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Abstract                                                            

Background/purpose. This study addresses the growing need for 
technologically enhanced clinical simulation tools within the UAE 
Ministry of Education’s Grade 12 Health & Artificial Intelligence 
curriculum. Traditional manikin-based simulations provide limited 
opportunities for authentic data-driven learning. To address this gap, 
the study evaluates sensor-equipped medical chairs as a transformative 
pedagogical tool. Guided by TPACK, SAMR, conceptual change theory, 
and Vygotsky’s Zone of Proximal Development (ZPD), the purpose of 
the study was to examine how real-time clinical data can enhance 
students’ clinical decision-making, technological literacy, health 
knowledge, and intrinsic motivation, while also validating the clinical 
accuracy of the sensor systems. 

Materials/Methods. A mixed-methods design was employed across two 
phases. In the educational phase (N = 60 Grade 12 students), a pre-post 
quasi-experimental design compared students using live sensor data in 
simulated clinics (n = 30) with peers using traditional manikins (n = 30). 
In the clinical validation phase (N = 230), pre- and post-assessments 
were conducted across three UAE hospitals to evaluate clinical 
accuracy. Quantitative measures included clinical reasoning scores, 
technological literacy, health knowledge, and motivation; qualitative 
artefacts included student-created diagnostic outputs aligned with 
SAMR levels. 

Results. Students using sensor-equipped chairs demonstrated 
significant gains: +8.7 points in clinical reasoning (d = 0.72, p < .001), 
+22.2% in technological literacy (d = 0.81), +4.6 points in health 
knowledge (d = 0.94), and +1.8 in intrinsic motivation (d = 0.65). 
Additionally, 88% of students produced artefacts that met the SAMR 
“Redefinition” criteria. Clinical accuracy increased by 4.42 points in the 
hospital validation sample (d = 0.41). 
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1. Introduction

The Ministry of Education of the UAE (2023) collaborates with technology and health professors 
to integrate sensor-equipped medical chairs into the Grade 12 Health & Artificial Intelligence courses. 
This strategy allows health science education to begin with real-world health simulations rather than 
virtual simulations. During the health simulation, students use real-time vitals (blood pressure, heart 
rate, SpO₂, and respiration) to practice diagnosing, documenting in EHR, and communicating with the 
patient, just like in a real medical office and workflow. This practice develops the students’ 21st-
century skills in clinical reasoning, decision-making, technological literacy, and evidence-based 
medicine. 

The national educational innovativeness of the UAE is the focus of this inquiry and is informed 
by the following integrated theoretical frameworks: 

• TPACK (Mishra & Koehler, 2006) Theories of technological knowledge (operating a sensor and 
interpreting the data), pedagogical knowledge (how to provide scaffolding and formative feedback), 
and content knowledge (what is the clinical relevance of the vital signs) a teacher combines to create 
authentic learning experiences. 

• The SAMR Model (Puentedura, 2014). The sensors in the chairs move a student’s learning and 
task performance from Substitution (manual vitals checking) to Redefinition (performing and 
documenting in real time, students write and produce a video of an interactive diagnostic process) 

• Conceptual Change Theory (Posner et al., 1982) A student experiences deep real-time data 
anomalies, resulting in cognitive dissonance that leads to the person revising a scientifically naive 
model (e.g., HR 110 is normal) to a more accurate model. 

• Vygotsky’s Zone of Proximal Development (ZPD) (1978): Teachers utilize real-time data as a 
mediational instrument to scaffold movement from observation to interpretation to justification as 
More Knowledgeable Others (MKOs) of the learners. 

These chairs also improve clinical efficiency – decreasing diagnostic errors and the time spent in 
consultations (De Alwis et al., 2021; Shen et al., 2021)- but this study considers clinical results as 
confirming evidence of a strong educational instrument. The main aim is to evaluate the impact of 
the technology on teaching and learning in UAE classrooms. 

The UAE curriculum calls for the students to: 

• Interpret live health data 

• Employ clinical reasoning in case simulations 

• Engage in digital health collaborative workflows 

• Generate diagnostic reports with a construction of evidence 

There is no published data on students’ learning gains from this integration, on educators' 
interactions in the classroom, or on the alignment of the curriculum with the integration of evidence. 
This study addresses this void through a mixed-methods pre-post design involving 60 Grade 12 
students and eight teachers, plus clinical validation (N=230) to generate the first evidence evaluation 
of this national educational reform. 

1.1. Research Questions

RQ1: In Grade 12 health science simulations, what is the impact of students interacting with real-
time sensor data on their clinical decision-making competence, technology usage, and motivation 
toward learning? 

https://doi.org/10.22521/edupij.2026.20.11
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RQ2: What is the role of the optimized sensor selection criteria in fostering pedagogical 
authenticity and clinical accuracy in dual educational and clinical practice? 

