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= Abstract
Z This article proposes an integrated model for combining interactive and digital pedagogical
o) technologies in the teaching of biophysics to medical students. The model is designed to move
digitalization beyond electronic content delivery by linking each technology to a specific learning
(- g y ry by g gy p
(48] action: retrieval, prediction, visualization, experimentation, collaboration, data interpretation, and
Q formative feedback. The framework integrates a learning management system, interactive concept
9 questions, multimedia microlearning, virtual laboratories, shared data-analysis tasks, collaborative
+7 whiteboards or documents, and structured electronic assessment. It is organized around six biophysics
) g phy
O modules: measurement and uncertainty, hemodynamics, membrane transport, bioelectricity,
E Iy biomedical optics, and ultrasound. The methodological approach is design-oriented and draws on the
_% principles of technological-pedagogical-content integration, blended learning, multimedia learning,
()} 3 guided inquiry, and competency-based assessment. The resulting architecture contains five layers:
cC 3 content representation, learner interaction, digital investigation, collaborative knowledge
O E construction, and evidence-based assessment. Four implementation dimensions are specified:
) edagogical coherence, scientific validity, digital accessibility, and data-responsible assessment. The
O 9 pedagog Y, dig Yy p
L article also proposes criteria for evaluating student products and an implementation matrix that allows
E E teachers to choose technology according to didactic function rather than novelty. The model is
Y— o intended as a practical basis for curriculum design and future empirical evaluation. It does not claim
o p g p
@) q_g effectiveness without authentic classroom data; instead, it specifies what should be implemented and
('—U g measured to determine whether digital integration improves conceptual understanding, quantitative
reasoning, and application of biophysical principles in medical education.
c @ g pp phy princip
—
@) Keywords: Biophysics; digital pedagogy; interactive learning; medical students; virtual laboratory;
blended learning; TPACK; formative assessment.
g
()]
- .
C_J Introduction

Digital transformation has expanded the range of resources available to teachers of medical
biophysics. Learning management systems, interactive response tools, virtual laboratories, animated
models, online quizzes, shared documents, data-analysis applications, and mobile access can all be
integrated into teaching. However, the educational effect of these tools depends on how they are
connected to content and pedagogy. Merely converting a lecture into slides, uploading a PDF, or
replacing a paper test with an online form changes the medium but may leave the learner's cognitive
activity unchanged. Effective digital integration requires a design in which technology enables actions
that are difficult, inefficient, or invisible in conventional instruction.
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This issue is especially relevant in biophysics because many important relationships are dynamic,
multivariable, and representational. Students need to move among equations, graphs, diagrams,
measurements, and biological explanations. Interactive technologies can make these transitions
explicit. A learner can change vessel radius in a model and immediately inspect a flow curve; alter
membrane permeability and compare concentration gradients; manipulate resistance and capacitance
in a membrane model; or vary optical path length and examine calibration. Yet such interactivity is
educationally useful only when students are asked to predict before manipulating, record evidence,
explain trends, and evaluate limitations.

The technological pedagogical content knowledge (TPACK) framework emphasizes that successful
technology integration depends on the interaction of content knowledge, pedagogical knowledge, and
technological knowledge rather than on any one domain in isolation [1]. In biophysics, content
accuracy is particularly important because visually attractive digital materials can still be
scientifically misleading if they omit units, use unrealistic parameter ranges, or represent an ideal
model as biological reality. Pedagogical design is equally important: unstructured exploration can
produce superficial clicking, while excessive teacher control can reduce an interactive resource to a
demonstration.

Blended learning provides a useful organizational context by combining digital preparation and
communication with face-to-face explanation, experimentation, and discussion [2]. Multimedia
learning principles can guide the presentation of diagrams, narration, text, and animation so that
relevant information is highlighted rather than overloaded [3]. Guided inquiry offers a structure for
virtual investigation, while formative assessment can use digital response systems to reveal
misconceptions rapidly and provide feedback [4,5]. These principles suggest that digital tools should
be integrated as a coordinated system rather than as isolated additions.

The aim of this article is to develop a practical model for integrating interactive and digital
pedagogical technologies into biophysics teaching for medical students. The objectives are to classify
digital tools according to their didactic functions, map them to representative biophysics topics, define
a repeatable blended lesson sequence, and propose criteria for evaluating both student learning
products and implementation quality.

