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Executive Summary

This output covers the design and development of a web-based platform, which is based on
the proven methodological and technological background providing analytical and data mining
methods for an effective harmonization, evaluation and mapping of medical curriculum. With
the use of this platform, we are able to parametrically describe and overview standard-
compliant medical curricula and provide comprehensive information for further expert
verification. Moreover, a set of analytical and data mining techniques for in-depth analysis of
medical curriculum are proposed here. It also proves the efficiency of every individual method
in practice on real institutional data.
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1 Curriculum mapping

In this document a new comprehensive approach describing medical curriculum mapping is
introduced. Based on the outcome-based paradigm and Medbiquitous standard-compliant
database structure, we have built a new web-based platform for prototype curriculum analysis
and mapping. The primary goal is to provide more transparent overview on curriculum building
blocks including a new perspective how to show and explain a complicated structure of
mentioned standard in practice. For these purpose, we decided to implement a set of data
mining and statistical methods in compliance with standardized and approved approaches,
which are used for content analysis of available curriculum data. These results may assist to
identify potentially problematic areas and construct comprehensive overview of imported
curriculum in the MEDCIN platform, because from the perspective of human cognition abilities,
it is not possible to carefully read, verify and understand all building blocks with all their linkages
and co-dependencies. Moreover, this platform may bring a new communication channel
between all involved stakeholders such as curriculum designers, guarantors, department
heads and faculty management.

In order to deliver some innovative best practice in medical curricula standardization, we
investigated many different data mining methodologies. We consider here the three of the most
well-known and proven standard processes: KDD - Knowledge Discovery in Databases,
SEMMA - Sample, Explore, Modify, Model and Assess, CRISP-DM - Cross Industry Standard
Process for Data Mining [1]. We also investigated the differences between the objectives and
goals of how data mining is applied in commercial, industry, research and especially in
education sphere. We intended to properly select a proven methodology for a good coverage
of the necessary steps needed in a curriculum exploration. We have adopted CRISP-DM [16],
which is often used for medical and healthcare as well as higher education data mining
tasks [171 21]. This model completely fits to the curriculum exploration, which among other
things fully supports the following crucial steps: (i) The understanding of the curriculum
innovation objectives from the academic perspective, which are defined by research questions.
(i) The understanding of initial medical curriculum data arrangement including the data quality
problems identification. (iii) The evaluation and refinement of mined results by medical experts
in a manner more effective to higher education institutions.

The MEDCIN platform represents a pilot web-based tool which uses a standard-compliant
curriculum data model to offer comprehensive and thorough analysis of a given curriculum. To
exemplify the use of existing technical standards in real curriculum management systems for
the European context of medical education, we needed to define problems or research
questions. We concentrated on the ability to visualise building blocks, descriptive components,
attributes, and relations in medical curriculum. We stated the following research question: How
to generally describe, transform, and visualise MedBiquitous standardized schema of medical
curriculum in real medical education? To answer the question, we first built a robust data
model, which can be used with no restrictions across software development kit. Based on that
we designed and constructed PostgreSQL database. Finally, we developed and implemented
web-based application and include a set of analytical reports based on JavaScript visual
analytic library.
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2 MEDCIN platform: Curriculum overview in practice

The curriculum overview module provides the functionalities for basic and also advanced
reporting of imported curriculum. The user is able to see the basic analysis above the
curriculum building blocks as well as perform sophisticated text analysis on particular courses
or sessions. For new incoming users can be complicated to find their way around, therefore
explaining information are present in some places. The homepage of this module is shown
below (see Figure 1). Imported curriculum is in the box described by basic attributes and
buttons leads to the specific sections of the curriculum overview module.

i
FMEDCIN 4

Home  Curriculum Import = Curriculum Overview  Curricula Comparison Project website = & medadmin «

List of imported curricula

Total number of imported curricula: 3

Masaryk University: General Medicine

Institution Masaryk University Programme General Medicine
Language Czech Matriculation Year 2021
Cohort Class of 2016

