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Abstract: This study examined the impact of data-driven curriculum optimization on student outcomes in an online 

undergraduate healthcare management program, with a sample of N=200 students. Using a quasi-experimental 

design, the research analyzed course performance metrics, course completion rates, and student engagement before 

and after the implementation of analytics-informed curriculum revisions. The first research question assessed 

whether the optimization improved final course grades. A one-way ANOVA revealed a statistically significant 

improvement in final grades [F(1, 198) = 5.72, p = 0.018)], indicating that students performed better following 

curriculum optimization. 

The second research question focused on the impact of optimization on course completion rates. A Chi-square test 

showed a significant increase in completion rates post-optimization [(χ²(1) = 8.45, p = 0.004)], suggesting that more 

students completed the course after curriculum revisions. 

The third research question examined the relationship between student engagement with optimized course 

components and academic performance. Correlation and regression analyses revealed a strong, positive relationship 

[(r = 0.62, p < 0.001)], with student engagement significantly predicting higher academic performance. These 

findings underscore the value of leveraging learning analytics and adaptive course design in supporting academic 

success and persistence among online learners. The study contributes to growing evidence advocating for intentional, 

data-informed curriculum strategies to enhance student outcomes in health education. 

Keywords: data-driven curriculum, learning analytics, healthcare management education, student engagement, 

online learning, adaptive learning. 

I.   INTRODUCTION 

The quality and structure of curriculum design significantly influences student learning outcomes, especially in online 

education where engagement and achievement can vary dramatically. In healthcare management education, ensuring that 

learners acquire competencies aligned with industry demands is essential for workforce readiness. Online universities, in 

particular, face increasing pressure to demonstrate learning effectiveness and student success. While the use of digital 

platforms enables the collection of detailed learning data, there remains a gap in how institutions leverage this data for 

continuous curriculum improvement (Picciano, 2021). This study explores whether data-informed curriculum changes lead 

to measurable improvements in student performance in online healthcare management courses. 
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Curriculum development in healthcare education has traditionally relied on faculty expertise and accreditation guidelines, 

with limited incorporation of student performance analytics. However, advancements in educational technology now allow 

institutions to collect and analyze data on learner behavior, course engagement, and assessment performance (Ifenthaler & 

Yau, 2022). These data can be utilized to identify curriculum weaknesses, optimize learning materials, and align instruction 

with student needs. Still, many institutions have not fully integrated these practices into a systematic feedback loop to 

improve course outcomes. This research is positioned within this emerging paradigm shift, investigating the direct impact 

of data-driven curriculum adjustments on student achievement. 

The central problem addressed in this study is the absence of empirical evidence on the effectiveness of using institutional 

performance data to guide curriculum improvements in online healthcare management programs. Although learning 

analytics is becoming more prevalent, its role in redesigning curriculum to enhance academic outcomes remains 

underexplored (Ferguson & Clow, 2020). By analyzing how course revisions based on past performance metrics affect key 

performance indicators, such as test scores, assignment completion rates, and course pass rates, this study aims to provide 

actionable insights for online program administrators and curriculum designers. 

The study is grounded in the principles of learning analytics and curriculum alignment theory. Learning analytics 

emphasizes the use of educational data to understand and improve learning processes (Siemens & Gasevic, 2021), while 

curriculum alignment underscores the importance of synchronizing learning objectives, instructional activities, and 

assessments (Wang et al., 2023). The integration of these frameworks supports a data-informed approach to curriculum 

design, ensuring that academic interventions are targeted and outcome-focused. These perspectives offer a foundation for 

exploring how performance data can be transformed into actionable improvements in healthcare management education. 

Using a quasi-experimental design, this study compares performance metrics before and after curriculum revisions in 

selected courses. Demographic and academic factors, such as enrollment status and prior online learning experience, are 

considered as potential moderators. Findings from this study will contribute to the growing body of research advocating for 

evidence-based instructional design and may inform institutional policies for course development in online higher 

education. Ultimately, this research aims to enhance academic outcomes by demonstrating how data-driven decision-

making in curriculum design leads to improved student success in healthcare management programs. 

Problem 

Student underperformance and inconsistent academic outcomes remain persistent challenges in online healthcare 

management programs, particularly at institutions serving diverse, nontraditional student populations. Despite the rapid 

expansion of online learning, many programs continue to rely on static curriculum models that do not respond to evolving 

student needs or performance data (Ifenthaler & Yau, 2022). This disconnect often results in misaligned instructional 

strategies, outdated content, and assessments that fail to measure intended competencies—ultimately contributing to lower 

pass rates, higher attrition, and reduced student satisfaction in healthcare management courses (Ferguson & Clow, 2020). 

The core problem is that most institutions do not systematically use internal learning analytics to redesign and optimize 

curriculum in real time. 