RQ3: How do teacher scaffolding practices (ZPD) and task design (SAMR) influence student 
outcomes? 

1.2. Problem Statement

Innovations in healthcare technologies have not trickled down to the teaching and clinical 
training of health sciences. For the most part, health sciences education teaching is still conducted 
using passive learning. Trainees use static simulations that do not provide laser-focused feedback, 
which is highly detrimental to their clinical decision-making, technological skills, and competencies 
needed to efficiently assess and care for patients (UAE Ministry of Education, n.d.; Innovative 
Learning Environments in STEM Higher Education, 2021). 

To address this, the UAE Ministry of Education (2023) has provided Grade 12 students in the 
Health & Artificial Intelligence program with sensor-equipped medical chairs for the first time. This is 
intended to assist students in bridging the education-practice gap by conducting authentic, data-
capturing clinical simulations. Students capture, monitor, and record dynamic vital signs and 
physiological changes in EHRs and can perform tasks that mimic professional work. They, however, 
do not provide evidence on: 

• Students’ use of live clinical data to instrument and develop clinical reasoning and 
technological skills. 

• Teachers’ use of scaffolding in the ZPD to monitor this process. 

• Evidence learning outcomes of the curriculum, for example, collaborative diagnosis and digital 
health evidence. 

This phenomenon, in terms of educational impact and clinical-educational misalignment, 
remains a crucial impediment to the actualization of the transformative vision of this national 
curriculum educational reform (Alzahrani, 2021; Ali et al., 2023). 

This paper tackles the issue by focusing on: 

Students’ Learning Outcomes (Clinical Decision Making, Technological Literacy, Health 
Knowledge, Motivation) 2. Teacher Mediation of Sensor Data in Scaffolded Instruction 3. Cohesion of 
Technology-Enhanced Activities and UAE Grade 12 Objectives 

1.3. Significance

This study provides the first nationwide documented evidence of student achievement in the 
UAE’s national AI–Health curriculum. It demonstrates how students attain SAMR Redefinition levels 
through authentic, real-time data use—for example, creating and presenting diagnostic videos based 
on live sensor outputs. The study also documents TPACK-informed scaffolding practices that support 
teachers in integrating technology and pedagogy effectively. Collectively, these innovations enhance 
students’ clinical reasoning, digital fluency, and readiness for evidence-based practice. 

1.4. Clinical Significance

Peer-reviewed validation confirms the accuracy of the sensor-equipped chairs and their seamless 
integration into real-time clinical workflows in hospital environments (N = 230). The findings establish 
baseline evidence to reduce diagnostic delays and mitigate symptom bypassing. Furthermore, the 
study introduces a robust framework for sensor selection and deployment, enabling scalable and 
evidence-based clinical integration. 
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1.5. Policy and Curriculum Significance

The study offers the UAE Ministry of Education data-driven recommendations for refining 
outcome-based instructional frameworks within the AI–Health curriculum. It presents a scalable 
model for global technology-integrated health education and contributes to the production of 
practice-ready graduates aligned with national health workforce priorities. 

Overall, this study closes the simulation–clinical validation loop, demonstrating how educational 
innovation can shift health science education from a cost center to a value generator. By linking 
authentic data use with validated clinical outcomes, the work provides a foundation for reconfiguring 
national education objectives toward sustainable healthcare improvement. 

2. Literature Review

The fusion of technology and pedagogy is exemplified by sensor-integrated medical chairs used 
by the UAE MOE in Grade 12 Health and AI. These chairs were designed to improve real-time clinical 
workflow by tracking vital signs (blood pressure, heart rate, SpO₂, and respiration) with an accuracy 
of ±3 mmHg and ±2 bpm (Li et al., 2022; Shahzad et al., 2022). However, their real potential lies in 
educational settings. In these settings, the chairs’ real-time tracking of physiological data makes them 
an invaluable resource for authentic clinical simulation and the development of higher-order thinking 
and other 21st-century skills. This review is not only an examination of the technology's potential but 
also an inquiry into how sensor chairs restructure the educational process, using four theories to 
illustrate their pedagogy. 

The most important of these theories is TPACK (Mishra & Koehler, 2006), which focuses on the 
integration of three knowledge types: technological knowledge (TK) – knowledge of the sensors and 
data within a system; pedagogical knowledge (PK) – the ability to develop a scaffolded inquiry-based 
process; and content knowledge (CK) – knowledge of the clinical relevance of vital signs and their 
anomalies. 

