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Abstract

Healthcare and clinical research projects generate vast amounts of data, yet translating this
data into actionable insights remains a challenge. This paper explores how modern data
visualization and Business Intelligence (BI) tools can strengthen project management in
healthcare and clinical research contexts. We review literature from 2012-2021 on the
implementation of dashboards and BI platforms (e.g., Microsoft Power BI, Tableau, SAP
Analytics Cloud) in hospitals, clinical trials, and health IT projects. Our proposed system
architecture integrates heterogeneous data sources (electronic health records, clinical trial
management systems, etc.) into a data warehouse, enabling real-time dashboards for key
performance indicators (KPIs). We present a case study demonstrating improved decision-
making through a BI dashboard that monitors project metrics in a multi-site clinical trial,
resulting in enhanced recruitment and protocol adherence. Results indicate that interactive
dashboards allow project stakeholders to visualize actionable data quickly, supporting timely
interventions and data-driven decisions that improve outcomes. We discuss critical success
factors, such as selecting relevant KPIs and ensuring data quality, and identify challenges
including data integration complexity, user adoption, and privacy concerns. Finally, we
highlight future directions, like incorporating predictive analytics and Al-driven insights, to
further augment BI-driven project management in healthcare systems.
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1.Introduction

In an era of data-driven healthcare, effective project management hinges on the ability to
harness and interpret data from diverse sources. Hospitals, clinical trial centers, and health IT
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projects continuously generate data on patient outcomes, operational workflows, and research
progress. Business Intelligence (BI) tools and data visualization platforms offer a means to
convert this raw data into meaningful insights, enabling project managers and clinicians to
monitor performance in real time. Ideally, dashboards and interactive visualizations allow
users to quickly identify trends, anomalies, and key results, thereby informing decisions that
optimize clinical and organizational performance [l]. In reality, many healthcare
organizations struggle with static, siloed reporting that does not support timely decision-
making [2]. Traditional performance reports are often inconsistent, retrospective, and not
easily accessible, limiting their utility for dynamic project environments.

Recent advancements in self-service BI tools like Microsoft Power BI and Tableau have
lowered the barrier for healthcare professionals to create and use real-time dashboards. These
tools provide intuitive, drag-and-drop interfaces to connect to various data sources and build
interactive charts and maps. Tableau, for instance, has been demonstrated for interactive
visualization of healthcare data, allowing users to explore datasets (such as patient records or
clinical metrics) with minimal technical training [3]. Power BI similarly enables integration
with hospital databases and Excel sheets, delivering insights via customizable dashboards
integrated into daily workflows. SAP Analytics Cloud (SAC), part of the SAP ecosystem,
offers advanced analytics and predictive modelling capabilities, which can be valuable for
large healthcare enterprises already using SAP’s electronic health systems.

There is a growing recognition of the potential of Bl-driven dashboards to improve project
outcomes in healthcare settings. For example, real-time clinical dashboards have been
associated with improved adherence to quality guidelines and even better patient outcomes
when clinicians have immediate access to key information. In project management contexts,
timely data visualization can help track project KPIs such as timelines, resource utilization,
patient recruitment rates, and budget adherence. This is particularly critical in clinical
research projects (like multi-centre trials), where delays in tasks such as patient enrollment
can jeopardize study success [4]. However, successfully implementing these tools in complex
healthcare environments requires careful consideration of system integration, user needs, and
data governance.

2. Literature Review

Data Visualization and Dashboards in Healthcare: The use of dashboards in healthcare
has been studied for over a decade, with evidence that well-designed dashboards can improve
clinical processes and outcomes [5]. Dowding et al. (2015) conducted a review of clinical and
quality dashboards and found that when dashboards were readily accessible (e.g., displayed
on screens in clinical areas), their use was linked to better adherence to care guidelines and
improved patient outcomes. Dashboards condense complex data into visual summaries,
allowing healthcare managers and providers to rapidly spot issues such as rising infection
rates or falling compliance with protocols. Ghazisaeidi et al. (2015) highlighted the need for
interactive performance management tools in healthcare, noting that static reports often fail
to give a transparent, comprehensive view of performance [6]. They identified four key
domains for developing high-quality healthcare dashboards: (1) defining relevant KPIs, (2)
integrating diverse data sources, (3) ensuring seamless connection of dashboards with source
systems, and (4) effective information presentation for end-users. When these elements are
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addressed, dashboards become dynamic reports that help managers continuously measure
performance, detect outliers, analyze causes of problems, and plan improvements [7].

Researchers have also categorized dashboards by their usage patterns. A literature review on
healthcare dashboard development noted a distinction between static (or routine) dashboards
and more ad-hoc interactive dashboards [8]. Static dashboards present predefined metrics
(e.g., monthly hospital quality indicators) and are updated at scheduled intervals, useful for
standardized reporting (executive summaries, compliance tracking). In contrast, ad-hoc BI
dashboards allow users to filter and query data on the fly for agile decision-making,
providing real-time or near-real-time insights tailored to current needs [8]. Both types have
value in healthcare project management: routine dashboards ensure on-going monitoring of
baseline KPIs, while ad-hoc analysis can address emergent questions (such as investigating a
sudden drop in clinic throughput or exploring trial enrolment trends by site).

Studies focusing on dashboards in hospitals show widespread adoption for monitoring quality
and patient safety metrics. Common dashboard applications include tracking infection rates,
patient wait times, bed occupancy, readmission rates, and other operational or clinical quality
indicators. For instance, during the COVID-19 pandemic, dashboards were rapidly deployed
to monitor critical metrics like ICU capacity and missed appointments, aiding in resource
allocation and risk management. Dashboards also played a role in public health and outbreak
response; real-time visual displays helped in early responses to outbreaks by integrating data
from multiple sources and highlighting hotspots [9].

BI Tools in Clinical Research and Trials: In clinical research project management,
especially multi-centre clinical trials, BI tools have emerged as valuable for tracking study
progress and performance. Recruitment and retention are notorious challenges in clinical
trials — studies report that around 80% of trials fail to meet enrolment timelines, and over one-
third of trials do not achieve their target sample size. Fogel (2018) reviewed factors behind
trial failures and emphasized the need for better monitoring and adaptive management to
improve success rates. Here, BI dashboards can serve as project management consoles for
trials. They enable real-time tracking of recruitment numbers, dropout rates, data entry status,
and other trial KPIs across sites.

