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Abstract

Systems Analysis for a Complex Survey Design Application for Mobile Data
Collection in the Context of the Federal Government
By Gerard W. Lopez

Data collected in the field through face-to-face interviews remains a cornerstone of public
health research. This is particularly the case with global health research in developing countries
where remote locations, limitations of communication infrastructure, lack of accurate census
information to form sampling frames, illiterate or poorly educated populations, and the need to
take samples or perform testing or medical interventions are all factors that make field data
collection necessary for the foreseeable future.

With the advent of portable computing in the late 1990’s in the form of personal digital
assistants (PDAs), laptops, and other mobile or handheld computing devices, field data collection
has been made faster and easier and produces more reliable results. The Centers for Disease
Control and Prevention’s (CDC) Division of Parasitic Disease and Malaria (DPDM) has long
been at the forefront of using mobile data collection methods for field data collection.
Unfortunately, the PDA platform DPDM has long supported has been rendered nearly obsolete.

DPDM has decided to modernize its platform to the Android operating system for
smartphones and tablets. In conjunction with the University of the Valley of Guatemala (UVG),
funds have been allocated to a project whose purpose is to update the Questionnaire Manager
(QM) survey design application to the Android platform.

This document describes the systems analysis phase of the project. It describes how the
scope of the project was defined, how the problem domain was explored, and how business
requirements and logical design considerations were elicited. The process concludes with the
final systems analysis decisions for the QM project. This systems analysis, while specific to the
QM application, may be applicable to other questionnaire design applications, particularly in the

field of mobile data collection on a smaller form factor such as a smartphone or PDA.
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. Introduction

A. Background/Problem statement (general statement of the problem)

Data collected in the field through face-to-face interviews remains a cornerstone of
public health research. This is particularly the case with global health research in
developing countries that cannot take advantage of modern survey methods such as
random digit dialing phone surveys, mailed surveys or internet surveys. Remote
locations, lack of communication infrastructure, the lack of accurate census information
to form sampling frames, illiterate or poorly educated populations, and the need to take
samples or perform testing or medical interventions are all factors that make field data
collection necessary for the foreseeable future.

Data collection in these conditions has been traditionally performed with paper
questionnaires. Long ago these questionnaires were compiled by hand, but now of
course, computers are used for data entry at a central location. Custom data entry
programs are created to receive the data and need to be programmed for each study in
order to add validations to improve data accuracy. The process of data entry and data
cleaning is time consuming. Often double data entry is used to increase accuracy, which
takes longer. Often this data entry occurs sometime after the data have been collected so
if there are problems with the questionnaire, there is no chance to investigate or make
corrections to the data in something close to real-time. Sometimes a final data set will be
ready months or even years after data collection has been completed.

With the advent of portable computing in the form of laptops and other mobile or

handheld computing devices this process has been compressed considerably. Instead of



using computing power just for data entry and analysis, it can now be applied to the
process of data collection.

The Center for Disease Control and Prevention (CDC) Division of Parasitic Disease
and Malaria (DPDM) has been at the forefront of using mobile data collection methods
for field data collection. In the last decade they have worked in over thirty different
countries to perform national surveys and field studies using Personal Digital Assistants
(PDAS) running on the Windows Mobile operating system to collect data. They have
used off the shelf programs such as Syware’s Visual CE as well as writing custom
software to collect data.

For many years DPDM has been a leader in the field of mobile data collection, but in
recent years has fallen behind on two fronts. Due to federal procurement regulations
DPDM has been unable to purchase modern devices such as iPad, iPhones, or Android
smartphones or tablets. Consequently, the division continues to use the same PDA
platform that has become outdated. Likewise the software that is being used is showing
its age. It requires a dedicated staff to create and maintain a program for a new study. As
a result there is currently more demand for mobile data collection services than there is
capacity to support

Existing mobile data collection software currently used in public health research does
not meet the true needs of end users, scientist or information technology specialists.
Many of the existing applications are updated legacy data entry programs rather than
having been created specifically for more dynamic field data collection. Often
applications are designed as very generic tools to try to maintain maximum flexibility,

but as a result are too complicated to use and often require a great deal of hands on



programming. At the other extreme there are applications that are very easy to use, but
are unsophisticated and do not meet the needs of complex studies such as skip logic,
multiple questionnaires and complicated inclusion criteria. In order to update its
platform, DPDM needs an inexpensive application that is designed for mobile data
collection for public health research and strikes an appropriate balance between

flexibility and ease of use is needed.

B. Significance Statement

Getting high quality data from the field as quickly, as cheaply and as effortlessly as
possible is of benefit to public health research. The most obvious benefit can be found in
reducing the amount of time needed to move from the data collection phase to data
analysis by eliminating the need for data entry. While this is the case for all studies, it is
particularly true in outbreak investigations or post-disaster public health emergencies
where timely data is of the utmost importance.

Given the often limited budget of many public health projects, limiting costs for data
collection means that more can be done with less. Costs can be reduced if software can
be created that eliminates the data entry phase entirely from data collection. Costs in
supporting specialized IT staff can be also be reduced if this software is easy to use and
meets the requirements of study design and field use without the need for custom
programming. If the software is available freely as an open source project then costs
would be expected to be even lower.

Having high quality data should be one of the main goals of any public health field
research project. Accuracy can obviously be improved by applying computing power at

the point of collection to detect and prevent errors in the field as they happen, rather than



after the fact in data entry or analysis. Quality software that is intuitive and promotes
good questionnaire design practices with little effort on the part of the user will also
improve the accuracy of data. If the application is designed from the beginning as a data
collection tool instead of a data entry tool, then this goal should be furthered.

Finally, new technologies in mobile data collection will increase the variety of data
that can be easily collected in the field. Most modern mobile devices such as smartphones
and tablets contain built in cameras and global positioning systems (GPS) to collect
geographic information. Some also can collect data from built in sensors such as
thermometers, barometers, compasses, fingerprint readers and accelerometers. There are
even some specialized smartphones with attached microscopes that can be used to read
blood slides to detect if malaria parasites are present. These built in capabilities, as well
as others that can be added by attaching third party devices, can expand the kinds of data
that are available for collection in the field and are an obvious benefit that should be

taken advantage of by mobile data collection software.

C. Purpose Statement
The Questionnaire Management (QM) system for mobile data collection was
developed through a collaboration between the CDC International Emerging Infections
Program (IEIP) and the University of the Valley Guatemala (UVG) in Guatemala City,
Guatemala. It was designed from the beginning as a tool for face-to-face interviews in
field data collection. It has been used successfully by five different divisions in the CDC
for at least 14 different studies, a dozen countries on four continents using four different

languages.



In 2012 DPDM evaluated its current software platform and possible alternatives. It
was found that the current platform had limitations, was difficult to program and led to
high maintenance costs. During that evaluation it was decided that funds would be
directed towards modifying QM to meet DPDM’s needs. This project represents the first
systems analysis step in that process. This document covers the systems analysis phase

in this process.

D. Assumptions

This project assumes that the study design is amenable to interview or script based
data collection. This is assumed to generally take place as part of an interview, but some
studies have shown some success in giving the mobile device to the participant and
allowing them to enter their own data directly. This is commonly referred to as
Computer-Assisted Interview (CAI) or Computer-Assisted Self Interview (CASI)[1].
While CAI or CASI deployments are possible, it is assumed that most of the data
collection will be performed by a field worker employed by the study organization in an
interview setting.

This project assumes that PDAs, smartphones or small tablets are the target device.
These devices are believed by the DPDM development team to meet optimal form factor
requirements for field use in developing countries which include the following attributes:
portability, durability, ease of use, cost, battery life, and data security and access. The
relatively small screen size of these devices and the limited computing power in
comparison with laptops computers is assumed to affect design considerations.

Given the nature of work that DPDM does it is assumed that the system needs to meet

the needs of international users. Furthermore, it is assumed that the system will largely



be used in developing countries. This means that there may be limited access to
electricity, internet or network coverage, so solutions that rely on network or cloud
computing may face greater challenges. It is also assumed that the interviewers in
developing countries may have not have much formal education and may not have
computer experience or experience with smartphones.

This document describes the systems analysis phase of the software development for
the QM modification project. In chapter two the literature on the subject of mobile data
collection is reviewed. In the third chapter the methods used to perform the systems
analysis tasks are described. The results of the process are described in the fourth chapter
and the document finishes with a fifth chapter of conclusions and implications for future

projects.

E. Definitions of terms
PDA Personal Digital Assistant / Personal Data Assistant
QM Questionnaire Manager
MDC Mobile Data Collection
CDC Centers for Disease Control and Prevention
DPDM  Division of Parasitic Diseases and Malaria
UVvG Universidad del Valle Guatemala - University of the Valley Guatemala
City, Guatemala
IEIP International Emerging Infections Program
COAG  Co-operative agreement
GUI Graphic User Interface

IRB Institutional Review Board



GPS Global Positioning System

ICD International Classification of Diseases

CPT Current Procedural Terminology

LOINC  Logical Observation Identifiers Names and Codes

SNOWMED Systematized Nomenclature of Medicine



1. Review of the Literature

A. Discussion of trends
There are two important trends that apply to mobile data collection. The first is the
technological trend towards more powerful and ubiquitous handheld computing devices.
The second is the public health interest in using these devices to replace traditional paper
and pencil data collection.

1. Market State for Mobile Devices

a) History

In the field of mobile devices there has been a general trend towards miniaturization
and a convergence of technologies. In the beginning there were essentially three separate
but related and intertwined technological tracks that have recently converged in mobile
devices: cell phones, portable computers, and handheld computers.

Cell phones have their roots in giant backpack style radios used in World War 11 that
weighed nearly 40 pounds each and had a range of only three miles. After the war
development attempts were made to extend range and mobility by creating phones that
could be carried in a car; the first versions weighed over eighty pounds. By the early 90s
phones were increasing more mobile, lighter, had better coverage and were more
widespread in use. By the turn of the millennium, simple phones that could fit in the
user’s pocket were common.[2]

The first portable computer, the Osborne 1, was released in 1981. The Osborne 1 was

the first portable computer with a tiny five inch screen, keyboard, floppy drive, modem,



battery and weighing 24 pounds.[3] Since then “portable” computers have evolved to
become modern light laptops and netbooks with large screens, huge memory and high
performance processors that can effectively replace desktop home computers.

Handheld computers or Personal Digital Assistants (PDAs) are a special form of
portable personal computer. The original concept was to create a pocket sized electronic
version of daily planner that would contain the user’s appointment calendar,
rolodex/address book, and notebook and add typical personal computer touches such as
calculators and simple games. The original consumer PDA was the Psion Organizer
released in 1984. While today it would likely be mistaken for a very large and limited
scientific calendar with a single line of display, it did have many of the primitive PDA
functions and was portable at about 4 by 6 inches.[4] It was followed by Apple’s Newton
in 1992 and then in 1997 by the first commercially successful PDA the Palm Pilot. Both
of these devices used a stylus and a touch sensitive screen for input. During the late 90s
and early 2000s, PDAs evolved to become smaller and lighter and to include better
screens, more memory, better handwriting recognition and input, better software, and
eventually wireless and infrared communication.

In 1994 the lines began to blur between PDAs and cell phones with the introduction
of IBM’s Simon Personal Communicator.[5] It was a device that had a relatively large
monochrome display, had all of the PDA functions of the time including calendar and
rolodex and at the same time was able to make cellular phone calls, and send emails and
faxes. The Simon was not a commercial success, but its descendants, like the Palm Treo
180 (2002) and the Blackberry 5810 (2002), were successful, particularly with businesses

and professionals. These devices made huge inroads in joining calendar, email and
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phone services into a single device. However, it was the Apple iPhone released in 2007
that would finally put all of the pieces together to create the first modern smartphone with
multi-touch screen input. The iPhone was a huge commercial success that changed how
all other phone and PDA manufacturer’s designed their products. Shortly thereafter in
2008 Google and T-Mobile released the open source Android operating system and the
T-Mobile G1 Android phone which began a development ecosystem in direct
competition with the iPhone. Since the advent of smartphones, PDAs without cell phone
capabilities have largely disappeared or have been replaced by similar media players such
as the iPod touch.

In a parallel track with smartphone development, tablet computers were also evolving
out of the original laptops. Tablets were designed to be portable and function without a
keyboard, and instead use a touch sensitive screen like a PDA. By the 1990s there were
many prototypes and some high end consumer tablet devices in the market such as the
MS DOS based GRiDPA(1989) and IBMs ThinkPad 750P(1992)[6]. In 2002 Microsoft
released a version of Windows XP for tablets which was essentially a version of the
desktop operating system that allowed for input by touchscreen.[7] While many devices
in several different form factors were released, they were not commercial successes.
Again, Apple struck gold in 2010 with the iPad which was largely a repurposing of the
iPhone operating system on a larger screen and without call capabilities. Android
followed suit the same year with its own tablet operating system which was later merged
into the main Android development branch.

The most recent technological convergence that has occurred is the introduction of

devices commonly referred to as “phablets”. These are devices like the Samsung Galaxy
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Note (2011) whose form factor and 5 to 7 inch screen put them somewhere in the grey

area between phones and tablets. The iPad mini

b) Current smartphone trends

Smartphones sales have exploded in recent years. In fact, in the US and Europe
smartphones have passed feature phones (phones with smaller screens and without most
PDA like functionality). The rest of world has followed along the same trend at a slower
pace, as shown in Figure 1 below [8]. Furthermore, in 2011 Smartphones also surpassed
PC sales for the first time [9]. The market currently holds hundreds of models of
smartphones that are available worldwide and at many different price points.

Smartphone Shipments as % of Total Mobile Phone Shipments by Region, Q1:08 — Q2:11

100%

— North America Smartphone > Feature

80% - WestemEurope T ' Phone Shipments

- Rest of World (ex. Japan)
60%

20% - ;

% of Quarterly Mobile Phone Shipments

0% r T T T T T T T T T T T T T
Q1:08 Q3:08 Q1:09 Q3:09 Q1:10 Q3:10 Q1:11

Source: Data per Ehud Gelblum, Morgan Stanley Research. Note: In Japan, smartphone exceeded feature phone in Q4:08

Figure 1: Smartphones vs. Feature Phones
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C) Current operating system trends

Table 1 below shows the market share for each of the smartphone operating systems
over the last two years. While Apple’s iPhone i0S still commands a significant portion
of the market, clearly Android is in a dominant position. As Ramon Lllamas, research
manager at business analyst IDC explains,

Android has been one of the primary growth engines of the
smartphone market since it was launched in 2008. In every year since
then, Android has effectively outpaced the market and taken market share
from the competition. In addition, the combination of smartphone vendors,
mobile operators, and end-users who have embraced Android has driven
shipment volumes higher. Even today, more vendors are introducing their
first Android-powered smartphones to market.[10]

Most notable from this analysis is the precipitous decline of Blackberry, which is
primarily a corporate device, and Symbian, which is used on many feature phones.
Microsoft, despite its dominant position in the personal computer sector, has never held a
strong position in the mobile phone market. This year Microsoft has introduced a new
Windows 8 operating system that attempts to tie its desktop, tablet and smartphone
operating systems into one consistent experience. It remains to be seen if this will

increase market share.
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Table 1:Top Six Smartphone Mobile Operating Systems, Shipments, and Market
Share, Q3 2012 (Preliminary) (Units in Millions) [11]

2012 Unit 2012 Market 2011 Unit 2011 Market | Year over Year
Operating System Shipments Share Shipments Share Change

Android 497.1 68.8% 243.5 49.2% 104.1%
i0S 135.9 18.8% 93.1 18.8% 46.0%
BlackBerry 325 4.5% 51.1 10.3% -36.4%
Symbian 239 3.3% 815 16.5% -70.7%
Windows Phone/
Windows Mobile 17.9 2.5% 9.0 1.8% 98.9%
Others 15.1 2.1% 16.3 3.3% -71.4%
Total 722.4 100.0% 494.5 100.0% 46.1%

2. Trends in mobile data collection for public health research

Mobile data collection has found a growing foothold in public health. To establish a
trend line a search of titles was performed in Web of Science website using the keywords
‘mobile data collection’, "personal digital assistant', 'handheld computing', ‘smartphone’,
‘Android’, or ‘iPad’. These search terms were chosen to reflect historical trends in
technology and terminology. The terms ‘Tablet’ and ‘PDA’ were not included as they
drew too many results matching medical terms with the same name. The results in
Figure 2 and Figure 3 below clearly show an increasing number of academic articles
concerned with the issues of mobile data collection and an obvious spike in 2010/11
which corresponds to the release of the first iPad and the explosion in growth of Android

and Apple smartphones.
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Figure 2: Published Items in Each Year Figure 3: Citations in Each Year

B. Summary of current status of the problem

There are many different ways in which public health officials and researchers are
trying to take advantage of PDAs and the increased power and ubiquity of smartphones
and tablets. Many of these come under the heading of mobile health or “mHealth”
initiatives which include health text messaging, mobile phone apps, remote monitoring
and portable sensors, which have “the potential to provide citizens with an unprecedented
level of access to health resources”[12] Many of the current efforts involve pushing out
health messages to at-risk populations or providing general information to the public on
their mobile devices. There are quite a few programs that use onboard device sensors,
such as GPS or accelerometers, or wirelessly connected third party devices such as heart
monitors to collect data about the smartphone user throughout the day with little or no
effort on the user’s part. For example, a European Union study, eCAALY X, used
smartphones and “smart garments” with wearable health monitors to remotely track older
people in assisted living facilities. [13] Other mHealth initiatives use text messaging for

interventions such as smoking cessation[14, 15], public health messages[16], preventive
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care[17], self-management or monitoring of chronic illness[18-20] or nutrition[21] and
even appointment reminders[22]. Another area in mHealth concentrates on using
“crowdsourcing” or social media to collect simple data from the public to aggregate and
aid public health efforts[16, 23-25]. Some mHealth smartphone initiatives are focused on
the provider’s side and improving clinical management[26] and treatment[27, 28] or as
educational aids[29, 30]. There are thousands of mHealth applications available in the
Apple and Google “app” stores[13] and just as many examples of their use in the
literature.

