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Abstract: In clinical education, there is a need for constant evaluation, assessment, and at
times immediate feedback for students to recognize areas of success, learning, and areas for
improvement. The clinical educator is expected to manage the number of student evaluations
and assess their performance, regularly, as needed, and over time. This allows appropriate
and timely formative, as well as summative feedback to students and the program. Clinical
programs face challenges in finding innovative and efficient methods to track and manage
this large volume of seemingly disparate needed and required data. Traditional solutions
entail paper-based systems or a paid proprietary clinical tracking system. However, both of
these options have their own unique challenges. This perspective article proposes an inno-
vative approach of collecting data electronically via online forms, processing and storing
data in cloud-based databases and providing appropriate visualizations for the end users (i.e.,
students and educators) to analyze and assess the information. Migrating data to be collected
in this manner allows for the integration of business intelligence (BI) techniques that provide
data mining and machine learning in various user needed methods. This article presents
a perspective and an innovative guide for clinical educators on how to develop and design
a system that leads to positive sentiments and immediate student feedback regarding their
progress to improve student outcomes.

Keywords: clinical education tracking system, business intelligence; BI, information
systems, health education

Introduction to the Problem

One of the main challenges that clinical educators (i.e., clinical instructors, directors
of clinical education, program evaluators) face in their job is tracking a students’
progress throughout their clinical experience. When a student rotates through their
clinical assignments, there are objectives and competency that require verification,
daily evaluation and assessment of their performance from their preceptors, and
time management (attendance verification). Typically, a clinical educator reviews
all students' clinical competency-collected data during each rotation for confirma-
tion that the student can progress into the next clinical rotation and that all required
clinical competency objectives for the course have been met. Usually, each program
has their own method of documenting and tracking clinical data (i.e., attendance,
competencies and evaluations). For example, some clinical educators use a paper-
based tracking system in which they provide students with a file that has a list of all
required objectives and competencies, and attendance tracking forms. Each of these
forms must be completed daily, during each clinical rotation and/or by the end of
the term or course. These paper-based forms have their own collection of additional
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paper-based forms that require further review. In addition,
these forms also require a signature and documentation of
progress and comments by their preceptors or clinical
instructors. There are cost-based proprietary clinical elec-
tronic systems that provide clinical educators with
a clinical tracking system specifically developed for select
professions to manage the many different processes
involved in clinical education. However, this comes with
not only the additional costs tostudents and the program,
but is lacking in configurable program design for specific
requests adding to the overall cost of the program. Both
cost-based proprietary clinical electronic systems and
paper-based tracking system solutions have their own
challenges and limitations.

Challenges with Proprietary Cost-Based

Systems

Cost-based proprietary clinical electronic systems offer pro-
ducts tailored to specific health professions (i.e., physician
assistant, rspiratory therapy, nursing, etc.). Examples of cur-
rent system applications include, but are not limited to, daily
evaluations, time management, procedures completed, track-
ing clinical attendance, clocking systems, feedback to clin-
ical sites, student feedback, clinical faculty and program
documentation, and clinical scheduling, etc. The challenge
programs and clinical educators face with these available
solutions is cost, both direct and indirect, and the ability to
configure specific program needs. Indirect costs are in time,
troubleshooting, downtime of the software (scheduled or
unscheduled), learning the software, educating students and
preceptors on the software. There is also the potential issue of
clinical sites allowing students and clinical instructors to
access the online program through their information technol-
ogy (IT) security and firewall system. Most programs do not
have the financial resources to afford the upfront and yearly
upgrade and management costs in purchasing these systems
or software. To cover such costs, programs may charge their
students additional access fees in addition to tuition in order
to cover the ongoing costs of the system. Another potential
challenge is with the software vendors' customer service
availability on weekends or holidays, and after normal busi-
ness hours. The cost and availability of customer services or
a help desk 24 hours per day, seven days per week to create
new accounts; assist with password resets or login issues; and
educate students, preceptors, and clinical faculty, due to day
and night shifts, and the weekend nature of clinical rotations,
as well as educating other end users on how to use the

software and program. In short, costs and customer service
availability can be considered the largest challenges with
cost-based proprietary electronic systems.