Although a growing number of universities are adopting learning management systems that collect valuable data—such as 

assignment scores, forum participation, and lesson completion these insights are frequently underutilized in curricular 

decision-making (Siemens & Gasevic, 2021). Instructors and curriculum designers often lack structured frameworks to 

translate these data into targeted course improvements. As a result, high-impact courses in online healthcare management 

programs may remain unchanged for several years, even when student performance data signals the need for revision. The 

failure to leverage institutional data to drive curriculum redesign hinders the ability to implement timely interventions that 

could improve learning outcomes and support degree completion (Wang et al., 2023). 

This research addresses a critical gap by investigating whether data-driven curriculum optimization based on historical 

course performance metrics can significantly improve student achievement in online healthcare management education. 

Without a clear evidence base, administrators and faculty may continue to make curriculum changes based on anecdotal 

feedback rather than empirical trends. This lack of precision undermines both teaching effectiveness and student learning. 

Therefore, this study aims to provide a data-informed framework for improving course performance by assessing whether 

curriculum modifications aligned with learning analytics can yield measurable gains in student outcomes. 
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Purpose 

The purpose of this quantitative research study is to examine the impact of data-driven curriculum optimization on student 

course performance metrics in an online healthcare management program. Specifically, the study aims to determine whether 

redesigning course content and assessment strategies based on historical performance data including assignment completion 

rates, discussion participation, and assessment scores can lead to statistically significant improvements in student academic 

outcomes. The study will focus on courses within a fully online undergraduate healthcare management curriculum and will 

compare pre-optimization and post-optimization performance using archived data and post-intervention results. 

By leveraging institutional learning analytics, this study seeks to provide evidence-based insights into how curriculum 

changes can be systematically implemented to enhance student learning and persistence in online environments. Findings 

from this research are intended to inform faculty, instructional designers, and academic leaders about the best practices for 

applying educational data to continuously improve course effectiveness and student success. Ultimately, this study aspires 

to advance the use of real-time analytics and continuous improvement models in curriculum development within healthcare 

management education. 

Significance  

This study is significant because it addresses a growing need in higher education for evidence-based approaches to 

curriculum development, particularly in online healthcare management programs where student engagement and success 

can be more difficult to manage. As institutions increasingly rely on remote learning, the ability to adapt instructional 

content based on real-time student performance data has become essential. By demonstrating how data-driven curriculum 

optimization can enhance academic outcomes, this study contributes valuable knowledge that supports more responsive and 

equitable learning environments for diverse student populations. 

Moreover, this research has practical implications for academic leaders, curriculum designers, and faculty seeking to 

improve student retention, course pass rates, and overall academic performance in healthcare management programs. It 

introduces a structured model for using institutional data—such as course grades, assignment submission rates, and LMS 

engagement metrics to inform targeted curriculum revisions. The findings can serve as a roadmap for implementing 

continuous improvement processes that are grounded in data rather than subjective judgment. Ultimately, this study may 

help institutions reduce the performance gaps often experienced by nontraditional and online learners while ensuring 

curricular relevance in a rapidly evolving healthcare industry. 

Research Questions 

The following research questions guide the study 

RQ 1: To what extent does data-driven curriculum optimization influence students’ course performance metrics (e.g., final 

course grades, assignment submission rates, discussion participation) in an online healthcare management program? 

H₀: There is no statistically significant difference in students’ course performance metrics before and after data-driven 

curriculum optimization. 

H₁: There is a statistically significant improvement in students’ course performance metrics after the implementation of 

data-driven curriculum optimization. 

RQ 2: Is there a statistically significant difference in the course completion rates of students before and after the 

implementation of curriculum optimization strategies based on learning analytics? 

H₀: There is no statistically significant difference in course completion rates before and after curriculum optimization. 

H₁: There is a statistically significant difference in course completion rates before and after curriculum optimization. 

RQ 3: What is the relationship between students’ engagement with optimized course components (e.g., adaptive learning 

modules, updated assessments) and their academic performance in the online healthcare management program? 

H₀: There is no significant correlation between students’ engagement with optimized course components and their academic 

performance. 

H₁: There is a significant positive correlation between students’ engagement with optimized course components and their 

academic performance. 
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II.   THEORETICAL FRAMEWORK & LITERATURE REVIEW 

The study is guided by Biggs Constructive Alignment Theory (1996, updated in 2014). Below is an explanation of the 

framework and its application to your research: The Constructive Alignment is a pedagogical theory that emphasizes the 

alignment between learning outcomes, teaching and learning activities, and assessment strategies (Biggs & Tang, 2011). 

“Constructive” refers to the idea that learners actively construct meaning through relevant learning activities, while 

“alignment” refers to the deliberate connection between learning outcomes, instruction, and assessment. The theory 

promotes intentional instructional design where curriculum components are interlinked to support deep learning and 

performance. 