Sk Skt
Text analysis

Figure 1 Curriculum overview module homepage

2.1 Development life cycle

Today, there are plenty of various approaches how to construct software products. Software
development methods are continually improved, driven by the need to ensure the best quality
of a final product and to save as much costs as possible during the development process [2].
Engineers, managers, and other stakeholders face these challenges on different levels. We
have adopted the Extreme Programming methodology [3], which is a popular framework in
agile software development. All of its features are described in the Agile Manifesto of 2001 [4],
and here we list the three most important aspects for our objectives due to the fact that the
medical faculty management and IT developers must communicate together intensively
throughout the whole project: (i) easy adoption of new and frequently changing requirements
helps to satisfy various needs of academic community during the complicated in-house
development of own curriculum management system; (ii) productivity improvement, cost
reduction, and checkpoint introduction by frequent releases in short periods provide a delivery
of working software with a preference for a shorter timescale; (iii) clear, simple, and concise
coding and careful testing provide the required technical excellence and good software design.
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2.1.1 Engineering background

There are also many variants of generic software process models (for example the waterfall
model, component-based software engineering, etc.). We have adopted the evolutionary
development technigue (see Figure 1), which represents an iterative and incremental approach
to software development. This model is applicable for small- and medium-sized interactive
systems (up to 500,000 lines of code), where fundamental activities such as traditional
specification, development and validation are interleaved. We have started with well-
understood requirements, and we have progressively added new features as proposed by the
client. Then we have been developing the system through iterative cycles containing the
original increment as a slice of new functionality delivered from the requirements on the system
deployment.

Specification .4 Initial version
1
1
System description Development Intermediate
versions
Validation Final version

Figure 2 Schema of evolutionary development.

2.1.2 Requirements analysis

Requirements analysis allow us to understand and define what basic services, functionalities
and features are required from the MEDCIN platform. Since the very beginning, we have
intensively communicated with curriculum designers, senior guarantors, members of the
faculty management representagvesion raglarsneetingse wheres @set of
end-user needs was continuously defined. We aimed to involve all the stakeholders in the
needs identification process, which was necessary to define the characteristics, properties or
qualities that the platform must possess. The entire analysis covered high-level statements
coming from conclusions of the faculty management stated in the school long-term plan
together with general statements emphasising during joint interviews. The different
perspectives and opinions were gathered to build a complete picture of what the developed
solution should achieve and what the basic scope of the project itself is. These statements
were transformed into a set of user stories expressing end-user requirements in case of the
agile development techniques. User stories were written in business language (not technical
in the following format: As a | , SO that . The stories provided an
effective way of how to go through acceptance tests at the end of the development phase. For
example: As a curriculum designer, | need to browse my courses including all obligatory and
optional parameters at one screen, so that | feel comfortable during the curriculum optimisation
process.
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2.1.3 General conceptual data model

Our previous [5]i [7] and continuous work utilises a formal description of a curriculum; this is
a concept that has not been implemented in similar solutions yet. It covers all elements
pertaining to global curriculum harmonisation, including a detailed specification of formal
metadata in standard-compliant form. The organisation of metadata and its linking is provided
in the curriculum model, which can be implemented without any restrictions within any
relational database technology.

( aggregation \ [ Category ) @ PCRS \
i integer(10) | id  integer(10) | id integer(10)
[ CurrculuminventorylD integer(10) [ name varchar(255) ’ Lij name varchar(255)
[ groupA varchar(255) 2 2
[ groupB varchar(255) \ C CompetencyFramework N '
[3 groupC varchar(255) k % C Objectid  integer(10) J g
! & CompetencyObjectid2  integer(10) !
i i
@ Compe%amobjod Curriculum )
i integer(10) i d integer(10)
[ tite varchar(255) ( C: Object_Curiculum A name varchar(255)
D ' ‘\s’, Ce Objectid  integer(10) fo D institution varchar(255)
o varchar(255) Oiﬁ‘s, Curriculumid integer(10) {3 program varchar(255)
[ xeywords  varchar(255) [\] [1 1anguage varchar(255)
‘Hcatsgolyii integer(10) } (3] description varchar(255)
L [ fink varchar(255)
[ matriculation_year  integer(4)
cohort varchar(255)
(—__CompetencyObject_SequenceBlock ) ‘H PCRSId integer(10)
< CompetencyObjectid integer(10)
Sy SequenceBlockid integer(10) J i+
=4 C Object_Event N | O  C y A,
1‘wc:>mewncyooiecud integer(10) J P&quencoslockld integer(10) F;’
Sy Eventid integer(10) & Curriculuminventoryid  integer(10)
[& Event ( SequenceBlock_Event ) C SequenceBlock )
i d Integer(10) &, SequenceBlockid _ integer(10) 1 integer(10)
ﬂ title varchar(255) 4% Eventid intoger(10) E title varchar(255)
[J duration t [ stant-date date ] [J description  varchar(255) ]
[3 description varchar(255) [\]  end-date s N [3 timing varchar(255)
[0 keywords varchar(255) [N] [ evel integer(10)
[ tyre varchar(255) [N] . | [0 precondition  varchar(255) [\
[ assessment_form  varchar(255) [)] i [j posteondition  varchar(255) []
[J is_integrated  binary(5)

I

SequenceBlockReference
4\5; SequenceBlockid  integer(10)
6;9 SequenceBlockid2  integer(10)

Figure 3 MEDCIN entity-relationship model.

