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Abstract

Electronic Data Capture (EDC) is increasingly baisgd in the pharmaceutical, biotech and medical
device industries to gather research data worldivate doctors, hospitals and universities partitipa
ing in clinical trials. In this highly regulatedhé@ronment, all systems and software must be thor-
oughly tested and validated, a task that is buia®esn terms of time and cost.

Starting with database structures that are designbd copied easily, this paper proposes a simple
framework that allows for rapid development andimad testing. The framework includes tools for
building modules, for copying modules from oneltriathe next, and tools to validate that the mod-
ules are the same as modules that have beendstlytt previously. A proof-of-concept prototype has
been built to demonstrate certain tools and tecl@sdhat can be used when designing and building a
simplified EDC interface.
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Introduction

Electronic Data Capture (EDC) is increasingly baisgd in the pharmaceutical, biotechnology and
medical device industries to gather research dat&dwide from doctors, hospitals and universities
participating in clinical trials.

“Over the past fifteen to twenty years, many déférforms of site-based capture of clinical trialta
have been developed. Data collection technologlths been applied to improve clinical trial data
collection is generally referred to as electronata capture (EDC)"(Kush et al., 2003)

The Clinical Data Interchange Standards Consor{l@BISC) defines an electronic clinical trial
(eCT) as:

“Clinical Trial in which primarily electronic procees are used to plan, collect (acquire), access,
exchange and archive data required for
conduct, management, analysis and report-
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Web Based Data Capture

Starting with database structures that are desitmbd copied, a simple, less fully- featured ap-
proach should allow for rapid development and malitasting. It is recognized that in this scenario
much of the intelligence for managing and clearirggdata would be missing but could be built in
after the go-live date. | suggest that this iscaarefficient and logical approach when, in mosesa
sponsors of clinical trials want to start collegtishata as soon as possible after the study deaign h
been finalized.

Scope

This project is primarily a software design andieagring effort, a framework has been built for
constructing web-based data collection forms. Dhiding tool itself is web-based, the framework
includes tools for building modules, for copyinganées from one trial to the next, and tools to-vali
date that the modules are the same (or not) aslesthat have been fully tested previously. I8 thi
way, validation of the components used for each will involve identifying and testing only the
delta from previously tested modules. This proet@ncept prototype was built to demonstrate cer-
tain tools and techniques that can be used whegnileg and building a simplified EDC interface.

In addition to the building tool, the system fonsgieg up the data entry forms was constructed to
show how clinical research forms, or CRFs, migbklon the web. Both the building tool and the
data entry system is available on the publicly lakde World Wide Web so that interested parties
will effectively be able to build a clinical tri@nd then access the data entry forms themselves.

The whole system will contain only the level ofaleaind functionality required to demonstrate the
use of certain design techniques. It is acknowdddbat in real life, a system for capturing claiic
data would necessarily have to include other fanetity including (but not limited to) features suc
as a security sub-system, multiple role capakslitieporting and export features etc. While thisct
tionality could be added, the intent was not tddaifully featured, “ready to use, out of the box”
EDC system.

Approach

While the use of Open Source software tools isnaf@ntroversial, the technologies used for this pro
totype were PHP and MySQL. Within that technolégynework, an object-oriented design and
programming approach was taken. While not strigtiyObject Oriented language like Java, C# or
Smalltalk — PHP version 5 does support OO congraistl methods.

Key to the design is the encapsulation of all Teiaiments within database structures including edit
check logic to be applied to data elements. Timstadata” approach allows for simple data copy
and compare processes that are important tootsuitating reusable modules. The Trial elements
mentioned here refer to a hierarchy of objects thigether go to make up the Data Capture aspects
of a Clinical trial. They are discussed in greatetail in a later section, but briefly they areshewn

in Figure 1.
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Figure 1 Hierarchy of Trial Objects

Outcome

The Study Build tool is available for use on thélpuinternet; the URL is
http://208.131.145.200/studymaster/main.php

Functionality includes full ability to list, adddi, copy and delete all trial components.