MATERIALS AND METHODS

The study uses a conceptual instructional-design methodology. It synthesizes principles from
TPACK, blended learning, multimedia learning, guided inquiry, formative assessment, and virtual
laboratory research to construct an integrated teaching architecture [1-8]. The design does not
evaluate a specific commercial platform. Instead, technologies are described by function so that the
model can be implemented with locally available tools. For example, an 'interactive response system'
may be any secure tool that allows students to submit answers and view aggregated responses, while
a 'virtual laboratory' may be a browser-based or local simulation that permits learner-controlled
manipulation of variables.

The design process contains four stages. First, a target biophysics concept is defined together with
the observable student performance expected at the end of the lesson. Second, the teacher identifies
a learning bottleneck, such as difficulty visualizing a relationship, weak retrieval of prerequisites,
inability to interpret graphs, or lack of participation in discussion. Third, a digital or interactive

178 |Page




t,@."
o g
e

ing “

, Practice and Nurs

icine

&P webofjournals.com/index.php/5

Journal of Med

ICINe

@ Web of Med

X

a4
4

Volume 4, Issue 6, June 2026 ISSN (E): 2938-3765

technology 1is selected only if it directly addresses that bottleneck. Fourth, assessment evidence is
specified before the activity is implemented. This sequence is intended to prevent technology-first
planning in which a tool is chosen before its educational purpose is clear.

Six modules were selected because together they represent measurement, mechanics, transport,
electricity, optics, and acoustics within a medical context. Each module includes a pre-class digital
element, an in-class interactive element, a data or simulation activity, and an individual assessment
product. Students may collaborate during investigation, but the final explanation or transfer task is
completed individually. This structure allows digital collaboration without losing evidence of
individual competence.

Table 1. Didactic functions of interactive and digital technologies in biophysics
Technology/function

Biophysics use Required learner action | Evidence of learning

Learning
management system

Organize  microcontent,
instructions, deadlines, and

feedback

Prepare before class and
revisit targeted resources

Completion trace plus
diagnostic response

Interactive  concept | Reveal misconceptions | Commit to an answer and | Response distribution

questions about direction, | justify it and revised
proportionality, units, or explanation
graphs

Multimedia Visualize dynamic or | Identify variables and | Short

microlearning invisible processes without | explain the represented | retrieval/application
long exposition relationship response

Virtual Manipulate controlled | Predict, vary, measure, | Dataset, graph, and

laboratory/simulation | parameters in physical- | record, compare evidence-based
biological models interpretation

Collaborative digital | Support joint analysis and | Annotate, compare, | Shared reasoning

workspace scientific communication | argue, and revise product plus individual
reflection

Electronic formative | Deliver rapid feedback and | Retrieve, apply, self- | Item-level  response

assessment adaptive follow-up items correct and correction record

A blended 90-minute lesson is proposed. Digital preparation occurs before the session and should be
limited to essential prerequisites. In class, the first stage is a short interactive diagnostic that makes
common misconceptions visible without grading penalties. The second stage requires individual
prediction. The third stage uses a virtual or data-based investigation in pairs. The fourth stage is
collaborative interpretation, supported by a shared digital workspace in which groups post a graph,
claim, and evidence statement. The fifth stage is an individual electronic transfer task with feedback.
The digital environment therefore supports continuity across preparation, investigation, collaboration,
and assessment rather than operating as a separate component.

Selection of digital media follows scientific and cognitive criteria. Equations and units must be visible
at the point of use. Animations should represent only variables that are educationally relevant, and
decorative movement should not compete with explanation. Parameter ranges should be plausible and
labeled as idealized when necessary. When real clinical images or measurements are used, they
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should be anonymized and selected for educational relevance. Digital materials should also include
accessible alternatives for students with limited bandwidth or device constraints.