1. Field experience with Mobile Data Collection

Field survey data collection on mobile devices for public health research is not as

much in the spotlight as other mHealth initiatives, but there are a variety of examples of
how it has been used:

e Community-based survey of maternal health outcomes in Burkina Faso [31]

e Evaluation of a cluster-randomized control trial of school based water, sanitation
and hygiene (WASH) intervention in Kenya [32]

e Cross-sectional coverage surveys in Togo, Sierra Leone, Madagascar,
Mozambique, Kenya and Niger to evaluate insecticide treated bednet distribution
programs [33-37]

e Large scale household survey in rural Tanzania that measured information on
household residents, birth histories, child health and health-seeking behavior. [38]

e Community-based baseline cross-sectional survey in Togo to measure burden of

malaria [39]
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Cross sectional household survey of sexual behavior using computer assisted self-
interview software in Lima, Peru [1]

Cross-sectional study of HIV-related behaviors in South Africa [40]

Bacteriology tests for multi-drug-resistant tuberculosis (MDR TB) in Peru [41]
The ACQUIRE Project (Access, Quality, Use in Reproductive Health), a national-
level, facility-based, baseline survey of reproductive health services in Bolivia
[42]

Hospital-based fever surveillance study in three district hospitals on Pemba
Island, Zanzibar, Tanzania [43]

Cross-sectional household survey of the impact of indoor residual spraying with
lambda-cyhalothrin on malaria parasitemia and anemia prevalence among
children less than five years of age in an area of intense, year-round transmission
in Malawi [44]

Kenyan Medical Research Institute (Kemri) / CDC Health Demographic
Surveillance System (HDSS) provides general demographic and health
information (such as population age structure and density, fertility rates, birth and
death rates, in- and out-migrations, patterns of health care access and utilization
and the local economics of health care) as well as disease- or intervention-specific
information for approximately 220,000 inhabitants near Kisumu, Kenya. Surveys
are conducted every 4 months which generates an immense amount of data, most
of it on PDAs [45]

Multisite study on elder neglect in the United States in emergency departments

(EDs) [46]
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2. Benefits and advantages of Mobile Data Collection

One of the greatest advantages that most researchers have noted with mobile data
collection is the greatly reduced time in having data ready for analysis. This is
accomplished by avoiding the time consuming step in paper-based data collection where
data are entered by hand into a data entry program. This transcription can be costly,
prone to error and take a long time. Mobile data collection skips this step almost entirely
and data are quickly available for analysis [25, 31, 38, 41, 43, 45-57]. Additionally,
many researchers, although not all, find that the actual process of conducting an interview
on a mobile data device takes less time or is perceived to take less time by the
interviewee and interviewer alike[1, 41-43, 46, 48, 51, 53-56, 58-60].

Another important benefit is the increased accuracy of the data collected. The quick
import and aggregation of data as collected leads to close to real-time reporting of results
for improved project or data management which can lead to great increases in data
accuracy [45, 48, 53-55]. Increases in accuracy were also found to occur through
improved data entry that included fewer errors in data entry, no errors from data
transcription from paper and less missing data[1, 31, 38, 40-43, 45, 46, 49, 53-56, 59, 61-
63]. Most software takes advantage of data validation checks and uses skip patterns to
reduce error and increase efficiency [31, 38, 41-43, 46, 48, 50, 52-54, 56, 57, 64, 65]
Another gain in accuracy comes from the use of metadata, i.e. data about the data such as
the time the data was collected and by whom [20, 48, 50, 52, 55, 66]. The use of
metadata can increase accuracy and prevent data fraud [20, 31, 49]. Finally, the ability to
make complex calculations easily or to look up facts or reference other data has also been

found to increase accuracy [45, 58, 60, 63].
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Most studies have found PDA or smartphone data collection at least as accurate as
collecting by paper questionnaire [1, 40, 56, 67]. Several clinical trials compared
answers from paper version to PDA version and found no statistically significant
difference in outcomes [47, 68]. There have been several studies that have found the
results to be more accurate than paper [41, 43]. This seems particularly true for self-
monitoring activities where electronic data entry was superior [20, 58, 60], including
several clinical trials [59, 67].

One of the more interesting increases in accuracy was with regard to sensitive
questions. Often questions of a sensitive nature regarding sexual practices, drug use, or
criminal or illegal activity that are asked in face-to-face interviews are not answered
truthfully. The use of mobile devices as self-interviewing tools was found to increase
truthful response for these types of questions in many studies including when compared
to self-administered paper questionnaires [1, 40, 56, 57, 63, 69]. The use of PDAs was
thought to also reduce interviewer bias in either self-administered or interview mode [1,
64].

Many studies found PDAs and smartphones easy to use [40, 41, 46, 47, 52, 53, 55,
60, 62, 67, 70] . Additionally, the response from subjects of interviews was reported to
be largely positive [31, 38, 40, 46, 47, 49, 51, 54, 67-69]. The acceptability from the
point of view of end users or interviewers was also reported as positive, and often
overwhelmingly positive [31, 38, 41-43, 50, 53-56]. Users, either as interviewers or as
self-administered users, were found to be easy to quickly train regardless of age,

education or computer literacy level [38, 42, 46, 52, 56, 58, 62].
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The portability of the devices was an obvious benefit [13, 40, 49, 52, 58, 59, 65, 66,
69]. Mobile devices are built to be light and easily transported and can hold a lot of data
in a small package. This was a clear winner when compared with the management of
printing and carrying bulky paper supplies, particularly in large studies or studies with
long complex questionnaires [38, 45, 46]. This portability, as well as the ability to
transmit data through the Internet, allowed for the easier collection of data in remote or
difficult to reach locations [13, 25, 38, 54].

A key benefit to electronic mobile data collection in many studies was the availability
of geographic data from GPS, as well as other electronic sensors such as biometrics [13,
31, 37, 48, 53, 62, 66, 70]. These novel means of collecting data have redefined survey
capabilities.

Finally, the bottom line advantage for the use of mobile technology was cost-
effectiveness [1, 31, 38, 40, 41, 43, 47, 51, 53-56, 59, 63, 65, 66]. A preponderance of
studies found the use of PDAs and smartphones to be economical by the end of their
study. This has largely to do with the lack of the expensive step of printing and data
entry of paper forms.

3. Disadvantages of Mobile Data Collection

One of the greatest disadvantages to mobile data collection was found to be the
greater up front time and effort needed for setting up, programming and testing surveys.
Many investigators were unprepared for the amount of testing and planning that needs to
occur before a survey can be fielded on mobile devices. This can be partially attributed
to inexperience, but also to habits formed from working and editing paper questionnaires

up to the very last moment[31, 38, 42, 48, 50, 53, 54, 56, 67].
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Because of the nature of working with mobile devices technical support may require
specially trained technicians or computer programmers [43, 48, 49, 54, 69], which can
cause problems in deployment or troubleshooting. Unfortunately, several studies did
report programming issues in the field that negatively impacted their studies [42, 46, 52].
Technical malfunction of devices [1, 31, 49, 69] did sometimes occur, as did theft and
loss of devices [46, 52, 61]. Worst of all, several studies reported actual data loss [42, 46,
50, 52, 61, 62] .

Privacy and security issues were a concern of many studies particularly where
sensitive or personally identifiable data were concerned, but most studies handled these
issues by using encryption, passwords, and other security measures[13, 61, 62, 66, 70].

One disadvantage to beginning development of mobile data collection software was
found to be uncertainty about the kind of software and hardware in which one should
invest [13]. The quickly changing marketplace leads to the rapid obsolescence of devices
[46, 49], which can make committing to an operating system or specific devices difficult.

While many users and interviewees found the use of PDAs or smartphones a positive
experience compared to paper, there were some that had a more negative experience [46,
55]. The lack of a paper backup in case of power failure was uncomfortable for some
users and project supervisors [46]. Also, some did not like the inflexibility and inability
to take notes or further explain answers in margin as one would with a paper
questionnaire [42]

Some of the disadvantages reported concerned the devices themselves. Of these,
limited battery life was the greatest concern, especially as access to reliable electricity

while in remote or underdeveloped areas can be a common occurrence [13, 52, 53, 56].
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The limited screen size was another major concern as the limited real estate caused
crowded screens or awkward scrolling or navigation [42, 64, 65, 68]. The lack of a
keyboard or easy manner to enter text data caused difficulty with open ended questions
[42, 65]. Some studies even found that difficult field conditions were dangerous for
sensitive devices [48].

From a designer’s standpoint the devices often have limited computational processing
power [13] which can reduce functionality. Some software relies on cloud computing or
connectivity [13], which, again, can be in short supply in the field. Several studies found
it necessary to design usability for users with limited technical capabilities, essentially
requiring fool-proof designs in order to be used in the field [13, 25, 62].

Finally, in many studies there were much greater up-front costs for computer and
devices [43, 47-49, 67]. This was mitigated by discovering that breakeven points might
be quickly reached for longer studies and equipment may be reused to reduce cost in

subsequent studies [43, 56].

C. Discussion of all possible solutions and their relative strengths and
weaknesses
There were two main steps in choosing a solution at the beginning of this project.
The first was to make a basic decision regarding the operating system, hardware, and
form factor platform for the mobile data collection system desired. The second was to
make a build, buy or modify decision regarding the software that would be used to collect
data for the system.

1. Platform selection
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a) Why mobile data collection on smartphones/PDAs?

The requirements for field data collection revolve around six different considerations
presented in Figure 4 below. Given the working environment in field data collection,
particularly in developing counties, portability, durability and long battery life are
important considerations. Given the lack of experience and formal education of many of
the interviewers working on projects, ease of use is a consideration. In addition, given
the nature of public health research, data collection may collect sensitive information so
security is important. Given the current federal funding climate and CDC Director Dr.
Frieden’s directive to “do more with less”[71], cost will also be a consideration.

Using these criteria for making a selection of the form factor and basic hardware
setup, the main options were: laptops, tablets, smartphones/PDAs. It was decided that the
determining factors in the end for field data collection were portability and ease of use. It
was decided that most face-to-face interviews required a device that could be easily held
in one hand to allow the other hand to enter data comfortably. A small form factor would
allow for the most common interview scenario which was where there is no table or chair
to sit at and the interview is conducted standing up. To this end smartphones/PDA or
small tablets (perhaps with a hand strap) were determined to be the most desirable form

factor/hardware combination.
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Figure 4: Field Device Considerations

b) Why Android as an operating system?

As shown in the market trend section above, the Android operating system is
currently the most widely adopted operating system for mobile devices. The same
operating system is in use in both of the target form factors, smartphone/PDA and tablets.
The wide-scale adoption of this operating system worldwide means that devices are
available relatively inexpensively throughout the world. It is more difficult to find
windows based tablets or smartphones internationally and Apple products are often
prohibitively expensive.

This widespread adoption also means that there is a large and growing pool of
developers and programmers that will have the skills necessary to work with the system

for technical support or extending functionality of the proposed system. The open source



24

nature of the operating system and the developing environment, particularly in contrast
with Apple’s more heavily regulated environment[72], were also considered as
advantages as these allow for more flexible deployment and more transparent
collaboration between partners.

2. Software build, buy or modify decision process

In order to decide whether to build, buy or modify existing software for this larger
project, a basic decision making process was implemented. To begin with, a basic set of
core requirements was created by the DPDM development team along with a more
extensive comparison grid (which also included the core requirements). These tools were

applied to several existing applications and a decision was reached.

a) Core requirements developed

The core requirements are absolutely essential requirements for the solution, without
which an application would not meet the project’s needs. The core requirements include
special considerations for questionnaire design as well as problems or considerations for
the small form factor that had been selected as the main platform. This core requirements
tool was designed to be relatively quick to complete and define a “least common
denominator” for the evaluation. These core requirements are discussed in more detail in

the results section of this document.

b) Complete comparison grid created

The complete comparison grid is a much more extensive list of required functionality
to be used for evaluation of existing applications. This grid weights each function with a

relative importance in order to assist in scoring. This meant looking at each functional
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requirement and determining its relative importance to the functioning of the application.
The core requirements were given the most weight, meaning that whether or not the
application had a core requirement greatly affected its scoring. Obviously, minor or
“bells and whistles” non-essential type requirements were given a lower weighting. The
evaluation also allowed for complete, partial or non-existent fulfillment of each

requirement as well as comments regarding particular problems or benefits from each.

C) Evaluate existing CDC options

The core requirements and the complete requirements grids were used to evaluate
four applications currently in use in CDC’s DPDM. These were CDC’s Epi Info 7[73],
Syware’s Visual CE[74], in-house Visual Basic.Net Malaria Indicator Survey programs,

and QM.

1) Epi Info

Epi Info version 7 was evaluated in collaboration with the CDC’s Epi Info
development team. A not-yet-released-to-the-public Android deployment for use on
tablets and smartphones was provided for testing. This version featured an “Interview
Mode” whose purpose was to display questions in serial order as opposed to in a data
entry format as is the case with traditional Epi Info. While the general concept met the
needs of the project, the actual implementation of the concept was faulty and was
revealed to be an unworkable solution through testing. In the end the application failed to
meet most of the core requirements, particularly the need for manual management of

navigation and the lack of menus and true relational data.
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2) Visual CE

Visual CE has been used for years in DPDM and its many benefits and flaws are well
known by the DPDM team. An evaluation using the core and the complete requirements
was still performed for completeness. The main concern with Visual CE was the
tediousness of managing navigation and menus as well as other basic features by hand.
While this has allowed for the creation of custom features by intermediate skill level
users, it has also led to difficult maintenance, anxiety producing deployment and lack of
responsiveness to change. An Android version, called Droid DB, has been released and
was found to be very similar to the Microsoft based Visual CE application, with all of the

same limitations. Most of the core requirements were not met.

(3)  Visual Basic.Net Malaria Indicator Survey program

For more complicated surveys over the last several years Visual Basic.Net compact
framework programs have been created, particularly for nationwide malaria indicator
surveys. While much more powerful and flexible than the Visual CE environment, this
system is similarly largely constructed from scratch by hand for each new project. The
manual nature of change and upkeep, as well as a more complicated working
environment, was again the chief concern. A further concern was that knowledge of
visual basic programming and the possession of the correct development environment
was required to make even the smallest changes. An Android version of this program

does not exist currently. Again, most of the core requirements were not met.
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(4)  Questionnaire Manager (QM)

QM was also evaluated against the core requirements and the complete requirements.
While it did not meet all of the core requirements perfectly, and it does not have an
Android version, it largely met most of the requirements. As it was created largely out of
the frustrations of working with Visual CE, QM addresses many of the shortcomings of
that application. Of the four DPDM systems most thoroughly evaluated, QM came

closest to meeting requirements.

d) Problems with acquiring commercial products

At the same time there was an attempt to evaluate other commercially available
mobile questionnaire design applications. Unfortunately, due to the strict regulation of
the CDC network and restrictions on the installation of unapproved software on CDC
computers, a thorough evaluation was not possible. Instead a more casual review of
commercial products was performed on the personal laptops and devices of the team
members. These casual reviews looked at Open Data Kit (ODK), FAST and Episurveyor
applications and evaluated them against the core requirements. Unfortunately, none of the
products casually reviewed did met the core requirements. It was also decided that there
were not sufficient connections, resources or funds available to be able to affect changes
by request or contract to these applications in order for them to meet the core

requirements.
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e) Build new solution

The decision to build an entirely new solution from the ground up was discarded out
of hand. With limited human resources, time and funds, the prospect of creating a quality

product from the ground up in a timely manner was deemed unfeasible.

) Decision taken

The decision-making process was accelerated greatly by the sudden availability of
end-of-year funds. As a result, the decision was made to make modifications to the
existing QM application. This was based on the three main considerations. First, QM
most closely matched the core requirements and complete requirements as evaluated. The
second was the strong connections that the DPDM team already had to the QM team in
the University of the Valley (UVG) in Guatemala and the direct funding mechanism,
meant that the end product could be more carefully tailored to meet the needs of the
DPDM team. Finally, the costs of development in Guatemala were substantially lower
than could be found elsewhere, partly as result of lower labor costs, but also through the
ability to leverage labor and infrastructure from the existing CDC/UVG field station. The
combination of these factors was sufficient to give approval for funding and the

commencement of the project described in this document.
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I11. Methodology

A. Description of chosen solution

This project’s system analysis phase as described in this document was primarily
performed in over the course of ten days in August of 2012 at the University of the
Valley in Guatemala (UVG). Participating in the analysis were the informatics project
manager from the CDC, the head developer of the project and the head programmer from
the UVG.