2.1.4 Technologies

Concerning technological background, the web-based platform runs on the commonly used
and widespread web servers, including either an Apache server or a Microsoft Internet
Information Server. We use an Apache server running on Ubuntu Long Term Support (LTS),
linux distribution of an operating system, with respect to its stability and proven performance.
The server-oriented scripting language PHP [8] was used to build the application layer of the
platform. It represents a hybrid semantic programming language, according to Malkov [9]. Our
application is built on a Symfony framework!. We decided to use this framework because it
supports both object-oriented design and event-driven development, and provides a set of
tools for debugging. Thanks to mechanisms for securing the application, Symfony ensures the
smooth running of our system. This framework is released under an open source license and
can be extended with plenty of plug-ins and add-ons. PostgreSQL technology? i an open
source Object-Relational Database Management System i was used for the data layer. This
model is based on objects, classes and inheritance, which are directly supported in database

1 https://symfony.com
2 http://www.postgresql.org
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schemas and in the query language. In addition, just as with pure relational systems, it supports
extension of the data model with custom data types and methods.

For the statistical computations is used R language®. The R scripts live in the dedicated R
server and a Symfony application is able to call R methods using the OpenCPU system [10].
The OpenCPU package is available on CRAN#*in version 2.0.x. The scheme of communication
is shown in Figure 4. For the rendering the graphs in the web environment we use the
JavaScript library d3.js®. The tables with data are enhanced by DataTables framework®,
therefore work with shown data is much easier for readers.

9 & | (p

Symfony

Symfony

OpenCPU| R server
app P

Figure 4 OpenCPU communication schema

The concrete deployment of production instance of the MEDCIN platform is shown in Figure
5. Users access to the platform by web browsers in their mobile or desktop devices. The core
of applications is in Apache server. Database and R servers are remote and communication
between them and application core is done by standard methods [11]

3 https://www.r-project.org/
4 https://cran.r-project.org/
5 https://d3js.org/

6 https://datatables.net/
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PDO_PGSAL

REST (POST)

Figure 5 MEDCIN Platform deployment diagram

2.2 Summary report

The first section of the curriculum overview is the summary report. Basic quantitative data

analysis about imported curriculum is performed here. The curriculumé s v ol ume i s vi sit
chart with numbers of courses, sessions and competencies linked to the curriculum. Types of
competencies (Program level, Course level, Session level) are described by pie chart (see

Figure 6). The rest of summary report page contains filterable and sortable data tables with all

courses, sessions and competencies with links to their details (see Figure 7).

Curriculum building blocks overview e Competencies overview e

- 164 @Program Level @ Course Level @ Session Level

100

Total number of blocks

Sessions

Type of building block

Figure 6 Quantitative analysis of curriculum
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Courses overview

A course contains sub-elements that define an organisational component of the curriculum, such as a course, a module, a learning unit or a
learning block (e.g. Anatomy |- Lecture). courses can be nested to show a variely of organisational methods, including an ordered set of courses
within a phase of insfruction, a series of opfional courses, compulsorily optional courses , and parallel blocks.

Show | 10 - | enfries

Title

Anassthesiology and Treatment of Fain
Anatomy

Biochemistry

Biology

Biophysics

Clinical examination in internal medicine
Clinical Examination in Surgery

Clinical oncology

Communication and Selfexperience

Community Medicine

Showing 1 to 10 of 173 entries

Sessions overview

4 Timing {in
hours)

0
240
150
135
105
75
120
a0
20
45

Search course:

Level =
Integrated
0 Yes
L1} Yes
0 Yes
0 Yes
o Yes
0 Yes
0 Yes
L1} Yes
0 Yes
0 Yes

Previous n

2 3

Action

Freview | Detail page | Context
Preview | Detail page | Context
Preview | Detail page | Context
Freview | Detail page | Context
Preview | Detail page | Context
Preview | Detail page | Contesxt
Freview | Detail page | Context
Preview | Detail page | Context
Preview | Detail page | Context

Freview | Detail page | Context

4 E 18 Mext

A session coniains information about educational and assessment sessions thai make up the curricuium {e.g. Abdominal Radiclogy).

