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Abstract. Despite the increasing computerization of hospital information systems,
segments of patient care are still in paper format. Data extracted automatically from
the hospital databases for one specific project are thus supplemented by data
collected manually. Data collection tools are usually developed entirely, which
requires computer knowledge and is tedious, or automatically from metadata or drag
and drop controls, which is limiting in terms of functionality. To facilitate this
manual collection, we developed a free and open-source tool for creating forms that
does not require advanced computer skills, offers rich features, and is quickly
implemented, tested and deployed. It was implemented for 15 projects and
supported thousands of daily users for a complex interactive study at the national
level.

Keywords. Clinical research; Electronic data capture; Electronic health record;
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1. Introduction

Despite the increasing computerization of health facilities, health data are still being
collected manually to supplement the computerized databases when conducted
observational retrospective or prospective studies. There are three main types of tools for
manually capturing and storing data: spreadsheets, Electronic Data Capture (EDC)
systems and handmade applications.

Spreadsheets are part of office suite software. In the same manner as text editors or
presentation programs, spreadsheets are prevalent because they are automatically
installed on the workstation and easy to handle [1]. However, they can be modified by a
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faulty manipulation, they do not support the generation of standardized and interoperable
data, and it is particularly difficult to manually handle for large datasets with high number
of rows and columns.

EDC:s collect data in an electronic Clinical Report Form (eCRF) and are generally
composed of a graphical user interface component for data entry, a validation component
and a database [2]. There are two main ways to design a form with an EDC: a metadata-
driven approach and a GUI approach. In the first case, a table with the list of required
variables, types, labels and constraints are loaded into the EDC to automatically structure
the visual interface and the database. In the second case, graphical widgets are manually
positioned on the interface by drag and drop. The widgets are then configured to take
into account the characteristics of each variable. Although they have been reported as a
mean of improving research efficiency [3], both approaches often offer limited
functionality, and proprietary license is a barrier for scientific projects without sufficient
funding [4].

The last alternative consists in developing handmade applications from scratch. For
this, a web technology (such as PHP, Node.js, etc.) is generally associated with a database
management system, which control the user interface and data storage, respectively. This
approach allows to develop forms with unlimited functionalities, but requires advanced
programming skills and is time consuming.

The objective of this project is to provide a free and open-source tool facilitating the
developer and end-user work during the eCRF design stage. The tool has to allow
creating forms on the fly, immediately ready to be tested and used, with a minimum of
code and coding skills.

2. Methods

We performed extensive interviews among our peers in medical, pharmaceutical and
environmental sciences to assess their needs in term of data capture tools. To bridge the
gap between spreadsheets, EDCs and handmade applications, our solution had to answer
the following design goals: (i) enable the creation of the project, the design of the
interface, and the formatting of the data structure and storage with a minimum of code;
(i1) facilitate the development and interactions between developer and end-user, (iii)
support standard widgets but also rich functionalities, (iv) view and export the data
easily, (v) provide training, (vi) generate shareable forms, (vii) support an offline mode
and mobile/tablet format, and (viii) be free and open-source.

To bridge the gap between existing approaches, we have developed a framework
which supports the generation the interface, data structure, and storage in one line using
a common programming language rather than a meta-language or a graphical library.

We have developed Goupile project using free and open-source technologies. The
front-end is built using HTML/CSS/Javascript, while the back-end is implemented in
C++. Data is stored on the server as JSON (JavaScript Object Notation) objects in a
SQLite database. The choice of SQLite was made for three reasons: (i) we wanted to
compile and use Goupile as an autonomous single-file binary, (ii) we use relational tables
for other functionality, such as user management, and (iii) SQLite is a solid battle-tested
database engine with an extensive test suite. Each record does not necessarily have the
same variables, which allows the form to evolve and store new variables. Some data can
be stored client-side with IndexedDB (offline mode).
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The standard widgets are implemented with predefined Javascripts functions:
number, text, dropdown list, radio button, checkbox, date. Other more specific widgets
were developed according to user needs: choice (a set of horizontally arranged buttons),
binary (choice with yes/no answer), likert scale, and computed variables. All widgets are
configurable with optional arguments dealing with the mandatory of the field, the number
of decimals, or the minimal and maximal values, for example. Optional arguments are
passed to the function between curly braces (see Figure 1).