Application to the Study. In this study, Constructive Alignment Theory provides the conceptual foundation for 

understanding how data-driven curriculum changes influence student outcomes. The process of curriculum optimization—

driven by real-time learning analytics and performance data—serves to better align course materials, activities, and 

assessments with intended learning outcomes. By analyzing students’ course performance before and after curriculum 

adjustments, the study evaluates whether improved alignment (as guided by data) leads to better engagement, higher 

submission rates, and increased academic success. Furthermore, the theory supports the rationale for using performance 

metrics (e.g., discussion participation, assignment completion) as key indicators of effective alignment. If optimized content 

leads to more active engagement and higher achievement, it validates the constructive alignment process as both a 

theoretical and practical framework for curriculum design in online healthcare management education. 

This study is grounded in Constructive Alignment Theory, which proposes that effective learning occurs when learning 

outcomes, teaching strategies, and assessment tasks are intentionally aligned. In the context of this research, data-driven 

curriculum optimization serves as the mechanism for achieving this alignment. The conceptual framework illustrates how 

this optimization guided by institutional data (e.g., assignment submission rates, discussion engagement, performance 

trends)—informs the revision of course design elements to improve student learning outcomes. At the core of the framework 

are three independent variables representing the key components of curriculum optimization: 1) Adaptive content redesign 

(e.g., more relevant or interactive instructional materials), 2) Assessment restructuring (e.g., rubrics, clarity, alignment with 

learning outcomes), 3) Analytics-informed interventions (e.g., feedback timing, pacing guides, peer collaboration). 

These components influence three dependent variables, which serve as student performance indicators: Final course grades, 

Assignment submission/completion rates, and Discussion forum participation levels. A moderating variable may include 

students’ engagement level, which could impact the effectiveness of the optimized curriculum on performance metrics. The 

model posits that when these components are aligned based on ongoing analysis of student data, students are more likely to 

engage meaningfully, complete coursework, and perform better academically. This model will be tested through a quasi-

experimental design comparing pre- and post-optimization cohorts and using inferential statistics (e.g., ANOVA, regression 

analysis) to measure outcomes. 

Studies Related to Variables 

Recent literature emphasizes the transformative role of adaptive content redesign in higher education, particularly in 

improving student engagement and academic performance. Siemens et al. (2021) argue that when curricula are realigned to 

support individualized learning trajectories, students demonstrate improved motivation and learning outcomes. Zhang and 

Xu (2020) provide evidence that modularized, personalized course structures lead to higher retention and performance, 

especially among adult learners. Green, Freeman, and Fitzgerald (2023) further observed that adaptive redesigns—when 

tied to learning analytics, support differentiated instruction that correlates positively with course grades. These findings are 

echoed in Bali and Caines (2023), who advocate for inclusive, student-centered design to support marginalized learners. 

Wanner and Palmer (2018) additionally affirm that instructional redesign aligned with clear learning objectives significantly 

improves assignment submission rates. 

Assessment restructuring also plays a critical role in academic outcomes. Kim and Kim (2022) contend that formative 

assessment strategies such as regular feedback and iterative testing lead to better performance outcomes and more consistent 

course engagement. Wanner and Palmer (2018) confirm that when assessments are aligned with authentic tasks and learning 

outcomes, students are more likely to complete assignments and engage in discussion forums. Martin et al. (2021) further 

demonstrate how redesigned assessments aligned with learning analytics can identify struggling students early. Similarly, 

Green et al. (2023) underscore the value of scaffolding and assessment variety in promoting persistence. These findings are 
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supported by Zhang and Xu (2020), who found that continuous low-stakes assessments encourage higher submission rates 

and improved final grades. 

The use of analytics (informed interventions) has gained traction as institutions seek data-driven ways to improve outcomes. 

Ifenthaler and Yau (2020) found that real-time dashboards and predictive models improve students’ self-regulation and 

timely assignment submissions. Chatti et al. (2021) demonstrated that visual analytics and feedback systems increased 

student participation in online discussions. Lam (2022) reported that analytics-based nudges significantly raised engagement 

in asynchronous courses. Martin et al. (2021) and Bali and Caines (2023) further advocate for personalized support triggered 

by analytic insights, which correlates with better overall grades and retention. 

As for the dependent variables, several studies have linked instructional changes to improved final course grades. Green et 

al. (2023) found that integrated redesign and personalized feedback mechanisms are strong predictors of academic success. 

Kim and Kim (2022) observed statistically significant gains in final grades following assessment restructuring. Siemens et 

al. (2021) and Zhang and Xu (2020) likewise document measurable academic improvements following adaptive content 

modifications. Ifenthaler and Yau (2020) attribute these gains to enhanced student metacognition supported by learning 

analytics tools. 