According to Koehler et al. (2013), teachers possessing TPACK utilize live data to create active 
learning environments in which students shift from passively watching to engaging in diagnostic 
reasoning. In conjunction with this, there is the SAMR model (Puentedura, 2014), which outlines the 
levels of technology integration starting from the Substitution phase (i.e., replacing manual vital 
checks) to the Redefinition phase, where students create interactive diagnostic videos in real-time 
using data from live patients, something that was impossible to do in conventional classrooms. 
Redefinition tasks have been empirically shown to enhance clinical reasoning by 28% and increase 
the retention of long-term skills (Hamilton et al., 2016). 

Also vital is the conceptual change theory (Posner et al., 1982), which accounts for real-time 
discrepancies, such as a sudden heart rate spike or drop in oxygen saturation, and how they generate 
cognitive conflict by causing students to discard naive conceptions (e.g., “HR 110 is normal”) in favor 
of more accurate scientific mental models. This process of dissatisfaction → intelligibility → 
plausibility → fruitfulness is catalyzed with real-time data that serves as a visible representation of a 
change in physiology (Chi, 2008). Lastly, the teacher in this case is positioned as the More 
Knowledgeable Other (MKO) within Vygotsky’s ZPD (1978), where they use sensor-generated data as 
a mediational tool to support students as they progress through levels of capturing data, spotting 
anomalies, proposing a hypothesis, and ultimately justifying it with data. Such interactions in 
technology-enabled environments enhance diagnostic accuracy by 35% (Van de Pol et al., 2010). 

All these contribute to a specific teaching pedagogy. During data collection, students learn 
technology fluency as they engage with live vital signs (Alkouri & Wardat, 2025; Aldalalah et al., 2025). 
In data analysis, the alerting of an anomaly prompts the instructor to ask, “Why is SpO₂ 92 troubling?” 
which directs the students to a conceptual change. Authentic clinical reasoning is evidenced as 

https://doi.org/10.22521/edupij.2026.20.11
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students actively learn and apply by populating EHRs and collaboratively diagnosing. At the 
Redefinition level, they create and present video case studies which combine digital storytelling with 
project-based learning, a hallmark of pedagogical SAMR (Puentedura, 2014; Hamilton et al., 2016; 
Wardat et al., 2025; Jarrah et al., 2025; Winaryati et al., 2025; Garcia et al., 2026). This integration 
mirrors TPACK-driven digital content that enhances cognitive achievement and 21st-century skills 
(Aldalalah et al., 2025; Al-shraifin et al., 2025; AlAli & Wardat, 2024), while flipped and gamified 
strategies boost motivation and conceptual mastery (Mansour & Wardat, 2025; Jarrah et al., 2025). 

Empirical evidence of clinical reasoning improvement is overwhelming. Alzahrani (2021) 
reported a 25% improvement in nursing students' clinical reasoning when using live vital signs in 
simulation. Elnahla (2021) reported a Cohen’s d of 0.68 increase in technological literacy related to 
the relevance of integrated EHR tasks and TPACK. Real-time feedback from sensors to learners whose 
engagement was enhanced and knowledge retention improved, as demonstrated in multiple studies 
cited by Hamilton et al. (2016), confirmed that motivation and SAMR Redefinition tasks (student-
created diagnostic videos) improved evidence of skill transfer to practice. 

Practical and educational functions are the driving factors guiding the choice of sensors, with 
changes of 117 percent and 163 percent (Ali et al., 2023), and the dovetailing of document-
authenticating practices (Bull et al., 2020). Classroom interaction is designed (Ibn-Mohammed et al., 
2021). Cost-effectiveness is crucial for sensors, and machine learning algorithms have been 
confirmed to enhance (Chengoden et al., 2023). 

As per the sensor chairs integrated curriculum objectives of the UAE Ministry of Education 
(2023), the competencies are real-time interpretation of health data, clinical reasoning in simulated 
environments, health data collaboration, and digital reporting. With all this integration, past studies 
have not investigated teacher mediation, student learning gains, and curriculum alignment in this 
context. This research provides the first evidence of the integration of sensor chairs in national 
education reform as pedagogical mediators. 

In conclusion, sensor-equipped medical chairs transcend their clinical efficiency by offering 
opportunities for pedagogical innovations that are scaffolded, redefinitional, and that deepen 
learning, empowering students to meet the demands of future healthcare practice and adapt to ever-
changing technologies. 

2.1. Theoretical Framework

This research activity is located within a unique, integrated four-lens theoretical framework that 
combines Technological Pedagogical Content Knowledge (TPACK), the SAMR model, conceptual 
change theory, and Vygotsky’s sociocultural theory of the Zone of Proximal Development (ZPD). This 
integrated theory explains the implications of sensor-equipped medical chairs on transforming the 
teaching and learning of the Grade 12 Health & Artificial Intelligence course within the UAE. This 
study chose not to dichotomize the frameworks but, instead, considers them a composite of a 
strongly intertwined, dynamic framework, in which real-time clinical data are the core mediational 
artifact within technology, pedagogy, cognition, and social interaction, generating real, quantifiable 
learning outcomes. 