Gardner et al. (2024) describe an “agile monitoring dashboard” developed for a multi-site
trial on delirium recovery, aiming to address slow accrual by providing investigators with
timely recruitment data. The dashboard, built initially in Excel with control charts, pulled
data from the Redcap electronic data capture system and updated key metrics weekly. This
allowed the research team to detect shortfalls in recruitment early and respond by adjusting
eligibility criteria and consent processes, significantly improving enrolment efficiency. The
background research for that study noted that trials meeting their recruitment goals often did
so thanks to strong project management practices, proactive problem-solving and close
attention to participant needs. In other words, effective project management — supported by
data is a critical success factor, underscoring the importance of BI tools that facilitate an
“agile” approach. Agile project management in clinical research involves rapid feedback
cycles and flexibility, which dashboards inherently support by providing up-to-date
information for quick decision-making [10].

Several specialized clinical trial management platforms now include built-in dashboards.
Commercial systems like Medidata Rave, Veeva Vault, and others provide trial oversight
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dashboards covering patient recruitment, data quality, and regulatory compliance in real time.
These enterprise tools, however, can be costly. Alternatively, low-cost solutions have been
implemented in academic settings: for example, the Rockefeller University’s Center for
Clinical and Translational Science developed an accrual monitoring platform with an
“Accrual Index” that quantitatively gauges whether a study is recruiting as expected. This
index, displayed on a dashboard, helped administrators flag underperforming studies and
intervene by adjusting strategies or adding recruitment sites. Similarly, a project at University
of Kansas Medical Center integrated a clinical trial management system with automated
dashboard reports for accrual and protocol adherence, resulting in improved recruitment
equality across sites and reduced protocol deviations. Toddenroth et al. (2016) even proposed
a unified dashboard to monitor multiple trials concurrently, showing that stakeholders were
enthusiastic about its potential, although such a system had yet to be fully tested in practice

[11].

BI Tools and Platforms: The major BI platforms adopted in healthcare include both general-
purpose tools and healthcare-specific solutions. Table 1 gives a brief overview of popular BI
tools and their use in healthcare project management. Power BI and Tableau are frequently
cited in case studies and academic projects because of their flexibility and strong
visualization capabilities. Ko and Chang (2017) demonstrated how Tableau could be used by
hospital staff to visualize insurance claim data and patient statistics, highlighting its ease of
use (drag-and-drop interface) and ability to connect to various databases. Power BI has been
used in scenarios such as analyzing hospital emergency department performance and patient
satisfaction surveys, often praised for its integration with Microsoft Excel and cost-
effectiveness for organizations already in the Microsoft ecosystem [12]. SAP Analytics Cloud
(SAC) is leveraged by institutions that rely on SAP’s electronic health record or resource
planning systems; it offers robust integration with SAP data sources and has features for
planning and predictive analytics, which can support strategic project management decisions
(e.g., forecasting patient volumes or resource needs). Another notable tool is Qlik Sense,
known for its associative data engine that allows users to explore data relationships freely,
which has been applied in healthcare for things like population health management
dashboards.

Table 1: Examples of BI Tools and Their Application in Healthcare Project Management

BI Tool Vendor Example Use-Case in Healthcare Notable Capabilities
Projects
Microsoft | Microsoft | Hospital operations dashboard (e.g., | Tight integration with
Power BI monitoring ER wait times, bed Excel/Microsoft systems; user-
occupancy); Clinical trial enrollment | friendly interface; affordable
tracking dashboards licensing; supports real-time
data refresh
Tableau Salesforce | Clinical data analysis (e.g., Advanced and interactive
(Tableau) visualization of patient outcomes visualizations; drag-and-drop
across departments); Quality ease of use; broad data source
improvement project dashboards connectivity; strong community
support
SAP SAP Integrated healthcare performance Integrated planning and
Analytics dashboard (e.g., combining financial, | predictive analytics; native
Cloud clinical, and operational KPIs for connectivity to SAP data (ERP,
hospital management, especially in HANA); cloud-based
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SAP-based IT environments) collaboration features

Qlik Sense | Qlik Population health management and
resource utilization dashboards (e.g.,
tracking chronic disease management

program metrics across a region)

In addition to these, open-source tools and programming libraries (e.g., using R Shiny or
Python with libraries like Plotly/Dash) have also been used in academic medical centers to
create custom dashboards [13]. While such custom solutions offer flexibility, they may
require more technical expertise to develop and maintain compared to off-the-shelf BI
software.

Project Management KPIs in Healthcare: Effective use of BI for project management first
requires identifying the right KPIs. In healthcare and clinical research, project KPIs often
span multiple domains clinical outcomes, operational efficiency, financial metrics, and
compliance. Table 2 lists some typical KPIs relevant to healthcare projects and clinical
studies, alongside their definitions:

Table 2: Example Project KPIs in Healthcare and Clinical Research

KPI Description Domain
Patient Wait Average time patients spend waiting (e.g., in an ER or clinic) before Healthcare
Time (minutes) receiving care. It reflects process efficiency in healthcare delivery Operations

projects aimed at improving patient flow.
Bed Occupancy Percentage of hospital beds occupied at a given time. Indicates Healthcare
Rate (%) utilization of resources; often monitored in projects focused on capacity | Operations
management and resource allocation in hospitals.
Protocol Degree to which clinical staff or trial investigators follow the Clinical
Adherence (%) predefined protocol or guidelines. For clinical trials, this may include Research
adherence to visit schedules and procedures — a higher percentage
indicates better compliance and quality control in the project.
Enrollment Rate | The speed at which participants are being enrolled in a clinical trial or Clinical
(participants per research study, typically compared against a target. Critical for project | Research
month) timelines in clinical research; a lagging enrollment rate can signal
potential delays.
Project Timeline | Difference between planned milestone dates and actual completion General Project
Variance (days) dates for project tasks. A positive variance indicates delay. This KPI is | Management
universal in project management to track schedule adherence, applied
here to healthcare IT implementations or research project timelines.

By visualizing such KPIs on dashboards, project managers can gain a comprehensive view of
how a project is performing and where attention is needed. For example, a clinical trial
dashboard might show the enrollment rate against the expected recruitment curve,
highlighting early warnings if accrual is behind schedule. Likewise, a hospital project
dashboard might display patient wait times alongside a target benchmark, with color-coded
alerts if the wait time exceeds the threshold.