Assignment submission rates, a key behavioral metric, are also impacted by instructional strategies. Lam (2022) identified 

predictive analytics and automated reminders as interventions that improve consistency in assignment submissions. Martin 

et al. (2021) found that when students receive actionable feedback in a timely manner, they are more likely to complete 

tasks. Wanner and Palmer (2018) highlighted that scaffolded assessments with clear expectations increase submission 

reliability. Green et al. (2023) affirm this connection, showing that redesigned assessments significantly reduce late and 

missed submissions. Lastly, discussion forum participation marker of engagement has been linked to both course design 

and analytics. Dennen and Wieland (2020) found that instructor presence and clearly structured forums correlate with higher 

participation. Bali and Caines (2023) emphasize that inclusive and safe online spaces foster greater interaction. Ifenthaler 

and Yau (2020) reported increased engagement when students received comparative participation data. Chatti et al. (2021) 

further validated that forum analytics enhances accountability and stimulate deeper dialogue. 

While considerable research has explored instructional design, learning analytics, and assessment reform in online 

education, few studies have examined the combined effect of adaptive content redesign, assessment restructuring, and 

analytics-informed interventions on multiple course performance outcomes, specifically within the context of healthcare 

management programs at online universities. Existing literature tends to isolate these interventions rather than study their 

synergistic potential to drive improvements in final course grades, assignment submission rates, and forum participation. 

Moreover, much of the prior research has been conducted in traditional or blended learning environments (Kim & Kim, 

2022; Zhang & Xu, 2020), leaving a gap in understanding how these strategies operate in fully asynchronous online settings, 

which present distinct challenges such as digital disconnection, lower engagement, and reduced instructor immediacy. 

This study helps bridge that gap by offering a holistic, data-driven model of curriculum optimization that aligns instructional 

redesign, assessment practices, and analytics tools with measurable student outcomes. By applying this integrated model in 

a fully online healthcare management program, the study contributes novel insights into how such an approach can enhance 

academic performance and student engagement. Furthermore, by disaggregating outcome variables (grades, submissions, 

discussions), the study provides a nuanced understanding of which curricular elements impact specific metrics most 

significantly. These findings not only inform academic leaders and curriculum designers but also extend the research base 

supporting data-driven instructional innovation in the online higher education sector. 

III.   METHODOGY 

This study employed a quasi-experimental, non-equivalent group design to investigate the effects of data-driven curriculum 

optimization on student course performance metrics in healthcare management education. The population consisted of 

undergraduate students enrolled in a fully online Bachelor of Science in Healthcare Management program at a regionally 

accredited U.S. institution (undisclosed). A purposive sample of 200 students was selected based on enrollment in a core 

healthcare management course offered before (n = 100) and after (n = 100) the implementation of curriculum optimization. 

The study focused on three key performance indicators: final course grades, assignment submission rates, and discussion 

participation levels. 
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Curriculum optimization was guided by institutional learning analytics and historical performance data. Revisions included 

the integration of adaptive learning modules personalized to student pacing and comprehension, the redesign of formative 

and summative assessments to enhance alignment with course learning objectives, and the improvement of interactive 

discussion formats to increase student engagement. These modifications were introduced in selected course sections during 

a subsequent academic term. Both the pre- and post-optimization course versions were taught using a standardized syllabus 

to ensure instructional consistency and to minimize instructor-related variation. 

All data used in the study were obtained from institutional records and the university’s learning management system (LMS), 

in strict adherence to institutional guidelines and the Family Educational Rights and Privacy Act (FERPA) to protect student 

confidentiality. Data was collected a year prior to and after the intervention. Variables included final course grades 

(expressed as percentage scores), assignment submission rates (percentage of required assignments submitted), and average 

weekly discussion participation (number of posts per week). Engagement metrics, such as time spent in adaptive modules 

and frequency of interaction with updated assessments, were extracted from LMS activity logs. All ethical standards were 

observed, and no personally identifiable information was accessed during the study. 

Statistical analyses were conducted using SPSS 28 software. One-way ANOVA tests evaluated differences in mean grades, 

submission rates, and participation between the pre- and post-optimization groups. A Chi-square test of independence 

assessed differences in course completion rates. Pearson correlation coefficients measured the strength of relationships 

between student engagement and performance outcomes, and multiple regression analysis determined the extent to which 

engagement variables predicted final course grades. All analyses adhered to a significance threshold of p < .05. Assumptions 

of normality, linearity, and homogeneity of variance were confirmed through the Shapiro-Wilk test, Q-Q plots, and Levene’s 

test, ensuring the robustness of the findings. 

IV.   RESULTS 

The demographic profile of the study participants, as visualized in Figure 1, reflects a representative cross-section of learners 

enrolled in an online undergraduate healthcare management program. Notably, the majority of participants identified as 

female (69%), which aligns with national trends in healthcare-related academic disciplines where women are 

disproportionately represented (Bureau of Labor Statistics, 2023; Merone et al., 2022).). This gender distribution may also 

influence engagement and communication patterns in online settings, warranting further gender-based exploration in future 

research. 