<=
= Table 2. Integration matrix for digital technologies across selected biophysics modules
8’ Module Pre-class digital activity | Interactive investigation Individual learning
o — product
e Measurement and | Microlesson on  units, | Repeated virtual/sensor | Measurement table and
- | uncertainty precision, and significant | readings with controlled | uncertainty statement
prd figures variation
o) Hemodynamics Retrieval questions on | Vessel-flow simulation with | Radius-flow graph and
- pressure, resistance, | parameter control explanation of
O viscosity, and radius assumptions
) Membrane Concept map of diffusion, | Two-compartment transport | Causal interpretation of
Q transport gradient, permeability model gradient/permeability
— effects
O Bioelectricity Short multimedia | Passive = membrane RC | Annotated voltage-
E explanation of resistance- | model and time-course | time graph and
al g capacitance behavior comparison distinction ~ between
-5 charging and excitation
) é Biomedical optics | Interactive  review  of | Virtual spectrophotometric | Calibration plot,
_E = absorption and calibration | calibration equation use, and
.C_J = limitation statement
N®) % Ultrasound Pre-class  retrieval on | Pulse-echo timing and | Depth calculation with
L principles frequency, velocity, | interface model assumptions and
E E reflection, time of flight measurement
y— 2 limitations
O %
— © RESULTS
g = The resulting integration model contains five layers. The first layer is content representation. Its
— @ purpose is to provide concise and scientifically accurate representations of biophysical concepts
8 through equations, diagrams, short text, graphs, and carefully selected animation. The second layer
is learner interaction, where students answer, predict, classify, or manipulate rather than simply view.
? The third layer is digital investigation, in which variables are controlled and evidence is generated.
Q The fourth layer is collaborative knowledge construction, where students compare interpretations and
E make reasoning public. The fifth layer is evidence-based assessment, which requires an individual
C_J product aligned with the original learning outcome.
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These layers are sequential but interconnected. A student's incorrect response in the interaction layer
can determine which hint or representation is used in the investigation layer. A graph produced during
investigation becomes evidence in collaborative discussion. The discussion in turn prepares the
student for an individual transfer task. Feedback from the assessment layer can direct the learner back
to a specific microresource rather than to the entire topic. This creates a closed learning loop in which
digital traces are educationally meaningful because they correspond to defined actions.

In a hemodynamics lesson, for example, students first complete a two-minute retrieval activity on
pressure difference, viscosity, vessel radius, and flow. They then answer an interactive prediction
180 |Page
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question about the effect of reducing radius while other parameters remain fixed. Without
immediately showing the correct answer, the teacher displays the distribution of responses and asks

T pairs to justify their choices. Students next use a simulation to generate several radius-flow values
and plot the relationship. Their shared workspace must contain a graph, a one-sentence claim, and
g’ evidence from the generated values. The individual task asks students to explain why an ideal fourth-
* — power relation is educationally useful but insufficient as a direct description of all physiological
e vascular behavior. Digital technology thus supports a progression from retrieval to prediction,
> evidence, discussion, and limitation-aware transfer.
Z The model also defines digital competency in a task-specific manner. Students are not expected to
O demonstrate generic software fluency for its own sake. Instead, digital competence is expressed
- through educationally relevant actions: entering and labeling data correctly, selecting an appropriate
© graph, interpreting an interactive representation, documenting a controlled comparison, collaborating
) responsibly, and submitting an independent explanation. This prevents technical skill from
'-I% overshadowing the disciplinary purpose of the lesson.
(&) Assessment criteria are organized around four domains: scientific accuracy, quantitative and data
(O reasoning, interaction quality, and reflective transfer. Interaction quality is not measured by the
E g number of clicks or messages. It is assessed through the relevance of contributions, use of evidence,
-~ 5 and revision of reasoning. Reflective transfer asks whether students can explain where a model
ORI applies and where it becomes incomplete.
—
= C
9 E Table 3. Proposed criteria for evaluating digitally supported biophysics learning
o o Domain Insufficient Developing Competent
D %g performance performance performance
E = Scientific accuracy | Uses  incorrect law, | Main concept is correct | Uses correct relationship,
L 8 variables, or biological | but includes omissions or | terminology, units, and
@) § interpretation imprecise assumptions biological meaning
f_U g Quantitative/data Records incomplete | Produces usable | Selects and interprets
- reasoning values or misreads graphs | calculation/graph ~ with | appropriate quantitative
— @ minor errors evidence independently
2 Interactive inquiry | Manipulates parameters | Controls one relevant | Forms a  prediction,
% without a plan variable with prompting | controls comparison,
L records evidence, and
(D) explains the result
- Collaborative Contributes assertion | Responds to peers but | Uses evidence to compare
6 reasoning without evidence revision is limited explanations and revises
— reasoning transparently
Reflective transfer | Treats digital model as | Recognizes a limitation | Explains  assumptions,
exact reality when prompted transfer value, and limits
in a new medical-
biological context
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Implementation quality is treated as a separate result because a well-designed activity may not
function as intended if the infrastructure, teacher preparation, or assessment process is weak. Four
implementation dimensions are specified. Pedagogical coherence asks whether each tool has a
defined purpose linked to the learning outcome. Scientific validity concerns equations,
representations, parameter ranges, and biological assumptions. Digital accessibility concerns device
availability, bandwidth, usability, and alternatives. Data-responsible assessment concerns privacy,
secure handling of student records, transparent criteria, and separation of learning analytics from
unsupported judgments about ability.