For this project a traditional system analysis method was chosen. System analysis is
an effort by developers of defining the problem that the software is supposed to solve by
breaking the problem down into manageable logical pieces [75]. In this project the
systems analysis included the five traditional phases: scope definition, problem analysis,
requirements analysis, logical design, and decision analysis. In general, throughout the
project, a structured analysis approach that relied heavily on diagraming processes and
use cases to document the system, elicit new requirements and map out possible solutions

was employed.

1. Scope Definition

Scope definition is traditionally a planning phase that describes the “big picture” view
of the project. It involves deciding what the scale and boundaries of the project are to be
as well as the “perceived problems, opportunities, and directives that triggered the
project” [75].

Given the different objectives of the CDC and UVG for this software, the first step in

the process was to concretely define the scope of the project. The proposals for the
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funding for this project from the CDC and the UVG were examined. They were then
consolidated and reconciled with each to create a unified list of objectives. These
objectives allowed for the creation of more definite project goals and a clearer definition

of the problem to be solved.

2. Problem analysis

The problem analysis phase primarily involves an investigation into the current
system and problem domain [75]. This phase includes documentation of the current
system and its users, as well as an exploration of the problems that may be involved and

other external considerations or guidelines.

a) Discovery and formalization of guiding principles for project

Before proceeding with the problem definition, a list of guiding principles for the
project was created. These principles were important considerations that do not fit neatly
into direct system requirements, but were, rather, cross-cutting rules or goals that were

meant to guide the process.

b) Define users

As part of the problem definition it was important to fully define all of the anticipated
users of the system. By defining these users and their roles, it became easier to trace
functional requirements back to the user that would need them. Creating user definitions

was also needed to help create use cases later on in the process.
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C) Analyze business processes / system context / document existing

application

A high level system context view of the entire QM system was created along with a
more detailed view of the components of the application. This was done mainly for
documentation purposes. While the original developers and project leaders were already
familiar with the application, the programmers that will be contracted to carry out the
implementation of this analysis will likely need this documentation as an introduction to

the problem domain.

3. Requirements analysis

According to computer scientist Jeffrey Whitten, “the requirements analysis phase
defines the business requirements for a new system.” [75] This essentially describes in
more detail what the new system needs to be able to do, but does not describe how the

system is meant to technically accomplish these functions.

a) DPDM requirements review

The first step in the requirements analysis was reviewing the existing core and
extended requirements from the DPDM team. These core requirements originated from
the build, buy, modify analysis done as a precursor to this project. Each requirement was
evaluated against the existing QM application and discarded if it was already

implemented.
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b) Review accumulated existing problems and features list from past end

users and development team

QM has been in use for several years and has accumulated many ideas for
improvement and more than few bugs or problems that needed to be corrected. This list
was systematically reviewed and duplicates or impossible or unworthy ideas were

discarded.

c) Aggregate and categorize problems and suggestedimprovements to elicit

more clearly defined requirements

The DPDM list and the QM list were aggregated together and categorized in order to
make review possible. Duplicates were discovered and merged. Conflicting ideas for
specific features in the two lists were discussed and resolved as needed. Some discussion
during this process led to new requirements being created. The end result was a unified
and categorized list of requirements that reflected the best of both lists along with some

new ideas.

d) Use cases for interviewer/supervisor

A use case model for the interviewer or supervisor was conducted. Use case
modeling was determined to be useful to elicit further functional requirements by
considering more carefully how specific users will experience the system. The
interviewer/supervisor was chosen because they represent the final end user of the study
design in the mobile data collection device. While the needs of the study designer are
key, it was thought that the interviewer/supervisor use case had not received sufficient

attention in previous system analysis iteration for earlier versions.



33

4. Logical Design

The logical design phase is a further elicitation of system requirements. This may
include “system models that illustrate data structures, business process, data flows, and
user interfaces.” [75]

Some of these refactored requirements and use cases challenged the existing software
architecture and the basic conceptual model. The logical design and basic architecture of
QM were reworked to better fit revised requirements. This led to an iterative re-
evaluation of requirements, problems and features list in light of the resulting logical

design and architectural changes.

5. Decision Analysis

The decision analysis phase represents the end result of system analysis where the
previous phases are evaluated and a recommended solution is put forth. [75] In this phase
the various changes and system improvements as suggested by the requirements analysis
and logical design phases were evaluated. The list was consolidated and refactored to
match the final understanding of the problems and opportunities of this system
improvement. As a final step the list was prioritized based on the importance of the
change as it related to the project objectives, the time and effort needed to complete, and
the impact that each change would have on the end user experience. With these
considerations in mind a final list of changes for this iteration of development was

selected.

B. Rationale for solution choice
During the systems analysis phase of the project described in the document there was

only a limited amount of time available for face-to-face collaboration. Additionally,
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there were not yet programmers or other developers contracted beyond the three principal
participants. Thus there was no chance for a faster software development approach given
the logistic and financial constraints. This made the traditional systems analysis

approach a natural and intuitive choice for the project.

C. Limitations
This project was limited primarily by time and logistics. Given the participation of

team members from Atlanta and Guatemala and pressing demands from other projects, it
was only possible to have a 10 day trip to perform all of the main systems analysis tasks.
Additionally, at the time of the trip other programmers and developers had not yet been
contracted. This meant that a tighter development model could not be employed and that
the use of prototyping and mockups was not possible. A final limitation was the lack of
involvement of other types of users such as statisticians and epidemiologists. The
combination of faster development, prototyping and the input of other types of end users

would have been the preferred solution had it been possible.
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V. Results

A. Scope Definition

The first step of the project was to clearly define the purpose of the software and the
goals of the current project. While the application had been in use for years a clear
agreement as to what the application’s purpose should be was never formalized. After
some discussion the purpose was defined as the following:

“Questionnaire Manager is an end-to-end study-based questionnaire management
system with focus on interview based questionnaires. This includes the following stages:
design, review, deployment, data collection, data aggregation and management, and
preparation for data analysis.”

The project goals stem from the co-operative agreement (COAG) between the CDC’s
Malaria Branch and the UVG in Guatemala City. This cooperative agreement laid out a
financial accord between the two entities as to how funds directed from the CDC would
be spent by UVG over the course of the year. The UVG maintained a separate budget of
its own activities and, as a result, as a first step in this project the two versions of basic
goals needed to be reconciled.

The UVG budget called for the “Improve Questionnaire Mobile (QM)” activity to
include five tasks. The first was to migrate QM to the Android platform. The second was
to add a graphic user interface to design and expose the code for calculated variables. The

third was to modify the interface to view the case definitions used in the questionnaires.
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The fourth was to simplify the usage to make it friendlier for non-programmers. And the
final task was to evaluate the possibility to migrate QM to the iOS platform.

The COAG with UVG called for three tasks under the Improve Questionnaire Mobile
activity. First, the user interface would need to be improved to reduce the need for Visual
Basic.net programming to create customized features. Second, with the obsolescence of
the Windows Mobile 6 platform, the PDA engine would need to be modernized for
Windows 8 smartphones, as well as extended to the Android platform. Finally, the data
management component would need to be extended to allow the exportation of data to
more commonly used platforms, such as Microsoft excel and Access.

In addition, the QM development team felt that an unstated, but essential, project goal
would be to meet the software design, security and accessibility requirements mandated
by the CDC so that QM could be deployed on federal computers and devices as needed.
Finally, the development team also felt that a project goal of incorporating bug fixes and
minor improvements that had accumulated since the last iteration of software
improvements should also be included.

These goals were then aggregated, reconciled and prioritized for the purposes of this
project. It was decided that the UVG goal of exploring migrating QM to the Apple iOS
platform for iPads and other Apple devices would not be considered for this project as it
was not within the CDC’s scope of work. Table 2 below summarizes the resulting

project goals in prioritized order.
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Table 2: Project Goals

# | Short Name Description Source | Priority
With the approaching obsolescence of the
oM -> windows 6 PDA platform, the PDA engine
1 Android needs to be modernized for the Android Both Essential
platform. Migrate QM to the Android
platform.
The data management component needs to
5 | Data backend be extended to allow the exportation of data DPDM | Essential
to more commonly used platforms, such as
Microsoft Excel and Access.
CDC , . -
6 | Technical Ml_Jst meet _CDC s security and accessibility | QM Essential
guidelines in order to be used at CDC team
needs
Simplify the usage to make it friendlier for
non-programmers.. The user interface would
need to be improved to reduce the need for
Visual Basic.net programming to create
3 | User friendly | customized features. Add graphic user Both High
interface to design and expose the code for
calculated variables. Modify the interface to
view the case definitions used in the
questionnaires.
With the approaching obsolescence of the
5 QM -> windows 6 PDA platform, the PDA engine IEIP - Medium
Windows 8? | needs to be modernized for Windows 8 GT
smartphones/tablets.
. Since improvements are being made to the
Technical/ S
. overall system to meet the other objectives, QM .
Architectural . . Mixed
some bug fixes or other corrections should team
Updates ) .
be made at the same time where appropriate.
o Evaluate the possibility to migrate QM to the | IEIP -
QM ->10S iOS platform. GT Low

B. Problem analysis

1. Discovery and formalization of guiding principles for project

Early in the process a set of guiding principles that would inform the project was

elicited. These principles include cross cutting ideas that help define the problem and
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resulting solution, without generally being traditional system requirements or functions.
The guiding principles decided upon for the project include the following:

Anticipate change

Documentation at every step

Reduce coding, but remain flexible
Apply experience in public health studies
Encourage transparency

e Encourage reuse & standardization

e Avoid binding conceptual layers

e Consider form factor

e Like paper, but better

a) Anticipate change

The foremost guiding principle for the project was determined to be to anticipate
change. It is extremely common to face changes, big and small, to survey instruments
after piloting, training and field testing. A robust application must be able to respond to
such changes with minimal effort. Instead of hoping that such last minute changes do not
occur, the project must expect that they will and keep this in mind for all aspects of the

system.

b) Documentation at every step

A related principle is the need for easy documentation for the end user. Nearly all
researchers are required to submit grant proposals and protocols to Institutional Review
Boards (IRBs), print questionnaires for review by peers and IRBs, generate data
dictionaries for data analysts, create reports and dozens of other forms of documentation.
Many of these reflect specific system requirements that can be detailed during
requirements analysis, but the point of this principle is that at any moment unexpected

forms of documentation of every aspect of the study may be required. As such, the
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project should design in such a way as to facilitate easy documentation of all
components. This concept should extend to all coding as part of best practices for

programing.

C) Reduce coding, but remain flexible

Another principle was determined to be to take all steps possible to reduce coding by
the end user and at the same time remain flexible to unanticipated future needs. One of
the key detriments to the existing system is the need to write Visual Basic.net code for
custom or new functionality. This is an obvious obstacle to novice users and all steps
should be taken to avoid this as much as possible. However, the opposite extreme of
allowing absolutely no custom coding or expansion to be possible is also to be avoided.
Allowing the means for intermediate or advanced users to make changes or add

functionality to the application will create a more robust system overall.

d) Apply experience in Public Health studies to anticipate needs of

common study designs

While the system may be used in other fields that use questionnaires or interviews to
collect data, its focus should always be on the needs of public health studies. Throughout
the application itself and through every step of the study design process the primary focus
should be on how those needs are being met. The application must be able to handle all
common forms of public health study designs including clinical trials, cohort studies,
case control studies and cross sectional surveys. Common questionnaire and question
types should also be considered, as should the needs of data analysts for the completed

data.
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e) Encourage Transparency

The guiding principle of openness and transparency should inform all technical
decisions regarding coding and architecture. The project was decided to be developed in
an open source environment, and whenever possible open source platforms and tools are

to be used. It was decided that proprietary formats should be avoided to reduce cost.

f)Encourage reuse & standardization

Reuse and standardization of elements should be kept in mind at all times. This
applies to the actual development and coding of the application itself as part of best
programming practices. It also should apply to all aspects of the study design. The reuse
of questions, questionnaires, legal values, reports, queries, validation, functions, and
other elements should always be a primary consideration. This reuse will reduce
repetition and duplication of efforts, and also lead to more standardized results.
Whenever possible support should be provided for international standards and coding

schemes used in public health, such ICD, CPT, LOINC, and SNOMED.

9) Avoid binding conceptual layers

One of the key principals in software design is the use of multiple tier architecture
[76]. Often this involves separating out a tier, or layer, for the presentation of an
application from the business logic that governs the behavior of the application.
Furthermore another layer is usually reserved for accessing the data in the application.
By separating out these functions into distinct modules with explicitly described
interactions between them developers can make changes to each layer without

dramatically impacting the others. One of the problems with other software solutions that
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were evaluated as described in Chapter 2 was that the other applications intertwined these
layers causing problems in maintenance and lack of robustness. This problem should be
avoided in this project. Furthermore the concept of multi-tier architecture should be
further applied in the business rules layer to tease out and separate discrete conceptual

layers.

h) Consider form factor

It was decided that a guiding principal in all design considerations should be working
with a small screen size form factor such as a smartphone or PDA. This is important at
the level of presentation (how the individual screens will look), but it is also important at
the functional and conceptual level that determines how the application will behave. The
project should keep in mind that while designing for use for a small screen, all small
screens are not the same. There is a wide variety of screen sizes and resolutions in the
market, so designing to one specific size may not be the perfect solution. Consequently,
the techniques of responsive and adaptive design from the web development world could
be applied to the problem, with the added benefit of the easier possible expansion to

larger form factors like tablets and laptops.

i) Like paper, but better

It was determined that a guiding principal should be to try and remain as close to
paper questionnaire design as possible, but with all the improvements made possible by
computing power. Given the level of comfort most end users and scientists have from
years of experience working with paper questionnaires, all efforts should be made to

adhere to expectations generated by that experience.
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2. Define users

It was determined that there were six basic users for the QM system: study designer,
interviewer/interviewee, supervisor, basic data manager, analyst and advanced user.

The study designer would create and modify study elements such as questionnaires
and questions. It was anticipated that scientists, researchers or technicians would fill this
role. An interviewer would be the person in the field that would be administering the
questionnaires. In the case of self-administered questionnaires the interviewee would
fulfill this role as well. The supervisor would have elevated privileges and managerial
functions unavailable to interviewers while in the field. The basic data manager would
be in charge of day to day reception or aggregation of data, as well as some basic
cleaning and reporting tasks. This person may be a supervisor or a technician with basic
computer skills. The analyst would take the study data and perform statistical or
epidemiological analysis on it. Finally an advanced user would have sufficient technical
skill to program expanded features, new screens, complex queries and reports, or
specialized validations or functions. Programmers, advanced IT, or advanced data

managers with programming experience would fill this role.

3. Analyze business processes / system context

At the highest level of abstraction, the QM system can be described with the system
context diagram in Figure 5 below. The Designer, with the possible help of the
Advanced user create, modify and then deploy a study design to the field. Once in the
field, data collection occurs with the Interviewers and the Interviewees. The Supervisor

may perform data quality checks before passing the data on to the Data Manager. The



Data Manager, with possible help from the Advanced user, aggregates, imports, and

cleans the study data. Finally the study data is used in analysis by the Analyst.

Designer

Advanced

Create, modify & deploy

Q]terviewee

( Data Collection \

—_— Analyst

Data
analyzed

Data
Management

Quality control

Interviewer

J

Data
Manager

Supervisor

Figure 5: System Context

4. Document existing application

a) Summary

43

The Questionnaire Management system is comprised of two separate but inter-related

applications: QM designer for Windows 7 desktop operating system and QM PDA engine

for Windows Mobile 6.5 OS. The Designer program creates and edits the study design.

This design can be previewed and saved to an HTML file for printing or sharing. The
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design can also be used to generate a data dictionary. This study design can be used to
generate a deployment package for the PDA. The PDA uses the deployment package to
install the study and then collects data from the user. When the data has been collected it
is transferred back to the QM Designer where the Data Manager component imports and
manages the data. These components, their outputs and basic functionality are diagramed

in Figure 6 below.

Open/Save

QM Designer

* Create new design
+ Edit existing design
* Generate

* Preview

+ Data Dictionary

FTTTTTTTTTTETTT TN + Data Manager
Generate

Installer
.CAB

Data Manager

* Open Database

+ Query Database

+ Import data from QMD
to SQL Server

Design

Config. Security

-QMs

aMmcC

PDA Engine

* Install study
+ Data entry

* Transfer data
* Backup data

Figure 6: Application Summary
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b) QM Designer

1) Summary

QM Designer is the main application for QM. It is a Microsoft Visual Basic.NET
desktop application written for the Windows 7 operating system. It is the starting point
for creating new studies and opening, editing and saving changes to existing studies. It
saves the study configuration to a single data file using Microsoft’s SQL Server compact
edition file format. The Designer calls the Data Manager which is a sub-application to the
main program that deals with data importation and queries. The Designer has 4 main

panels: the Study Tree on the left, Preview in center, Properties on the right and menu

toolstrip above as shown below in Figure 7 below.