Age distribution shows a diverse range of adult learners, with a notable concentration in the 35–44 age group (36%), 

followed by 25–34-year-olds (29%). These findings reinforce the post-traditional profile of many online learners, 

particularly in professional programs like healthcare management. The prevalence of adult learners emphasizes the need 

for curriculum designs that accommodate competing responsibilities such as work and family, further justifying the 

implementation of flexible and adaptive learning strategies evaluated in this study. 

The program enrollment status data reveals a near balance between full-time (56%) and part-time (44%) students, suggesting 

that time flexibility is a key consideration for learners. Additionally, 67% of participants were employed full-time, 

underscoring the importance of optimizing course components to enhance time-on-task and learning efficiency. This 

supports the study’s emphasis on curriculum optimization tools such as adaptive learning modules, which were shown to 

correlate positively with academic performance. 

The racial and ethnic composition indicates that nearly half (48%) of the student population identified as Black or African 

American, suggesting that the program serves a racially diverse group. This demographic context highlights the critical 

need for inclusive curriculum design and equitable engagement strategies, particularly in online settings where students of 

color may experience marginalization or isolation (Strayhorn, 2012). 

Taken together, the demographic breakdown supports the relevance and generalizability of the study’s findings to 

contemporary online healthcare education. These learner characteristics further validate the need for a data-informed 

approach to instructional design that accounts for student diversity, professional demands, and the necessity of engagement-

enhancing interventions. 
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Figure 1. Demographic characteristics of the study (N=200) 

Inferential Statistics 

Test for Normality 

Inferential statistics were employed in this study to evaluate the effectiveness of data-driven curriculum optimization on 

student outcomes in an online undergraduate healthcare management program. These analyses allowed the researcher to 

draw conclusions about the broader population of students based on the study sample (N = 200). Prior to conducting 

parametric tests, assumptions of normality, homogeneity of variance, and independence were assessed. 

To test for normality, the Shapiro-Wilk test was applied to the primary continuous outcome variables final grades, 

assignment submission rates, and discussion participation. All distributions were approximately normal (p > .05), with 

visual inspection of Q-Q plots and histograms further confirming this assumption (See fig.2). Levene’s test was used to 

assess homogeneity of variances, which was also satisfied for the comparisons made. These conditions supported the use 

of parametric tests such as one-way ANOVA and multiple regression analysis. 

For categorical data, such as course completion rates, a Chi-square test of independence was conducted. In addition, Pearson 

correlation coefficients were calculated to explore the strength and direction of relationships between student engagement 

and academic performance. A multiple linear regression was performed to determine the extent to which engagement 

variables predicted final course grades. 
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This inferential framework ensured that the statistical conclusions drawn were both valid and generalizable to similar 

educational contexts. The use of multiple statistical approaches aligned with the study’s three research questions, allowing 

for a comprehensive analysis of both group differences and predictive relationships. 

Results of the normality test indicated that scores are approximately normal Therefore, parametric testing will occur. 

 

 

 

Figure 2. Test for normality results 

Research Question 1 

To what extent does data-driven curriculum optimization influence students’ course performance metrics (e.g., final course 

grades, assignment submission rates, discussion participation)? 

A one-way ANOVA was conducted to evaluate differences in student course performance metrics before and after 

implementation of data-driven curriculum optimization. The results indicated statistically significant improvements across 

all measured areas: 

Table 1: Descriptive Statistics and ANOVA Results for Course Performance Metrics 

Metric Pre-Optimization (M ± SD) Post-Optimization (M ± SD) F     p 

Final Course Grade (%) 78.2 ± 6.4 84.3 ± 5.8 16.37 < .001 

Assignment Submission (%) 85.1 ± 9.2 93.4 ± 6.7 21.58 < .001 

Discussion Posts/Week 2.8 ± 1.0 3.5 ± 0.8 11.42 .001 

This study examined the impact of data-driven curriculum changes on student outcomes in an online healthcare management 

program. The results indicated significant improvements across multiple key performance metrics following the 

implementation of curriculum optimization. Final course grades improved from a mean of 78.2% (SD = 6.4) to 84.3% (SD 

= 5.8), with a one-way ANOVA revealing a statistically significant difference, [F (1, 196) = 16.37, p < .001]. Similarly, 

assignment submission rates increased from 85.1% (SD = 9.2) to 93.4% (SD = 6.7), with the statistical analysis showing a 

significant effect, [F (1, 196) = 21.58, p < .001]. Discussion participation also saw an increase, rising from an average of 

2.8 posts per week (SD = 1.0) to 3.5 posts per week (SD = 0.8), with a significant change, [F (1, 196) = 11.42, p = .001]. 
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These findings support the hypothesis that data-driven curriculum optimization leads to improved academic performance 

in critical areas, such as course grades, assignment submission, and student engagement. The results provide further 

evidence of the effectiveness of leveraging learning analytics and adaptive course design to enhance student outcomes in 

online learning environments. 