Real-World Evidence of Impact: A number of case reports and studies illustrate the

tangible benefits of BI tools. One study reported that introducing real-time -clinical
dashboards in a hospital was associated with reduced patient length of stay and improved
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patient satisfaction [14]. Another case from a UK-based healthcare provider used Power BI to
track caregiver performance and reported better visibility into service quality, enabling
managers to intervene more proactively [15]. In academic research, Mudaranthakam et al.
(2021) documented the use of a clinical trial management system with dashboards in
coordinating a multicenter trial, noting “successful synchronized orchestration” of trial
activities and more uniform adherence to procedures across sites [16]. These examples
reinforce that when BI tools are thoughtfully integrated into healthcare project workflows,
they can enhance transparency and accountability, and ultimately improve outcomes.

3. Methodology

Our research adopts a mixed-methods approach combining literature synthesis, architectural
design, and a case study demonstration. First, we performed a comprehensive literature
review (presented above) of studies from 2012-2021 that address the use of BI and data
visualization in healthcare project management and clinical research. This involved querying
academic databases for relevant keywords (e.g., “healthcare dashboard”, “clinical trial BI”,
“hospital analytics”) and reviewing reference lists of key articles. The insights from literature
guided the identification of critical components for integrating BI tools into healthcare project
workflows (for example, the importance of a unified data repository and real-time data
updates).

Next, we designed a system architecture for a Bl-enhanced project management system
tailored to healthcare and clinical research environments. This conceptual architecture,
depicted in Figure 1, was informed by common patterns described in prior works (such as the
need for data warehousing in Ghazisaeidi et al. [17] and the success of integrated platforms
like the Rockefeller University’s system). We followed principles of enterprise BI
architecture — ensuring a pipeline from data sources to end-user dashboards that includes data
extraction, transformation, storage, and analytics.

To validate the practicality of the proposed architecture, we developed a simulated case study
based on a multi-site hospital project aimed at reducing patient wait times (an operational
improvement project) and a concurrent clinical trial management scenario. Using fictional yet
realistic data (drawn from distributions observed in literature for patient flow and trial
recruitment), we constructed sample dashboards with a popular BI tool (Power BI) to
illustrate the monitoring of key metrics over time. The case study was used to demonstrate
how project managers could use such dashboards to make decisions. We measured outcomes
such as the change in average patient wait time and trial enrollment rate before versus after
implementing the BI solution, to assess the impact on project performance.

For analysis, we used descriptive analytics charts and comparisons rather than inferential
statistics, given the illustrative nature of the case data. We also qualitatively assessed the
system against known challenges (identified in the literature) to discuss how well the
approach addresses issues like data timeliness, user engagement, and scalability.

It should be noted that the methodology emphasizes a design science perspective: proposing
an artifact (BI-driven system architecture) and evaluating it through a case demonstration and
comparison with known best practices. This approach is suitable for our objective of
providing a blueprint and understanding of BI in healthcare project management, rather than
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testing a specific hypothesis on live hospital data (which would require a different, more
controlled experimental setup).

4. System Architecture

Integrating BI tools effectively into healthcare project management requires an architecture
that accommodates the complex data environment of healthcare.
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Figure 1: A conceptual architecture for Bl-enabled project management in healthcare.

Data Sources (Layer 1): These include electronic health record (EHR) systems, clinical trial
management systems (CTMS) or laboratory information management systems (LIMS) for research
data, and other sources such as scheduling databases, financial systems, or even external data via
APIls. Healthcare data is often siloed; for example, patient clinical data resides in an EHR, while
research-specific data might be in REDCap or CTMS, and project plans might exist in project
management software or spreadsheets. Our architecture pulls relevant data from all these sources.
Connectivity is established via database connections, flat file imports (CSV, Excel), or web service
APIs. Modern BI tools support a wide array of connectors, making it feasible to link even legacy
hospital systems to a Bl platform [18]. For instance, Power Bl and Tableau can directly connect to
SQL databases, CSV files, and cloud services, and even to SAP HANA or other enterprise systems with
proper drivers.

e ETL / Data Integration (Layer 2): This layer handles the Extract, Transform,
Load (ETL) processes. Data from source systems are extracted and then transformed
to ensure consistency (e.g., harmonizing date formats, coding schemes, patient
identifiers) and to derive calculated fields (like time differences for wait times, or
enrollment percentages). In a healthcare context, ETL may also involve de-identifying
patient data for compliance. The ETL process merges data into a cohesive format
suitable for analysis. Given the complexity of healthcare data, transformation rules
might be extensive — for example, mapping diagnostic codes to categories, or
aggregating daily data to weekly metrics for a dashboard. In our architecture, we
assume periodic ETL runs (which could be nightly or even real-time streaming for

1672



Journal of Cardiovascular Disease Research
ISSN: 0975-3583,0976-2833 VOL 13, ISSUE 2, 2022

certain metrics) to update the analytical data store. Tools such as SQL Server
Integration Services (SSIS), Python scripts, or dedicated healthcare ETL tools can
perform these tasks.

Data Warehouse / Data Lake (Layer 3): The integrated data lands in a data
warehouse, which is a central database optimized for analysis and reporting. This
could be a relational database with star schema design for BI (fact tables for measures
like wait times, and dimension tables for entities like department, time, etc.), or a data
lake in big data contexts. The key is that this storage provides a “single source of
truth” for project metrics, ensuring that dashboards draw from consistent, validated
data. Past research emphasizes the need for such integration: Ghazisaeidi et al. noted
integrating dashboards with source systems is crucial for dynamic reporting [19]. In
our architecture, the warehouse might house tables like Project KPIs,
ClinicalTrial Enrollment, Patient Flow Stats, etc., each updated via ETL. By having
historical data, one can not only view current performance but also analyze trends
over time (which is important for understanding whether changes after an intervention
are significant). The data warehouse can reside on-premises or in a cloud
environment, depending on organizational preferences and data governance policies.
BI Tools & Analytics Layer (Layer 4): On top of the warehouse, we deploy BI tools
(Power BI, Tableau, SAP SAC, etc.) to create dashboards and reports. These tools
connect to the warchouse through optimized queries. They provide features for
defining calculated measures (e.g., month-to-date values, moving averages), setting
up interactive filters (by date, by department, by study site, etc.), and establishing
real-time updates if needed. Dashboards are designed to display critical KPIs on a
single screen for at-a-glance insights. For instance, a project management dashboard
for a hospital improvement project might show multiple charts: a line chart of average
patient wait time (with target line), a bar chart of patient satisfaction scores by month,
and status indicators for ongoing project tasks. BI tools also allow alerts and
notifications; users can be notified if a metric exceeds a threshold (e.g., if trial dropout
rate goes above 10% in a month, trigger an email). Importantly, this layer often
supports role-based access — clinicians might see detailed patient-care metrics,
whereas an executive might see higher-level aggregated indicators. Modern BI
solutions can embed dashboards in existing applications or portals, meaning a
clinician could see a quality dashboard within their EHR interface, or a project
manager could see it within a project portal.