W) - (™ - [JAssigned Variables [ Variable Names Values of Legal Values [1] Conditions 3 Metadats G 3l
o [CJRoute [0 Page Breaks [0 Hidden Legal Values © (Main)
il .| Commert
Blood tests Man Tet What was the result of the RDT?
Name
1) CHECK THE PATIENT ID WRITTEN ON ALL TESTS PERFORMED. DO ALL OF THEM  © .':;g‘;',“ LV_PosNeg
@SASubjectID ? Screentemplste  RadioButtons
Yes T *
No Vanable Name RDTResult
Not applicable o ot sl r-‘:’m
TESTS PEF Soacite Mogmum
h 2) If patient ID does NOT match Absohte Mawmum
CEED UNTIL THE PATIENT ID) 2.1) YOU CANNOT PROCEED UNTIL THE PATIENT IDS MATCH. EITHER FIND THE C _ Promot Over

SAMPLES, GO TO THE CORRECT PATIENT IN THE PDA, OR MAKE OTHER CORRECTIO! | _ Provst Undr
3) If patient ID does match =

3.1) DID YOU PERFORM AN RDT FOR THIS PATIENT? s
Yes Show Question Troe
No E PDA Actions
Custom Fal Messagr
3.2) RDT performed ;’:,j:’”‘
3.2.1) What s the pre-printed sample ID used for RDT? Py
On Unioad
3.2.2) What was the result of the RDT? oyl
Positive Corfem Back sse
Negative Confiem Change Faise
Indetermmate Confiem Next False
Hep Text
3.2.3) If the result of the RDT test was indeterminate O o
3.2.3.1) PERFORM ANOTHER RDT ON THE PATIENT. S i
3.2.3.2) WAS ANOTHER RDT DONE ON THIS PATIENT? @ System information
Yes Questorn
No
3.2.3.3) If another RDT was done on this patient
3.2.3.3.1) What was the result of the RDT?
Positive
Negative
Indeterminate
3.2.4) RECORD THE RESULT OF THE RDT ON THE PATIENT STUDY CARD. GIVE T
PATIENT TO TAKE TO THE HEALTH WORKER. —
3.3) RDT NOT performed oS i

3.3.0) Why was an RDT not nerformed?

Figure 7: QM Designer GUI
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2) Study Tree

The study tree panel is a graphical representation of the flow of the study and based
on a binary tree data structure. The elements in the study tree are represented by nodes
that include: the Study itself, Questionnaire Sets, Questionnaires, Sections, Questions,
Information screens, and navigation “Checkpoints”. The Study node represents the
study’s properties and is the root node of the structure. There can be only one study per
QM project file. Questionnaire sets, Questionnaires and Sections represent a hierarchy of
“containers” for the study. A Questionnaire Set contains one or more Questionnaires that
belong together as a logical unit. This functionality exists because some studies may use
groups of questionnaires appropriate for certain situations. For example, in a study there
may be a set of questionnaires that are used in a hospital, another set in health clinics and
third in laboratories. A Questionnaire contains one or more Sections. Questionnaire
refers to the whole paper questionnaire equivalent and a Section refers to a logical
grouping of questions usually to provide clarity or thematic or logistical cohesion or to
aid in navigation. Each section contains one or more questions or Information nodes.
Questions collect some response, measurement or observation from the user, whereas
Information nodes provide information messages back to the user.

Each node in the tree is either the Study, a Questionnaire Set/Questionnaire/Section, a
Question, an Information Screen, or a “Checkpoint” (logical decision point). In
formation it is similar to, but not identical to, a complete binary tree. In QM’s case there
is always a left branch and questions and information nodes can only have one child.
Questionnaire Sets/Questionnaires/Sections and Checkpoints can each have two children.

The tree is represented in a vertical fashion similar to Windows Explorer and where the
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branches of the tree can be collapsed and expanded using the plus and minus icons to the
left of the node label. The Checkpoint is a logical decision point that is evaluated by the
device. In the example shown in Figure 8 below, if the first question is 3.1 Did you
perform an RDT for this patient?” then a checkpoint might be based on the condition
“RDT = yes”. If that condition was false then the users would be sent down the left hand
branch to the next node. If that condition was true then the user would take the right
hand branch and answer follow up questions like “3.2.1 What was the pre-printed sample
ID used for RDT?” The right hand branch could have many further nested checkpoints
and follow up questions. The user would continue on the right hand branch until there
were no more nodes, at which point it would return to the left hand path, in this example
3.3. Essentially it evaluates much as a paper questionnaire would from top to bottom,
using skip patterns to enter into a branch of follow up questions or skipping down to the

next appropriate question based on the available data.

5- {Z] Blood tests

b3

- f 1) CHECK THE PATIENT ID WRITTEN ON ALL TESTS PERFORMED. DO ALL OF THEM MATCH @SASubjectlD ?
" 2) If patient ID does NOT match
* 3) If patient |D does match
? 3.1) DID YOU FERFORM AN RDT FOR THIS PATIENT?
" 3.2) RDT performed
? 3.2.1) whatis the pre-printed sample |0 used for ROT?
? 3.2.2) What was the result of the RDT?
3.2.3) f the result of the ROT test was indeterminate
i 3.2.4) RECORD THE RESULT OF THE ROT ON THE PATIENT STUDY CARD. GIVE THE CARD TO THE PATIENT TO TAKE TO THE HEALTH WORKER.
%" 3.3) RDT NOT performed
7 3.3.1) Why was an RDT not performed?
3.3.2) If other reason for not having ROT sample
f 3.3.2.1) Pleasespecify why RDT was not performed:
- % 34) DID YOU COLLECT BLOOD ON FILTER FAPER FOR THIS PATIENT?

Figure 8: Checkpoint Example

In Figure 9 below, question mark icons indicate questions, checkmarks indicate
navigation Checkpoints, and the red text indicates questions that must be answered before
proceeding. Questionnaire Sets, Questionnaires, and sections each have their own icons

as well.
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i 324) RECORD THE RESULT OF THE RDT ON THE PATIENT STUDY CARD. GIVE THE CARD TO

Figure 9: Study Tree

3) Preview

The preview panel very simply provides a visual representation of what a printed
version of the questionnaire, section or question would look like. An example is shown
in Figure 10 below. Once an element is selected (highlighted) in the study tree panel to

the left and the preview button in the menu strip is pressed, the preview panel fills with

THE

PATIENT TO

TAKE TO THE HEALTH WORKER
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this output. There are several checkbox options above the panel that can change what is

displayed in the preview. For example, the variable names or the values for legal value

options (yes=1, no=2,etc.) can be shown as part of the preview on demand. This preview

can be saved as an HTML file for easy viewing in word processors and internet browsers.
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File Edit View Tools About English
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Blood tests

1) CHECK THE PATIENT ID WRITTEN ON ALL TESTS PERFORMED. DO ALL OF THEM MATCH
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O Yes-
O No-o
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2) If patient ID does NOT match
2.1) YOU CANNOT PROCEED UNTIL THE PATIENT IDS MATCH. EITHER FIND THE CORRECT BLOOD
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m
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3.2.1) What is the pre-printed sample ID used for RDT? (EDTSampleID)

3.2.2) What was the result of the RDT? (RDTResult)

© Positive - |

© Negative -2
© Indeterminate - °°
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3.2.3.3) If another RDT was done on this patient
3.2.3.3.1) What was the result of the RDT? (RDTRepeatResult)
© Positive - 1
© Negative - 2
© Indeterminate - 25

3.2.4) RECORD THE RESULT OF THE RDT ON THE PATIENT STUDY CARD. GIVE THE CARD TO THE
PATIENT TO TAKE TO THE HEALTH WORKER.
3.3) RDT NOT performed
3.3.1) Why was an RDT not performed? RDTNoReason) -

Figure 10: Study Preview

4) Properties

The properties panel on the right of the screen, shown in Figure 11 below, displays
the attributes of any node selected in the study tree panel. These property fields change
depending on whether the study, a questionnaire set, questionnaire, section or question
has been selected. In general they include details such as the text to be displayed,
variable names, the type of question, legal values to be used, validations, ranges,

functions and special PDA behaviors.
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Name
= Data Entry
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Screen template RadioButtons
Varable Data Type integer
Variable Name RDTResult
Varable Scope Section

= Data variable ranges
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Custom Fail Message
Custom Validation

On Change

On Load

On Unload
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Corfirm Back False
Confirm Change False
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Questionnaire Set|D 1

Section|D 36
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Main Text

The question to be displayed.

Figure 11: Properties Panel

(5) Menu functions

The menu toolstrip simply contains most of the functions that are called by the
application. This includes basic file functions such as new, open, and save, as well as
other common editing functions such as cut, paste, find, and print. The Edit menu also
allows access to many of the study configuration tables, such as Sites, Security,
Languages, Legal VValues and Methods.

From the menu several special QM tools can also be used. The Create Data

Dictionary function generates an Excel spreadsheet data dictionary that describes all of
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the variables used in the study. The Data Manger function opens the data management
component of QM. The Generate function generates the files needed to deploy the study

design to a PDA.

C) PDA Engine

1) Summary

The other main application is QM’s PDA engine. This application is written in
Visual Basic.Net 2005 compact framework for use Windows Mobile 6.5 devices. The
application itself is an engine that interprets the configuration files created by the
Generate function of the Designer program on the desktop.

The engine includes templates of the various screen types used by QM. It uses the
properties from the configuration files to populate the screens as needed, writes the
resulting data to a separate data file and then evaluates the navigation logic from

configuration file to determine what screen to generate next.

2) Security and context

When QM is first launched on the PDA several key steps have to be taken by the user
in order to establish the proper context for data entry. First a study, from all of the
studies currently active on the PDA needs to be selected (Figure 12). Once the study is
selected then the user needs to log on using a user name and password (Figure 13). This
restricts access to the data and at the same time identifies the user so that the work that
they do during the session is electronically signed. Additionally, the user may have a

specific role, such as supervisor or interviewer, that they can play in the study and the log
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on process identifies that as well. Some studies will require a study site to be selected

(Figure 14) and others might have multiple Questionnaire Sets for the user to choose

from (Figure 15).

DAL ©

ITN Evaluation

Where are you working today?

with which study are you 2 (HT_LLINe)
working today? H

LOG IN SCREEN

Select the
(O Monitoreo de la Durabilidad de M Interviewer's code
O m valuaton Coce: ﬁ
. [= Cayes Jacmel
Password: 4 Marigot

Figure 12: Study Selection Screen Figure 13: Log In Screen
DAL @ AXIM | D<AL @ AXIM

with which questionnaire set are What do you want to do?

you working today?

(O ADD new subject

@ |[patient]

() psc

(O EDIT subject

O VIEW Reports

Figure 15: Questionnaire Set Selection Screen Figure 16: Action Selection Screen
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Once logged in, the user must decide what tasks they wish to do. At this time there
are only three choices - add a new subject, modify an existing subject or view reports
(Figure 16).

Currently QM is organized around the concept of a central organizing “subject”. This
subject can be a person, household, health facility or anything else. Adding a new subject
starts from the beginning of the first questionnaire. Modifying an existing subject calls up
a screen that allows the user to select an existing user based on the unique id or other
search key as determined by the study design (Error! Reference source not found.).
Some studies do not assign unique IDs until after screening, so a separate screen allows
for searching for subjects that have not been assigned IDs (Error! Reference source not
found.). The View Reports option sends the user to a menu of reports to select from.
These reports are created in the study design and allow the user to view custom made
summaries of data that can be used to navigate to specific subjects. For example, a
“patients needing follow-up report” may show a list of patients that require follow-up
visits by name and address and with a column showing how many days ago their last visit
was. A double click on any record would select that subject and navigate the user to the

data entry process.
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LocaliteLive: edadanios: 28
LocaliteLive_specify:
RDTSamplelD:
FPSamplelD:

Figure 17: Select Subject with ID Figure 18: Select Subject without ID

3) Screens

There are screens for every common data entry type found in questionnaires as well
as some specific to mobile devices. There are numeric, decimal (Figure 19 and Figure
20), date, time, checkbox for multiple selection (Figure 21), text (Figure 22), radio button
for single selection (Figure 23), GPS, and several custom screens for specific studies.
There are also information screens that show messages to the user, but do not collect data

(Figure 24).
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P~ P~ P~
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+/-|| O

Figure 19: Decimal Screen Figure 20: Decimal Range Check Figure 21: Checkbox Multiple
Selection Screen
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)
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Ctl|ati L2
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Figure 22:Text Entry Screen Figure 23: Radio Button Single Figure 24: Information Screen
Selection Screen

4) Menu Navigation

The menus dynamically display the existing and available questionnaires or sections

of questionnaires for a selected study subject. Their display is determined by the logic
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captured in the study design in QM Designer. For example, if one must complete a
screening questionnaire before an enrollment questionnaire, then only the screening
questionnaire is shown until the subject has met the requirements to enter the study.
Perhaps the enrollment form gathers consent and assigns an ID, and if the subject has
neither then they cannot proceed to the main questionnaires, in which case only the
screening and enrollment questionnaires would be available. The menus are color coded
to show the degree to which the questionnaire or section are completed; green is
complete, red is partial and black is available to be filled, but not yet started. All the
properties in the menu are dynamic and respond to user input immediately, either by

appearing or changing color. Figure 25 below demonstrates these properties.

DL @ ~xiw
ViCo
06-1-0001-1 GERARD,W;LOPEZ
Cuestionarios
H1 Sospechosos i
H2 Inscripcidn Modificar :

H5 Muestras
H3 Informe del Caso Crear

HR6 Radiografia

HC9 Seguimiento

HCP11 Terminacion Crear

Figure 25: Dynamic Navigation Menu
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d) Data Manager

1) Summary

The Data Manager is a subcomponent of the main QM Designer application. It is
called from the Designer’s menu bar. Its purpose is to import, view and edit study data as
it comes in from the field. It has four main functions: connection to data source,

importing data, querying data and editing data.

2 Connection

Upon startup, the Data Manger shows a dialog box for making a connection to a
“Main Database” where the data from the various devices can be aggregated (Figure 26).
Currently QM can only create Main Database connections to Microsoft SQL Server
databases, either as a server connection or in instance mode. Once connected to the main
database, the program can also make connections to PDAs connected to the desktop or
laptop. It can also connect to QM data files that have been copied to the hard drive or a
memory stick. The user can change the connection directly on the main screen of the
Data Manager and the central icon changes to match the type of connection that is

currently active.
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File Import Expot Query View Prueba
1 Execute ¢* [V] - Patient ~ | Options

Variables ~ Metadata ~ (7] Trim Names for SAS)
(2] Patient

Rows:0 Read Only

Figure 26: Data Manager Connection Dialog

3) Import

The import process is fairly straightforward. Once connected to a main database, the
user must choose a data file or data files to be imported using a popup file browsing
window. The importer function verifies that the data file matches the current study design
and then iterates through each of the data tables in the study. It looks at each row of each
table and compares it with the data already in the database (Figure 27). If the record is
new, then it simply imports it. If it is already in the main database, but is identical to the
existing record then it ignores it. If the record is already in the main database but has
been updated, then the importer moves the old record to an audit table and imports the
new record. This creates an audit trail of the changes that the data have undergone in
case they need to be investigated or cleaned at a later date. Once complete the importer
provides a summary of the number of records added or updated in each table, as well as a

report of any errors that may have occurred during importation.
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File Import Export Query View Prueba
1 Execute o* [7] + Patient +  Options e Condtion
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2 Metadata QMD Fil .y
l?@-ﬁm.m-doﬂsu\
s (2 Principal
Aedit (D Accept € Concel
Rows: 0 Read Only
Figure 27: Data Manager Import
(4)  Query

When connected to the main database, or a data file or PDA, the study design can be
used to create ad hoc queries to examine the data. The same study tree that is used in the
QM Designer is reused here except instead of icons there are checkboxes before each
node. Checking these boxes includes the variable that corresponds to the question in the
query. Conditions can be added to the query that will limit the results. This can be done
by dragging and dropping the variable into the Conditions box in the top right of the
screen. For example, if the data manager wishes to see only data from children younger
than 5, “age < 5”can be entered in the condition box. When the execute button is pressed,
the results of the query are displayed in the data grid on the right side of the screen and
the SQL code used to generate the query are displayed below (Figure 28). At this time
the queries cannot be saved or reused, but the resulting data grid can be copied and pasted

into other programs such as Excel or Word.
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Figure 28: Data Manager Query

(5) Edit data

Data Manager also allows the user to modify the data in the main database. A query
can be created using the same function as above. There is a small “edit” icon that can be
selected, at which point the cells in the data grid change from read only to read/write.
Once changes are made a dialog box appears showing the changes to be made, allowing a
special comment field to be written to explain the change and a confirmation. Once the
change is committed, the same process occurs as when updated data are received from
the field: the previous version of the data are moved to a separate audit table and the new
data are updated to the table along with the comment, the name of the user and a

timestamp for the moment the change was made (Figure 29).
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Figure 29: Data Manager Edit Data

C. Requirements analysis

1. DPDM requirements review

The first stage of requirement analysis involved reviewing the core requirements and
extended requirements grid that were generated as part of the initial CDC — DPDM build,
buy or modify process. The extended requirements grid is available in Appendix A. The
core requirements involved the following list and subsequent explanations:

Security/Restricted interface
Creating/Modifying/Reviewing records

Dynamic or data driven menus of questionnaires or sections
Navigation/changes to questionnaires

Computer capabilities

Relational data

Data Storage on device and backups

Good clinical data management practices / audit trail
Clean “breadcrumb trail”

Multi-lingual

Screen size

a) Security/restricted interface

A basic function necessary in every mobile application is a secure log in. The data
collected could contain sensitive information and should be encrypted and password
protected. The ability to enforce a secure log in to the application to establish identity is

always required. One potential benefit is that different user roles (such as interviewer,



62

data manager, supervisor, etc.) can be created to provide different functionality based on
privileges assigned to that role. Since different devices implement their “unlock” features
differently, and since users can often disable device-level password protection, this

secure log in should be at the application level instead of the device level.

b) Creating/modifying/reviewing records

During data entry, the foremost decision of the mobile user is to decide whether they
are working on new or existing records. Creating new instances of a questionnaire
should be an easy task (adding a new blank record to a data table and assigning a unique
key). Modifying an existing record is a two-step process: first the user must locate the
record based on a unique key, ID, name or other identifying information, and second the
system should provide enough information for the user to confirm that the correct record
has been chosen. Reviewing an existing record follows the same process as modifying,

with the exception that access is limited to “read only”.