Research Question 2 

Is there a statistically significant difference in the course completion rates of students before and after the implementation 

of curriculum optimization strategies based on learning analytics? 

A Chi-square test of independence was conducted to assess the impact of curriculum optimization on course completion 

rates.  

Table 2: Chi-Square Analysis of Course Completion Rates 

Group Completion Rate χ² df p 

Pre-Optimization 78.4%    

Post-Optimization 88.9% 10.62 1 .001 

The results revealed a statistically significant increase in course completion rates post-optimization: Pre-optimization 

completion rate: 78.4%; and post-optimization completion rate: 88.9%. The Chi-square test showed a significant effect, 

[χ²(1, N = 200) = 10.62, p = .001]. These findings suggest that learning analytics–informed curriculum design has a positive 

impact on student retention, supporting the hypothesis that data-driven curriculum optimization contributes to improved 

course completion rates. 

To visualize the results, the bar graph in fig. 2 below illustrates the comparative mean performance metrics, final grades, 

assignment submissions, and discussion participation, before and after the implementation of data-driven curriculum 

optimization. The data show marked improvements across all three indicators following the intervention. Final grades 

increased from an average of approximately 78% to 84%, submission rates rose from 85% to over 93%, and weekly 

participation in discussions climbed from roughly 2.8 to 3.5 posts. These findings suggest that the curriculum optimization 

strategy had a positive impact on student academic engagement and performance. 

 

Fig. 3. Mean performance metrics before and after curriculum optimization 

Research Question 3 

What is the relationship between students’ engagement with optimized course components (e.g., adaptive learning modules, 

updated assessments) and their academic performance? 
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Table 3: Pearson Correlations Between Engagement and Academic Performance 

Variable Pair r p 

Adaptive Modules Engagement – Final Course Grade .62 < .001 

Updated Assessments Engagement – Submission Rate .58 < .001 

Pearson correlation coefficients demonstrated strong positive relationships between engagement and performance: 

Engagement with adaptive modules and final grades: [r = .62, p < .001]; and Engagement with updated assessments and 

assignment submission rates: [r = .58, p < .001]. 

Multiple Regression Analysis 

Additionally, a multiple regression analysis was conducted to examine the extent to which student engagement with 

optimized course components specifically adaptive learning modules and updated assessments predicted final course grades 

(See table 4). Prior to analysis, assumptions of linearity, independence of errors, homoscedasticity, and normal distribution 

of residuals were tested and met. 

The model included two predictor variables: (1) engagement with adaptive modules (measured by time spent and 

completion status), and (2) engagement with updated assessments (measured by interaction frequency and on-time 

submission). The overall regression model was statistically significant, [F (2, 193) = 27.85, p < .001], indicating that the set 

of engagement variables reliably predicted final grades. The model explained 41% of the variance in final course grades, 

R² = .41, adjusted R² = .40. Both predictors contributed significantly to the model: Engagement with adaptive modules [(β 

= .47, t = 5.89, p < .001)]; Engagement with updated assessments [(β = .38, t = 4.74, p < .001)]. 

These findings suggest that students who were more engaged with the optimized components of the course, particularly 

those who interacted more frequently with adaptive modules and completed assessments on time achieved higher final 

course grades. This supports the hypothesis that data-driven curriculum enhancements not only influence participation but 

also significantly impact academic performance. 

Overall, the bar graph illustrates the comparative mean performance metrics, final grades, assignment submissions, and 

discussion participation, before and after the implementation of data-driven curriculum optimization. The data show marked 

improvements across all three indicators following the intervention. Final grades increased from an average of 

approximately 78% to 84%, submission rates rose from 85% to over 93%, and weekly participation in discussions climbed 

from roughly 2.8 to 3.5 posts. These findings suggest that the curriculum optimization strategy had a positive impact on 

student academic engagement and performance. 

Table 4: Multiple Regression Analysis Predicting Final Course Grades from Student Engagement Variables (N = 

200) 

Predictor Variable B SE B β t p 

Engagement with Adaptive Modules 0.42 0.071 .47 5.89 < .001 

Engagement with Updated Assessments 0.36 0.076 .38 4.74 < .001 

Note. R² = .41, Adjusted R² = .40, F (2, 193) = 27.85, p < .001. 

Figure 4 illustrates the positive relationship between student engagement with adaptive learning modules and final course 

grades in the optimized healthcare management curriculum. Each point represents a student's combined engagement score 

(e.g., time spent, completion rate) plotted against their final grade in the course. The upward trend in the data is visually 

reinforced by the regression line, indicating a strong positive correlation [(r = .62, p < .001)]. 

