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Introduction: Blended e-learning guided by the First Principles of Instruction (FPI) can enhance learning outcomes while reducing
costs, performing comparably to face-to-face training. However, in low- and middle-income countries, its application in health
professions education remains limited, with little empirical evidence and minimal evaluation from learners’ perspectives. This study
was designed, implemented, and evaluated an FPI-based blended course to generate evidence and insights for future course design and
to assess the teaching and learning quality (TALQ) from learners’ viewpoints.

Methods: A descriptive, correlational design was employed at the Health Professional Education training program at the University
of Global Health Equity in Rwanda between February and April 2025, and data were collected using the reliable Teaching and
Learning Quality survey instrument. A descriptive statistic, a one-way multivariate analysis of variance and correlation analysis were
conducted to analyse the collected data.

Results: This study, involving 38 postgraduate certificate-level learners (79.1% response rate) from four types of institutions, found
strong support for the integration of FPI elements in a blended e-learning module. Learners frequently engaged in problem-solving
activities, reported significant learning progress, and rated the course quality as outstanding with high satisfaction. Furthermore, strong
correlations were observed among teaching and learning quality measures, while no significant associations were found between
demographic variables and teaching and learning quality scores.

Conclusion: The blended eLearning lesson design—structured around a central problem, activation of prior knowledge, multimedia-
based explanations, collaborative discussions, and opportunities for reflection and application—demonstrated effective integration of
the first principles of instruction. This integration of FPI within a blended e-learning framework was a key factor in promoting student
engagement, learning progress, and satisfaction, thereby contributing to the overall enhancement of teaching and learning quality.
Keywords: blended e-learning, first principles of instruction, teaching and learning quality, University of Global Health Equity,
Rwanda

Introduction

E-learning has experienced significant growth over the past decade as a method for educating health professionals in
areas with limited resources, mainly due to its adaptability and accessibility.'* The global COVID-19 pandemic further
accelerated this trend, leading to a substantial increase in the adoption of blended e-learning approaches within these
nations.>® The pandemic fundamentally altered educational landscapes, prompting learning institutions to transition from
traditional face-to-face instruction to blended e-learning models.” '

A blended learning approach integrates conventional face-to-face education with e-learning. This combination offers

several advantages, including: Supporting workplace-based practical training, reducing the amount of time required for
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in-person instruction, facilitating social peer learning, and enabling programmes to reach a greater number of

learners.'"*!2

Evidence suggests'>'*

that a well-designed blended e-learning approach should be guided by Merrill’s First
Principles of Instruction (FPIs), which are identified as essential for promoting enhanced student learning. First
Principles of Instruction is a prescriptive theory of instructional design(ID) developed by David Merrill in 2002,"
aimed at promoting effective, efficient, and engaging instruction. Models. As a common strategy for many ID models, the
FPI, which was strongly influenced by constructivism, compiles the five requirements necessary to realize an effective
learning environment. Specifically, it is organized as follows: “(a) Problem-centred: Learning is promoted when learners
are working to solve real-world problems. (b) Activation: Existing knowledge learning is promoted when activated as
a basis for new knowledge. (¢) Demonstration: Learning is promoted when new knowledge is presented to the learner. (d)
Application: Learning is promoted when the learner applies new knowledge. (e) Integration: Learning is promoted when
new knowledge is integrated into the learner’s world'® These principles define increasingly effective levels of instruc-
tional strategy, with performance enhancement being most evident in complex problem-solving tasks'>'® Merrill posits
that learning will be negatively impacted if any of these fundamental principles are not applied.'> Consequently, these
design principles are crucial for delivering effective and efficient instruction, and educational modules, courses, or
programs should be evaluated to ascertain their adherence to these principles.

Despite the growing adoption, providing digital learning for healthcare professionals in low- and middle-income
countries (LMICs) remains a relatively developing practice.' This has resulted in a shortage of empirical evidence
regarding the specific impact of FPIs on student learning within a blended e-learning framework, particularly in resource-
constrained environments. Furthermore, the overall teaching and learning quality (TALQ) of such blended e-learning
often lacks evaluation from the learner’s perspective. This includes assessing learners’ engagement in problem-solving
tasks, their progress in learning, their satisfaction with the course, and the general quality of the courses.