C) Dynamic or data driven menus of questionnaire or sections

Most studies usually involve more than one questionnaire or section, and more
sophisticated studies can involve dozens of questionnaires with complex rules and
procedures governing when each questionnaire should be administered and by whom.
Software should be able to provide a menu or list of appropriate questionnaires or
sections available to the user based on study protocol and the data already entered into
the form at any given time. Since many forms/sections may be needed at any time, a
clear menu system that adapts to changing conditions and data should be made available

to the user.
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d) Navigation/changes to questionnaire

Small screen sizes often limit the appearance and quantity of information that can be
shown at one time. Therefore, study designers need to have a way to guide the user
through various parts of the questionnaire. One of the simplest and easiest ways to
implement this is through the use of “backward” and “forward” buttons or gestures such
as “swiping” that proceed through a questionnaire step-by-step.

This means that for each segment (screen, question, section depending on the
questionnaire) of the questionnaire, the developers have to program what part of the
questionnaire the user will advance to and how to return to the previous location if the
user wants to modify an existing entry. When there are skip patterns with various routes

depending on the response value, it can get complicated as shown in Figure 30 below.

Beginning of
Questionnaire

QuestioanQuestionS

Question2

Question3 End o
Questionn

f
aire
Question4 @

e

Question6

Question7 Question8

Question9

Figure 30: Skip Pattern Example

In this example, question 4 would involve complex Boolean logic to return to the
appropriate question if the user decided to navigate back to a previous question. Ideally,
software should handle this navigation as automatically as possible, both to reduce effort

of design and maintenance, and to reduce the number of errors and testing time.
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Inevitably study designers need to make changes to study instruments, often at the
last minute. Usually new questions are added, ineffective questions are removed, the
order of questions is changed, or the skip patterns are altered. If the navigational
programming is hard coded then all affected code must be modified. This often leads to
“spaghetti code” that is difficult to maintain and test, and is very error prone. Mobile
data collection software with an easy to implement navigation strategy should make it
easy to change the questionnaire design and be robust enough that rearranging a question

or two should not require a large amount of programming effort by the designer.

e) Computer Capabilities

All basic data entry controls need to be available (text, integers, radio buttons,
checkboxes, dates, etc.). Additionally, the capability to create and utilize
PDA/smartphone specific controls such as barcodes, photos, sound recordings, GPS, etc.
is needed. Furthermore, the ability for developers to use the computing power of the
device to rigorously validate the data as entered is required. Developers can: ensure a
value is within a valid range, reuse coded lists (1=yes, 2= no/ 1=male, 2=female, etc.),
make calculations, enforce unique values, check values against other data (within the

current form or between forms, or even between other records from the same form).

f)Relational data

It is often necessary to create relationships between records. These relationships may
be one to one, one to many, or many to many. For example, when interviewing an entire

household about automobile usage, there may be separate forms for the family members,
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vehicles and each individual’s usage of each specific vehicle. The mobile device

software needs to be able to make these relationships in the corresponding data tables.

9) Data Storage on Device and Backups

In rural or developing country settings or some disaster situations, it is necessary to
keep data in an encrypted, password protected state on the device. Data cannot be stored
on “The Cloud” because Internet connectivity is never guaranteed. Backups need to be
made regularly to the device and to removable storage media (commonly SD or microSD

cards).

h) Good Clinical Data Management Practices / Audit Trail

One of the good clinical practices often incorporated into studies is the ability to track
changes made to the data as they are entered in the mobile device. This applies to records
that already exist and are being modified. Usually a log of what change was made, by
whom and when it was made are kept in a separate table or modified records are copied
with one version marked with an “updated” or “archival” flag. This provides an audit

trail of alterations made to the data and a virtual signature that can be reviewed.

1) Clean “Breadcrumb Trail”

Consider this scenario based on the navigation diagram in Figure 31 below. A data
collector may enter Question 1 -> Question2 -> Question 3 -> Question 4. If during this
process, the respondent reveals a change in the response to question 1, the data collector
must navigate back to Question 1 and change the response. The new response for

Question 1 may change the skip pattern to Question 1 -> Question5 -> Question 4. It is
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important the previously entered values for Questions 2 and 3 are cleared in order to

prevent data entry errors.
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Figure 31: Skip Pattern Example

Erasing the “breadcrumb trail” is essential for good programming when skip patterns
are considered. Optimally for the user and the developer, this functionality should be
handled automatically by the data collection software. If developers have to compose
code for each combination of skip patterns, it inevitably leads to high maintenance cost
and “spaghetti code”. This functionality is a special consideration for mobile devices
because the user usually cannot see and correct the erroneous data easily unlike paper
forms and data entry screens where all of the data is visible at one time or on the same

screen view.

j) Multi-lingual

Many public health studies internationally and domestically are performed in multiple
languages. It should be possible for the data collection form to switch between multiple
languages on the device (using a data table with the language translations listed). This

includes any menus and popup messages.
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k) Screen Size

Although not an essential core function considerations of the screen size are
necessary and desirable. The small screen size of PDAs and smartphones in particular
limits the amount of information visible on the screen at a time, usually 4 questions
maximum. The ability to allocate more than one question per screen view is often
needed. In addition, different devices have various screen sizes and resolutions, and
often rotate between portrait and landscape views and the software needs to be able to
adapt to the various changes in screen layouts without a major impact in the interface.
Lastly, the ability to manipulate the screen real estate, and determine the position, font,

size, color and style of the controls and text on a specific screen view is ideal.

2. Reviewed accumulated existing problems and features list from past end

users and development team.

The QM system has been in active use since 2008 and has gone through two major
revisions and multiple minor revisions and bug fixes. It has been used in at least 14
different studies, four different languages and a dozen countries. Consequently many
different collaborators during that time have made suggestions for improvements in
design and correction of problems. Additionally the QM development team has added its
own list of problems and ideas. These lists were consolidated and reviewed by the

project team. The complete collection can be found in Appendix B.
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3. Aggregated and categorized problems and improvements to elicit more

clearly defined requirements.

These three basic requirements lists, CDC core requirements, CDC extended

requirements and QM development team’s list of ideas and known problems, were joined

together and reviewed. Due to the volume of individual items it became necessary to

create categories of requirements in order to group them into comprehensible units.

These categories were then tied back to the original objectives from the Scope Definition

phase. Some of the categories applied to multiple objectives. Once categorized the

duplicate requirements were easier to detect and consolidate. Table 3 below contains a list

of the categories and a short description. The full listing is included Appendix C for

reference.

Table 3: Requirements Categories

Category

Description

Accessibility - CDC

Section 508 accessibility compliance

Better Base Screen

All of the individual screens on the PDA use the same Base
template. This consolidates basic functionality in one place. Hence,
any changes to this base applies to all screens.

Better Existing Screen

Improve existing specific screens. For example, there are specific
improvements that need to be made to the GPS screen.

Constructor

Right now screen templates need to be made from scratch in Visual
Basic code. A constructor would assist or automate that process
somehow

Data Manager Interface

Improve how the final user interface for the Data Manager module
operates

Data Manager Internals

Improve the technical internals for the Data Manager module

Data Manager New Functions

Add new functionality to the Data Manager module.

Deployment

Deployment is when some kind of installation package is created for
installation in the PDA.

Device Specific

Improvements that are specific to the data entry devices (as opposed
to the designer or data manager)

Documentation

Documentation of the application

Eliminate/Reduce Programming
Code

Reduce or completely eliminate the need to write VB code

Improve Architecture

Improve the underlying conceptual or technical architecture of the
system

Improve Design Reusability &
Standardization (legal values)

Improve the ease of re-use and promote data standardization
particularly as it pertains to legal value tables.

Improve Study Configuration

Improve the ability to configure properties of the study design.
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Table 3: Requirements Categories
Category Description
Improve Study Validation Improve the error checking of studies to avoid errors in the
(design/semantics) PDA and improve design semantics.
Interface - Designer (General) Improve the final user interface for the Designer module in general
New Screens Add new screens with new functionality
Security - CDC CDC and US government security concerns.

4. Use cases for interviewer/supervisor

It was decided that among all of the users of the application, the use cases for the
functional requirements for the Interviewer and Supervisor were the most important for
description as they represent the final end users of the product. Interviewers and
Supervisors are, by definition, not expected to be involved with study design or data
management or analysis. Instead they are assumed to be involved only with the
collection of data in the field and light data management as it pertains to field activities.
The formal descriptions of use cases for study design and data management were not
performed in this project. The Interviewer and Supervisor use cases are described below
as use case narratives and focus on basic or “happy” paths.

From the starting point each day it is assumed that the interviewer is powering on the
device for the first time and opening QM. As preconditions for basic operations the user
must select a study from a list of available studies as there may be multiple studies on the
same device. The user must then, if security is enabled, enter a user name and password.
This will be checked against the security for the study and if correct, the user will be
allowed to proceed. At this time the user’s ID and role, if applicable, are determined by
the system. If the user’s role is Supervisor then it is assumed that the user will have all of
the functions of interviewer available plus additional managerial functions reserved to a
supervisor. Next, if the study has multiple sites then the user must select the appropriate

one from the list available. The system will save that site information, along with the
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device name, serial number, and other details without the user needing to enter this

information.

a) Main Use Case 1: User knows task to do / questionnaire to work with.

It was determined that there were a relatively small number of smaller use cases
under this main use case. The assumption in this case is that the user is coming to the
application with a specific goal in mind whether that is a specific questionnaire to work
with or another specific data management or system task. For example, the user may
want to work specifically with enrollment, adverse event questionnaires or medical chart
review questionnaires. It is assumed in this main task that the user has a very clear idea
as to the questionnaire they want to work with or what task they want to perform is. The

smaller use cases that describe this main use case are as follows:

1) Begin a fresh questionnaire

The user wants to begin a specific blank questionnaire. The user would be presented
with a list of questionnaires that are appropriate as determined by the study design. This
means that the list should be filtered according to the properties of study. It may be that
all of the questionnaires in the study are always available. But there are likely to be
designs where certain questionnaires are available only to certain users, roles, study sites,
or even based on the date or time, or type of device or any other data that are available at
the time. It may also be the case, as will be explored later on, that certain questionnaires
are only available after other questionnaires have been filled according to the flow of

questionnaires as determined by the study designer.
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2) Modify an existing filled or partially filled questionnaire

In order to modify an existing questionnaire the user must select the questionnaire by
name from the list of questionnaires in the study. Again, this list may be filtered by rules
of the study design where certain questionnaires are available only to certain users, roles,
study sites, or even based on the date or time, or type of device or any other data that are
available at the time. Once the questionnaire is selected, then a specific filled
questionnaire record must be selected. The user must be able to search for a record using
some method of searching appropriate to that questionnaire, perhaps an ID or a name or
age or other piece or pieces of information that can help index the record. These search
terms would likely be determined in the study design phase, but perhaps some ad hoc
searching would also be possible. Once a record is selected some additional information
that confirms that it is the correct record may be provided before modification can begin.
For example if a patient ID is the search key, then perhaps a drop-down list of existing
patient IDs could be used. Once an ID is selected perhaps a screen showing the name,
sex, age, address or other important information can be displayed to confirm that the

correct record has been selected. Then modification of the record could begin.

3) Review an existing filled or partially filled questionnaire (read only mode)

Review an existing questionnaire would proceed in exactly the same fashion as
modifying an existing questionnaire through the beginning stages. The only difference
would be that once a specific questionnaire record was selected, then the user would only
be able to review the data in the questionnaire without being able to make any

amendments.
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4) Delete an existing questionnaire

Deleting an existing questionnaire would function exactly as a modifying or
reviewing an existing questionnaire for the first steps. The key difference would be that
once the record was found instead of proceeding to the normal data entry screens, the
user would be asked a confirming message as to whether they were sure they wanted to
delete the record. If they did, then the record would be marked for deletion. This

function might only be enabled for supervisors if that is the intent of the study designer.

(5) Restore a deleted questionnaire

In order to restore a deleted questionnaire the user again follows the first steps of
modifying a questionnaire. Once an appropriate questionnaire is selected from the
filtered list, then the same search fields would be used to find and confirm an existing
record. However, this list would only include records that had already been marked for
deletion. Once selected, this record would be no longer marked for deletion. This

function might only be enabled for supervisors if that is the intent of the study designer.

(6) Backup data

This use case would occur when the user needs to make a backup of all data to local
or removable media. This function might only be enabled for supervisors if that is the
intent of the study designer. This function might also allow the user to designate the
destination of the backup or allowing naming of backup files according to the

configuration of the study design.
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@) Transfer data to another source

In this use case the user would seek to transfer data from the current device to another
source. The manner of this sharing and destination could vary widely. It could be an
uploading of data at the end of the day to a central data repository or perhaps sharing of
data with another device in the field. This function might only be enabled for supervisors
if that is the intent of the study designer. This function might also allow the user to

designate the destination of the data according to the configuration of the study design.

(8) Receive data from another source

In this use case the user would seek to transfer data from another source to the current
device. The manner of this sharing and destination could vary widely. It could be a
downloading of data at the beginning of the day from a central data repository or perhaps
sharing of data with another device in the field. This function might only be enabled for
supervisors if that is the intent of the study designer. This function might also allow the

user to designate the source of the data according to the configuration of the study design.

9) System tools (GPS, clock, bar code scanner, etc.)

Since most mobile data collection devices have a variety of built in tools such as
GPS, cameras, compass, etc., it is possible that the user may simply want to use one of
these functions without collecting data. Some of these functions may be built in or
repurposed in QM, while others may require links to third party software to provide the
functionality required. All would be available according the configuration of the study

design.
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a) Main Use Case 2: User knows with whom/what wants to work

Often the interviewer or supervisor has a specific person or household or other study
subject of interest in mind that they want to work with at a given moment. These might
not correspond directly to a single questionnaire, but perhaps to a series of
questionnaires. Much as in the first main use case a search function would need to be
defined to provide fields upon which to search and then display confirmation
information. For example, the interviewer may know that they want to continue an
interview from a specific household from the previous day, but the study design calls for
a complicated series of questionnaires: one for the household, one for each of the women
of child bearing age in the household, one for each of the children between 6 months and
15 years old, and additionally short questionnaires for each of the blood samples and
environment samples needed. The interviewer would likely know the household ID, or
use some other search key or keys as provided, but might not know exactly where the
interview left off the day before or how many more questionnaires needed to be filled.

This use case, and the example scenario described, would depend first on a search
feature for the study (not at the questionnaire level) and then it would depend on a system
of dynamic menus to show which questionnaires for this household were completed and

which were still outstanding.

b) Main Use Case 3: Device knows where the user is

There are two ways in which the device might know where the user is: from the
selection of the work site as a precondition at the beginning of the session or from GPS or

other built in geolocation methods. It might be possible that given this inputted or
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derived information, the device could display questionnaires, enable or disable certain
functionality or execute other events as determined by the study design. An example
might be using GPS to navigate to a known water source and then starting a new

questionnaire.

C) Main Use case 4: Device knows “when” the user is

All mobile data collection devices must have an internal clock in order to function.
The study device may call for certain functions to occur at specific times. For example,

perhaps a weekly inventory must always be done at the same time every week.

d) Main use case 5: Device knows who the user is

When the user logs in the device will register the users name and role in the study.
With this information the study design may call for certain functions to occur
specifically. The supervisor logging in, for example, may require a backup to be
automatically made or a special supervisory questionnaire about field management to be

run according to the study design.

e) Main use case 6: Device knows who the user is, where the user is and/or

the date and time

In the final use case of this kind, some combination of the previous three use cases
may occur that may cause the execution of specific programmed events or enable/disable

behavior according to the study design.
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f)Main use case 7: User doesn’t know what to do

In the last use case, the user simply does not know what he or she is meant to do next.
This may often be the case when there is no specific patient or questionnaire that the user
knows needs to be attended to, created or completed. In this use case the user would
depend on pre-made reports to guide them to common tasks. Reports are just queries that
display data and provide easy tools for navigation to the appropriate questionnaire as
dictated by the study’s business rules. For example, there might be a report that lists all
patients’ missing samples, or overdue follow-up visits, or all households without all
children in the household interviewed. The report would query all of the data and show
those records that met the criteria according to the study configuration. When the user
finds an appropriate task they would simply need to navigate to it and view the resulting

dynamic menu of available questionnaires as in main use case 2.