After building or modifying a trial, the resultsrcae viewed at the following link:
http://208.131.145.200/studymaster/studies/logim.ph

A user with the following credentials has beenugeto access the studies of the “Bristol Myer” spon
sor:

Username: steve
Password: dtg

Industry Literature

According to a report from the Tufts Center for 8tedy of Drug Development, it takes US drug
companies typically between 10 to 15 years frongdliscovery to approval from the FDA to market
the drug. Also, for every 5 drugs that enter tid@aal testing phase, only one will finally be ap-
proved for patient use (Hewitt, 2001). Clinicaltieg proceeds through a series of phases defined by
the FDA:

Phase 1 — studies are conducted on a small nurhbeafthy volunteers (between 20 and 80) to ex-
amine how a drug is metabolized by the human bdlysing level decisions are made based upon
the results, testing will not proceed to the ndxge if any serious adverse side effects are discov

ered.

Phase 2 — conducted on several hundred subjectbavigoa disease or condition to assess the effi-
cacy of the drug. If the drug proves to be effectind any identified risks are considered to be ac
ceptable, the drug moves on to phase 3.

Phase 3 — the drug is administered to thousansishpécts with a disease, typically in a double-
blinded fashion (both the patient and the doctonaioknow whether the drug being used contains the
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active ingredient or placebo). Often the drugied against existing therapies to statisticathye
or disprove superior efficacy. The larger patopulations will often uncover less common adverse
side effects (FDA, 2006).

Historically, data collected for these trials hédezn paper-based with doctors recording information
on paper case report forms (CRF’s) and sending tbahe drug company where the information is
analyzed.

“The paper-based approach to clinical trial datalleztion, exchange and entry presents multiple
opportunities for errors and delay{’BM, 2007).

Over the past ten to fifteen years, several reranteelectronic data capture technologies have been
used to exchange this data, significantly redutnegtime to data review. In addition, edit check
logic can be applied at the point of data entrgatch invalid, non-conformant or conflicting data r
sulting in cleaner data earlier. There is alsotemtial for improvement in safety with adverserdse
being identified faster.

“EDC appears to be catching on, not because itag/ipossible, but because a small number of spon-
sors have shown that clinical development can loelacated while actually reducing cotCollins,
2007).

Industry analysts predict a sharp increase in fieeall these technologies over the next few years.
One report from IDC Health Industry Insights preslihat 45% of all trials will be conducted using
EDC by the end of 2007, up from 24% at the end00B2-

“The life science industry is undergoing a fundataéshift away from batch-processes where clini-
cal data recorded on paper can be locked up forkeeEDC enables life science companies to con-
duct adaptive clinical trials that operate in retare” (Connor, 2007).

Central to each clinical study is a document catlhe‘Protocol” designed with clinical and statsti
aims in mind. From the Clinical Data Interchangan8ards Consortium (CDISC) glossary of terms,
the protocol is:

“...a document that describes the objective(s), desiethodology, statistical considerations, and
organization of a trial”(CDISC, 2006).

There is a critical time period after protocol fimation and before data-entry is enabled duringctvh
the technical components of an EDC system are nlegjgonfigured and tested. The goal of this
project was to propose techniques to reduce thmieg#rough the use of easily reusable, standard
components.

Project Documentation
Requirements were broken down into the Study Bajiktem and the Data Entry system.

Study Build

In this simplified version of EDC, a study buildeill need to list, add, modify, copy, or delete a
number of study components:-

e Sponsor — any company or institution conductingicdil trials. This could include pharmaceuti-
cal or biotech companies, medical device manufacsusr educational institutions.

e Study — describes the studies that are conductedsppnsor

» Event — analogous to a patient visit at which tofieical information is collected. However it
could also include non-scheduled events such ashagrse experience.
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» Form — similar to a paper case report form, eaam e a “module” of information that is col-
lected at an event (vital signs, ECG, blood chemisrr example).

» Group — alogical group of questions on a form, lsamseful for describing repeating groups.
* Question — a single piece of information colleat@da form.
» Edit check — logic applied to a question as a ‘tyacheck”, used as a data quality aid.

» Parameter — an edit check may contain one or namaeters describing the constraints that will
be applied to a question’s data.

The Use Cases for viewing, manipulating or copyirgse components are as shown in Figure 2.