This lack of learner perspective means that instructional designers, teachers, and programme coordinators are often
without crucial feedback needed to confirm teaching and learning quality and identify areas for improvement. Therefore,
the study aimed to design, implement, and evaluate an FPI-based health professional education course using a blended
approach, aiming to offer empirical evidence and practical insights for designing future courses that enhance teaching
and learning. It also sought to evaluate the TALQ of blended e-learning from the learner’s viewpoint.

Materials and Methods
Study Design and Setting

A descriptive, correlational study was conducted at the Health Professional Education (HPE) training program at the
University of Global Health Equity (UGHE) in Rwanda. UGHE is a pioneering institution in Rwanda dedicated to
nurturing the next generation of global health professionals. The HPE training program is structured in three sequential
levels: Postgraduate Certificate (Level 1), Postgraduate Diploma (Level 2), and MSc (Level 3). Each level builds upon
the preceding one, with completion of the earlier qualification serving as a prerequisite for progression. The program was
launched in 2025 with its first cohort of 48 students drawn from four institutions—higher education institutions (HEIs),
professional councils, the Ministry of Health, and teaching hospitals—enrolled at the Postgraduate Certificate level. All
learners enrolled at the Postgraduate Certificate level of the program were invited to participate in the study.

Instructional Design

The HPE postgraduate certificate program at UGHE was delivered via a blended e-learning approach that combines

traditional face-to-face instruction with online learning to leverage the strengths of both methods. The design, develop-

ment, and delivery of the blended e-learning modules were guided by Merrill’s first principles of instruction, which offer

a framework for creating effective, efficient, and engaging learning experiences across diverse educational settings.'>'*:
Every lesson was designed according to the five elements of FPI: Problem-centered, Activation, Demonstration,

Application, and Integration. Lessons included essential interactive content, self-assessment quizzes, practice exercises,

and timely feedback to help learners recall or build upon prior knowledge before introducing new concepts, thereby
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connecting new information to existing mental schemas (activation). To foster a sense of community and collaborative
learning, each session featured a discussion forum where students could support one another, connect new knowledge to
their own experiences, and reflect on its broader implications. At the beginning of each lesson, students encountered
a problem to solve(problem-centred), followed by an opportunity to recall or describe their prior experiences related to
the content(activation). Using text, images, videos, and other multimedia tools to provide concrete examples-
(demonstration), new knowledge was introduced and explained. Students were given opportunities to work in groups
to discuss solutions to the problems posed by the teacher during both in-person and weekly virtual sessions (Application),
and to reflect on, present, and consider how to apply and transfer this knowledge to their real-world work
settings(integration).

Data Collection Methods and Tools

We used the Teaching and Learning Quality (TALQ) survey instrument developed by Frick et al'? to collect data at the
end of the learning module. The TALQ survey instrument was constructed with items targeting academic learning time
(ALT), Merrill’s first principles, and Kirkpatrick’s levels of evaluation.'® In addition, global items are similar to those
reported in Cohen,'? indicating overall course and instructor ratings. The tool consisted of a total of 36 items across nine
TALQ constructs, with each construct measured by a specific number of items: ALT Scale (3 items), Learning Progress
(5 items), Student Satisfaction (3 items), BEST Scale (Global IU course evaluation; 3 items), Merrill’s First Principles of
instruction which included Authentic Problem (4 items), Activation Scale (5 items), Demonstration Scale (4 items),
Application Scale (4 items), and Integration Scale (5 items). All 36 items within the nine constructs were assessed using
a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). Reliability tests were performed on the
instrument, and all nine constructs were found to be reliable, with reliability scores above 0.8.'% Data were collected
between February and April 2025.

The items on the TALQ were randomly ordered to prevent learners from identifying which items belonged to which
scale. Additionally, some items were negatively worded to assess whether learners read the TALQ items carefully.
Furthermore, the instrument included items regarding the demographic characteristics of the learners. Faculty members
collected data via the Open Data Kit (ODK) Collect open-source Android app, freely available for survey-based data
gathering purposes.”’ The study was approved by the Human Research Ethics Committee of the University of Global
Health Equity Institutional Review Board with approval number: UGHE-IRB/2025/473