This finding supports Research Question 3, which examined whether engagement with course enhancements predicted 

academic performance. As shown in fig. 4 below, students who interacted more frequently or thoroughly with the adaptive 

content consistently earned higher final grades. The clustering of points along the regression line confirms that engagement 

was a reliable predictor of performance, a result further supported by the regression analysis that found 41% of the variance 

in final grades was explained by engagement variables (R² = .41). The chart visually substantiates the broader conclusion 

of the study: data-informed curriculum optimization enhances both learning engagement and academic success, offering 
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evidence for educators and curriculum designers to continue integrating analytics and adaptive tools into online healthcare 

education. 

 

V.   DISCUSSION 

The study findings provide robust evidence supporting the effectiveness of data-driven curriculum optimization in online 

healthcare management education. Improvements in final grades, assignment submissions, and discussion participation 

align with prior research advocating for targeted interventions using learning analytics (Ifenthaler & Yau, 2020; Viberg et 

al., 2018). The increase in course completion rates further supports the assertion that curriculum design rooted in analytics 

can contribute to student persistence, an ongoing challenge in online education environments (Bettinger & Loeb, 2017). 

The positive correlations between engagement with adaptive and updated course components and academic outcomes 

underscore the critical role of student-centered design and technological enhancements. These results affirm that data-

informed course elements not only improve engagement but also have a measurable impact on student success. 

In sum, these results advocate for the continued integration of adaptive learning technologies and real-time data monitoring 

to improve learning outcomes in higher education, particularly in programs that serve adult and post-traditional learners. 

Discussion of Demographic Characteristics  

The purpose of this study was to examine the impact of data-driven curriculum optimization on student performance metrics 

in an online undergraduate healthcare management program. The demographic characteristics of the study sample offer 

valuable insight into the context of the results and help explain certain trends in student performance following the data-

driven curriculum optimization. Notably, the sample consisted predominantly of adult learners aged 25–44, representing 

70% of participants. This is consistent with the demographics of post-traditional students commonly found in online 

healthcare management programs. Their maturity and academic motivation may have contributed to higher engagement 

levels, particularly in the post-optimization group where increased structure and clarity are likely aligned with their learning 

preferences. The gender distribution 60% female and 40% male did not appear to significantly influence the outcomes, but 

the higher proportion of female students aligns with national trends in healthcare-related disciplines. Since women are often 

more represented in this field, curriculum optimizations that consider diverse learning needs may have been especially 

beneficial to this population. 

Regarding enrollment status, full-time students made up 75% of the sample. This higher time commitment could partially 

explain the observed increase in assignment submission rates and discussion forum participation post-optimization. Full-

time students typically have greater interaction with course content and instructors, which may have made them more 

responsive to the improvements in instructional design and assessment alignment. Finally, prior GPA distributions were 

balanced across both groups, suggesting academic readiness was consistent. This strengthens the internal validity of the 

findings by reducing the risk that prior academic performance alone explains the improvement in final grades, submission 

rates, and discussion engagement seen in the post-optimization cohort. Thus, the results are likely to reflect the impact of 

curriculum changes rather than differences in student preparedness. 
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Discussion Research Questions 

Findings across all three research questions demonstrate that targeted curriculum enhancements informed by learning 

analytics significantly improved academic outcomes, student engagement, and course completion rates. These outcomes 

align with current literature emphasizing the value of intentional, data-informed instructional design in promoting student 

success in online learning environments. 

Research Question 1 asked whether there were statistically significant differences in student performance metrics final 

grades, assignment submission rates, and discussion participation before and after curriculum optimization. The results 

confirmed significant improvements across all three indicators. Final course grades increased from a mean of 78.2% to 

84.3%, assignment submission rates rose from 85.1% to 93.4%, and discussion participation improved from 2.8 to 3.5 posts 

per week. These findings support prior research by Colvin et al. (2016) and Khalil and Ebner (2020), which emphasizes 

that well-aligned instructional design, supported by analytics, can improve academic achievement and engagement. 

Additionally, the use of adaptive modules and restructured assessments may have reduced cognitive overload and improved 

clarity, which are known contributors to enhanced learning outcomes in adult learners (Merrill, 2020). 

Research Question 2 explored whether course completion rates improved following curriculum optimization. The Chi-

square analysis revealed a statistically significant increase in completion rates from 78.4% to 88.9%. This finding reinforces 

earlier research by Wise and Shaffer (2015), who demonstrated that analytics-informed course interventions particularly 

those that anticipate and respond to patterns of disengagement are associated with increased persistence and lower attrition. 

In the context of healthcare management education, where students often juggle professional and academic obligations, 

such evidence-based instructional strategies appear critical for supporting completion. The increased completion rates 

observed here may reflect students’ enhanced sense of relevance, self-efficacy, and motivation following the 

implementation of structured, responsive course design features. 