At the center of all is TPACK (Mishra & Koehler, 2006), which suggests that effective integration 
of technology in teaching and learning should see the combination of three Knowledge domains 
blend into one. These Knowledge domains are: Technological Knowledge (TK)—the knowledge of 
how sensor chairs capture and display and transmit clinical grade vital signs; Pedagogical Knowledge 
(PK)—the knowledge of how to structure an instructional sequence that leverages live data to 
stimulate inquiry, reflection, and justification; Content Knowledge (CK)— the knowledge of the 
clinical significance of the physiological changes and how to interpret clinical entities of interest such 
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as tachycardia or hypoxemia. TPACK, in this study, ensures teacher preparation and activity design so 
that sensor data are not simply displayed but are used to motivate learners to critically reason and 
reach a logical conclusion about using the technology. 

The SAMR model (Puentedura, 2014) offer a developmental pathway that technology use can 
take, and is represented as a continuum which begins at Substitution—the sensors simply replace 
manual checking of the vital signs to Augmentation, Modification, and finally reaches Redefinition 
where learners can create original diagnostic output, for example, a case presentation in multimedia 
that is built on real-time data from patients. 

The intervention design spans eight weeks within the framework of Educational Design Research. 
The focus in the first few weeks is on data collection and interpretation (Substitution/Augmentation), 
while in the latter weeks, the focus shifts to integration into the EHR and the student videos of clinical 
diagnoses (Modification/Redefinition). Within SAMR, EDR is also TPACK, where the different types of 
knowledge are synthesized and demonstrated through changes in tasks. 

Posner's theory of conceptual change (1982) addresses the cognitive aspects of student learning 
and the use of live data. In the case where one of the sensors alerts that an abnormal reading is 
detected, for example, SpO₂ is dropping to 92%, the student is prompted to change the prior belief 
of "low oxygen is not an emergency" and to actively rethink this through teacher-facilitated active 
learning by identifying trends in context and pathophysiology. The cognitive reshaping is significantly 
enhanced by the live aspect of the data, which allows the student to see evidence of the principles 
at work (Chi, 2008). Naïve to scientific conceptual change, the study captures this shift through a 
Conceptual Change Inventory (pre- and post) focused on the interpretation of vital signs. 

Lastly, the social and interactive aspects of learning are derived from Vygotsky's (1978) ZPD, in 
which the teacher is framed as the More Knowledgeable Other (MKO) who uses sensor-derived data 
to mediate scaffolded learning for students. 

This involves prompting in small steps, starting with observational questions like “What does the 
heart rate show?” and then moving to analysis questions like “Why is it elevated?” and concluding 
with evaluation questions like “What is your evidence-based recommendation?” This is done in ZPD 
collaborative spaces, such as peer discussion, teacher-student dialogue, and group EHR analysis, 
where stream data helps facilitate the rest of the meaning. ZPD and MKO tracking involve coding 
movement patterns from the Primary Data. 

All of these features together form a synergistic system. Within the ZPD, TPACK pedagogy helps 
the teacher target measurable improvements in clinical decision-making, tech skills, and 
competencies aligned with the curriculum. This explains the learning impact of the sensor chairs, but 
most importantly, it provides a blueprint for enhanced clinical education through technology in 
secondary and tertiary education around the world. 

3. Methodology

This mixed-methods study used a pre-post quasi-experimental design to assess the value of 
sensorized medical chairs as a twofold innovation that improves clinical workflow and enriches health 
science education in the UAE Grade 12 Health & Artificial Intelligence course. The investigation 
comprised two interconnected components: an educational component involving Grade 12 students 
and teachers, and a clinical component involving patients and health care providers. These activities 
took place between January and March 2025 in 2 public high schools and three tertiary hospitals 
located in Abu Dhabi and Al Ain. Al Ain University granted ethical clearance (IRB Ref: EDU-2024-112) 
on the 10th of December 2024. All adult participants signed bilingual informed consent forms 
(Arabic/English). For students under 18 years old, parental consent and student assent were obtained 
using easy, age-appropriate forms reviewed by a school counsellor. 

https://doi.org/10.22521/edupij.2026.20.11


                         Neyadi et al. | 7 

https://doi.org/10.22521/edupij.2026.20.11 Published online by Universitepark Press   

3.1. Research Design

For the educational component, a pre-post quasi-experimental design was adopted, and two 
groups of students were created: an experimental group (N=30) using sensorized live chairs and a 
control group (N=30) using static manikins with pre-recorded data. This design facilitated 
comparisons of learning outcomes between authentic and conventional simulated classroom 
environments. 