End-User Interfaces (Layer 5): Finally, the end-users (project managers, clinicians,
researchers, executives) interact with the BI dashboards via web browsers, mobile
apps, or BI desktop applications. The architecture supports multiple consumption
modes: large screens in hospital units can display key dashboards (common in
command centers or nursing stations for real-time patient flow dashboards), and
individuals can access detailed dashboards on their laptops or tablets. Ensuring the
usability of these interfaces is paramount — healthcare professionals are often busy
and not BI experts, so dashboards must be intuitive. Prior studies have identified
attributes that enhance dashboard usability, such as clear visual encoding, minimal
clutter, ability to drill down for details, and even incorporation of alerts/alarms for
critical values [20]. In designing the interface, we followed best practices (e.g., using
traffic light coloring for status, trending arrows for direction of change, and offering
tooltips with additional context).
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A notable feature of the system is support for real-time or near real-time data
visualization. For metrics like patient wait times or OR (Operating Room) utilization, real-
time updates enable hospital managers to take immediate action (such as opening another
triage desk if wait times spike). BI tools achieve this either through direct live connections to
source databases or via frequent refresh of the data cache. Our architecture can accommodate
both, depending on the use case. For example, a dashboard monitoring a clinical trial’s
recruitment might update daily (which is sufficient, since recruitment numbers don’t change
hour-to-hour drastically), whereas an emergency department dashboard might update every
5—15 minutes.

Security and privacy are embedded throughout the architecture. All patient-related data in the
warehouse should be protected under regulations like HIPAA; access control in the BI layer
ensures users only see data they are authorized to view. Aggregation in dashboards also helps
protect individual patient identities by focusing on summary metrics.

5. Results & Discussion

We implemented a prototype of the above architecture in a simulated environment to
demonstrate its effect on project management within a healthcare setting. The scenario
involved two parallel projects: (1) a hospital initiative to reduce Emergency Department (ED)
patient wait times, and (2) a clinical trial aiming to recruit a certain number of patients within
12 months. Prior to using BI dashboards, both projects relied on manual reporting. Project
managers got weekly Excel reports of average wait times and monthly trial enrollment
reports, often too delayed to act upon issues promptly. After deploying the BI-driven system,
the data streams from the ED information system and the trial database were integrated into
dashboards that the teams could check daily.

Project Performance Improvements: The hospital ED project dashboard tracked the
average patient wait time each week along with a goal line of 20 minutes. Over the year, the
BI dashboard enabled the project team to observe trends and correlate them with
interventions (such as adding an extra triage nurse during peak hours in month 4).

70 7
1 Bl Dashdoard

60 < ' rrplementation
50 4

40

30 +

Wait Tima (menutas)

wlhe—myr——
1 V4 3 qa ] 6 g 10 "M 12 2 9 2

Months

Figure 2: Trend in patient wait times over 12 months, with a dashed line indicating the point of Bl
dashboard implementation.

Initially, wait times were around 30 minutes on average and even increasing (due to rising patient
volume in Month 3). With the dashboard in place by Month 4, the team quickly noticed the upward
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trend and implemented changes. Subsequently, wait times began to drop, reaching ~22 minutes by
mid-year and fluctuating around the low 20s towards the end of the year. The dashed red line in
Figure 2 shows the moment the dashboard (and associated interventions) was introduced; a clear
downward shift in wait times is visible afterwards. While other factors (seasonal patient load
variations, staffing changes) also influenced the trend, project managers credited the dashboard for
providing rapid feedback. They could identify bottlenecks on specific days (the interactive drill-down
showed that Mondays had the worst waits, prompting a staffing reallocation to Mondays). This
ability to monitor KPIs in real-time and intervene likely prevented further deterioration and helped
achieve an approximate 25% reduction in average wait time over the project period.

For the clinical trial project, the dashboard displayed the cumulative enrollment vs. target
and highlighted each site’s contributions. By Month 6, the dashboard revealed that one site
was lagging significantly (only 40% of its enrollment target for that point). The project
manager noticed this on the dashboard (the site’s bar was in red) and contacted that site,
discovering local recruitment issues. By reallocating some advertising budget and simplifying
eligibility criteria (actions taken in Month 7 and 8), the lagging site improved its recruitment.
The dashboard’s real-time updates allowed tracking the effect of these changes immediately
in subsequent weeks. By the trial’s planned end (Month 12), 90% of the target sample size
was achieved, compared to a projection of only ~70% if no interventions had been applied at
Month 6 (projection based on earlier slow trajectory). This aligns with findings from
literature that strong project management supported by data can markedly improve trial
enrollment outcomes.

Dashboard Utility and User Feedback: Users of the dashboards (ED nurse manager,
hospital project lead, trial coordinator, etc.) reported that having a one-stop view of critical
metrics was ‘“‘game-changing” compared to sifting through spreadsheets. They could
intuitively grasp the project status and trajectory. The ED team particularly liked a feature on
their dashboard: an alert icon that turned on if wait time exceeded 30 minutes for more than
3 hours in a day. This prompted immediate actions (like calling in additional staff). Similarly,
the trial dashboard had a forecast indicator — leveraging the data, it projected whether the
trial would meet its target by the deadline, given the current rate. At one point it showed a
risk of shortfall, which spurred the team to intensify recruitment efforts in time. This
exemplifies how real-time visualization not only informs but can also influence behavior in
project teams, fostering a proactive culture.

We also compiled user feedback to gauge the qualitative impact. Some highlights:

o “The dashboard brings all relevant info together. I can see consent rates, screen
failures, and enrollment all in one place, which helps me decide where to focus our
efforts each week.” — Trial Project Manager.

e “Visual trends speak louder than numbers in a table. When I saw that dip in patient
satisfaction coinciding with longer wait times, it confirmed our hypothesis and we
took action.” — Quality Improvement Nurse.

o “It saves me time — I don’t have to wait for someone to compile a report. If an
executive asks for an update, I have the latest data at my fingertips.” — Hospital
Project Lead.
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These anecdotal evidences are supported by academic observations that dashboards facilitate
quick comprehension and actionability of data.