LIt companants

Madify a component

@

T

Copy a component

Study builder

Figure 2 Study build use cases

Key to the concept of reusability is that a studitder will have the ability to copy any component,
whether it is a form, an edit check or an enticelgt

Data Collection

Run-time use cases based upon a study sponsdiitufgrwork stream processes could typically
include those shown in Figure 3.
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Figure 3 Run time use cases

As previously mentioned the functionality of thi®type is limited but demonstrates:

Web-based forms for entering clinical data autooadlii generated from metadata archi-
tected in the study build process.

System generated queries based upon automatic atetdefined edit checks.
The ability to copy study components from one tigathe next.

Using this metadata approach, validation of nealgrcan include simple data comparison proce-
dures.

Architecture

Both the Study Build tool and the Data Collectionltare web-based. The build tool constructs the
metadatathat defines the structure of each study, the da¢tadrives the forms and edit check logic
of the Data Collection system.

Study Build Tool
The hierarchy of the primary objects for the stbdyd tool are as shown in Figure 4.

52



Smith & Sambasivam

Sponsor

dias

Figure 4 Study Build Object Hierarchy

All of these objects inherit from a single “Baserent that allows for a single Ul for each of the
tool's use cases.

The logic for each of these functions are impleradmih the parent class; for example the following
shows stubs for the constructor and copy methotlsedfBase” parent class:-

class Base

[* Constructor */
function TrialComponent ($classl D=0, $className="", $classK ey="")
{

/I constructor code...
}
/* Copy function */

function copy_instance ()

/I copy this
Il copy children

}

Each of the specific trial components inherit frtris base object and will be intelligent enough to
know about the objects above and below it in tleeanchy. As an example, the Forms object might
look like:-
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Class Forms extends Base

{

var $keyName="formID";

var $childrenName="Groups";
var $childk eyName="groupID";
var $parentK eyName = "eventID",
var $parentName = "Events',

}

Erich Gamma in his book “Design Patterns” describesform of inheritance as “white box reuse”
referring to the visibility of the internals of tilparent class (Gamma, 1995).

The screenshot in Figure 5 is the list Ul for tleerfk component:-

StudyMaster - List Forms

#

l_lﬁll?nml Name [Description |Eequence

- Iﬁ Demographice |Demographics |1
[ [108[Vatal Signs~ [Vital Signs |2
| [119[Physical Exara [Physical Exam |3
Flﬁlﬂlc ohel Use |HJ|: ohol Use |4
TIE Prime Therapy (Prime Theragpy |6
?lﬁ Tobacco Tee  |[Tobacco TUze |5
r-t? |T2_3“ Exﬂlvc:'sc Ewvents Lﬁ.dvcrac Eircn;;r!'

Add | Edit | Delete | Copy |

Figure5List Forms(list.php)

The same Ul is used for all other Trial componefmisexample Sponsors and Studies as shown in
Figures 6 and 7.
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StudyMaster - List Sponsors

’_ ’E |Spunsur Name |Descriptiun

? ’T |Sup erHuge Pharma |Blg pharmaceutical company

’?’47|Shaﬂng Plough |..":I‘,. cooperative farmer-ceutical company

I?’?|Brist-:}1 Myers and Coke |Doing recearch on sclerosis of the liver

I?’?|Murk |"‘-Hhere FATENTS come first - pam kallers and cardiovascular events

Add | Edit| Delete | Copy |

Figure6 List Sponsors (list.php)

StudyMaster - List Studies
A
i |

_Elﬂmd_v Name |Numhsr |D9 scription

13 [Diabetes study 1 [DIABO012 [Adult diabetic study

14 [Diabetes shidy 2 DIARONSD |Imrmile dizbetes study

15 |Oncelogy study 1 CHC0001 |Breast cancer study

16 [Bird fiu vaccine study [WMACO002 |acomation shady

[17 [Weight loss [WGTO003 [Weight loss study

18 [Digbetes study 2 [DLAB0012 [Adult diabetic study

12 |Diabetes study 4 DIABO10] |Juverde diabetes study

E Cncology study 2 CMC0002 (Breast cancer study

21 [Fiu study [VACO0005 |Vaccination study
Fﬁlﬁw&wascﬂm shudy lCP..RUDDS ll'mpmirn: cardiovascular functon

IR RRBRRERE

Add || Edit | Delete | Capy |

Figure7 List Studies (list.php)

A Study Builder can navigate down through the obljgerarchy by clicking on the hyperlinked ob-
ject name in the list. For example, clicking ostiady name will bring up a list of associated egent
clicking on an event name will bring up a list ofrhs.