To evaluate diagnostic accuracy, missed symptoms, and consultation throughput of the deployed 
systems, the clinical phase employed a pre-post single-group design (N=230) using a time-series 
approach with an 8-week interval following the intervention. Quantitative data consisted of EHR 
entries, sensor logs, and pre- and post-skill assessment tests, while qualitative data were obtained 
from classroom transactions that were audio- and video-recorded, focus group discussions, and 
interviews with the teachers. The intervention spanned eight weeks and was organized using the 
SAMR model, advancing from Weeks 1-2, Substitution/Augmentation (reading data), to Weeks 6-8, 
Modification/Redefinition (student-videoed diagnostic construction). 

3.2. Participants and Sampling

To reach the desired empirical evidence, participants were recruited through targeted sampling 
to achieve the required theoretical saturation. For the education component, 60 Grade 12 students 
from two public schools who were enrolled in the Health & AI elective, evenly divided by gender (51% 
female), and had not previously attended clinical simulations were selected. Students were 17.8 years 
old (SD 0.4) on average. The experimental group had their schools assigned to them, which had 
already obtained sensor chairs, while the control group used standard clinical manikins. Also included 
were eight health science teachers (four from each school, with a mean experience of 5.1 years, 75% 
female) to evaluate the instructional scaffolding design. For the clinical component, 200 patients with 
chronic illnesses and 30 practicing clinicians (10 physicians, 20 nurses) were recruited using 
consecutive sampling from three hospitals during sensor chair integrated routine consultations. 

Patients included in the study reported a mean age of 52.3 years (SD = 14.1), where 44% of the 
participants identified as women. The reported conditions were as follows: 36% with hypertension, 
29% with diabetes, 20% with COPD, and 15% with other conditions. The mean age of the providers 
was 35.6 years, with 77% identifying as female. 

The sample size was determined using a priori power analysis in G*Power (Faul et al., 2007). An 
initial 60 students were enrolled in the educational arm due to anticipated attrition. In the clinical 
arm, 230 participants were enrolled, with a required 200 participants and an expected d of 0.4. The 
study was limited to an urban-only (Abu Dhabi/Al Ain) setting with no acute care or rural or private 
schooling representation, which affects its generalizability to various educational or healthcare 
settings. 

3.3. Materials: MediChair Pro v3.2 Sensor System

The MediChair Pro v3.2 (MediTech UAE, Dubai), an FDA-cleared Class II medical device, was used 
across all locations. It includes four medical-grade sensors: 

• Blood pressure (oscillometric cuff, accuracy ±3 mmHg, AAMI/ESH validated) 

• Heart rate (photoplethysmography, accuracy ±2 bpm) 

• SpO₂ (pulse oximetry, accuracy ±2% from 80–100%) 

• Respiration rate (impedance pneumography, accuracy ±1 breath/min) 

https://doi.org/10.22521/edupij.2026.20.11
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Using a Fluke ProSim 8 Vital Signs Simulator, we calibrated sensors weekly, and blood pressure 
and SpO₂ were cross-validated against the gold-standard devices, Omron M10-IT and Masimo 
Radical-7, respectively. 

Calibration logs confirmed <1\% deviation. Data were transmitted via WPA3-Enterprise Wi-Fi 
with AES-256 encryption to a GDPR- and HIPAA-compliant cloud server. All records were de-identified 
at source using hashed patient/student IDs, and access was restricted to IRB-approved researchers 
via two-factor authentication and role-based permissions. 

3.4. Procedure

The 8-week educational intervention followed a TPACK- and SAMR-aligned curriculum. Teachers 
received 3 hours of professional development on sensor operation, data interpretation, and ZPD 
scaffolding techniques. Classroom sessions (3 × 60 minutes/week) progressed as follows: Weeks 1–2 
focused on data acquisition (reading live vitals), Weeks 3–5 on interpretation and EHR entry, and 
Weeks 6–8 on redefinition tasks (creating 2-minute diagnosis videos with peer review). In the clinical 
arm, patients underwent standard consultations with sensor chair vital capture, followed by provider 
review of pre-chair vs. post-chair diagnostic accuracy. 

3.5. Data Collection and Measures

Quantitative instruments included the Clinical Reasoning Rubric (0-30, 6 items: accuracy, 
prioritization, justification), Technological Literacy Scale (TLS-15), Conceptual Change Inventory (CCI), 
and Intrinsic Motivation Scale (IMS). Clinical logs recorded diagnostic accuracy, missed anomalies, 
and consultation duration. Qualitative data included 24 video-recorded sessions, 15 student focus 
groups (60-90 minutes), and eight teacher interviews (30 minutes each), all transcribed and 
anonymized. 