Show | 10 - | enfries

Title

A specific approach to multimarbid older patients, self-sufficiency tests, ADL. |ADL, MMSE cognitive tasts,

tests of depression

Abdominal and chest injuries - First aid

Abdominal radiology

Accessory embryonic structures

Aeid-base balance

Acid-base reactions

Aeoguired damage to the nervous system in organ and sysiemic diseases

Active immunization, vaccine types, characteristics, contraindications

Acute sbdomingl events - classification, dizgnosis

Acute abdominal pain in children

Showing 1 to 10 of 1,342 entries

Search session:

Duration
A fin
hours)

10

Previous n 2

Figure 7 Data tables of courses and sessions

Start

Date

2018-
0a-18

2016-
08-18

2018-
0a-18

2016-
08-18

2018-
0a-18

2016-
08-18

2018-
0a-18

2016-
08-18

2018-
0a-18

2016-
08-18

3

End

Date Action
ig-l;g Ereview | Context
g:‘; Preview | Context
ig-lgf ) FPreview | Context
g:‘; Preview | Context
ig_lg'] | Preview | Context
g:‘; Preview | Context
ig_lg'] | Preview | Context
g:‘; Preview | Context
ig_lg'] | Preview | Context
g:‘; Preview | Context

4 5 .. 135 Next
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2.3 Building blocks' context

Every entity in the curriculum has its environment. The direct links to other entities. This is the
way how there are implemented to the teaching. Options how the direct environment can look
like comes from the data model (see Figure 3). For concrete building blocks the environment
can be following:

1 Course i related curricula, related sessions, related competencies
I Session i related courses, related sessions, related competencies
1 Competency i related curricula, related courses, related sessions

All these links can be discovered using this section i building blocksé ¢ o.rnttres first step
user choose the desired building block from the form with select boxes. Every view contains
information about directly linked blocks in the data tables with links to them. This literally
enables the jumping between blocks and showing their contexts. The page of context is shown
in Figure 8.

Masaryk University: General Medicine: Building blocks' context

Curricula list
© Curriculum: Masaryk University: General Medicine
o Event: Accessory embryonic structures

4 26 2
of parent courses of events which are connected of competencies for this
to the same session session

Courses overview

The course contains sub elements that define an organizational component of the curriculum, such as a course, module, learning unit or block
(e.g. Anatomy |. - lecture). courses can be nested to show a variety of organizational methods, including an ordered set of courses within a phase
of instruction, a series of electives, selectives, and parallel blocks.

Show | 10 - | entries Search course:
Title 4 Timing (in hours) Academic level Is Integrated Action
VSHEO0221c: Histology and Embryology | - practice — 0 Yes Preview | Context
VSHEO0221p: Histology and Embryology | - lecture — 0 Yes Preview | Context
VSHE0322c: Histology and embryology Il - practice — 0 Yes Preview | Context
VSHE0322p: Histology and embryology Il - lecture — 0 Yes Preview | Context
Showing 1 to 4 of 4 entries n

Figure 8 Session's context
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2.4 Search by keyword

If user knows what keyword or phrase want to find he/she can use this section. Typed phrase

is searched through whole curriculum and if it occurs in building block then this building block

is returned. The page wighownmEigurelo.t f or word AUr ol
Curricula list

< Curriculum: Karolinska Institutet: Clinical Medicine
< Phrase: Urology

Urology

Found 0 courses, 9 sessions and 4 competencies

Sessions overview
A session contains information about educational and assessment sessions that make up the curriculum (e.g. Abdominal Radiology).

Show| 10 v | entries
Title 4 Duration (in hours) Action
Basic urological cases 6 Preview | Context
Emergency Urology 3 Preview | Context
Examination OSCE 2 Preview | Context
General knowlzdge in urelogy and integrations 1 Preview | Context
Practical Urology 1 6 Preview | Context
Practical Urology 2 8 Preview | Context
Practical Urology 3 8 Preview | Context
Practical Urology 4 6 Preview | Context
Written examination 6 Preview | Context
Showing 1 to 9 of 9 entries Previous n Mext

Competencies overview

The learning outcome, competency, learning objective, professional role, topic or classification (measurable description of what students are
able to demonstrate in terms of knowledge, skills, and values) associated with particular session or course in accordance with Bloom's
Taxonomy (e.g. Student analyses benefits and issues of to date development of health care system).