Challenges with a Paper-Based Tracking
System

Some programs, on the other hand, would prefer not to incur
the addition costs to the program or students and utilize
a paper-based tracking system. In this traditional system,
students turn in their evaluations daily, or based on rotation
days, and/or overall clinical evaluations at the end of the
course or term. In addition, the signed evaluations, compe-
tencies, and time stamps, completed by the clinical instructor
are then sent by hand or email to their director of clinical
education or course instructor. The paper workflow now goes
to the clinical educator to sort, document, maintain and store
the paper forms for evaluation and program assessment. In
addition, the documents from the students and preceptors
need to be evaluated in writing for further documentation,
resulting in large amounts of paper documents to evaluate
and assess the students’ performance, provide a grade, as
well as aid in accreditation assessment data and analysis. The
student is then notified of their performance by email, in
person, or via a learning management software system
(such as, but not limited to, Canvas and Blackboard, etc.).
This process also creates an increased faculty workload due
to the added amount of faculty time and resources needed to
accomplish these tasks. In short, additional time, increased
workload and decreased efficiency can be considered some
of the largest challenges in a traditional paper-based system.

The literature reports that celectronic tracking systems
are superior to paper-based tracking systems.' > Thus, the
purpose of this perspective article is not to compare paper-
based vs electronic tracking systems, but rather to demon-
strate an innovative approach utilizing available resources,
as well as a streamlined concept employing an electronic
tracking system at a low to no costs alternative.

This innovative approach is currently in used in
a respiratory care program to overcome the described chal-
lenges and limitations described above of a paper-based
system, using a business intelligence (BI) framework and
tools that are available in our institution and available at
This
approach is primarily useful for programs and professions

most institutions at little or no additional costs.

that do not have a standardized clinical tracking system
required by their professional accrediting body, or the extra
resources to purchase a clinical tracking system.
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Frustration Drives Innovation

As described above, these challenges and limitations can
cause a huge burden for all stakeholders involved in the
clinical education process. In this section, an online model
will be proposed to overcome these challenges and
limitations in a simplified matter. This online model has
worked well in our Respiratory Care program and can be
implemented in other programs as well.

First, a simplified description will be presented to under-
stand the data that are collected in clinics from students. The
online clinical evaluation and assessment model in Figure 1
is from one of our respiratory care programs clinical educa-
tion course sequence. Students are required to electronically
document their attendance in clinics, complete a daily eva-
luation form, and a specific number of objectives every
quarter, as well as having each clinical competency signed
as completed electronically by the clinical instructor and
preceptor providing the bedside education. Over the course
of the clinical rotation(s), this evaluation and assessment
interaction between the student, preceptor and clinical direc-
tor is documented and completed, and made available online
to the student, preceptor and clinical director in real time.
Should the student or preceptor identify a clinical deficiency
at any point in the process, the clinical director will further
evaluate and assess the specific needs of the students’ pro-
gress and institute-appropriate remediation on a timely mat-
ter. The overall assessment of the students and clinical
experiences are also collected and analyzed on an ongoing
basis for program and institutional accreditation purposes.

To begin the process of creating an online clinical educa-
tion tracking system, a web-based survey application is
needed to collect and produce a digital “form” based on

A

1. Please select your option

Send me an email receipt of my responses

currently utilized paper forms that can be transferred and
designed in any web-based survey application service. Most
institutions have an educational institutional licenses to such
web-based survey services such as, but not limited to, Google
forms, Microsoft forms, Survey Monkey, Qualtrics, etc. The
following sections will provide steps and examples how these

forms, are created, designed, and utilized in our program.

Attendance — The Time Stamp
To create and design the time stamp, for tracking clinical
attendance and hours is as follow: when a student clocks in
using a digital system (online web-based survey/digital
form), they are basically recording their arrival time in
a database by entering the actual time they enter the infor-
mation in clinic. This can be achieved by using any available
web-based survey application website. The student would be
entering the information via their mobile electronic device or
using one of the clinical sites computer system if appropri-
ate. To place this information into perspective, as a form
converted to an online survey application, a student is basi-
cally answering a multiple-choice question, that is easily
accomplished in an online survey application format.
Figure 1A shows a sample TimeStamp question used in
our clinical course using one of the online survey platforms:
The result or outcome in the above example would be
an accurate time stamp or attendance of the students’
clinical time clock in, in and out for lunch, and clocking
out at the end of shift. Some software applications allow
the record of the Internet Protocol (IP) address that can
further ensure the actual place the student entered the

timestamp for attendance.