3.6. Data Analysis

Quantitative analysis was performed using SPSS version 28. Paired t-tests were used to compute 
Cohen’s d and assess effect size for the pre- and post-group differences. The t-test was used to 
analyze the difference between the experimental and control groups. Qualitative data were analyzed 
thematically using NVivo 14 software (Braun & Clarke, 2006), and double coding was conducted by 
two researchers, resulting in an interrater agreement of κ = 0.89. 

 

Figure 1. Patient journey through the intelligent sensor-based medical chair 

 

https://doi.org/10.22521/edupij.2026.20.11


                         Neyadi et al. | 9 

https://doi.org/10.22521/edupij.2026.20.11 Published online by Universitepark Press   

3.7. Validity and Reliability 

Reliability of test-retest was established using sensor outputs from a pilot (N = 20) over 2 days: r 
= .94 (heart rate); r = .91 (blood pressure); r = .93 (SpO₂). Reliability of Clinical Reasoning Rubric inter-
rater was κ = .87 over three raters for 60 student scripts. There were three evaluators for inter-rater 
agreement and content, and construct validation was established by a group of 3 clinicians and 2 
educators. For construct validation, triangulation was achieved using quantitative scores, qualitative 
themes, and video observations. For criterion validation in the clinical arm, sensor and manual vital 
assessments were compared. 

4. Results

The integration of sensor-equipped medical chairs produced statistically significant and 
practically meaningful improvements across clinical performance and educational outcomes in the 
UAE Grade 12 Health & Artificial Intelligence curriculum. This mixed-methods study, involving 60 
Grade 12 students, eight teachers, 200 patients, and 30 healthcare providers, demonstrated that 
real-time, authentic clinical data not only enhances diagnostic accuracy and patient throughput but 
also drives deep learning, cognitive restructuring, and 21st-century skill mastery when embedded 
within pedagogically structured simulations. Results are presented in three domains: student learning 
gains, clinical validation, and curriculum alignment. 

4.1. Educational Outcomes: Student Learning Gains

In the educational arm, the experimental group (N=30) using live MediChair Pro v3.2 sensor data 
significantly outperformed the control group (N=30) using manikins with static values across all 
learning domains. Clinical reasoning, measured with a 6-item rubric (0–30), increased from a mean 
of 12.1 (SD = 3.2) to 20.8 (SD = 4.1) in the experimental group—a gain of 8.7 points (t(29) = 9.12, p < 
.001, Cohen’s d = 0.72, significant effect). The control group improved only marginally from 12.3 (SD 
= 3.0) to 13.1 (SD = 3.4). Technological literacy, assessed via the TLS-15, rose from 48.2 (SD = 8.1) to 
70.4 (SD = 7.9)—a 22.2-point increase (t(29) = 11.34, p < .001, d = 0.81, significant effect)—reflecting 
proficiency in EHR navigation, data export, and sensor troubleshooting. Health knowledge, captured 
through the Conceptual Change Inventory (CCI), shifted from 4.1 (SD = 1.8) to 8.7 (SD = 1.5) out of 
10—a gain of 4.6 points (t(29) = 12.10, p < .001, d = 0.94, significant effect)—indicating successful 
transition from naive to scientific understanding of vital sign anomalies. Intrinsic motivation, 
measured with the IMS, increased from 3.8 (SD = 0.9) to 5.6 (SD = 0.7) on a 7-point scale (t(29) = 7.88, 
p < .001, d = 0.65, medium effect), driven by real-time feedback and mastery experiences. 

Table 1. Pre-Post Student Learning Outcomes (N=60) 

Outcome Group Pre M (SD) Post M (SD) ΔM t (df=29) p Cohen’s d 

Clinical Reasoning Experimental 12.1 (3.2) 20.8 (4.1) +8.7 9.12 <.001 0.72 
 Control 12.3 (3.0) 13.1 (3.4) +0.8 1.44 .16 0.11 

Technological Literacy Experimental 48.2 (8.1) 70.4 (7.9) +22.2 11.34 <.001 0.81 
 Control 47.9 (8.3) 50.1 (8.0) +2.2 1.67 .11 0.14 

Health Knowledge (CCI) Experimental 4.1 (1.8) 8.7 (1.5) +4.6 12.10 <.001 0.94 
 Control 4.0 (1.7) 4.8 (1.9) +0.8 2.10 .04 0.22 