From any level, a new component can be added bkirngj the Add button. Through the “fieldques-
tions” metadata table, the Add form is smart enaiagknow what fields to paint for any given object.
In the example shown in Figure 8, this new Demadgijicgform once submitted will be added to the
parent Event:-
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|Event 1
|J."Tame of Form [Demog
|D:scription “Demugrnphics
Help text ;I
Help Text
]|
Subrmit Cancel Back to Top |

Figure8 Add Form

Also from the List Ul, any row can be selected bigking on one of the radio buttons in the first-co
umn, then Edit, Delete or Copy can be chosen. WEtibring up a Ul very similar to the populated
Add form. Information for any of the objects caminodified and submitted through this form.

Hitting the Delete button once a row is selecteltibwing up the warning screen shown in Figure 9.

Delete this object - Are you sure?

Smudy I

Ewvent Name ]Screening
Scheduled ] Yes j
Study Day 0

Allowable days early |EI
Allowable days late |[0

Sequence I

Delete | Cancel | Backto Top

Figure 9 Delete screen

Copy is the powerful feature that allows a Studyldiar to select an object at any level and copy it
along with all its children objects to a new sijglinAs an example shown in Figure 10 — if an event
called Visit 4 was identical to a subsequent \sithe row can be selected and a sibling created an
renamed.
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StudyMaster - List Events

ID [Event Name [Scheduled Sequence

- Screening Tes 1
|3 [Visr 1 Yes 2
C M |Visit 2 Tes 3
cP Vit 2 Tes 4
@ |-57 Visit 4 Tes 5
r [’I_[Dis-:qnﬁnuahm M 0
Add | Edt | Del Copy

Figure 10 Copy functionality

This feature guarantees that the object and ddrem in the branch below it are copied to theisgl
The recursive code that accomplishes this is imptead in two functions defined in the parent
“Base” class -€opy_instance and the function that it caltopyChildRows:-

function GopyLinstance ($par entK eyValue=0, $parentK ey="")

{
/* Copy the row */

$query ="select * from ". $this>name . " where ". $this->key . "=" . $this->id;
$result = $mysgli->query($query) or die(mysql_error());
$row = $result->fetch_array(MYSQLI_BOTH);

..... A lot of other code, see Appendix A for fulltlis

/* Copy children rows */

if ($this->CopyChildRows($mysgli))
{return TRUE;}
else

{return FALSE;}
}
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The function copyChildRows then recursively calipg instance for each of its children:-

function copyChildRows($mysqgli)
{ foreach ($this->children as $childK ey)

{

$obj = new $this->childrenName($childK ey, $this->childrenName $this-
>childK eyName);

if (!$obj->copy_instance($key, $this->keyName))

{return FALSE;}

As far as edit checks to validate the data thahisred through the Data Collection Tool, the tygfes
check shown in Figure 11 have been implementethtosake of demonstration:-

StudyMaster - Update Edits

[Field 135
[Name of Edit  |[After1950

Patient must hawve been born after 1550

Descrption

Type fater =]

Required
Renge

at hawve been born after 1550

Discrepancy Text

Submit | Cancel | Backto Top |

Figure 11 Edit Checks

A field can be defined as “Required”, meaning teating it blank would fire a discrepancy mes-
sage. “Range” checks that it is between 2 numtaepsiring 2 child parameters. “GT”, “GE”", “LT"
and “LE” are simple numeric comparisons againshgle parameter. “After” is a date comparison —
in the example shown in Figure 11, a date of Higld is checked to ensure that a patient was born
after 1950. This edit check and others will be dest@ted through the Data Collection Tool.
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StudyMaster - List Edits
i)

E Edit Name (Description Type
3 [Greaterthan30 Systolic must be greater than 50 |GT
4
5 |

Lessthan150 |Systolic must be less than 150 LT
Required Systolic 1s a required field Required

o] o]

Add | Edit | Delete | Copy |

Figure 12 Edit Checkson Systolic Blood Pressurefield

The Figure 12 shows that three edit checks have &eteup for a field designed to collect systolic
blood pressure. The field is required, and it nliesbetween 50 and 150. It will be shown how these
edit checks appear in the Data Collection tool.