D. Logical Design

Some of these refactored requirements and use cases challenged the existing software
architecture and basic conceptual model. After reviewing the extensive list of changes
and requirements it became clear that while the existing application would largely stay
intact, there were several main changes in the logical design of the application that
needed to be revamped to better fit revised requirements. The first was the use of
Questionnaire sets and the fixed hierarchy of Study - Questionnaire Set -
Questionnaire - Section. The second was the concept of the Subject of study, and the

third was the addition of Relationships.
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1. Questionnaire sets and the fixed hierarchy of Study - Questionnaire Set >

Questionnaire = Section

One complaint from users of QM was the reliance on the rigid structure imposed by
the fixed hierarchy where each study needed at least one Questionnaire Set which needed
at least one Questionnaire which needed at least one Section in order to place the
Questions. After some discussion it was decided that Questionnaire Sets caused
confusion rather than meeting a true study design need. Likewise it was decided that
Sections, while a necessary functionality, should not be required. These changes leave
the ordinality of the hierarchy intact, as it makes little sense for Questionnaires to appear
inside of Sections or Studies inside of Questionnaires. However, it now allows for the
most basic design where a study has one single questionnaire and that questionnaire has a

few short questions, as often occurs in outbreak investigations.

2. Eliminating the Subject of Study concept from QM

As described previously, the QM system relies on the concept of a “subject” as an
organizing principle for the study design. A subject could be a patient, household,
mother, child or any other idea around which the study was focused. This subject idea
allowed for searches to be performed in the PDA, say on study ID or household ID, in
order to begin or continue modifying that subject. Unfortunately this idea was found to be
quite confusing for the study designer and occasionally for the end user. It also led to
confusing situations where in a single study there were multiple “subjects of study”, for

example households, children, and water sources shared by multiple households. Since
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all three could be legitimate subjects of study, some creative programming would have to
be employed to make it fit into the existing logical model.

The change to the logical model that should solve this problem is to eliminate entirely
the concept of “subjects” from QM. This elimination has serious implications for the
existing system of navigation in the PDA, the ability to find the correct questionnaires, as
well as the method by which questionnaires are related to each other. In order to resolve
these issues the QM logical design must be changed to focus on the Questionnaires
themselves rather than the subject concept. There are two main components needed to

accomplish this: Questionnaire properties and a Questionnaire Flow Model.

a) Questionnaire properties

If Questionnaires have certain properties defined then it is no longer necessary to
have the subject concept. Many of the basic properties of questionnaires remain the same
from the original version of QM, but the following properties represent a significant

change in logical design.

1) Search

The most important property that needs to be defined is the search key or keys needed
to identify a specific questionnaire instance to be modified and confirm to the user that it
is the one for which they are searching. Every questionnaire should have some unique
identifier or identifiers that make that questionnaire instance unique or at least narrow the
search in order to find the correct questionnaire instance that the user is looking for.
Household ID, patient IDs, sample ID, names, village name, and many other data points

can be designated, singly or in conjunction, to populate drop-down menus to aid in
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selection. Once an instance is selected, then confirmatory data could also be presented to
confirm the correct record has been selected. For example, if the patient ID is the search
field, then the patient’s name, sex and age could be confirming fields. The properties

should all be configured at design time by the study designer.

(2) Multiplicity

Another key property that is not adequately accounted for in the current QM logical
model and needs to be added is the concept of multiplicity. Multiplicity refers to the
reuse of the same questionnaire multiple times. This could happen where a patient had
multiple follow ups where the follow-up questionnaire is exactly the same, or perhaps
multiple blood samples taken over time and the same sample form filled for each
instance. Depending on the rules of the study, a questionnaire could be filled once or
multiple times. If it is to be filled multiple times, then it is possible that the number of
times it can be filled could be determined by data entry or calculation. For example, a
question asking how many household members there are, and then using that answer to
limit the number of “household member* questionnaires that can be filled for this
household. It also could be that the number of questionnaires is a fixed number set at the
beginning of the study. For example, the study protocol could call for only three follow
up visits to each household. It could also be the case that the ability to add new
questionnaire instances is determined by a Boolean true/false condition evaluated
constantly based on data entry or calculation that allows new instances to be created. It
could also be that there is no limit to the number of new instances of the questionnaire

that could be filled. A nosocomial study that has brief follow ups for every day that a
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patient stays in the hospital may require a practically unlimited (or at least unforeseeable)

number of questionnaires to be filled.

(€)) Required

Another property for each questionnaire that would need to be implemented in this
modified logical model would be whether or not the questionnaire is required to be
completed. This means simply, is the questionnaire optional or not? It may be that the
questionnaire is always required, is never required, or is conditionally required. Some
questionnaires are always required such as a screening or enrollment questionnaire.
Some questionnaires, say adverse drug reaction, participant withdrawal or death
registration questionnaires, may be available to the end user, but are not required to
complete the study. It could also be that a certain number are required if multiple
instances are allowed for the questionnaire. It could even be the case that number of
questionnaire required to be filled is different than the maximum number of
questionnaires allowable as defined in the last point. It should never be the case that
more questionnaires are required than are allowed. The current logical model does not

allow for these behaviors and needs to be updated.

4) Modifiable

A final property needed in the logical model is whether or not the questionnaire can
be modified once it has been completed. Users have indicated that some questionnaires
should never be changed once they have been completed. This is the case in some study

enrollment forms. Once a study ID has been assigned, it is not possible to un-enroll them
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and take away their ID number. Instead a withdrawal or adverse event form would need

to be completed.

b) Questionnaire Flow Model

Having made changes to the questionnaire properties and having eliminated the
concept of subjects, it now becomes important to be able to define the way in which
questionnaires are related to each other and in what order they should be completed. In
order to represent this QM will need to have a separate graphical representation of the
study called the Questionnaire Flow model. It is based on the idea that certain
questionnaires are chained together in some logical order and have clearly defined
relationships that allows them to “belong together”. These questionnaire chains also need
some properties in order to be useful. These properties will be defined briefly and then an

example will be given to illustrate their use.

1) Starting point

Every questionnaire chain needs to start from a Base Questionnaire. In many public
health studies an enrollment form or consent form or a household census form may be the
required first step. However in some studies there may be more than one base form. For
example, there may be a household enrollment base questionnaire, a school census base
questionnaire, a health facility base questionnaire, and a water source base questionnaire.
It may be that these forms have a relationship, as will be discussed shortly, but the key
characteristic of base questionnaires would have to be that they have some independence

from one another.
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1) Availability

The questionnaire flow model needs to be able to represent the availability of the
questionnaires. While some studies will require all questionnaires to be available at all
times, it is more likely that some questionnaires require others to be completed or become
available only under certain conditions. This concept is, essentially, skip patterns at a

higher level.

(2 Strict Order

There are times when questionnaires that are available at the same time need to be
completed in a very strict order, i.e. one after the other in a fixed succession. There are
other times that the order is inconsequential or impossible to anticipate. This can happen
in particular with samples or measurements that at times may need to be taken out of

order for logistic reasons. This property of the flow would need to be logical model.

C) Examples of Questionnaire properties and Flow Model

The following examples show how the questionnaire properties and flow model need
to be able to work in the field. The basis for these examples is an actual study of the
performance of long lasting insecticide treated bednets in preventing malaria that was

conducted in Haiti in 2012 and remains ongoing.
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1) Most basic

Haiti ILNe Study

Questionnaire 1: Main

Figure 32: Flow Model - Most Basic Example

The most basic version of a study (Figure 32 above) has simply the study and one
questionnaire. This would be most likely in the simplest forms of studies, such as
straightforward outbreak investigations. There is just one questionnaire so obviously that
is the starting point. One and only one questionnaire is required to be filled out per

person.

2 Basic version

Haiti ILNe Study

. . . “Base Questionnaire”
Questionnaire 1: Screening

I—\/ Consent? < (Main only available if Consent = Yes)

Questionnaire 2: Main

Figure 33: Flow Model - Basic Example

This version (Figure 33 above) shows a very simple study with two questionnaires.
The study starts with the Screening questionnaire, which is filled in once per patient and
is required. If consent is given then the Main questionnaire becomes available and is

required to be completed once and only once.
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3) Simple Version

Haiti ILNe Study

Questionnaire 1: Screening

I— w/ Consent?

Questionnaire
2: Main Order here is unimportant, but

both required

Questionnaire
3: Samples

Figure 34: Flow Model - Simple Example

In this simple version of the study (Figure 34 above) a third questionnaire has been
added to collect information about samples. The Samples questionnaire, like its sibling
Main questionnaire, is made available and required to be entered only one time when
consent is given. This example illustrates the need for the concept of strict order versus
loose order to be added to the logical design. In this case the study designer is leaving
the possibility open that the samples be collected before the Main questionnaire is
completed. For example, a study that collects blood samples may be able to (and should)
collect samples as soon as possible, but is not assured that it will be possible every time,

so the flexibility of filling the Main questionnaire first needs to be available.
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(4)  Multiple Samples

Haiti ILNe Study

Questionnaire 1: Screening

v/ Consent?

Questionnaire 2: Main

Questionnaire 3: Samples

X3?
X numSamples?
Xn?

— v

PSC follow-up selected in Main?
Questionnaire 4: PSC

Figure 35: Flow Model - Multiple Samples

This example (Figure 35 above) shows the study with multiple instances of the third
questionnaire for Samples and a fourth questionnaire for Pyrethrum Spray Capture (PSC).
PSC is a method for gathering trapping mosquitos for entomological testing [77]. This
example builds off of the previous examples, but adds that the fourth PSC questionnaire
become available if selected for PSC follow up in the Main questionnaire. Additionally,
multiple instances of the Sample questionnaire are available. The study designer could
set the number required as a fixed number, three for instance. Or the designer could use a
the answer to the question (“How many samples of blood were taken?”) that is asked in
another questionnaire and use that answer to limit the number of instances of the
questionnaire could be filled for this questionnaire chain. Furthermore the designer could
set the minimum number of samples questionnaire instances that would need to be

created in order for this questionnaire chain to be considered complete.
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(5) Multiple Samples with follow-up

Haiti ILNe Study

Questionnaire 1: Screening
Consent?

Questionnaire 2: Main

Questionnaire 3: Samples Asked in each Samples
questionnaire

v' PSC follow-up selected? (/

Questionnaire 3a: PSC

Figure 36: Flow Model - Multiple Samples with follow-up

In this more complicated version (Figure 36 above) the question of whether there was
a PSC follow-up performed is asked in each of the Samples questionnaires that have been
filled. Since the PSC questionnaire now belongs in the direct questionnaire chain of the
Samples Questionnaire, the PSC questionnaire now “belongs” to the specific sample
record where follow-up was selected. In this case, if the first sample and the third sample
answered that PSC follow-up was performed, then there would be a PSC questionnaire
available for those two samples, but not for the second. Again, whether those PSC

questionnaires would be required would also have to be configured in the study design.
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(6) Multiple Samples with multiple follow-ups

Haiti ILNe Study

Questionnaire 1: Screening

v, Consent?

Questionnaire 2: Main Asked in each Samples
guestionnaire

Questionnaire 3: Samples

v’ PSC follow-up selected?

Questionnaire 3a: PSC

Figure 37: Flow Model - Multiple Samples with multiple follow-ups

This example (Figure 37 above) represents one of the most complicated study designs
where a questionnaire that can have multiple instances has a follow up questionnaire that
can also have multiple instances. In this case each of the Samples questionnaires asks
whether PSC follow up has been selected, and then each of those Samples can have
multiple follow ups. As before, the property that describes the quantity of multiples
Samples and PSC questionnaires that are available are still applicable, as are the property
that describes whether the questionnaires are required or not. It is possible to imagine
studies that have multiples of multiples of multiples of multiples and so on. There is no
reason that this logical design cannot be supported until the limits of physical computing
space are reached. The current logical design of QM does not allow for this study design

at all.
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(7)  Multiples and Multiples

Haiti ILNe Study

Questionnaire 1: Screening

v~ Consent?

' Questionnaire 2: Main

Questionnaire 3: Samples €= = = _

Very Important!!!
R PSC are not “chained” to
/—;\/ PSC follow-up selected? Samples in this design!

Questionnaire 4: PSC "

Asked in Main
Questionnaire

Figure 38: Flow Model - Multiples and Multiples

This example (Figure 38 above) is different from the previous in one key way: the
PSC questionnaire is no longer directly chained to the Samples questionnaire and the
PSC follow-up questionnaire is asked in the Main questionnaire. This means that PSC
does not “belong” to the Samples questionnaire but rather to the Screening base
questionnaire. There can be now be multiple Samples where there is consent and there
can be multiple PSCs, but only when there is consent and PSC follow up has been
selected. Essentially there is no longer a relationship between the two questionnaires. In
all other respects as to multiplicity and whether they are required, this example works as

the previous examples.
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@)  Full Model

Haiti ILNe Study

Questionnaire 1: Screening

v'Consent?

Questionnaire 1a: Main

Questionnaire 1b: Samples

v pPsc follow-up selected?

Questionnaire 1b1: PSC

Questionnaire 1d: Withdrawal Optional

— v'User Role = Supervisor?

Second “Base

Questionnaire 2: Health Facility Survey Questionnaire”

Questionnaire 2a: CHW

Figure 39: Flow Model - Full Model

This example (Figure 39 above) is the full questionnaire flow model. Added for this
example are three elements: an optional questionnaire, the use of environmental context
to control the flow of questionnaires, and a new base questionnaire. In this example the
Withdrawal form is made available for any Screening where there is consent, but the
dotted boxes show that it is not required for this questionnaire to be completed. Whether
the Main, Samples and Withdrawal questionnaires need to be completed in strict or loose

order would need to be determined in the configuration. From the study root a new
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branch has been created that uses the role of the user as determined by the user log in on
the PDA/smartphone during data entry. In this example only users that have the role of
“Supervisor” would be allowed to fill or modify Health Facility Surveys. Any
environmental context variable could be used to dictate flow, such as date or time, site,
user name, GPS coordinates, device type, device name, or, as is the case here, the user’s
role.

The Health Facility Survey (HFS) is a new base questionnaire. It serves as a new
starting point for a second questionnaire chain. The Community Health Worker (CHW)
questionnaire is chained as a multiple instance questionnaire that follows the HFS when it
has been completed. The second questionnaire chain works exactly the same as the
original one in that starting point is the base questionnaire. Similarly, availability is
dictated by the navigation checkpoints and the strict versus loose ordering would need to
be specified.

The reason multiple base questionnaire are needed conceptually is that in many study
designs it will be necessary to collect information about entities that are shared or do fit
neatly inside of each other. If the study is collecting information about households,
children and the health facilities in the area and there is a questionnaire that corresponds
to each entity, then it makes little sense to have all three entities in one questionnaire
chain. While each child clearly belongs to one household, the household may be serviced
by multiple health facilities and children may go to visit several of them.

It is also a question of logistics and data collection ground reality. It makes no sense
to have the data about the health facility included in the household chain of

questionnaires since it would be necessary to re-enter the health facility data at each
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household. Similarly, if the household questionnaire chain required a visit to the
household and there were multiple health facilities in the area, it would probably not

make sense to include the household in the same questionnaire chain.

3. Relationships

a) Types of relationships

With the changes to the logical design that have been described in the example above
it has been shown how the refined model can collect data from multiple patients, from
multiple samples per patient, from multiple health facilities, and from multiple
community health workers at each health facility. While it seems that the model can
show most of the relationships that can be imagined, the truth is that in relational
database terms the only relationships that are truly used are one-to-one relationships and
one-to-many relationships. The one-to-one relationship between Screening and Main is
pretty clear: for every one screening record with ID # X there can be only one Main
questionnaire with ID#X as long as consent was given in Screening.

All other relationships shown are one-to-many relationships. Take, for example, the
study design in Figure 37 above where there were multiple PSCs that could result from
multiple Samples. The situation being described is that where there are five Samples from
one person screened where PSC has been selected for follow up. Let it further be
assumed that the study design calls for exactly three follow ups only. Each of those five
samples is then related to a maximum of three follow-ups for a total of fifteen PSCs for

this screened person. However, from the perspective of the PSC record it is related to
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one and only one Sample. This is can be described as a one-to-many relationship. But
what if a many-to-many relationship needed to be described in the study design? For
example, what would happen if each patient visited multiple HFS or each patient

interacted with multiple CHWs or each CHW worked at multiple HFS?

b) Data normalization and good questionnaire design

Fundamentally the most basic problem in this situation is proper questionnaire design.
This is not strictly a problem with QM’s logical design as it can be a conceptual problem
with the questionnaire design. One of the goals of questionnaire design for mobile data
collection should be to reduce duplicate data entry and to create clearly defined
questionnaires that capture the important aspects of the real world object of study. Itis
important not to collect the same information multiple times and to be aware when data
about an object/entity maybe shared between many different questionnaires. In a study
that contains questions to be asked about household and the people, if only a “people
questionnaire” is created and it has the questions about the household (such as roof type,
wall type, number of rooms, etc.), then each member of the household will answer those
questions. When the responses are aggregated it could be the case that there may be
multiple conflicting responses about even the most basic of facts such as number of
rooms or roof type. This not only wastes the time and effort of all involved, but also
introduces ambiguity into the data as a single response would likely be needed for data
analysis.

So questionnaires should contain discrete objects, concepts, moments, or audiences.
If the objects in one questionnaire are not discrete, they should at least not be shared with

any others. This may be described by example. If the study wishes to collect data about
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households and their water sources, it is possible that some of the water sources are
shared by many different households. It is also possible that many households take their
water from more than one water source. This would be a true many-to-many relationship
and it would be wise to not attempt to include all of the questions that describe the water
sources in the household questionnaire, but rather split the water source and households
into two base questionnaires.