Intrinsic Motivation Experimental 3.8 (0.9) 5.6 (0.7) +1.8 7.88 <.001 0.65 
 Control 3.9 (0.8) 4.1 (0.9) +0.2 0.98 .34 0.08 
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4.2. SAMR Redefinition and Teacher Scaffolding

88% of experimental students achieved SAMR Redefinition by creating 2-minute diagnostic 
videos that integrated live sensor data, EHR entries, and evidence-based justification—a task 
unattainable by the control group. Video analysis of 24 classroom sessions revealed teacher 
interaction patterns critical to success: 78% real-time feedback (e.g., “SpO₂ dropped—why?”), 65% 
co-interpretation of trend graphs, and 41% redefinition prompts (e.g., “Record your diagnosis for 
peer review”). Focus group data confirmed competence (“The alert forced me to act”) and autonomy 
(“I built the case myself”), aligning with Self-Determination Theory. 

Table 2. SAMR Level Achievement (N=60) 

SAMR Level % Experimental (Post) % Control (Post) Example Task 

Substitution 100% 100% Read BP 

Augmentation 98% 92% View real-time graph 

Modification 92% 45% Enter into EHR 

Redefinition 88% 0% Create a diagnosis video 

4.3. Clinical Validation Outcomes

In the clinical arm (N=230), sensor chair deployment significantly improved diagnostic accuracy 
from 54.43 (SD = 11.00) to 58.85 (SD = 10.76)—a mean increase of 4.42 points (t(229) = 14.87, p < 
.001, d = 0.41, medium effect). Missed critical symptoms dropped from 18% to 7% of cases, and 
patient throughput time decreased by 3.8 minutes (from 18.2 to 14.4 minutes). Optimized sensor 
selection criteria—specificity, sensitivity, and EHR integration—also improved post-implementation. 

Table 3. Clinical Outcomes Pre- vs. Post-Sensor Integration (N=230) 

Outcome Pre M (SD) Post M (SD) ΔM t (df=229) p Cohen’s d 

Diagnostic Accuracy 54.43 (11.00) 58.85 (10.76) +4.42 14.87 <.001 0.41 

Throughput Time (min) 18.2 (4.1) 14.4 (3.7) –3.8 –12.56 <.001 0.38 

Missed Symptoms (%) 18% 7% –11% –9.88 <.001 0.51 

Table 4. Sensor Selection Criteria Performance (N=30 Providers) 

Criterion Pre M (SD) Post M (SD) ΔM t (df=29) p Cohen’s d 

Specificity 60.12 (9.50) 65.78 (8.85) +5.66 11.23 <.001 0.55 

Sensitivity 58.47 (10.25) 64.32 (9.40) +5.85 12.45 <.001 0.60 

EHR Integration 59.33 (9.80) 63.50 (9.15) +4.17 10.34 <.001 0.50 

4.4 Curriculum Alignment and Transferable Skills

All Grade 12 learning objectives of the UAE Ministry of Education were fully achieved. Students 
demonstrated 100% proficiency in real-time data interpretation, evidence-based reporting, and 
digital collaboration. 88% of students expressed intent to pursue healthcare careers, citing EHR 
confidence and clinical reasoning as motivators. Teachers described sensor data as a “living textbook, 
enabling just-in-time, personalized scaffolding aligned with TPACK and ZPD. 
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Table 5. Alignment with UAE MoE Grade 12 Objectives 

Curriculum Objective Achieved (%) Evidence 

Interpret real-time health data 100% TLS-15, CCI 

Apply clinical reasoning 97% Rubric (M=20.8) 

Collaborate using digital tools 92% Video cases 

Produce evidence-based reports 88% Redefinition tasks 

4.5. Summary of Key Findings

The MediChair Pro v3.2 is clinically robust and pedagogically transformative. In education, it 
produced large-effect gains in clinical reasoning (d = 0.72), technological literacy (d = 0.81), and health 
knowledge (d = 0.94), with 88% achieving SAMR Redefinition. In clinical practice, it improved accuracy 
(d = 0.41), reduced missed symptoms, and accelerated throughput. Optimized sensor criteria 
enhanced specificity, sensitivity, and EHR integration (d = 0.50–0.60). Teacher scaffolding and real-
time feedback were pivotal mediators. These triangulated results establish sensor chairs as essential 
tools for 21st-century health science education and clinical care. 

5. Discussion

The MediChair Pro v3.2 sensor-equipped medical chairs emerged as a dual-purpose innovation—
clinically robust and pedagogically transformative—within the UAE Grade 12 Health & Artificial 
Intelligence curriculum. This study provides the first empirical evidence that real-time clinical data, 
when embedded in scaffolded, theory-driven instruction, produce large-effect learning gains in 
clinical reasoning, technological literacy, and health knowledge, while simultaneously enhancing 
diagnostic accuracy and patient throughput in real clinical settings. These findings extend and 
integrate prior research on sensor-based monitoring (Bligh et al., 2022; Shen et al., 2021) by centering 
educational impact and establishing a replicable model for curriculum-integrated clinical simulation. 