Data Collection Tool

The run-time Data Collection system is driven by mhetadata entered through the build process.
The major objects of this Data Collection tool shewn in Figure 13.

Sites
conducis STuaylD
MNames
FDescription
Studies
-sponsorlD hawve
- Ere
FDescripticn
Cnjeclives Usors
-Hypolhesls hawe work on siudylD
-Prosbocol -Mame
M urmibar -Passeond
-Population . -Fole
IND collact
HMumSites
-MumPatients
-FPhase
Datapoints
are associnbed with --_-.I_;Jd'_-,rl O
-villise
-fieldlD
-user| O

Figure 13 Data Callection Object Hierarchy
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e Studies — describes the studies that are condbgtadsponsor

» Sites — a location where clinical data is colle@ed recorded, it can be a doctor’s office, a hospi
tal or a university department.

» Users —anyone who records or accesses a studyitsatinformation (doctor, study coordinator,
clinical research associate, clinical data manager)

» Datapoints — the actual data that is collectedy ordaningful in the context of the metadata that
describes it.

For security purposes, all users of the Data Cidlacool must logon with a unique username and
password (see Figure 14).

StudyMaster - Login

Username: [steve
Password: [*"

Submit

Figure 14 Login screen

For the sake of simplicity it is assumed that easdr defined in the Data Collection system belongs
to a single sponsor. After logging on, the usdr see a list of trials that have been definedtifer
user’s sponsor as shown in Figure 15.
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%Bristol Myers and Coke

Study Name [Nmnher IDesc.'riptj on

Diabetes study 1~ [DIAB0012 [Adult diabetic study

Diabetes study 2 lDIAEDﬂQQ Juvenile diabetes study
Oncology study 1 [DNCUUUI Breast cancer study

Bird flu vaccine study VAC0002 [Vaccination study

Weight loss [WGTUD[B |Weight loss study

[Diabetes study 3 DIAB0012 |Adult diabetic study

Diabetes study 4 [DL-‘-";Bﬂlﬂl Juvenile diabetes study
Oncology study 2 [DNCUUDS Breast cancer study

Flu study IVACDGGS Vaccination study
Cardiovascular study [CARUUUZ] Tinprove cardiovascular function

Figure 15 Study List

After selecting the study by clicking on the hyjpwk] the list of sites for that study appears (Fégu
16).

DIAB0012 - Site List

Name Description

Atlanta Diabetes Center Dr. Martin Fox
Gulf Coast Clinical Research [Research Center in Tampa
UCLA TUCLA Clinical Research Department

Figure 16 SiteList
After selecting the site to be worked on, a lispafients is displayed (Figure 17).

61



Web Based Data Capture

Atlanta Diabetes Center - Patient List

[Patient Initials
SRS
SRS

ITTT
frTT

I_ Mew Fatient

Figure 17 Patient List

The user at this point has the option of seleaimgxisting patient or entering the initials ofeavn
patient. If the patient already existed, the catgtrial structure of visits, forms and fieldsIva&ve
already been created and the user is taken directhe patient trial tree. If on the other harba
tient is being entered for the first time, the stawe must be created. The code that accomplibies
is:-

[* create new patient record */

$query ="insert into patients (initials, sitelD) values ('$inits. ™" . $site. ")";
if (!$result = $mysgli->query($query))
{

printf("Insert failed: %s\n;' mysqgli_connect_error());
exit();
}
$obj = $result->fetch_object();
$pt = new Patient($obj->patientI D, $study);
A row is inserted into the actual “patients” taliteen a new patient object is instantiated. Thepa
class constructor method instantiates an evergéoh visit defined in metadata by the Build Tool fo
this trial:-

/* return all scheduled events for the study */

$query = "select * from events where eventScheduled = afeb'studyID =". $study . "
order by eventSequence"

if ($result = $mysgli->query($query))
{

while ($obj = $result->fetch_object())
{

}

$event = new Event($obj->eventID, $study, $ptID, 0);
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Each event created will instantiate all forms dedirior that visit, and each form will instantiat® i
fields. In this way, the complete trial structisanavigated and created. Persistence of thiside
tion is performed by the Base object from whicht@ll objects inherit. The code below externalizes
each object by writing a record to the “patientimstes” table:-

function Base ($I D=0, $study="", $pt="" $parent=0)

{
$values= $study . "," . $pt . """ . $this->instanceType.™," .$ID .",'Yes',". $parent;

$query = "insert into patientinstances (studyID, ptID, instaType, ID, scheduled,
parentlD) values (" $values.")";
$result = $mysqli->query($query);
$this->instantiateChildren ($ID, $study, $pt, $obj->instancel D, $mysqli);
$mysgli->close();
}

Whether a new patient is created or an existinigpiis reopened, the patient’s trial hierarchyl b
displayed (Figure 18).