Data Analysis

The ODK CSV data were imported into SPSS for thorough cleaning and analysis. All the items in the Likert scale
for each construct were aggregated into a single average score for analysis. Furthermore, all the 22 items (ie
Authentic Problem (4 items), Activation Scale (5 items), Demonstration Scale (4 items), Application Scale (4 items),
and Integration Scale (5 items) were aggregated into a single score as Merrill’s First Principles of instruction.
Descriptive statistics, including frequency, percentage, and mean score, were used to describe participant character-
istics and summarize the perceived quality of teaching and learning. A one-way between-groups multivariate
analysis of variance was performed to investigate participants’ demographic differences in their agreement on the
combined TALQ of the blended e-learning module they had completed. In addition, correlation analyses were
conducted to examine whether there are relationships among the TALQ scale scores and various background
variables.

Results

This study included 38 post-graduate certificate-level learners (a 79.1% response rate) drawn from four types of
institutions: HEIs, teaching hospitals, the Ministry of Health (MoH), and professional councils. Most respondents were
male (55.3%) and worked primarily in HEIs (76.4%). Nearly one-third of the learners were in the nursing profession.
Most held an academic qualification of a second degree (68.5%), and half reported 5-10 years of work experience.
(Table 1).
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Table | Demographic Characteristics of the Study Participants (n=38)

Variables Label Frequency
(%)
Sex Male 21(55.3)
Female 17(44.7)
Total 38(100)
Profession Nursing (including Nursing specialities) 13(34.3)
Midwifery 4(10.5)
Medicine 7(18.4)

Other aliens (Anaesthesiology, dental, public health, nutrition, environmental health, supply chain, physiology, | 14(36.8)
occupational therapy, health informatics)

Total 38(100)
Work setting HEls (university/College/polytechnic) 29(76.4)
(institution) ] ] ] .
Teaching Hospitals (CHUK, KMH, Kabgayi L2TH, Uhengeri L2TH) 3(7.8)
Others (MoH, Professional councils, RMDC) 6(15.8)
Total 38(100)
Academic First degree (Bachelor) 9(23.6)
qualification nd
2" degree (Master) 26(68.5)
3" degree (PhD 3(7.9)
Total 38(100)
Work experience <5 years 3(7.9)
5-10 years 19(50.0)
>0 years 16(42.1)
Total 38(100)

Teaching and Learning Quality (TALQ)

There was a high level of agreement that the blended lesson design—which was problem-based, elicited prior
experiences, explained concepts using multimedia, involved collaborative in-person discussions, and provided opportu-
nities for reflection and practical application (integration of FPI) within the blended e-learning module they had
completed, with a mean score of 4.60, CI= [4.46—4.74]. They also reported frequently engaging in problem-solving
tasks and activities (academic learning time (ALT), with a mean score = 4.47, CI= [4.30-4.64]. Additionally, the learners
reported significant learning progress (learning a lot), with a mean score of 4.53, CI= [4.38—4.68]. Furthermore, the
course quality was rated as outstanding, with a score of 4.73, CI= [4.62.4.85], and the learners expressed high levels of
satisfaction, with a mean score of 4.80, CI= [4.68, 4.91] (Table 2).

A one-way between-groups multivariate analysis of variance (MANOVA) was conducted to examine whether
participants’ demographic characteristics influenced their agreement on the combined TALQ scores of the blended
e-learning module. The five dependent variables were FPI, ALT, learning progress, satisfaction, and Global Quality of
Course (BEST). Independent variables included sex, profession, academic qualification, work setting, and years of
teaching and learning experience. Preliminary assumption testing confirmed normality, homogeneity of variance (p

>0.05), equality of covariance matrices (p >0.001), and absence of multicollinearity, with no serious violations detected.
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Table 2 Learners’ Mean Agreement on the Application of FPls, Engagement, Instruction Quality, Satisfaction, and
Learning Progress (TALQ Scale) in the Blended E-Learning Module (N=38)

Number of items | Minimum | Maximum | Mean | SD 95% ClI
Academic learning time 3 3.50 5.00 447 | 0.50 | [4.304, 64]
Learning progress 5 3.56 5.00 453 | 044 | [4.38-4.68]
Satisfaction 3 4.00 5.00 4.80 | 0.34 | [4.68, 4.91]
Global quality of course (BEST) 3 4.00 5.00 473 | 0.34 [4.62.4.85]
First principle of instruction 22 3.56 5.00 4.60 | 042 | [446-4.74]
Total number of items in the TALQ scale 36

The MANOVA revealed no statistically significant differences across demographic groups on the combined TALQ scale
(Table 3).