If this is done then it would be the case that the household questionnaire would
contain all of the questions that identify and describe the household and its occupants
such as a household ID, GPS coordinates, head of household name, number of residents,
incidence of illness, etc. The water source questionnaire would contain all of questions
pertaining to the water source including a water source 1D, GPS co-ordinates, address,
type of source, environmental measurements, etc.

This process of organizing data into “groups to form non-redundant, stable, flexible
and adaptive entities” is usually referred to as data normalization [75]. It isacommon

data modeling technique and a basic requirement for good questionnaire design.

C) Context

What is lacking is a means to describe the relationship between these two example
questionnaires. In order to describe that relationship, context and the actual research
question being asked are essential. If the study protocol calls for the interviewer to
interview households first, all of the basic information that identifies and describes the
household as discussed above will likely be collected from a household member. Then,
they would need to ask a question such as “What is your main source of water?” or

“What is the source of water that you used most recently?” or “List all of the water
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sources that you ever use.” If the interviewer is standing at the household talking to a
household member, then these are the kind of questions that make sense to ask and they
would describe the kind of relationship that would need to be created between the
household and water source. Perhaps the user could pick the existing water source from a
list, or, if it didn’t yet exist on the list, often the interviewer asks the household member
to take the interviewer to the new water source so a new questionnaire can be completed.
This would create a one-to-many relationship between the household and the water
source(s).

However, if the study protocols called for the interviewer to identify water sources
first, say at a public well, then they would have to collect all of the information about the
well as discussed above. Then they would need to ask questions like, “List all of the
households that use this water source” or “which was the last household to collect water
at this source?” or “Which households collect water most frequently from this source?”
Again, the user may have to pick household from a list or add new households as they
arrived. When the interviewer travels to the next water source, they may find that some of
the same people from the first source are also coming to the second. The directionality of
the relationship would change from one water source to many households.

Relationships must be described from some point of view or context during data
collection. The user must be physically in a place at some time talking to someone or
observing something in order to collect data. Depending on that context, the actual
questions asked will vary, and the directionality and the nature of the relationship will

vary.
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d) Relationship properties

In the end, a relationship is really a special form of question that requires a context in
order to be asked. This special form of question will require a new type of screen with
properties quite different from normal questions and are non-existent in the current QM
logical design. These properties would need to be configured in the study design phase

of the project in QM Designer. These properties include the following:

1) Basic

The most obvious property that would need to be described is to which questionnaire
is the current questionnaire being related. It may be necessary to create rules as to
whether relationships can be formed within the same questionnaire chain. It may also be
necessary to assess the implications of forming relationship between a questionnaire and
itself. If there is a person questionnaire, it makes sense when talking to a woman of a
child bearing age that a question could be, “Which people in the household are your
children?” and a relationship could be formed with other person questionnaires, i.e. those

of the children in the house.

(2 Required

Much like normal questions and questionnaires, whether it is required or not to form
this relationship would need to be configured in the study design. It may also be possible

that the relation is only required under certain conditions.
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3) Many or one

Similar to questionnaire properties, it would be important to determine how many
relationships could be formed between questionnaires in advance. The model is very
similar as there can be a number of relationships based on a variable that is entered or
calculated from data entry, or a specific number of relationships that are determined in
advance during study design, or there could be an unlimited or unforeseeable number of
relationships formed. Finally, it could also be that relationships could only be added
when a Boolean true/false condition is satisfied. For example, a related Mosquito Bednet
questionnaire might only be available to the interviewer if the Household questionnaire

question “Does the household have a bednet?” is “True”.

(4)  Allow user to add new questionnaire

At the moment that the relationship question is being asked it may be the case that the
questionnaire that is to be related does not yet exist. Given the previous household and
health facility example, if the interviewer is at a household asking the mother where she
took her child for care and that health facility is not listed, can the user fill a new HFS
questionnaire to create it and then return to the same point in the current questionnaire?

It may be the case that most of the time the user should be able to create a new record in
the questionnaire to be related, but in the example of the health facility survey, clearly
only supervisors are meant to be able create new health facilities, so perhaps there may be

cases where the interviewer or limited user may be denied the ability to do so.
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1) Filtered lists

When relating to a target questionnaire it will usually be necessary to filter the list of
questionnaire instances to choose from. This may happen because of sheer volume,
particularly in large scale surveys where the number of questionnaires may be quite large
by the end of the study. It may also make logical sense to limit the list by household,
region, state, district, county, village or other criteria. The filtering may conceivably be

done on more than one variable or condition as well.

2 Selection consumes item

Some questions may “use up” an item so that it cannot be selected for a relationship
by any other record. In a household the question could be asked “who is the first born
child in the household?” If there are seven children in the household, then all seven
would be listed. If it is then asked “who is the second born in the household?”, then the
list should only contain six children, as the first child was “consumed” by answering the
first born question. In effect, the concept of consumption creates one-to-many
relationships rather than many-to-many relationships but it is clear from existing studies
that this functionality is needed and the concept does not currently exist. If selection does

not “consume” the option then it may form a many-to-many relationship.

3) Cascade delete

One of the key concepts in relationships in databases is that of data integrity. Since
the application would be creating a connection between two questionnaires, if one of
those questionnaires is deleted, then the other questionnaire makes a reference to

something that no longer exists. Many relational database management systems deal
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with this issue by using “cascade delete”. This means deleting other questionnaires that
make reference to the deleted questionnaire. Most of the time this would seem to be an
inappropriate or dangerous option to have in place since it could automatically delete
large amounts of data quickly. However, it could make sense in a particular study design
that if something like a HFS questionnaire were to be deleted on purpose, then the
patients that are related to that health facility are also deleted. There may be some middle
ground where when a questionnaire is deleted all of its relationships are deleted, but the
other questionnaires to which it is related are left untouched. Most of the time in public
health studies this functionality would likely not be needed, but the possibility does exist

and needs to be managed in the logical design.

E. Decision Analysis

The final result of the system analysis phase is a prioritized list of functional
requirements for this iteration of development of QM. This list accounts for the original
objectives of the CDC and UVG budgets, the guiding principles of the project, and
reconciles the accumulated and elicited functional requirements. It also takes into
account the primary Interviewer/Supervisor use case and the changes to the logical design
that resulted from this analysis. Also considered is the amount of time the project has
budgeted and the importance and anticipated relative difficulty and impact of the

changes.

1. Android

The most important requirement of the project is to create a working Android version

of the QM PDA application. In this first iteration of development the goal should be to
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duplicate, as closely as possible, the same behavior that already exists in the Windows
Mobile 6.5 version of the QM PDA engine. It is understood that some adjustments will
need to be made to accommodate specific implementation in the Android version, but all

attempts should be made to minimize significant differences.

2. Replace “subject” concept with questionnaire chains and questionnaire flow

model

As discussed at length in the logical design section of this document, the subject of
study concept has proved unworkable and will be replaced with questionnaire chains. At
the same time Questionnaire Sets and Sections will no longer be a required element for
every questionnaire. Finally, Questionnaire relationships will be added to the logical
design model. All of the additional properties as described in the same section will also
be added. These changes are expected to impact the Designer application, the PDA
engine and, to a limited degree, the Data Manager, but are deemed important enough to

justify the effort.

3. QM Designer interface redesign

The QM designer graphic user interface is in need of updating. The property grid and
the preview grid will be combined into a single panel with more attention paid to the end
user experience. Additional improvements will include improved functionality such as
better filtering, a code/condition constructor to help generate code, and improved on-
screen documentation of properties. At the same time improvements will be made to
make the software Section 508 compliant for accessibility for users with disabilities

where appropriate.
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4. Data backend change / other data features

QM will move away from dependence on Microsoft’s SQL Server database
management system as well as dependence on Microsoft’s SQL Server compact edition
used in the PDA. Android uses the popular SQL.ite database management system and
this is a candidate for a replacement of SQL Server as a backend. The capability to make
a connection to a SQL server database should still be maintained for legacy systems and
installations that have access to and experience with SQL Server. Other updates to Data
Manager such as increased export capabilities and query savings should be tackled at the

same time

5. Improve deployment

Deployment refers to three different kinds of deployment in the QM system: the
installation and updating of the QM PDA engine, the original deployment of a specific
study and the updating of a study that is already in the field with data having been already
collected. Currently all of these separate deployment moments require a not
inconsiderable amount of technical knowledge to handle. All three need to be packaged

into more professional installation executable files.

6. Legal Values

The legal values are list of responses that can be reused to promote standardization
and reusability as well as data integrity. The legal values user interface needs to be
overhauled to improve its appearance and add basic functionality such as copying and
pasting, as well as importation and exportation. Another feature that could be added

would be the ability to control the order of the options for a specific question. This
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would allow the order to be used normally or inverted as context dictates or assigned

randomly each time.

7. Multilanguage

Support for multiple languages is essential in a public health setting. While QM
already supports multiple languages for a study, there are improvement that need to be
made. Namely, the translation process is currently very tedious and needs to be manually
entered for each text field in the study. There is currently no way to create a new
translation for system messages and labels in the QM Designer or PDA engine without
access to the source code and complication of a new version of the software for the new
language. These system texts should be easily available for the user to translate. A batch
process or an exportation/importation functionality needs to be added to expedite this
entire process at the study and system level.

Currently the implementation of Multilanguage studies on the PDA is strongly bound
to the Windows Mobile 6.5 operating system and its regional settings. This means that
the language of the study cannot be switched “on the fly” in the middle of an interview
because the device must be reset for the changes to take effect. The use of a dictionary

system to replace the regional system settings will be implemented.

8. Data sharing in the field

Data cannot currently be shared between devices in the field. There are two issues in
this requirement: establishing connections between devices and managing the different
types of data transfer. It is anticipated that there will be several different kinds of devices

in the field such as PDAs, smartphones, tablets, laptops and possibly desktops or servers.
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There are a myriad of connection methods such as wireless wi-fi, Bluetooth, infrared,
direct wired connect, copying of files, etc. A way to effortless make connections for users
with limited technical capacity is essential. Once a connection has been made, the actual
data transfer may include moving data from one device to another so that it is no longer
on the first, or it may involve sharing data in one direction or bi-directionally. If data are
being shared, then at some point data on both devices will be edited on each device. A
way to reconcile the differences between these devices so the shared data are not in

conflict will have to be developed, both for the devices and for the central database.

9. Screen Constructor

Currently there is no way to create a new type of screen without using .NET code and
a software development environment such as Visual Studio. There is no documentation
currently for this process, so only trained visual basic.NET programmers can create a
new screen template. A constructor built in to QM Designer that can help automate this

process should be created in order to allow less advanced users to add functionality.

10. Improve “group member”functionality

One of the properties of questions in QM designer is whether the question is a
member of a group. The idea is that some questions make sense as part of a group rather
than by themselves. For example, the standard WHO social economic status questions all
start with “does anyone in your household own...” and is asked for cars, watches,
televisions, radios, and a dozen other household items. These questions in QM are
currently marked as being part of a group and have certain group behaviors in the PDA.

In reality the QM designer program needs a new interface for this functionality. Further
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attention needs to be paid to this concept to explore whether it needs to be extended into

the study tree or if more useful behaviors can be created for the PDA/smartphone.

11. Clean breadcrumbs automatically or optionally

As discussed in the requirements analysis section of this chapter, when a user
proceeds down an interview path answering questions along the way, and then backtracks
to an earlier question and changes an answer and continues down a different path, then
the user will leave behind a trail of false data “breadcrumbs™. QM needs to be able to

detect that this has occurred and provide the option to clear out the false data.

12. Improve existing screens

There are several changes to existing screens that need to be made to improve QM,
particularly to reduce the amount of custom code needed in the average study. One of the
most common skip patterns in nearly every questionnaire occurs when there is an “other”
option for a question which needs to be subsequently specified. Adding a way to do this
for the existing radio button, checkbox and dropdown screens by configuration instead of
by hand, would be a great time saver. Adding a way to designate a data validation for an
entry that ensures that the entry is unique through configuration without writing code
would be of great benefit, particularly for assigning unique identifiers. Another way to
improve data entry would be to be able to designate a question as requiring double data
entry [78]. This would force the user to enter the answer two times in exactly the same
way to force them to pay careful attention to their entry in order to improve data
accuracy. Adding formatting masks for text variables so that users could only enter text

that matched a preset pattern exists in many other data entry programs and should be
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added to QM. Adding a way to designate a default value might be used infrequently, but
would be easy to implement and would round out common data entry properties. Finally,
PDA screens should incorporate properties that help meet the Section 508 accessibility

needs for federal government software.

13. Add new screens

When QM was originally created PDAs were devices limited by computing power
and with few built in features. In recent years, the evolution of smartphones and tablets,
has brought considerably more computing power and storage space. Additionally many
of the features that had to be added to PDAs by attaching third party products such as
GPS or bar code scanners are now built in to smartphones. Many smartphones now come
with GPS, camera, accelerometer, gyroscope, magnetometer, barometer, thermometer,
ambient light sensor, microphone, and pressure and proximity sensors. In the future
there may be biochemical sensors or sensors that can take health measurements such as
heart rate or blood pressure. These built in sensors can be used to collect new kinds of
data and advantage should be taken of them. In the short term, barcode data and photos

from the camera need to be incorporated as new data entry types for QM.

14. Read only mode

A basic and easy to implement change to QM that would improve the quality of data
would be a read only mode. This mode could be used for the interviewer or the
supervisor to review data without being afraid of making accidental changes. This mode
should make some clear visual change to the user interface of the PDA engine such as

changing the background color or adding an obvious icon. As the user passes through the
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guestionnaires they should be unable to make any changes to the answers and all of the
validations, range checks and automatically executed code should be deactivated.
However, it is important that the navigation continue to work as designed so that skip

patterns are followed as determined by the study design and the current state of the data.

15. Improve documentation

As is common in many software projects, technical and user documentation is lacking
in QM. Documentation and helpful tips and descriptive labels will be added to the user
interfaces of all components of QM. Collaborators in the CDC’s regional field station in
Cairo, Egypt have written a user and developer’s guide. These guides should be
expanded upon and updated to include changes from this iteration of development of
QM. Several tutorials and training materials have already been created in several
different languages and these materials should also be integrated into a more

comprehensive package.
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V.  Conclusions and Implications

A. Conclusions

The purpose of the system analysis phase for this project was to collect and reconcile
the objectives of the CDC and UVG proposals with each other and apply those objectives
to collected and elicited requirements to prioritize system improvements to the
Questionnaire Management application. These improvements include not only software
improvement but also improved interactions within interviews and the resulting improved
data.

The next steps for the project will be to take the results of the decision analysis as
described in Chapter Four and begin the design phase of the project. This refined list of
changes and improvements represents the first iteration in this cycle, while the rest of the
requirement list represents the larger vision for the project. As programmers and other
developers are engaged in the project this primary list will be the first round of
development. Once complete, the results of the base document will be reviewed again
and a new list of second tier improvements will be slated for development. This process

will continue until the original stakeholder objectives have been met.

B. Implications for practice
While this document was created for the purposes of analysis of a specific
application, many of the requirements that have been elicited can be used in other mobile
data collection software applications. Many of the requirements are generally written and
can be repurposed. In particular, the CDC-DPDM core requirements and the use case of

the interviewer’s functional requirements could be of use to other projects.
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These requirements do not need to be necessarily limited to mobile data collection.
Data collection in other formats, such as via websites or desktops or laptops, may very
well have similar requirements. Many of the requirements set out in this document speak
to the needs of questionnaire and study design, rather than being narrowly focused on
mobile design. This means that the actual implementation in the system design of the

software development lifecycle could be geared towards these other formats.
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DPDM Extended Requirements

Requirement

Description

Importance
(0=core, 1=high...5=low)

24

Create record

Option to allow users to create
records

0

31

relational database structure

relational database structure

46

navigation buttons

Part of interview mode. Ability
to move forward/backward
through the questionnaire.
Adjusts for skip patterns.

47

Security log-in screen

Built in screen for logging in
users and providing access to
data.

72

Backups

Backs up a table into an archival
file or restores a table from an
archival file on external or
removable media.

83

Data on device

Data kept in encrypted,
password protected state on
device.

84

Menus of
Questionnaires/Section

Menus of questionnaires/forms
or sections of questionnaires.
Would be best if the menu was
dynamic. Instead of all
questionnaires/sections being
available to the user at all times,
certain conditions would
show/hide the items.

Calculated field

The result of an expression and
one or more field values.
Operands may be numeric, text,
or date/time. Arithmetic
operations for numeric fields
E.g.. Ability to calculate age
based on DOB
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Requirement Description

Importance
(0=core, 1=high...5=low)

A choice that the user can select
or deselect like a switch. An "X"
appears in the checkbox to show
Check Box a choice is selected.

A button that the user clicks to
initiate an action, such as move
to a different region of the form,
execute macro or code, or start
Command button another application.

A scrollable list of choices from
which the user can choose one
or more options or enter new
Drop-down list options.

data entry for numeric or text
text entry values

10

Ability to display a
customizable grid control that
displays data based on query.
Ability to create and display a
listing of records (data rows).
Ability to select which fields
(columns) to display in the
listing. Ability to filter the
listing based on values in one or
more other fields. E.g..
Individuals in a household opens
a second application displaying
that record. Can also be used to
display all records from the
current table.