Study details for subject TTT

- Patient TTT
# = Screening
- Vst 1
Demographics
Vital Signs
Physical Exam
Alcohol Use
Tobacco Use
Prime Therapy
Adverse Events
Vigit 2
Visit 3
SVisit 4
Last Visit

Figure 18 Patient Trial Hierarchy

+

+

+

+

Nodes on the tree can be expanded and collapsiéthernindividual case report forms can be seen
(Demographics, Vital Signs, etc.). Clicking oroanfi hyperlink invokes the form.php script with a
parameter of node ID that is used as a key to Ugothe row in the patientinstances table. The code
then renders all fields for that form and the detsociated with it. When a form is entered for the
first time, the fields will appear empty (Figure)19
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Vital Signs

Date of Exam mr/dd/yyyy |
Height |
Weight I
Pulse ||
Systolic |

Diastolic

Submit ] Cancel |

Figure 19 Empty Vital Signs Form

As the “Date of Exam” and “Systolic” fields havedpeset up with a “Required” edit check through
the Study Build tool, submitting the form withoutyefurther data entry would result in the form be-
ing repainted with the following discrepancy taxtred (Figure 20).

Vital Signs

Date of Exam mem/dd/vyyy
Exam date is required

Height |

Systolic |

Systolic is a required field

Diastolic |

Submit | Cancel |

Figure 20 Required discrepancies

Instead if data is entered correctly and submitieel user is returned to the patient’s study ttees
ture. Figure 21 shows the “GT” or greater thart eldeck that was set up on the Systolic field.
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Vital Signs

Date of Exam mmv/dd/yyyy 1211212002
Height [59

Weight 165

Pulse 65
Systolic ||31 :
Systolic must be less than 150

Diastolic 80

Submit | Cancel |

Figure21 GT edit check

Similarly, Figure 22 shows how the date check ti set up on the Date of Birth field appears on
the Demographics forms.

Demographics

Date of Birth mn/dd/yyyy

121121948
Patient must have been born after 1950 |

Race | Caucasion =]

Submit | Cancel

Figure 22 Date edit check

In this way, data entered can be preliminarilydatiéed by using simple database-driven edit checks.
As all form metadata and logic is encapsulatedmpke data structures, simple procedures for copy-
ing and comparing trial objects can be employeakstist in ensuring quality when building and de-
ploying trials.

Conclusion

A key design goal of the project has been to havialacompletely described within data structures
without additional code which will need to be valiedd each time a trial is copied or built from
scratch. When this is done, it should be fairig@e to build in procedures that compare trial com-
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ponents with those that have been previously testéése procedures could even be kept within the
database in the form of stored procedures. Axample, an SP to compare forms might look like:-

DELIMITER $$
DROP PROCEDURE IF EXISTS “studymaster’."comparesoi$$

CREATE DEFINER="root' @ localhost: PROCEDURE "conmgdarms’(tbl1 int, tbl2 int, OUT msg
varchar(80))

BEGIN
DECLARE cnt int;
select count(tl.formID) into cnt from (select * indorms where formID = tbl1) t1,

(select * from forms where formID H2) t2
where t1.formName = t2.formName and
t1.formDescription = t2.formDescription and
tl.formHelp = t2.formHelp and
tl.formSequence = t2.formSequence
group by t1.formiD;
if cnt > 0 then
/* you could call a lower-level component comparegedure in here */
set msg = 'They are the same’;
else
set msg = 'They are different’;
end if;
END $$

DELIMITER ;

Calling this stored procedure with 2 form ID’s frahe command line would look like the follow-
ing:-

Mysgl>call compar efor ms(104,106,@msg);

Mysqgl>select @msg

+ +

| @msy I
+ +

| They arethesame |

+ +

1row in set (0.00 seconds)
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The procedure could itself call compare procedtoethe lower level component (group) which
would call a compare procedure for all fields, aodn.