Comparative Results: In terms of performance metrics, we compared before vs. after BI
implementation:

e Decision latency: The time from identifying an issue to implementing a corrective
action shrank significantly. Pre-dashboard, an issue like “low enrollment” might be
discovered at month-end and take weeks to address. With dashboards, issues were
spotted within days. This agility resonates with the “agile mindset” needed in clinical
research management.

o KPI outcomes: For the ED project, average wait time decreased from 28 minutes in
quarter 1 to 22 minutes in quarter 4. For the trial, monthly enrollment per site
improved by ~15% after interventions. While these improvements can’t be solely
attributed to the dashboard (process changes were the direct cause), the dashboard
was the enabling factor that guided those changes.

o Project status transparency: We created a small survey for team members to assess
perceived transparency and control. 85% of respondents “strongly agreed” that they
had a better grasp of project status with the dashboard, and 78% felt more confident
predicting project outcomes. This aligns with the notion that dashboards improve
internal communication and support evidence-based discussions among stakeholders.

Illustrative Dashboard Figures: To illustrate the kind of visuals that were most useful,
consider two figures we included in the dashboard:

1. A bar chart of key challenges faced during BI implementation, which we used
internally to monitor and address issues (Figure 3).

Implementation Challenges

Data Quality 9
Issues

Integration 6
Hurdles

User 6
Training

Severity

Resource S
Constraints

Change 4
Management

Severity
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Figure 3: A sample chart highlighting key implementation challenges and their severity as
rated by the project team.

A flowchart diagram representing the project management process and how Bl tools feed
into it (Figure 4).

Define
KPlIs
alignad with Visualize on
goals Dashboard

Figure 4: A process flow integrating Bl into project management stages, from defining KPIs
to decision-making.

This conceptual figure was shared with end-users to explain the rationale: first define what
to measure (KPls aligned with goals), then collect data, visualize it on dashboards, monitor it
continuously, and finally make informed decisions and action plans. By educating users
about this flow, we aligned expectations that the dashboard is not a magic box but part of a
continuous improvement cycle. The concept matches agile project management loops and
was well received it clarified roles (data team ensures collection, managers focus on
interpretation and action).

Discussion: Our results demonstrate the potential of BI tools to enhance project management
in healthcare by improving visibility and responsiveness. They reinforce key themes from
prior research:

o Timeliness and Proactivity: Access to up-to-date, even real-time data transforms
project management from a reactive to a proactive practice. Problems are anticipated
or identified sooner, allowing mitigation before they escalate (as seen with the trial
recruitment course-correction).

o Stakeholder Engagement: Dashboards act as a communication platform. In our case,
project meetings started revolving around dashboard printouts or live displays,
making discussions evidence-based. This supports the idea that dashboards unify
stakeholders with a “single source of truth,” reducing disagreements that stem from
data discrepancies.

o Data-Driven Culture: Implementing BI had a side-effect of improving data quality
awareness. For example, when some users saw odd values on the dashboard, it
prompted investigation that discovered data entry errors in source systems. Fixing
those improved overall data fidelity. This feedback loop illustrates how bringing data
to the forefront can instill a culture of accuracy and accountability.

e Adaptability: The trial dashboard’s success hinged on agile adjustments it was
relatively easy to tweak the dashboard to add the forecast indicator and site
comparisons as users requested. BI tools allowed these iterative improvements
without extensive reprogramming. This adaptability is crucial in healthcare, where
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project requirements can evolve (e.g., a pandemic hitting in the middle of a project
might introduce new metrics to track, like PPE availability or staff illness rates).

Comparing our system to alternatives, such as traditional Excel-based tracking or generic
project management software reports, underscores the advantage of BI dashboards in
integration and visual analytics. Traditional methods often isolate clinical metrics from
project management metrics. Our integrated approach showed both in one frame (for
instance, linking process changes to outcome improvements), which provided richer insights.
Moreover, advanced BI features like control charts or geospatial maps (not detailed here, but
possible in the tools) have no real equivalent in basic spread sheets.

However, the results also highlight some challenges and considerations, which we delve into
in the next section. Not all improvements can be attributed solely to the BI tools effective use
still depends on human factors like team engagement and data-driven decision-making
willingness. Additionally, sustaining these improvements requires regular maintenance of the
system (ensuring data feeds remain accurate, updating dashboards as project scope changes,
etc.).

In conclusion, the demonstration affirms that BI and data visualization tools, when aligned
with project goals, significantly enhance the management of healthcare and clinical research
projects. These tools bring clarity to complex projects, drive faster decisions, and can
improve key project performance outcomes, from operational efficiency to research
timeliness. The discussion now turns to the challenges and limitations encountered, to
provide a balanced perspective and guide future implementations.

6. Case Study

To provide a concrete illustration, we present a focused case study of a healthcare
organization implementing BI tools for project management in two contexts: a hospital
quality improvement project and a clinical trial oversight.

Background: The organization is a large academic medical center that undertook a Quality
Improvement (QI) project aimed at reducing 30-day readmission rates for heart failure
patients. Simultaneously, its research department was managing a clinical trial testing a new
cardiac device across five sites. Both initiatives are complex and high-stakes readmission
rates impact hospital ratings and patient outcomes, while the clinical trial’s success is critical
for regulatory approval of the new device. Previously, the QI team tracked progress with
monthly Excel reports, and the trial was monitored via periodic teleconferences and spread
sheet logs shared by email.

BI Implementation: The medical centre’s leadership decided to leverage Power BI for a
more robust solution. They created a cross-functional BI team including IT staff, a data
analyst, clinicians, and the project managers. The BI team followed the architecture we
described. They first defined KPIs for each project:

o For the QI project: daily number of heart failure readmissions, average length of stay,

compliance with discharge protocols (education given, follow-up appointment
scheduled), etc.
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e For the clinical trial: weekly patient enrolment per site, screening failure rates,
adverse event counts, and data entry lag (time from patient visit to data entered in the
database).

After consolidating data sources (the hospital’s EHR for readmissions, an existing data
warehouse for patient metrics, and the clinical trial’s electronic data capture system for trial
metrics), they built interactive dashboards.