A strong positive correlation was observed between ALT and learners’ self-reported learning progress (r = 0.516).
Furthermore, the findings indicate a strong positive relationship between ALT and FPI (r = 0.73). Learners who
acknowledged the application of these principles in the modules also reported higher levels of engagement in solving
problems and completing learning tasks. The ALT scale also demonstrated a significant positive correlation with the
BEST Rating, which assesses the overall quality of the module and instructors (r = 0.624). Additionally, a moderate
positive correlation was found between ALT and learner satisfaction (r = 0.46) (Table 4).

The application of FPIs within a module is positively and strongly correlated with other TALQ measures. These
include the overall quality of the course and instructors (r=0.714), student satisfaction (r=0.711), and learning progress
(r=0.633) (Table 5).

Table 3 Multivariate Analysis of Variance (MANOVA) Results for Demographic Variables on Combined TALQ Scores

Variables Value (Wilks’ Lambda) F df Error df | Sig. | Partial Eta Squared
Sex 0.827 | 1.336 | 5.000 32.000 | 0.274 0.173
Types of healthcare professions 0.681 | 0.830 | 15.000 83.218 | 0.642 0.120
Types of academic degrees 0.672 | 1.363 | 10.000 62.000 | 0.219 0.180
Work setting (type of work institutions) 0.833 | 0.595 | 10.000 62.000 | 0.812 0.088
Work experience in teaching 0.676 | 1.340 | 10.000 62.000 | 0.230 0.178

Table 4 Correlations Between ALT and Other TALQ Measures (n = 38)

Correlations
Academic Learning Global Quality of First Principle of Satisfaction
Learning Time Progress Course (BEST) Instruction(Combined)
Academic Pearson | 0.516% 0.624** 0.730%* 0.459%*
learning time Correlation
Sig. 0.002 0.000 0.000 0.007
(2-tailed)

Notes: **. The correlation is significant at the 0.01 level (2-tailed).
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Table 5 Correlations Between the First Principle of Instruction and the Other TALQ Measures (n=38)

Correlations

Global Quality of Course (BEST) | Satisfaction | Learning Progress

First principle of instruction | Pearson Correlation | 0.7 4% 0.711* 0.633**

Sig. (2-tailed) 0.000 0.000 0.000

Notes: **. The correlation is significant at the.0l level (2-tailed).

Discussion

This study is the first to design, implement, and evaluate an FPI-based health professional education course using
a blended approach, aiming to offer empirical evidence and practical insights for designing future courses that enhance
teaching and learning.

There was a high level of agreement that the blended lesson design—which was problem-based, elicited prior
experiences, explained concepts using multimedia, involved collaborative in-person discussions, and provided opportu-
nities for reflection and practical application—demonstrated the successful integration of FPI elements. The FPI, one ID
theory, is an integrated one, and it is an effective solution as a principle necessary for the course.'”> The widely endorsed
FPI, developed under the influence of constructivism, outlines the requirements needed for achieving five effective
learning environment goals.”’ Research demonstrates significant benefits of integrating Merrill’s First Principles of
Instruction into course design across various educational contexts. The five principles—engaging learners in real-world
problem solving, activating existing knowledge, demonstrating new knowledge, applying new knowledge, and integrat-
ing knowledge into learners’ worlds—provide a structured, task-centred approach that effectively combines subject
knowledge with practical skills.”*** Empirical studies show positive outcomes when these principles guide course
development.”? Choi** found that students positively evaluated teaching effectiveness in a professional course designed
using these principles. Similarly, Cheung & Hew reported that their blended learning course based on Merrill’s principles
was well-organized with meaningful activities and created a positive, engaging learning environment for students.**

Similarly, a high level of agreement among learners regarding academic ALT implies that students perceive the time
spent on learning tasks to be compelling, engaging, and conducive to their success. A high student agreement on
academic learning time signifies that the instructional environment is effectively designed and managed to maximize
productive learning. A high level of ALT also indicates the acquisition and retention of essential content in the course.
Studies have shown that when learners experience high levels of ALT and FPI, they are more likely to achieve mastery of
course objectives.>> %’