In this way, it is hoped that quality is automallichuilt in to trial components that have been ieop
and previously tested. This should result in a&se in the time, effort and expense of the teahni
design and configuration of each trial in a fieldese this activity is often on the critical pathverds
the drug approval process.

References

CDISC. (2006). Clinical research glossary. Retrie2807 March 15 from
http://cdisc.org/glossary/CDISCGlossaryV5. pdf

Collins, S. (2007)Next generation phamaceutical — The need for spRettieved 2007 May 5 from
http://www.ngpharma.com/pastissue/article.asp?&ftB&issue=143

Connor, C. (2007)EDC poised to disrupt life sciences indusfRgtrieved 2007 May 5 from
http://www.healthindustry-insights.com/Hll/getd@pfcontainerld=pruS20671907

Deitel, H., & Deitel, P. (2003)Java — How to programISBN 0-13-183661-7.

Deitel, H., Deitel, P., & Goldberg, A. (2004hternet & World Wide Web — How to progral8BN 0-13-
145091-3.

Eclipse. (2007Eclipse — An open development platfoRetrieved 2007 April 22 frorttp://www.eclipse.org/

FDA. (2006).Inside clinical trials: Testing medical productspeople Retrieved 2007 May 2 from
http://www.fda.gov/fdac/special/testtubetopatiaials.html

Gamma, E., Helm, R., Johnson, R., & Vlissides1996).Design patternsiISBN 0-201-63361-2.

Hewitt, P. (2001)How new drugs move through the development andoappprocessRetrieved 2007 May 2
from http://csdd.tufts.edu/NewsEvents/RecentNews.aspsidew

IBM. (2007).EDC for life sciencesRetrieved 2007 May 5 frofmttp://www-
03.ibm.com/industries/healthcare/doc/content/soi875043105.html

Kush, R., Bleicher, P., Kubick, W., Kush, S., Marks, Raymond, S., & Tardiff, B. (2003)Clinical trials —
Planning and implementatiomhomson Centerwatch. ISBN 1-930624-28-X.

Lee, J., & Ware, B. (2003Dpen source web development with LAMBGBN 0-201-77061-X.

Mon.itor.us (2007)inux versus WindowsRetrieved 2007 April 2 from
http://www.cs.cornell.edu/courses/cs513/2002fa/sgolih.it33. pdf

MySQL AB. (2007).MySQL Retrieved 2007 April 22 frorhttp://mysqgl.com/

Robinson, S., Nagel, C., Watson, K., Glynn, J. B&mM., & Evjen, B. (2001)Professional C#SBN
1861004990.

Sun. (2007). Sun Java Studio Enterprise at a glaRetrieved 2007 April 22 from
http://developers.sun.com/jsenterprise/index.jsp

Tien, 1. (2002)0Open source and assurandgornell University. Retrieved 2007 April 2 from
http://www.cs.cornell.edu/courses/cs513/2002fa/solh.it33. pdf

Xinox Software. (2007)JCreator Retrieved 2007 April 22 fromttp://jcreator.com/

67



Web Based Data Capture

Biographies
Stephen Smith has been involved in technology consulting for Q@r

years, primarily in the Pharmaceutical and Findriodustries. Originally
from the UK, he now lives in the Eastern PennsyilwadSA

Dr. Samud Sambasivam is the chairman of the Department of Computer
Science of Azusa Pacific University. Professor Sasilam has done ex-
tensive research, publications, and presentatiohsth computer science
and mathematics. His research interests includeniggition methods, ex-
pert systems, Fuzzy Logic, client/server, Datahames genetic algo-
rithms. He has taught computer science and matlesvaturses for over
25 years. Professor Sambasivam has run the reghssaciation for Com-
puting Machinery (ACM) Programming Contest for gears. He has de-
' veloped and introduced several new courses for atengcience majors.
Professor Sambasivam teaches Database Managens¢éemSyInformation Structures and Algo-
rithm Design, Microcomputer Programming with C+s@bete Structures, Client/Server Applica-
tions, Advanced Database Applications, Applied fhgital Intelligence, JAVA and others courses.
Professor Sambasivam coordinates the Client/S@&e@tnology emphasis for the Department of
Computer Science at Azusa Pacific University.

68