B

2.Please evaluate the student on their Pre procedure performance *

Satisfactory Unsatisfactory N/A

Figure 1 (A) A sample time stamp question using an electronic online survey platform. Students have access to the link and select one of the options listed in the figure.
Once submitted, data is immediately stored in an electronic database. (B) An example of the electronic survey form that represent a sample clinical competency check-off
for the student. Once submitted, data is immediately stored electronically in a database.
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Clinical Competency Check-Off

Clinical competency check-offs were designed in a similar
method as the time stamp. The paper competency form,
along with the same clinical performance criteria, are used
to design and create the online form. When a preceptor or
a clinical educator is validating the students clinical perfor-
mance based on a specific competency or procedure, they are
basically answering a series of question(s) with
a satisfactory/unsatisfactory option (yes or no) to create the
online form. Figure 1B shows an example of the competency
check-off. The results or outcome of this example would be
a record as either satisfactory or unsatisfactory in a database
under a student name. This data, as well as, all data collected
can be easily exported into an excel sheet for further analysis,
evaluation, and assessment. To put it all in perspective,
Figure 2 shows a sample daily evaluation in both paper and
electronic form that a student fills out at the end of their shift
along with the preceptors verification and evaluation.

When comparing clinical and traditional classroom educa-
tion assessment and evaluation, there are distinct and different
processes to be considered. For example, there are many
variables, information, and data that is essential and requires
tracking to provide the clinical educator with the progress and
evaluation of students, as well as outcome assessment of the
clinical experience for program and accreditation purposes.

The more data points that are available at the disposal of

Student Daily Evaluation by RCP

Student: Date:

Clinical Site:

RCP (print name & signature):

Above Average Average Below Average

Quality of Work

Judgment

Motivation

Adapts Classroom Knowledge to
Clinical Situations

Tact & Courtesy

Self Confidence

Cc ication with Staff
Communication with Patients
Maintained Patient Confidentiality
Completed Assigned Work

Uses Equipment & Supplies Carefully
Proficient with Equipment
Understood Instructions
Appropriate Grooming

Attendance: Prompt (J Tardy 0 Comment:

Activities Performed:

clinical educator, the possibilities of additional analysis and
outcomes of students' performance and clinical competence
are enhanced. Every time a student performs a task or a skill in
clinics, data is entered, and is stored in a database that can be
available for analysis and outcome reporting in a multitude of
creative methods in a timely manner. Most, if not all, of the
survey websites applications mentioned, and not mentioned
offer reporting systems or features that provides data visuali-

zation tools of database outcomes.

A Simple Feedback System

A clinical tracking system, large or small, simple or complex,
requires inputs, outputs, processes, and feedback that should
be easy to access and navigate for all stakeholders. For exam-
ple, inputs of any type come in as data, for example, satisfac-
tory or unsatisfactory clinical competency or objective
performance, that can then be processed to create desired
data outputs in the form of reports and visualizations. There
is the possibility that the ability to access and navigate the
amount and data variables create a loss of information avail-
able to all stakeholders. Without a clear feedback loop of these
variables, there can be a gap or loss of continuity of informa-
tion to the students and reporting of collection data. The
student may have deficiencies, learning challenges, behavioral
issues that need immediate attention, or patterns of concern

over time requiring educational interventions. For example, if

Average Below av
Quality of Work

Judgement

Motivation

Adapts Classroom

Knowledge to Clinical

Situations

Tact and Courtesy

Self Confidence

Communication wit

Staff

=

Communication wi
Patients

Completed Assigned
Work

Proficient with

Equipment

Figure 2 The paper form that students used to fill out on a daily basis and the same form converted into an online form with a link provided to the students ahead of time
to access it via their clinical site computers. As noted, the evaluation categories are the same but converted online.
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a student is not able to complete a competency or objective due
to a lack of skill or knowledge, feedback may come in the form
of remediation, course correction, re-training, or providing
additional information and resources of education to reach
the desired outcome. To close this potential gap in input and
output systems, a feedback loop, based on the outputs pro-
duced in the system are needed. The software and technology
components currently available at most institutions, as men-
tioned above can be interchanged and integrated for improved
efficiencies. Any survey platform for data collection (input),
and data storage can be based in cloud storage, or stored
locally in an electronic process. An electronic online tracking
system reduces the time required to process inputs and develop
outputs (reports). For example, computation of frequency
count can be done much quicker in an electronic format rather
than in a manual paper-based system for assessment and
evaluation criteria. Therefore, a clinical educator with the aid
of technology can be more efficient and accurate with their
communication to students and providing program outcomes.