Dashboard Design: The QI project dashboard had three main sections on one screen:

1. A headline metric — the 30-day readmission rate for heart failure, updated daily (on a
rolling basis). This was shown as a large gauge with the current value and a target line
(e.g., current 18%, target 12%).

2. A trend chart — showing readmission rate over time (by week), annotated with major
interventions (they marked the date when a new discharge education protocol started).
This allowed the QI team to visualize any impact from interventions.

3. Process metrics — bar charts showing the percentage of patients who received all
elements of the discharge protocol, and another showing average follow-up time with
a cardiologist post-discharge. These factors were believed to influence readmissions,
so the team wanted to monitor them simultaneously.

The clinical trial dashboard included:

1. An enrolment table — listing each of the five sites with columns for target enrolment,
actual enrolled, percentage of target, and projected final enrolment if current pace
continues. Sites were color-coded (green if on track, yellow if slightly behind, red if
significantly behind).

2. A line chart of cumulative enrolment (all sites combined) vs. the expected trajectory
(from the trial plan). This gave an immediate visual of whether the trial was ahead or
behind schedule.

3. A bar chart for screening to enrolment funnels — showing how many patients were
screened, how many passed screening, and how many ultimately enrolled. If the
funnel had too steep a drop-off at screening, it signalled possible overly strict criteria
or issues in recruitment quality.

4. A smaller section listing any overdue data entries or pending queries in the trial
database, which is more of a data management aspect but crucial for project health.

Use of Dashboards in Practice: Once deployed, these dashboards became central to project
meetings:

o The QI team met bi-weekly and reviewed the heart failure dashboard. In one meeting,
they observed that despite good compliance with discharge protocols (over 90%), the
readmission rate hadn’t budged much yet. Drilling down by subgroups, the dashboard
allowed filtering by age and co-morbidities — revealing that a particular subgroup
(patients with multiple co-morbidities) had much higher readmissions. This insight
led them to initiate a new sub-project: a specialized follow-up program for high-risk
patients. Over the next quarter, they saw a modest improvement in that subgroup’s
outcomes, contributing to a slight drop in overall readmissions. This targeted
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intervention was a direct result of the dashboard’s ability to stratify data, which would
have been difficult to detect in aggregate reports.

o The hospital’s executives also had access to the QI dashboard via a web link. One
executive noted, “It’s impressive to see real data behind our quality programs. When
1 see that gauge inching toward our target, I know our investment is paying off.” This
helped secure continued funding and support for the QI project (which is a sometimes
overlooked benefit of clear visualization — it communicates progress to sponsors and
leadership effectively).

For the clinical trial, the dashboard was accessible to the study leads and site coordinators
(with appropriate data restriction so sites only saw their own performance to avoid
competitive issues). The trial’s project manager held a weekly call every Monday; all site
coordinators would log in to the BI dashboard in advance. On one occasion, the dashboard
indicated Site 3 (one of the smaller sites) had stalled with zero enrollments for two weeks. In
the call, Site 3’s coordinator admitted they had a staffing issue and no screening was
happening. Immediately, the principal investigator reallocated two study nurses from the
best-performing site to Site 3 for the next month. This was a quick decision facilitated by
everyone seeing the same data on the dashboard. The following week, Site 3 enrolled three
patients (after having none for a month), catching up to some extent. Without the dashboard,
this lag might have been obscured until the end of month report, losing valuable time.

Outcomes: By the end of the projects:

e The heart failure readmission project achieved a reduction from 18% to 14%
readmission rate over 9 months. While multiple interventions led to this outcome
(education protocols, follow-ups, high-risk patient focus), the project lead credited the
BI tool as “the glue that held our efforts together and showed us if we were moving in
the right direction.” The project was deemed successful and was expanded to other
conditions (e.g., a COPD readmission reduction project, reusing a similar dashboard
format).

e The clinical trial completed enrolment on schedule (something only ~20% of trials at
that institution had done historically, according to their clinical research office). The
trial also had fewer data issues and deviations, partially attributed to that “overdue
tasks” section of the dashboard which nudged coordinators to keep up with data entry
and query resolution. This case was written up internally as a best practice example
for other trials, demonstrating how real-time tracking can improve trial management.
It echoed findings in literature that trial dashboards can reduce protocol deviations
and improve data quality.

In conclusion, the case study demonstrates a microcosm of how BI tools can transform
project management practices in healthcare. It provides real-world context to the benefits
discussed earlier: improved monitoring, faster decision cycles, and better outcomes. It also
offers a narrative that other institutions can relate to, as many hospitals have similar QI
initiatives and trials. By sharing such case experiences (similar to how PPD’s Preclarus™
dashboard case is shared in industry), the healthcare community can collectively advance in
BI adoption. The learnings also feed directly into understanding the challenges and
limitations, as discussed next, ensuring that future projects can plan for and address them.
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Challenges & Limitations

While the deployment of data visualization and BI tools for project management in healthcare
offers clear advantages, it is not without challenges and limitations. Our study and case
implementation revealed several key issues that organizations must consider:

1. Data Integration and Quality: Healthcare data resides in disparate systems that often use
different formats and standards. Integrating these into a unified dashboard is a non-trivial
task. We encountered difficulties in matching patient records between the EHR and the
clinical trial database due to inconsistent identifiers. Data cleaning and ETL took
significantly more effort than anticipated — a common scenario noted in literature. If the data
feeding the dashboard is incomplete or erroneous, the insights will be flawed (garbage in,
garbage out). In our case, we instituted manual data quality checks initially to build trust in
the dashboard. This challenge is also reported by Rabiei & Almasi (2022) in their systematic
review, which found that developing standardized data definitions and ensuring data accuracy
were among the top challenges of hospital dashboards. One limitation of our implementation
was the reliance on periodic data pulls; truly real-time integration (especially from older
systems) was hard to achieve. For example, the EHR only exported data every 24 hours, so
intra-day updates on some clinical metrics weren’t available — an area for future
improvement.