Show | 10 - | entries Search competency:
Title 4 Action
Asszessment of clinical and practical leaming objectives in urology. Preview | Context
Assessment of students’ clinical reasoning regarding learning objectives in urology. Preview | Context
Assessment of theoretical and clinical leaming objectives in urclogy. Preview | Context
Introduction to basic Urology. Preview | Context
Showing 1 to 4 of 4 entries Previous n Next

Figure 9 Search of "Urology" phrase result page
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2.5 Competency Framework

AThe MedBiquitous Competency Fr a20woa technicah NS | [ N
standard for representing competency frameworks in XML. Organizations that publish
competency frameworks can do so in this standard format, making it easier to integrate
competency frameworks into educational technologies like curriculum management systems.
The standard allows medical schools and other health professions schools to connect their
curriculum, learning resources, and assessment data back to a common set of competencies,
ultimately enabling competency-based views of the curriculum and of learner performance’.o

The Competency Framework visualisation in MEDCIN Platform looks like tree structure. The
graph of competencies is based on data of competency framework obtained during the import
phase. The main idea is to show how competencies are connected and which are broader and
which narrower. Our visualisation consists of two tree charts. Both are based on the same set
of data. The first is more about showing all information about competencies and links to
competency context (see Figure 10), the second is more about showing the structure of
concrete Competency Framework (see Figure 11).

7 https://iwww.medbig.org/node/819
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e — /]

Figure 10 First visualisation of the Competency Framework
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e A IEIe]
SETES

Have knowledge O

Know and unders...o
Have knowledge o

Have knowledge O

CFO

Understand prev.. O Have knowledge . O

Able to documen. . O Have a basic kn... O

Q@

Figure 11 Second visualisation of the Competency Framework

2.6 Text analysis

MEDCIN text analysis is performed and visualised by R and OpenCPU server using several R
libraries for text processing and visualisation. Pre-processing phase of the text was given
special attention in order to obtain a clean final dataset with meaningful words in their basic
lowercase forms. This concerned deleting non-text expressions such as HTML characters,
punctuation and numbers as can be seen on Figure 12.
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# Special HTML chara

(corpus_|

FA,

content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (

content_transformer (
content_transformer {

replacing with spaces

tm_map (corpus_FA, content_transformer

COrpus_FA <- tm_map

corpus_FA <- tm_map{corpus_FA,
COrpus_FA <- Tm_map(corpus_FA,
corpus_FA <- tm_map{corpus_FA,
COrpus_FA <- Tm_map(corpus_FA,
corpus_FA <- tm_map{corpus_FA,
COrpus_FA <- Tm_map(corpus_FA,
corpus_FA <- tm_map{corpus_FA,
COrpus_FA <- Tm_map(corpus_FA,
corpus_FA <- tm_map{corpus_FA,
COrpus_FA <- TmM_map{corpus_FA,
COrpus_FA <- tm_map{Corpus_Fa,
COrpus_FA <- TmM_map{corpus_FA,
COrpus_FA <- tm_map{corpus_Fa,
# Punctuations replacing by sp
COrpus_FA <- TmM_map{corpus_FA,
# Numbers replacing with spaces
COrpus_FA <- tm_map{corpus_Fa,
# Czech guotation marks
COrpuUs_FA <-

# Converting to lowercase
COrpus_FA <- tm_map{corpus_Fa, tolower)

addresses removing
content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (
content_transformer (

pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern
pattern

pattern

pattern

pattern

"<br /=", replacement
"<br =", replacement
"</1i=", replacement
"<1i=", replacement
"<ul=", replacement
"</ul=", replacement
"<strong=", replaceme
"</strong=", replacement = " "
"<em=", replacement = " ")

"</em=", replacement
"< em=", replacement
"<0l1=", replacement =
"</ol=", replacement
"<http\w+=", replace

"[[:punct:]1]", replac

"[[:digit:]]", replac

Figure 12 Example of R code for text cleaning

o= "

ment = " "
ement = " "

ement

N7, replacement = T

Afterwards, stemming technigue was used on these words and following output was visualised.
Wordclouds, frequency tables, histograms and dendrograms were used in order to visualise
frequencies of corresponding words. R visualisations depended heavily on several packages
including ggplot2. Figure 13 shows package dependency for producing wordclouds and
dendrograms in svg output format [11].

Figure 13 R packages dependency for visualisations

Figure 14, Figure 15 and Figure 16 show corresponding visual outputs produced by the

MEDCIN text analysis.
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