Consistent with other evidence, this finding of this study revealed that the application of FPIs in the modules was
significantly correlated with frequent student engagement in problem-solving tasks and activities (ALT), high-quality instruc-
tion, student satisfaction, and their perception of significant learning progress. Studies have consistently shown strong
correlations between students’ perceptions of FPI application and their overall evaluations of the course and instructor quality.
For example, research often reports correlations (eg, Spearman p) in the range of 0.714-0.748 (Frick et al, as cited in various
reviews of FPI effectiveness),”” indicating that learners perceive courses designed with FPIs as being of superior quality. High
student agreement on FPI implementation directly supports their perception of significant learning progress (eg, “learning
a lot”). Empirical studies have demonstrated strong correlations here, often ranging from 0.633 to 0.720, suggesting that when
FPIs are in play, students genuinely feel they are acquiring knowledge and skills more effectively.?' FPIs encourage active and
authentic engagement (problem-centered, application, integration), leading to deeper understanding, better retention, and
transfer of knowledge beyond rote memorization. Students who perceive FPIs are likely to engage in these deeper cognitive
processes. FPIs foster intrinsic motivation by making learning relevant (problem-centred) and providing opportunities for
active participation and success (application).>"*® High agreement indicates that these elements successfully make the learning
experience more engaging and less passive for students. These principles form the basis of prescriptive instructional design
theory and offer a structured, task-centred approach to course design to create effective, efficient, and engaging instruction.
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In this study, consistent with existing evidence, we observed a strong relationship between ALT and the overall
quality of the course, student satisfaction, and learning progress. For example, subsequent meta-analyses and reviews,
such as those summarized by John Hattie’s Visible Learning,” consistently show that the effective use of academic
learning time, characterized by high engagement and success rates, has a significant positive effect on student learning
progress and achievement. Furthermore, when students are effectively engaged and experience a high success rate (key
components of ALT), they naturally feel a sense of accomplishment and mastery. This direct link between perceived
competence and positive emotion contributes significantly to student satisfaction.’® Students also perceive the quality of
their education as higher when they feel that their time is being utilized effectively for meaningful learning.*'*

While acknowledging that learners’ self-reported ratings of engagement and perceived learning progress differ from
objective measures of learning achievement, it is essential to note that past research has consistently shown a strong and
significant correlation between ALT and student academic achievement, as measured by standardized tests.'> For
example, a meta-analysis conducted by Cohen in 1981'° revealed an average correlation of 0.47 between learners’ self-
ratings of their learning progress and their objectively measured learning achievements.

Notably, none of the demographic variables were associated with the learners’ perceptions of teaching and learning
quality reported in this study. This finding aligns with broader research indicating that students’ perceptions of their
educational experience and teaching-learning processes do not correlate with demographic variables or educational
background.® This suggests that learners from diverse backgrounds—regardless of profession, academic qualification, or
work setting—tend to perceive the quality of their educational experience similarly. Ultimately, these findings indicate
that perceptions of teaching-learning quality are shaped more by the ID and practices than by learners’ backgrounds.

Strengths and Limitations

The consistency of the results of this study with empirical findings from numerous studies conducted over the past 40
years—when measuring the same variable—strongly supports the validity of our findings. If the rating scales used had
not been highly reliable, relying on a single student rating per course would have posed significant concerns. However,
this was not the case. The inclusion of a wide range of courses introduced greater variability in between-course ratings,
which in turn allowed for the observation of strong intercorrelations among the scales.

Importantly, this study did not objectively measure student learning achievement, nor did it conclude that FPIs
increase student ALT, learning progress, satisfaction, or overall course quality. However, these promising results strongly
suggest that further research in this area is warranted, particularly studies that objectively measure student achievement
and specifically examine the effectiveness of first principles in leading to better learning outcomes. This study is limited
by the relatively small sample size and the use of quantitative data only. Future research employing a longitudinal design
and a mixed-methods approach may provide more comprehensive insights.

Conclusion

The blended eLearning lesson design—structured around a central problem, activation of prior knowledge, multimedia-
based explanations, collaborative discussions, and opportunities for reflection and application—demonstrated effective
integration of the first principles of instruction. This integration of FPI within a blended e-learning framework was a key
factor in promoting student engagement, learning progress, and satisfaction, thereby contributing to the overall enhance-
ment of teaching and learning quality.
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