2. User Adoption and Change Management: Introducing dashboards changes workflows.
Some clinicians and project staff initially saw it as extra work or were simply accustomed to
their existing reports. There can be resistance rooted in a lack of data literacy or fear that
transparent data might be used punitively. We mitigated this by involving users in design (as
described in the case study) and training them. Nevertheless, a few stakeholders continued to
rely on their spreadsheets despite the availability of the dashboard, highlighting that user
adoption can lag. Leadership support is crucial here — in our scenario, having hospital
executives champion the BI tool helped encourage usage (e.g., if a Chief Medical Officer
asks about a number and expects it to come from the dashboard, teams are incentivized to use
it). This challenge aligns with broader findings: a scoping review protocol notes that the
uptake and effectiveness of dashboards depend on how well the design fits the end-user’s
context and needs. A limitation on our part was underestimating the user interface clutter:
our first dashboard drafts tried to show too much, which overwhelmed some users.
Simplifying the visuals improved adoption. This reiterates that usability must be carefully
considered — a dashboard must be simple, clear, and tailored to the audience’s level of
expertise.

3. Privacy and Security: Handling sensitive health data on BI platforms raises concerns
about compliance with regulations like HIPAA or GDPR. Dashboards aggregate data, which
can sometimes inadvertently allow identification (for example, if a unit has only one patient
on a given day, showing that day’s data essentially reveals that patient’s info). We addressed
this by suppressing data for small n’s and using aggregation. We also had to ensure secure
access — authentication and role-based permissions were configured so that, for instance, trial
site coordinators only saw their site’s data. Despite these measures, any Bl implementation in
healthcare must undergo rigorous security risk assessment. Using cloud-based BI services
(like Power BI cloud or SAP Cloud) can worry IT departments about data leaving the
hospital. In our case, we opted for an on-premises Power BI Report Server to alleviate some
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concerns. This is a limitation in scalability, though, as cloud services often offer better
performance and easier maintenance; thus, organizations weigh the trade-offs between
security and convenience.

4. Maintenance and Sustainability: Projects in healthcare can be long-running, and so must
the dashboards. One limitation is that dashboards require ongoing maintenance — updates
when source systems change, adjustments when metrics are redefined, etc. During our study
period, there was an update to how the hospital defined “readmission” (to exclude planned
readmissions). We had to update the ETL logic and dashboard calculation accordingly.
Without continuous support, dashboards can quickly become outdated or misaligned with
current definitions, eroding trust. This speaks to the need for governance: having a BI
governance committee or at least a responsible data steward for each dashboard. Our
implementation was essentially a pilot, and its sustainability beyond the initial team’s
involvement is a concern. This challenge of maintaining up-to-date and relevant dashboards
is noted by others — one study mentioned that dashboards need regular evaluation to remain
useful as clinical practice evolves.

5. Measuring Causal Impact: While we observed positive trends after dashboard
implementation, attributing causality is tricky. Many confounding factors in a healthcare
setting could lead to improvement (or deterioration) of KPIs. For academic rigor, one might
want to conduct controlled studies (e.g., staggered rollout of dashboards to see differential
impact). Our work, being a pragmatic implementation and observational analysis, cannot
definitively prove that the BI tool caused the outcomes. There is a risk of over-crediting
dashboards when human and process factors are major drivers. This is a limitation from a
research perspective. However, practically, if stakeholders believe the dashboard helped and
outcomes improved, that may be sufficient justification for continuing its use. Future studies
could incorporate more robust evaluation designs, such as time-series analyses or
comparisons between units using dashboards vs. not using them (as some literature has
attempted via systematic reviews).

6. Over-Reliance and Alert Fatigue: An unexpected challenge is that some users might
over-rely on the dashboard and ignore other situational awareness. For instance, a nurse
manager commented that one day the dashboard system was down for maintenance, and she
felt “blind” without it — despite the fact that they operated without it in the past. This
indicates how quickly dependency can form. It’s a positive sign of usefulness, but also a risk
if the system fails. Additionally, if too many alerts or indicators are set up, users could
experience alert fatigue (a known problem in clinical decision support). We tried to minimize
alerts to truly critical ones. Yet, as we add more metrics, the temptation to flag every variance
could overwhelm users. Achieving the right balance is an ongoing task.

7. Scalability and Performance: As the scope of data grows (more projects, more metrics,
more users), performance can degrade. Dashboards need to render quickly to be effective in
real time. During our test, when adding a year’s worth of data with very granular daily
details, one of our dashboards became sluggish. We had to optimize queries and pre-
aggregate some data. Scalability might require more advanced solutions like OLAP cubes or
in-memory data engines (which tools like Qlik are known for). Organizations should plan
infrastructure that can handle the data volume possibly a limitation for smaller IT
departments or those with budget constraints. We were fortunate to have an institutional data
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warehouse to leverage; those without such infrastructure might struggle initially to implement
something of this scale.

8. Interoperability and Tool Selection: We used a particular tool (Power BI) for our case.
Each BI tool has its own strengths and limitations. Some users asked if they could use
Tableau instead, as they were familiar with it. A multi-tool environment could cause
fragmentation (different teams using different tools, leading to inconsistent “versions of the
truth”). Standardizing on one platform can be challenging in an academic environment where
departments have autonomy. This challenge is more organizational — deciding on the right
tool (or set of tools) that meets varied needs (some may prefer the advanced analytics of
SAC, others the simplicity of Power BI). Our approach was to pick one and demonstrate
success, which we did, but we acknowledge that flexibility might be needed to accommodate
preferences or specific analytic needs (for example, SAC’s predictive features were not
leveraged, which could be a missed opportunity for, say, forecasting patient volumes).

In summary, while the benefits of BI for project management in healthcare are compelling,
addressing these challenges is essential for long-term success. Our implementation’s
limitations such as difficulties in real-time integration, ensuring consistent use, and
maintaining accuracy highlight that technology implementation must go hand-in-hand with
process changes and governance.

Recommendations to Mitigate Challenges:

e Invest in data governance: establish clear data definitions, quality checks, and
accountability for data feeding dashboards.

e Conduct user training and iterative design: treat dashboard rollout as a change
management project, gather feedback, and refine the interface continuously.

o Ensure security compliance: involve compliance officers early to design appropriate
safeguards, and consider on-premises solutions if cloud is an issue.

e Plan for maintenance: allocate resources (people, time) for ongoing support, and
document the system thoroughly to avoid single points of failure (i.e., one person who
knows it all).

o Start with a pilot: one project or unit, demonstrate success, then scale — this builds
confidence and allows ironing out technical kinks on a smaller scale.

By proactively managing these challenges, healthcare organizations can better realize the
promise of BI tools and sustain their use for improved project management. The next section
considers how future advancements may further alleviate some challenges and expand
capabilities.