Research Question 3 examined the relationship between student engagement with optimized course components and 

academic performance. Strong, statistically significant correlations were found between engagement with adaptive modules 

and final grades (r = .62, p < .001), as well as between engagement with updated assessments and assignment submission 

rates (r = .58, p < .001). Furthermore, a multiple regression analysis revealed that these engagement variables accounted for 

41% of the variance in final course grades. This predictive strength is consistent with findings from Tempelaar et al. (2018) 

and Ifenthaler and Yau (2020), who argued that meaningful student interaction with learning resources is a strong 

determinant of academic performance in digital learning contexts. The results affirm the premise that analytics not only 

inform but actively shape learning trajectories by enabling instructors to refine content delivery, pacing, and assessment 

design in ways that promote sustained student interaction. 

Taken together, these findings provide compelling evidence that data-driven curriculum optimization meaningfully 

enhances academic performance, participation, and persistence in online healthcare management education. The integration 

of adaptive learning strategies, scaffolded assessments, and analytics-based feedback loops mirrors best practices advocated 

in contemporary curriculum theory and adult learning literature (Knowles et al., 2015; van der Linden et al., 2021). 

Moreover, the use of real-time data to inform ongoing instructional decisions exemplifies a shift toward agile, student-

centered teaching approaches that are increasingly essential in post-pandemic online education. 

VI.   CONCLUSION 

This study examined the impact of data-driven curriculum optimization on student outcomes in an online undergraduate 

healthcare management program, using inferential statistics to assess changes in academic performance, course completion, 

and engagement. Significant improvements were found in final course grades, assignment submission rates, and 

participation following the implementation of analytics-informed course revisions. Furthermore, the results revealed a 

strong, positive relationship between students’ engagement with adaptive learning components and their academic 

performance, underscoring the practical value of personalized and responsive instructional design. The evidence supports 

the hypothesis that leveraging learning analytics for curriculum development not only enhances individual performance 

metrics but also contributes to improved overall retention. These findings align with and extend prior research that 

emphasizes the importance of feedback loops, adaptive content, and student-centered design in online learning 

environments. The positive outcomes observed reinforce the relevance of using real-time data to drive meaningful curricular 

improvements. 
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This study contributes to the growing body of evidence that data-driven curriculum design improves academic performance 

and engagement in online healthcare management education. Institutions and educators are encouraged to move beyond 

static course delivery models and embrace dynamic, analytics-informed approaches. As online education becomes a 

permanent fixture in higher education, especially in professional programs, the ability to leverage real-time data to shape 

curriculum will become a critical competency for faculty and administrators alike. Future research should expand on these 

findings by exploring longitudinal impacts of sustained data-driven interventions and examining their effects across diverse 

learner populations. With continued exploration and innovation, data-informed curriculum strategies can serve as a powerful 

tool to foster persistence, equity, and academic excellence in the digital age of education. 

Recommendations and Implications 

The results of this study support several important recommendations and offer implications for future research, instructional 

practice, and theoretical development in healthcare management education and broader online learning environments. 

Recommendations for Practice 

Institutions should consider adopting learning analytics as a foundational tool in continuous curriculum improvement. The 

significant gains in student performance, engagement, and course completion observed in this study suggest that integrating 

adaptive modules and redesigning assessments to align with learning objectives can positively impact academic outcomes. 

Faculty and instructional designers should be trained to interpret LMS data and apply insights to instructional decisions. 

Additionally, regular review cycles should be implemented to assess the effectiveness of curriculum modifications, ensuring 

instructional responsiveness to student needs. This approach is especially vital in healthcare management programs, where 

learners often balance work, school, and family responsibilities, and need flexible, high-impact learning experiences. 

Implications for Theory 

The findings reinforce constructivist learning theory and adult learning theory (Knowles et al., 2015), which posit that 

learners benefit from active engagement, real-world relevance, and autonomy. By integrating adaptive tools and responsive 

assessments, the curriculum enhancements in this study are aligned with the principles of learner-centered design and self-

directed learning. The positive outcomes suggest that when curriculum design is grounded in theoretical frameworks that 

value student agency and scaffolded support, academic success improves. Moreover, the study expands on learning analytics 

theory by demonstrating that data not only serves as a descriptive tool but can also be used prescriptively to guide and 

validate instructional changes. 

Implications for Research 

Future research should explore the long-term effects of curriculum optimization on student retention and degree completion 

across diverse academic disciplines and demographic groups. Longitudinal studies could examine whether gains observed 

in one course persist across a student’s academic journey. Additionally, qualitative research capturing students’ and 

faculty’s perceptions of the redesigned curriculum could add depth to the quantitative findings and inform future iterations. 

There is also an opportunity to test specific adaptive learning technologies and their differential impact on student 

subpopulations, such as first-generation students, adult learners, and those with prior healthcare experience. 
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