. Jones, “Using image recognition software to support ecological and
biological education,” Computers in Education, vol. 50, no. 2, pp. 101-115, 2020.

N. Rutten, W. R. Van Joolingen, and J. T. Van Der Veen, “The learning effects of
computer simulations in science education,” Computers & Education, vol. 58, no. 1, pp.
136-153, 2012, doi: 10.1016/j.compedu.2011.07.017.

K. Hirsh-Pasek et al., “Putting education in ‘educational’ apps: Lessons from the science
of learning,” Psychological Science in the Public Interest, vol. 16, no. 1, pp. 3-34, May
2015, doi: 10.1177/1529100615569721.

A. Hidayat and P. Firmanti, “Navigating the tech frontier: A systematic review of
technology integration in mathematics education,” Cogent Education, vol. 11, no. 1,
2024, doi: 10.1080/2331186X.2024.2373559.

M.-C. Hsu, S. Purzer, and M. E. Cardella, “Elementary teachers’ views about teaching
design, engineering, and technology,” Journal of Pre-College Engineering Education
Research (J-PEER), vol. 1, no. 2, pp. 31-39, 2011, doi: 10.5703/1288284314639.

M. Honey, G. Pearson, and H. Schweingruber, STEM Integration in K—12 Education.
Washington, DC, USA: National Academies Press, 2014.

E. Jacobs, O. Garbrecht, R. Kneer, and W. Rohlfs, “Game-based learning apps in
engineering education,” European Journal of Engineering Education, vol. 48, no. 3, pp.
448-481, 2023, doi: 10.1080/03043797.2023.2169106.

S. Papert, Mindstorms: Children, Computers, and Powerful Ideas. New York, NY, USA:
Basic Books, 1980.

C. R. Beal and P. R. Cohen, “Teach ourselves: Technology to support problem posing in
the STEM classroom,” Creative Education, vol. 3, no. 4, pp. 513-519, Aug. 2012, doi:
10.4236/ce.2012.34078.

J. Vincent, A. Bogatyreva, N. Bogatyrev, A. Bowyer, and A. K. Pahl, “Biomimetics: Its
practice and theory,” Journal of the Royal Society Interface, vol. 3, no. 9, pp. 471-482,
2006.

T. Brown, R. Smith, and A. Lee, “Enhancing student engagement through interactive
digital notebooks in STEM education,” Journal of Educational Technology, vol. 39, no.
3, pp. 112-127, 2022.

T. Nguyen, H. Lee, and J. Park, “Immersive augmented reality tools for teaching
biological systems,” Journal of Science Education and Technology, vol. 29, no. 2, pp.
123-136, 2020.

H. Lee, T. Nguyen, and S. Kim, “Integrating augmented reality in biology classrooms,”
Educational Media International, vol. 58, no. 4, pp. 289-305, 2021.

M. Garcia and S. Patel, “The role of Al chatbots in personalized learning,” Computers &
Education, vol. 178, p. 104421, 2023.



[31]
[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]

[47]

M. W. Glier, D. A. McAdams, and J. S. Linsey, “Concepts in biologically inspired
design,” Journal of Mechanical Design, vol. 133, no. 12, p. 121008, 2011.

M. Helms, S. S. Vattam, and A. K. Goel, “Biologically inspired design: Process and
products,” Design Studies, vol. 30, no. 5, pp. 606—622, 2009.

A. Goel, S. Rugaber, and S. Vattam, “Structure, behavior and function modeling
language,” Al EDAM, vol. 23, pp. 23-35, 2009.

S. S. Vattam, A. K. Goel, S. Rugaber, C. E. Hmelo-Silver, R. Jordan, S. Gray, and S.
Sinha, “Understanding complex natural systems by articulating
structure-behavior-function models,” Journal of Educational Technology & Society, vol.
14, no. 1, pp. 6681, 2011.

National Research Council, Discipline-Based Education Research. Washington, DC,
USA: National Academies Press, 2012.

J. C. Bradley, T. M. Waliczek, and J. M. Zajicek, “Relationship between environmental
knowledge and environmental attitude of high school students,” Journal of
Environmental Education, vol. 30, no. 3, pp. 17-21, 1999,
doi:10.1080/00958969909601873

H. Alneyadi and Y. Wardat, “Exploring the impact of artificial intelligence in teaching
and learning of science,” Research in Science Education, 2023, doi: 10.1007/s11165-
02410176-3.

M. Ko¢ Januchta ef al., “Connecting concepts helps put main idea together,”
International Journal of Artificial Intelligence in Education, 2022.

A. Bewersdorff, M. Hornberger, C. Nerdel, and D. S. Schiff, “Al advocates and cautious
critics: How Al attitudes, Al interest, use of Al, and Al literacy build university students’
Al self-efficacy,” Computers and Education: Artificial Intelligence, vol. 8, art. no.
100340

M. Fried and M. Alshibli, “The impact of Al assistance on student learning: A
cross-disciplinary study in STEM education,” in Proc. 2024 Fall ASEE Mid-Atlantic
Section Conference, Farmingdale State College, NY, USA, Oct. 2024, pp. 1-11, doi:
10.18260/1-2-49457

J. W. Creswell and V. L. Plano Clark, Designing and Conducting Mixed Methods
Research, 3rd ed. Thousand Oaks, CA, USA: SAGE, 2018.

F. D. Davis, “Perceived usefulness, perceived ease of use, and user acceptance,” MIS
Quarterly, vol. 13, no. 3, pp. 319-340, 1989.

L. A. Schindler et al., “Computer-based technology and student engagement,” Int. J.
Educational Technology in Higher Education, vol. 14, no. 1, pp. 1-28, 2017.

R. F. DeVellis, Scale Development: Theory and Applications, 4th ed. Thousand Oaks,
CA, USA: SAGE, 2016.

E. Hinkle, W. Wiersman, and S. G. Jurs, Applied Statistics for the Behavioral Sciences,
5th ed. Boston, MA, USA: Houghton Mifflin, 2003.

V. Braun and V. Clarke, “Using thematic analysis in psychology,” Qualitative Research in
Psychology, vol. 3, pp. 77-101, 2006.

M. Sandelowski, “Whatever happened to qualitative description?” Research in Nursing &
Health, vol. 23, no. 4, pp. 334-340, 2000.



[48]
[49]
[50]
[51]
[52]

[53]

R. E. Mayer, Multimedia Learning, 3rd ed. Cambridge, U.K.: Cambridge Univ. Press,
2020.

D. A. Norman, The Design of Everyday Things, Rev. ed. New York, NY, USA: Basic
Books, 2013.

C. Quintana et al., “A scaffolding design framework for software to support science
inquiry,” Journal of the Learning Sciences, vol. 13, no. 3, pp. 337-386, 2004.

P. Black and D. Wiliam, “Developing the theory of formative assessment,” Educational
Assessment, Evaluation and Accountability, vol. 21, no. 1, pp. 5-31, 2009.

C. Dede, “The role of digital technologies in deeper learning,” Students at the Center:
Deeper Learning Research Series, 2014.

J. D. Bransford, A. L. Brown, and R. R. Cocking, How People Learn. Washington, DC,
USA: National Academy Press, 2000.