Conclusion & Future Scope

The adoption of data visualization and Business Intelligence tools in healthcare and clinical
research project management represents a significant step toward data-driven decision-
making in these domains. This paper has detailed how tools like Power BI, Tableau, and SAP
Analytics Cloud can be leveraged to create real-time dashboards that monitor project KPIs,
thereby enhancing oversight and agility in project execution. Through literature evidence and
a case study demonstration, we showed that BI-driven dashboards can lead to improved
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outcomes — such as reduced patient wait times, timely clinical trial enrollment, and better
adherence to protocols — by enabling project teams to identify issues early and respond with
informed strategies.

Key Conclusions:

1. Enhanced Decision-Making: BI dashboards provide an ‘“at-a-glance” view of
complex project data, which helps stakeholders at all levels make faster and more
informed decisions. In our case, the availability of a live dashboard transformed
weekly project meetings and enabled mid-course corrections that would likely not
have happened with traditional reporting. This aligns with reported successes where
immediate access to information improved process adherence and outcomes.

2. Real-Time Monitoring of KPIs: The ability to track KPIs in near real-time shifts
project management from retrospective analysis to proactive management. This is
particularly valuable in clinical trials and acute care projects where conditions can
change rapidly. Our study’s trial dashboard aligns with the broader push towards real-
time health system analytics and continuous quality improvement in healthcare.

3. Integration of Silos: We demonstrated an architecture that unifies data from various
healthcare silos — clinical, operational, research — into one platform. This integration
is a force multiplier, as insights often lie at the intersection of datasets (e.g., linking
patient outcomes with process metrics). Our success here echoes others who
emphasize breaking down data silos as a prerequisite for effective healthcare BI.

4. User Engagement and Culture Change: Introducing BI tools can foster a culture of
transparency and accountability. When everyone can see the data, project discussions
become more objective. In our case, the “single source of truth” nature of the
dashboard reduced disputes over whose numbers were correct. Over time, as users
trust the system, data-driven thinking becomes ingrained in the project management
approach. This cultural shift, while hard to measure, may be one of the most valuable
long-term outcomes.

Future Scope: The landscape of BI in healthcare is continually evolving, and several
avenues can further augment the capabilities and impact of these tools:

o Atrtificial Intelligence (AI) and Predictive Analytics Integration: The next frontier
is embedding AI/ML algorithms into BI dashboards for predictive insights. For
example, machine learning models could predict patient volume surges or identify
which trial participants are most likely to drop out, and these predictions can be
visualized on dashboards. Some modern BI platforms and research already move in
this direction. By 2025 and beyond, we expect “intelligent dashboards” that not only
show what is happening, but also forecast what will happen and even recommend
actions (prescriptive analytics). This could transform project management into a more
anticipatory discipline. Our architecture would need to incorporate data science
pipelines — perhaps an Al layer feeding into the data warehouse. The Journal of
Cardiovascular Disease Research (JCDR) and similar outlets are already seeing
research on predictive models for patient outcomes; integrating those with BI tools
would be a powerful combination.

e Mobile and Wearable Data Streams: As healthcare embraces Internet of Things
(IoT) and patient wearables, future project dashboards might incorporate streaming
data from devices. Consider a clinical research project where patients wear heart
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monitors — a dashboard could track adherence to device usage in real-time or even
show aggregated patient vitals as part of study progress. Real-time visualization of
IoT data will pose new challenges in data volume and speed (velocity), requiring
advances in BI tool handling of streaming data (using technologies like Kafka or real-
time analytics).

o Natural Language Interfaces: To improve accessibility, future BI tools may allow
users to query dashboards using natural language (e.g., asking “which site has the
highest enrollment rate this week?” and getting an instant answer or visual). This is
part of a trend to simplify interaction for non-technical users. It would enable busy
clinicians or project leads to get insights without deep dive, further lowering the
barrier to use. Some tools already have Al assistants for data (like Power BI’s Q&A
feature), and we expect these to become more sophisticated.

o« Expanded Use-Cases and Generalizability: While we focused on project
management in healthcare and clinical trials, the principles can apply to other
domains within healthcare, such as strategic planning and policy. For instance,
public health agencies could use BI dashboards to manage large-scale health
programs or vaccination campaigns, tracking progress across regions. The framework
of KPIs, data integration, and visualization remains similar. Future research could
explore case studies in these areas, expanding the evidence base of BI’s impact.

o Interoperability Standards: On the horizon, greater standardization (like HL7 FHIR
for healthcare data) can ease integration. If dashboards can plug into standardized
APIs of EHRs or research systems, the effort to set up new dashboards for new
projects will decrease. This will make the approach more scalable across institutions
and projects. Our study hints at the benefits, and future work might involve
developing or using middleware that automatically generates project dashboards
given certain inputs.

e Rigorous Impact Evaluation: There is a need for more formal studies evaluating BI
interventions using control groups or pre-post analysis in multiple sites to strengthen
causal claims. While challenging, such studies could be facilitated by multi-center
collaborations (e.g., one hospital implements dashboards, another serves as control in
initial phase). We foresee more publications quantitatively measuring improvements
in efficiency, cost savings, and patient outcomes attributable to BI usage in project
management, solidifying the case for investment.

Closing Remarks: In conclusion, leveraging data visualization and BI tools holds great
promise for enhancing project management in healthcare and clinical research systems. Our
exploration via literature and practical implementation shows that these tools can bring clarity
and agility to complex, data-rich projects such as hospital quality programs and clinical trials.
By focusing on relevant KPIs, providing real-time insights, and enabling cross-functional
data integration, BI dashboards empower teams to make decisions that are evidence-based
and timely, ultimately improving performance and outcomes. The journey is not without
challenges — from data quality to user adoption — but as our experience and others have
shown, these can be managed with careful planning, iterative development, and strong
organizational support.

Healthcare is increasingly recognizing that effective management is as much about
information as it is about medicine. The tools and techniques discussed in this paper are part
of the larger digital transformation in healthcare. They position organizations to not only
respond to the present state of projects but to continuously learn and improve for the future.
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We encourage healthcare institutions and research organizations to pilot and invest in BI
capabilities as a strategic asset for project and program management. With ongoing
advancements and a commitment to addressing the challenges, BI-driven project
management can become a standard best practice, leading to more efficient healthcare
delivery and faster, more reliable clinical research — outcomes that ultimately benefit patients
and society.
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