5.1. Theoretical Synthesis

The tripartite gains in student outcomes align precisely with the integrated theoretical 
framework. TPACK was operationalized through teacher training and task design, enabling seamless 
fusion of sensor mechanics (TK), scaffolding strategies (PK), and clinical interpretation (CK)—resulting 
in a d = 0.81 increase in technological literacy. The SAMR progression was fully realized: 88% of 
experimental students achieved Redefinition by creating diagnosis videos—a task that redefines 
clinical education and exceeds prior benchmarks (Hamilton et al., 2016). Conceptual change was 
evidenced by a d = 0.94 shift in CCI scores, in which live anomalies triggered cognitive conflict and led 
to evidence-based revision of misconceptions about vital signs (Chi, 2008). Vygotsky’s ZPD was 
activated through teacher mediation: 78% real-time feedback, 65% co-interpretation, and 41% 
redefinition prompts scaffolded students from data observation to justified diagnosis, mirroring Van 
de Pol et al. (2010). 
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Table 6. Theoretical Alignment of Key Findings 

Framework Finding Effect Size Interpretation 

TPACK Tech literacy +22.2 pts d = 0.81 Teachers fused TK+PK+CK 

SAMR 88% Redefinition – From Substitution → Video cases 

Conceptual Change CCI +4.6 pts d = 0.94 Cognitive conflict → restructuring 

ZPD Scaffolding in 78% interactions – MKO mediation via live data 

5.2. Educational Implications

The large-effect student gains—d = 0.72 (reasoning), d = 0.81 (literacy), d = 0.94 (knowledge)—
surpass typical simulation outcomes (Alzahrani, 2021) due to authenticity and immediacy of live data. 
88% career intent in healthcare reflects motivational transfer (Ryan & Deci, 2020). Teacher 
scaffolding was pivotal: without ZPD mediation, control group gains were negligible. This underscores 
teacher preparation as a non-negotiable component of technology integration (Koehler et al., 2013). 

5.3. Clinical Implications

Clinical validation confirmed sensor reliability and workflow impact: +4.42 accuracy, –3.8 min 
throughput, –11% missed symptoms (d = 0.41–0.51). Optimized criteria—specificity, sensitivity, EHR 
integration—improved d = 0.50–0.60, providing a practical blueprint for deployment (Bull et al., 
2020). These gains align with and extend prior work on non-invasive monitoring (Firstenberg & 
Stawicki, 2022) by quantifying throughput and the reduction in missed anomalies. 

5.4. Curriculum and Policy Implications

100% alignment with the UAE MoE's objectives validates the national reform. The model—live 
data + TPACK + SAMR + ZPD—is scalable to other STEM-health curricula. Policy recommendation: 
Mandate 3-hour TPACK training for all health science teachers and equip 100% of Grade 12 labs with 
sensor chairs by 2027. 

5.5. Limitations and Future Directions

Despite robust triangulation, limitations include urban-only sampling, exclusion of acute care, 
and an 8-week duration. Future research should: 

• Conduct longitudinal studies (12–24 months) on skill retention and career outcomes 

• Include rural/private schools and diverse patient populations 

• Explore AI-enhanced anomaly detection and cost-benefit analysis 

6. Conclusion

This study establishes sensor-equipped medical chairs as a paradigm-shifting tool in health 
science education and clinical practice. In UAE Grade 12 classrooms, they enabled Redefinition-level 
learning, cognitive restructuring, and scaffolded clinical reasoning, producing large-effect gains in 
clinical decision-making (d = 0.72), technological literacy (d = 0.81), and health knowledge (d = 0.94)—
fully aligning with national curriculum goals. In clinical settings, they improved diagnostic accuracy, 
reduced missed symptoms, and accelerated patient flow (d = 0.41–0.51). Teacher mediation and 
optimized sensor criteria were critical enablers. These integrated findings provide a replicable, 
theory-driven model for 21st-century health education, positioning live clinical simulation as a 
cornerstone of workforce readiness and health system efficiency. 
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7. Suggestion

1. Curriculum Integration: Mandate sensor chairs in all UAE Grade 12 Health & AI labs by 2027, 
with mandatory 3-hour TPACK training for teachers. 

2. Clinical Deployment: Equip high-volume clinics with MediChair Pro v3.2, prioritizing EHR-
integrated models with ≥95% specificity/sensitivity. 

3. Teacher Development: Establish national certification in ZPD scaffolding and SAMR task 
design for health science educators. 
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