Business Intelligence in Clinical

Education: An Innovative Approach
The term BI has revolutionized the business industry “by taking
the industry to the next level,” by understanding customer needs,
preferences, and patterns for improved projection analysis. For
example, BI helps businesses identify potential customers and
target the right products to the right consumer. BI has been
found to improve efficiency and allowed companies and entrepre-
neurs to better understand their customers to better prepare for

*Preceptor &
Student
evaluations (via
web-based survey)

eEvaluation data
sync to the
University's secure
cloud database

future trends. Data collection and analysis is at the heart of BI
initiatives. BI involves data mining for trends, data visualization,
machine leaming, and artificial intelligence to create prediction
models.* An educator requires a repository of data and mechan-
isms to continuously collect and analyze data. The ease and
availability of an educator to build their own database and use
BI as a powerful visualizing tool is possible. In health care
management, BI has become a vital resource to mine data, provide
machine learning and artificial intelligence applications to improve
efficiencies. Research has shown BI to be effective in other non-
business-related applications, such as sleep medicine, internal
medicine, and radiology, etc.*'* As part of BI, the concept of
Key Performance Indicators (KPI) are one of the significant tools
that can be used to understand customers (stakeholders, such as
students, preceptors, clinical sites, accreditation agencies, etc.).'"'?
We believe that clinical education is an obvious application of this
technology where data mining and predicting student’s success can
be developed and achieved as well as using KPIs to understand its
data. BI tools can bring together all the databases data on one
platform for ease of use, and enhanced visualization for all of
stakeholders (students, clinical preceptors, accreditation, hospital
management, etc.) for the improvement of students' clinical pro-
gress and data collection and outcome reporting. BI benefits can be
fully realized once a significant amount of historical data has been
collected over time for program outcome assessment. Further, the
development of algorithms, models, and predictive analytics can
be an added benefit for any clinical program to identify and project
whether a student is succeeding, failing, or needing assistance
based on multiple variables.

*Reports
eStudents and
Instructors
Dashboard

evaluations.

e Review and analyze dashboards, reports, and

e  Evaluate any outliers
e Corrective action or follow-up if needed
o Talkto student
o Talk to evaluator
o Clinical educator advises students of the
corrective action

Figure 3 The model depicts the concept of a simple system with feedback and its application to the real-world case of a Clinical Education Tracking System.
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Our Own Experience with Bl

In our institution, faculty have access to select web-based survey
application platforms at the enterprise level. In addition, the depart-
ment and program did not have the resources to purchase, nor was
the idea of adding additional student fees or increase in tuition an
option to the program for a clinical tracking software system. Thus,
it was decided to upgrade from a paper-based tracking system, to
an electronic digital format as indicated above. Moreover, the
program decided to add a BI piece where a live dashboard contain-
ing all clinical education data was viewable by the clinical faculty
and the students in real time. BI dashboards include multiple
visualizations on one screen, providing configurable key data or
graphs side-by-side. The analogy of a vehicle’s dashboard will

suffice as an example; you are able to view your gas level, speed,
engine temperature, and many other key data for the driver in real
time, and is similar to the dashboard provided to the program and
clinical faculty. This dashboard was developed by gathering the
data collected and displaying what is most important to the end
user, our students, faculty, program. In a clinical tracking model,
this could be the number, and name of procedures completed, the
average performance and other analytics as well. This method and
process can be implemented in any BI application software pro-
vided by educational institutions. Figure 3 shows the model that
was used as a simple feedback system that bring all concepts
together (input, process, output). In addition, Figure 4 illustrates
a sample fictitious storyboard when putting all the data pieces

Home Insert Page Layout Formulas Data Review View

= X cut o
i [ A A
= [ copy

B I UDaMHavAw

Automate Help

Merge & Center v

v < Format Painter

Clipboard Font
vk

Uses Equipment anc‘z‘ Proficient with Equi Understood Instruct Appropriate Groomir{ v | Problem Solving

Uses Equipment ancRd Proficient with EquifRd Understood InstructB@ Appropriate Groomilkd Problem Solving

Alignment Number

Above Average Above Average Above Average Above Average Above Average
Above Average Above Average Above Average Above Average Above Average
Average Average Average Average Average
Above Average Below average Below average Below average Below average
Average Above Average Above Average Average Above Average
Above Average Above Average Above Average Average Above Average
Average Average Average Average Average
Average Average Above Average Above Average N/A
< k & &