The teacher should also prepare a fallback pathway. If a simulation fails, students should still be able
to analyze a prepared dataset; if live polling is unavailable, the same diagnostic question can be
answered on cards or paper; if a shared document is inaccessible, groups can complete a local
worksheet and upload or discuss it later. Such redundancy is not a retreat from digitalization. It
protects the pedagogical sequence so that the learning objective does not depend on a single technical
service.

Table 4. Implementation requirements for interactive and digital biophysics teaching

Dimension Requirement Practical indicator
Pedagogical Every technology is linked to a learning | Technology-purpose-
coherence outcome and observable student action outcome mapping

Scientific validity

Models, equations, units, parameter limits,
and biological assumptions are reviewed

Subject-expert
checklist

resource

Digital accessibility Students have usable access and an | Pre-session access test
equivalent fallback pathway and alternative resource
Teacher digital- | Instructor can manage both the content and | Rehearsed scenario and
pedagogical readiness | the learning process, not only the software | facilitation prompts
Assessment Students know what is assessed and | Rubric plus individual
transparency collaborative work is separated from | transfer task
individual evidence
Data responsibility Only necessary student data are collected | Documented data-
and stored according to institutional | handling procedure
requirements
DISCUSSION

The proposed model positions digital technology as part of pedagogical design rather than as an
independent source of effectiveness. This position is consistent with TPACK, which emphasizes the
interaction of technology, pedagogy, and subject matter [1]. For medical biophysics, the content
dimension should remain dominant: a technology is appropriate only when it helps students
understand a valid physical relationship or use evidence more effectively. The framework therefore
discourages the selection of tools primarily because they are visually impressive or fashionable.

Blended organization can improve the use of limited classroom time by shifting concise preparatory
content outside the session and preserving face-to-face time for explanation, investigation, and
feedback [2]. Nevertheless, pre-class digital work should be short and accountable. Long videos or
large reading assignments can simply move lecture overload outside the classroom. Diagnostic
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retrieval tasks provide a more efficient indicator of readiness because they require students to recall
and apply the prerequisite concept before the main investigation.

Interactive polling and collaborative work can make misconceptions visible, but their benefits depend
on response design. Questions should target conceptual contrasts rather than trivial recall. In
hemodynamics, for instance, a useful question asks which variable change will have the greatest
proportional effect under stated ideal assumptions and requires a reason. In bioelectricity, a question
may compare the time course produced by different resistance-capacitance combinations. The
discussion that follows is pedagogically important; displaying the correct answer immediately can
eliminate the need for explanation.

Virtual laboratories are especially useful for controlled manipulation and repeated exploration, but
they should not be presented as complete substitutes for physical experimentation [6,7]. Students also
need experience with instrument limitations, calibration, noise, contact problems, and real
measurement variation. The appropriate relationship is complementary: digital investigation can
clarify variable relationships and prepare students for physical work, while physical tasks reveal
conditions that idealized simulations cannot fully reproduce. The balance between the two should
depend on the learning outcome.

The model also recognizes the risk of digital inequality. A resource that works well on high-
performance devices or stable broadband may be inaccessible to some learners. Equity therefore
requires low-bandwidth options, paired participation where appropriate, downloadable material, and
alternative datasets. Accessibility is part of pedagogical quality rather than a separate technical issue
because unequal access changes the amount and type of learning activity students can complete.
Future research should evaluate the model using authentic classroom data. Useful outcomes would
include conceptual test performance, case-based quantitative reasoning, graph interpretation, quality
of written explanations, delayed retention, and transfer to physical laboratory tasks. Process measures
should include completion of preparation, actual time on task, quality of collaborative contributions,
technical failures, and teacher adherence to the planned sequence. Satisfaction surveys can provide
contextual information but should not be treated as a substitute for evidence of learning.

CONCLUSION

Interactive and digital technologies can strengthen biophysics teaching when they are integrated
according to clear didactic functions. The proposed model links content representation, learner
interaction, digital investigation, collaborative knowledge construction, and evidence-based
assessment in one coherent sequence. It provides a six-module integration matrix, assessment criteria,
and implementation requirements that can be adapted to locally available technologies without
dependence on a single platform.

The defining principle is that digitalization should increase the quality of student reasoning rather
than merely increase the quantity of electronic materials. Scientifically valid content, purposeful
interaction, guided inquiry, individual accountability, accessibility, and responsible data handling are
therefore essential conditions. The framework offers a structured basis for curriculum implementation
and empirical evaluation in medical higher education; its educational effectiveness should be
established through transparent studies using authentic student outcomes.
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