function ( "variable name", "Label shown to user", {
optionl : value,
option2 : value

)

Figure 1. Function template for the creation of a widget

3. Results

Goupile is composed of five main components:

¢ an administration panel to create projects, users and assign projects to users in
defining permissions (code, entry, export, read what was read by other),

e an application editor to define the architecture of a project (the forms and the
relationships between them) and its general configuration (date of start, style
with a CSS sheet),

e aform editor to code the sections and widgets (label, type, options),

e an entry panel to display instantly the form and its visual widgets, which allows
the user to enter data,

¢ adata overview module to display the data recorded and provide export function
(in csv or xIsx formats), audit trail displays information on entry (user and date);
a dashboard displays the number of records and number of complete cases.

The project is available in two formats, a ready-to-use package for a single form and
a single user, and a complete solution for multiple forms and with different configuration
options [5].

3.1. Development of the form

During the form design phase, the form editor may be used simultaneously with the entry
panel: while coding the widget in the editor, the control is immediately displayed and
usable right next to it (see Figure 2). At this stage, it is already possible to validate a
record, test the logical structure of the form and visualize fictitious records.
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Figure 2. Form editor and entry panel. The left part of the interface is the form editor. The right part of the
interface is the entry panel.

3.2. Daily use

During the data collection phase, the entry panel may be used alone, or with the data
overview/export part (see Figure 3).

Editeur Donndes Apercu test [test]

[ patiencid fistname  lastname  birth date weight bmi sex.

Patient ID
firstname 2 lastname2 07M091980 78 a7 "

x3 first_name_3 last_name_3 20/03/1387 58 2 ¥

First Nome
Last Name

Binth Dote
Weight

Body Mass Index

Sex

Male | Female

Figure 3. Data and form overview. The left part of the interface is the data overview. An export button
allows exporting a CVS file. The right part of the interface is the entry panel.

3.3. Functionality

The main features are the support of 1-to-many relationships, an offline mode, responsive
design for tablets and smartphones, error management, data tracking. Advanced users
can also customize the form with conditions, loops and all that can be programmed with
Javascript. Finally, the data is hosted on a secure server.

3.4. Projects

At this time, Goupile has been used for 15 projects, including 3 multi-center projects.
The design of Goupile was flexible enough for us to implement the 17 modules of the
MINI for DSM-V assessment online, despite the complex flow of the questions. We were
also able to conduct a complex interactive study at the national level with Goupile, with
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several neuropsychological assessments, where the users had to watch multiple videos
and photos and answer to associated questions.

Several studies were developed on Goupile by non-programmers, who where able to do
create most of the form each time. We typically intervened only at the end to fix minor
mistakes and help to code the more complex conditions needed for some questions.

4. Discussion

We offer a tool that allows to quickly design and edit a form using ready-to-use Javascript
functions, immediately visualize and test the form, and visualize/export collected data.
The use of ready-made functions directly modifies the appearance of the form and the
structure of the database, thus saving time compared to an application developed from
scratch. These functions are developed in a common language (Javascript), rather than a
meta-language or a GUI, which offers a number of customization possibilities for the
eCRF. Finally, the hosting on a server, and the data quality rules are advantages
compared to the spreadsheets. Goupile is provided free of charge, and the code is free
and open-source (AGPL 3.0).

The tool was well received by the users, both for the form design and data collection
phases. Further developments will address the support of direct mail, the use in clinical
routine, and more powerful data monitoring capabilities.

5. Conclusions

Goupile presents a new paradigm for the quick development and implementation of an
eCRF. Based on Javascript and ready-made functions, it allows users to easily design,
edit, test and deploy an eCRF.
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