Clinical Evaluation

Clinical Instructor Dashboard

Criteria

Open in Desktop App

$-% 9 % N8

[+]Critical Thinking
B2 Critical Thinking

¢/ Editing v GELCN (- Comme
=" > Autosum v A
H B &3=H 7Y @
Conditional FormatAs Styles | Insert Delete Format Clear~  sortg Find& | Analyze
Formatting v Tablev v o w9 Filterv Selectv Data

Tables Cells Editing Analysis

E] Overall Student AtteE] Physician Interactior{ v | Healthcare team rou | Please share your opinion
B2 Overall Student AtteBd Physician InteractiorBd Healthcare team rouBd Please share your opinion

Above Average Prompt 60 50 this is a test
Above Average Tardy 90 100 this is a test
Average Prompt 80 100 this is a test
Average Prompt 90 80 this is a test
Above Average Prompt 60 50 This is a test
Above Average Prompt 20 20 This is a test

Prompt 20 20 This is a test
Above Average Prompt 20 20 this is a test

Clinical Site1

Maintained Patient Confident... |
B

Problem Solving |

Proficient with Equipment |

0% 5%  10% 15% 20%  25%  30% 35%  40%  45%  50%  55%

60%  65%  70%  75%  80%  85%  90%  95%

100% 105%

% of Total Count of Criteria Value

Clinical Evaluation

Criteria Value
Criteria Above.. Average Belowa.. N/A

Adapts Classroom Knowle.. 3 4 1

Appropriate Grooming 3 4 1

Communication with Pati.. 3 4 1

Communication with Staff 3 4 1

Completed Assigned Work 3 5

Critical Thinkina s -] 1

Comments

Please share your opinion ab.. Preceptor N.. Unit (Pleas.. Year of Com.. Monthof C.. Day of Com..

This is a test Abdullah 20 2021 May 4 Abc
David 1000 2021 May 4 Abc
Johnsmith 2000 2021 May 4 Abc

Student Name

Criteria Value
B Above Average
B Average

W Below average

WA

Figure 4 A sample fictitious database showing how the data is being stored after being submitted electronically via an online form. As shown, data is stored in a database
(Excel) that can also be downloaded and stored for the department's records (A). (B) represents a sample dashboard based on the entries represented in (A) using Bl
software designed for clinical faculty to track the whole class performance. It can be filtered by date, name, and clinical site.

544 https:

Dove!

Advances in Medical Education and Practice 2021:12


https://www.dovepress.com
https://www.dovepress.com

Dove

Alismail et al

together from a paper form system to a BI dashboard that is live
and accessible to all clinical educators and students. Lastly,
Figure 5 shows a step-by-step guide to assist clinical educators
in converting an existing paper tracking system to an online
electronic tracking system. One of the limitations that is encoun-
tered is when the system fail to sync the data and requires a manual
refresh or intervention. Other possible limitations are some fire-
walls that hospitals and clinical sites, might place on external links
to the surveys for students to complete their evaluation or check-
off. Some clinical sites do not allow extranet access to all websites.

Conclusion
In conclusion, this innovative approach can save
a department direct and indirect costs in, reduced faculty

Start Here

time, and provide a real-time feedback loop system
between students and the faculty. Students will be able to
view and track their own performance using their own
dashboards, and the faculty are able to track and manage
student progress more efficiently and accurately. Clinical
educators should consider investigating and implementing
KPIs that can be used in clinical education assessment and
evaluation. It is our hope that this innovative experience
and perspective will spark and ignite other clinical educa-
tors to find other innovative ways, if not better, using BI
tools to take clinical education to the next level. Lastly,
studies to validate this proposed perspective are needed as
they will test and validate its function from the user
perspective.

Do you have access to any survey
platform from your institution?

create an account using any web based
survey website platform.

Move to STEP 1

STEP 1: Create your surveys using the
forms you have (customize it to your
needs, below are examples):

STEP 2: Use the report option in these web-
based survey platforms to visualize your
data. Exporting to Excel, as an example is an
option as well to run statistical analysis.

STEP 3: Optional- Use Business Intelligent
tools to mine your data by linking your
database (Excel, for example or directly

from the web based survey to the Bl
software).

Figure 5 A Guide to clinical educators on how to start a clinical tracking system for their program/department.
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