Would be great if double click
Grid control sent user to that record in table.

14

Text that the user cannot
modify. A label can be used to
identify other controls, such as
edit boxes and note boxes, that
do not have their own captions..
Ability to change font, format,
color of text fields, and

Label background/border of text box

15

A value that reads from a
column in a related table and
Lookup displays in the current form.
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Requirement

Description

Importance
(0=core, 1=high...5=low)

16

Message Box

Ability to generate a pop up
message box. As part of data
checks, ability to prompt user of
data entry errors. Or ability to
popup a translation in a different
language

18

Multitiered/dependent
dropdown lists

Ability to create a series of
dependent drop-downs in which
the options available in each
succeeding control are
dynamically determined by the
accumulation of the user's
preceding selections in other
controls. You can think of the
sequence of options as a
decision tree—each selection
leads the user down a different
branch. You can have any
number of dependent drop-
downs in your design.

19

Radio buttons

A set of choices from which the
user can select a single option.

21

Show/hide option

Ability to show/hide a
field/fields depending on value
of another field

22

Add/Delete/Modify Table

Ability to modify columns in an
existing table during
development

25

Create Table

Tool that facilitates database
management. Ability to create
data columns and modify their
type and format

26

global variables

Ability to read and write data to
a temporary table

27

Import table

ability to read in existing
database from other program
(say MS Access)

28

Import text files

Ability to import data from an
external application.

30

lookups

Ability to do table lookups,
populate one field using data
values from another table
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Requirement

Description

Importance
(0=core, 1=high...5=low)

32

Search Record

Ability to navigate through
records, (first, next, prev, last,
search)

35

Non-elevated, no-license,
single file device installation

Ability to install a study to
devices without the need for
elevated privelages or per device
installation license fees. Also a
single unified installation
package that includes run time
engine would be helpful.

37

data check

ability to check for missing
values or invalid entry using
Boolean logic

41

Event trigger macros

triggers series of commands
after certain event takes place
(subroutine)

42

Interview mode

Sequential screen questionnaire

44

macros/functions/subroutines

ability to create/reuse complex
programming. a script
containing a sequence of
commands that can be executed
with a single command button,
menu option, hardware button,
or event.

49

Conditional skip patterns

Ability to use if-then-else or
other logic (Boolean)statements
to create skip patterns

52

number functions

For calculated fields, ability to
use trigonometric, arithmetic
expressions, character string
parsing functions.

59

Unique value for column

Ability to specify that only
unique values are allowed in a
selected table column.

60

Unique value for table

Ability to specify that only
unique combinations of values
are allowed in a selected table.
This allows for unique
combinations of values to form
a composite key.
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Requirement

Description

Importance
(0=core, 1=high...5=low)

62

Change order of questions,
skip patterns with ease.

Should be able to easily change
the order of the questions
without complex manual
recoding of skip patterns. Avoid
"spaghetti code" in navigation.

70

barcode scanners

ability to import data from an
external or built-in barcode
reader. Check digit options.

71

GPS

Ability to import data from a
GPS receiver--full NMEA string
or similar

73

incremental data write

write data to data table at the
time of entry for each field
rather than at the end of the
questionnaire.

74

Synchronization setting
options

Options to control records
needing to by synchronized
(direction to/from pc database,
new, existing, deleted
records...) VICE Sync

75

Wired data transfer

Support transfer/synchronization
to a desktop PC database (e.g..
MS Access)

78

meta data collection

Collect general user
information, logins, days/hours

79

numeric keypad

for numeric field, standard
keypad view

80

Run external applications

85

Execute Software with
command line

Ability to execute the software
on the device with a command
line and parameters so that it can
be called from other applications
on the device.
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Requirement

Description

Importance
(0=core, 1=high...5=low)

Secure wireless transmission
of data

Using a wireless connection
(Bluetooth, IR, NFC, wireless
network, etc.), you can securely
copy records from one device to
another device running the same
application. You can transmit a
single record, the records in a
filtered list, or the entire
contents of the application's
table.

23

Clone Table

Ability to clone a previously
created table for re-use

34

Track Changes

create audit trail of changes
made to record.

36

customizable menus

create menu bar and ability to
make customized menu options

38

data dictionary

automatically created data
dictionary

o

Designer modification of user
interface

Ability to design and modify the
screen layout (color, format,
font, position...)

50

date/time functions

For date fields, ability to extract
date parts (month,day,year, hh,
mm, ss, week...)

51

GPS

Ability to extract relevant parts
of a NMEA string (lon, lat,alt,
hdop, time)

53

Write data on device

On the device, export records
from the current table or filtered
list to an ASCII text or XML
file.
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Requirement Description

Importance
(0=core, 1=high...5=low)

54

Imports contents of an ASCII
text or XML file into the current
Read data on device table

67

Ability to develop without using
graphic user interface (such as a
scripting mode, or changes
Power user development directly to data structure.)

68

Ability to find/replace
copy/paste elements of the
questionnaire, such as code or
Find/Replace, copy/paste properties

69

Title Add title to top of screen

N

77

calendar Select date using calendar tool

82

When data from a skip pattern
branch is invalid it is erased
automatically. For example, 1.
sex=female, 2. pregnant=yes,
3.user returns to sex and
changes it to "male”, 4. pregnant
Clean "breadcrumb trail" changed to null

11

ability to display image.
Underlying action/controls if an
Image control image is selected

20

A box in which the user can
draw an image freehand using
the stylus or mouse (e.g., a
Scribble box simple sketch or signature).

33

ability to view/edit the data
table on the device. Supervisor
table view feature

40

Ability to display date fields in
multiple different formats, e.g.
mmddyy, long form, short
Display Time/date format form...

45

Ability to present data in a
foreign language, with other
non-English characters. Ability
to switch between languages on
Multi language support the fly.

58

ability to display basic system
functions, battery life,
system functions memory...
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# Requirement Description Importance
(0=core, 1=high...5=low)
Tool to help debug errors in
63 | Debugger application 3
Ability to transfer application
from web/tablet/smartphone/pc
66 | Multi-platform functionality with little effort 3
A unique, sequential number
that is automatically assigned to
each new record (the newest
4 | Autonumber record has the highest number). 4
ability to insert a photo taken by
the device or elsewhere into the
12 | insert photo form 4
Create indexes for relational
29 | Indexing database structure 4
Tool to create macros or
expressions (such as check code
macro/expression builder in Epi info, or expression
43 | utility builder in Access) 4
create control to dial a phone
55 | Phone call number 4
76 | Android OS Ability to run on android (4.0) 4
A tree or graph showing a flow
chart type representation of
Visual representation of skip | navigation flow of the
81 | patterns and navigation flow. | questionnaire. 4
3 | audio audio play/record 5
17 | Multiselect lists multiple select lists 5
48 | Alarm/Timer ability to set a timer or alarm 5
set focus of cursor (focus makes
keyboards, calendars and
56 | Set Focus number pads appear) 5
create command button to send
57 | SMS message an SMS text string 5
Ability to create/modify data
64 | device development app collection forms on the device. 5
Ability to change the icon of the
65 | Icon application 5
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# Requirement Description Importance
(0=core, 1=high...5=low)
A button that opens another
application containing additional
information about the current
13 | Jump button record. N/A
create control to display a web
61 | Web pages page N/A




B. Original QM Development Ideas
Original QM Development Ideas
# | Component gg&%ﬁﬁzﬁ;ﬁc Idea / Problem
Instead of writing VB code for system datetime
1 | Designer Properties something Iike_ @today and @now as re_ser_ved easy to
remember equivalents would be great (similar to visual
CE)
> | PDA . [l _It would be_grea@ to be able to have a calculator function
in + menu, just like GPS
3 | PDA + menu It would _be great to be able to have a calendar function in
+ menu, just like GPS
Preview and Maybe we should allow more control of text of splash
4 | Designer Tree and screens... Should they be like info screens? What about
properties text size and color? not sure...
5 | Designer Legal Values {é?(t;"g now we are limited to integer values, what about
6 | PDA Data Agjd log tables a_nd aqdit trail from Data manager to PDAs
with same functionality
This would be a bells and whistles thing, but a calendar
7 | Designer Properties pop-up for the various data ranges might be helpful for
dates
8 | multiple Designer and Allows checkboxes plus a "none of the above" selection
PDA that unchecks all checkboxes selected.
» when creating checkpoints...
9 | Designer Preview a drop down list(?) or condition builder or something that
helps with knowing which value "yes" is without have to
type "1"
. add comment field for legal values options (and make
s L gl velmes sure it works for whole table)
11 | Designer Legal Values Allow copying and pasting
12 | Multi Designer and Configure what exactly you want in title bar crumb trail?
ultiple : X
PDA right now too long at times.
How can we have PDAs share data in the field?
Can they pass data, so PDA A hands data to PDA B and
then does not exist on PDA A?
13| PDA Data Can they synchronize data so PDA A & B have the same
data? What happens when they synchronize again and
both have been modified?
There are some validations that we could include for GPS.
Basically, every Lat - long - Altitude - HDOP - Sat# could
14 | Multiple Designer and have Absmin, Absmax, promptOver, PromptUnder
PDA This would improve data quality of GPS...now there isn't
any at all.
Not sure how it could be handled in property grid
_ Designer and There are some validatior_15 that we could include for text
15 | Multiple fields like an input mask in Access.

PDA

This might help eliminate or reduce the need for VB
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Original QM Development Ideas

Component

More Specific
Component

Idea / Problem

programing for things like SASubjectiD.
http://office.microsoft.com/en-us/access-help/control-
data-entry-formats-with-input-masks-HA010096452.aspx

16

PDA

How can we get away from being so dependent on
Windows architecture at least for the PDA? xml? xforms?

17

Multiple

Designer and
PDA

It would be great to have the option (true/false) in
designer to designate a question as double entry.

This would mean that the question would be "asked"
twice and if the two entries did not agree with each other
than an automatic message would appear and no value
would be written to database.

Not sure how this would work for reviewing records.
That is, if we had already entered (twice and correctly)
the answer and then later returned to review record.
Perhaps, double again with OnChange event?

18

PDA

Update

Can we generate update CABs for PDA as well as full
installation CAB that already exists?

19

Note I have from conversation with Fredy: "GPS event
earlier”. Not sure what it means...

20

Designer

Properties

Right now the group text feature doesn't actually work in
the sense that you still need to re-enter the text each time.

21

Designer

Preview and
Tree and Data
Dictionary and
data manager

Metadata shows up in various places, but we are faking it
really. It would be nice to be able to include it for real
and allow for translation to other languages in the
interface....but not allow them to be deleted or changed
(beyond translation). If it is really included, then we
wouldn't need hard code to get the other results we want.

22

Multiple

Designer and
PDA

we need a way to make it impossible to return to section
to make changes (which would also drop them from
menus?) or make them read-only?

23

Multiple

Designer and
PDA

Adam really wants to be able to put more than one
question on a screen. This is larger issue honestly...He
really wants pixel level control of screens....which we
obviously can't do in QM.

24

Multiple

Designer and
PDA

how do we manage languages better for Designer and
PDA with regionalization? Right now we have to go to
Manuel to add a new language.

25

PDA

How can we switch between languages within the
interview without restarting PDA? Change on the fly
from + menu

26

Multiple

Designer and
PDA

to designate in Designer that a section within a
Questionnaire can have multiple instances...and all of the
changes needed

27

Multiple

Designer and
PDA

to designate in Designer if we allow X or ¢ multiple
instances where X is a variable amount dictated by a
variable or calculation from the data entered for that
subject. Or C which is a constant determined n design
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Original QM Development Ideas

Component

More Specific
Component

Idea / Problem

phase (apart from 0 or 1). (n is unlimited number of
multiples...which is current default)

28

multiple

Designer and
PDA

Add radio buttons below for "exact", "approximate",
"don't know", "refused" . don't know/refused options
reduce the number of questions and check points and puts
NULL for int/float variable.

29

multiple

Designer and
PDA

Add radio buttons below for "exact", "approximate”,
"don't know", "refused"”. don't know/refused options
reduce the number of questions and check points and puts
NULL for datetime variable.

30

Designer

Tree

It would be fantastic to have a different model of the
study that showed the actual data structure according to
table. Including legal values? Security, user defined?
relationships? would these be editable? or read-only?

31

Designer

Tree

It would be fantastic to have a different model of the
study that showed how each variable depended on the
others, or if they were independent. This would be a
visual representation of the effects of the preconditions
and the checkpoints.

Having such a structure would enable us to detect errors
such as a checkpoint occurring before the question. (in
the wrong order for example, 1. CHECKPOINT: if
female (SEX =2) , 1.1 are you pregnant? 2. what is the
sex of the patient?)

Similarly: 1. CHECKPOINT: if female (SEX =2) , 1.1.
what is the sex of the patient? 1.2 are you pregnant?

It might also help us automatically generate code for
clearing out invalid branches when there is a change to
the data. For example:

First time answering:

1. what is the sex of the patient? Answer=Female . 2.
CHECKPOINT: if female (SEX =female) 1.1 are you
pregnant? answer = 2

Second time answering:

1. what is the sex of the patient? Answer=Male .

This would also be something very useful for the data
dictionary and data cleaning.

32

multiple

Designer and
PDA

Some large percentage of our checkpoints deal with
handling "Other" answers. If we can designate a way to
gracefully handle this in Designer or Legal values, we can
avoid a lot of checkpoints and mess. We would need to
be able to specify a variable name, some specific text and
text length(box or area) and a way to designate which of
options would fire "specify other" dialog. PDA could use
just a pop up message box instead of full screen? or, if
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Original QM Development Ideas

Component

More Specific
Component

Idea / Problem

need be, a full screen just at it is now.

33

Designer

Data Manager

Really export to excel (careful of newline/CR/Return in
text field!) with a full fledged export feature.

34

Designer

Legal Values

allow duplicates on purpose with warning?

35

Designer

Can we or should we move from sglce to sqlite for QM
file?

36

PDA

A way to review data in the PDA in read-only mode that
does not allow changes to entries, does not validate data
(particularly date vs. now comparisons), and has some
visual clue that the user is read-only mode.

37

Designer

Legal Values

right now they are all in Spanish....so when | change the
legal values table names, | break all the links. can we use
guids behind the scenes instead?

38

Multiple

Designer and
PDA

We need a way to relate things in the data besides current
SASubjectid, and QuestionnairelnstancelD.

An example:

SASubjectid designates a household.

There is a questionnaire about the bednets in a household
(and characteristics about them)

There is a questionnaire about the people in a household
(and characteristics about them)

We want to show which people slept under which bednet
last night...how can we do that in QM?

Another Example:

SASubjectid designates a household.

There is a questionnaire about the people in a household
(and characteristics about them), especially Mothers and
children

We want to show which children belong to which
mother....how can we do that in QM?

We can imagine that in some situations objects can be
related only once (children have one mother) so they
should "disappear" from lists so they cannot be assigned
to multiple mothers, depending on how the idea is
implemented.

But we can also imagine that there are objects that can be
multiply related.

So perhaps we need something new like a Relationship
table in QMD?

One concern in implementation is that if someone makes
a mistake and relates two objects that shouldn't be
related...now can we recover? That is, how can we
gracefully delete a relationship?

39

Designer

Data Manager

Save the gueries that have been used to use again in the
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Original QM Development Ideas

Component

More Specific
Component

Idea / Problem

future. Basically reports!

40

PDA

We need to implement the screen resolution fix from Info
Screen and apply to other screens.

41

Designer

We need to add Master password security to QM file
itself...and allow the users to designate a password for
their data file instead of a generic QM password.

42

PDA

Data

Can we "delete" in the PDA? With pop-up for
explanation why? Subject level? Multiple instance level?
How do we "undelete™?

43

Designer

Properties

This would be a bells and whistles thing, since the order
of absmin,promptunder, promptover, and absmax are
fixed... a GUI that showed vertical or horizontal sliders
with each would be pretty cool.

44

Multiple

Data Manager

Can we or should we move from SQL server express to
sglite for data backend?

45

Multiple

Designer and
PDA

Can we or should we move from sqlce to sglite in PDA

46

PDA

Note I have from conversation with Fredy: Study Table
"database generated"flag? Not sure what it means...

47

Architecture

Right now we obviously have fixed structures in the order
Study->QS->Q->S. | think that we need to keep the order
fixed permanently. We also need to always have Study
and Questionnaire, but I think Questionnaire Set and
Section need to become optional levels.

48

Multiple

Designer and
PDA

Right now it's end of section only. Can we designate
rules in designer configuration and have them enforced by
PDA? Right now we can do this by hand (except
sectioncompleted)

49

Designer

Properties

It would be nice to be able to tab through the fields of the
properties window

50

Multiple

Designer and
PDA

We have nothing that enforces uniqueness automatically.
It would be great to say in Designer that a variable should
be Unique = True and be guaranteed to unique in the PDA
at least. Perhaps the scope of the variable would be
important here too? Don't we have code that does this for
SASubjctid already? How can we make it more generic
and configurable?

51

PDA

data

Fredy likes the idea of Wide tables that ignore the current
table structure we have...this could be a good solution to
the EI Oro problem of moving questions from one section
to another. As long as we can create views of the data
that match the structure of Sections and
questionnaires...and we need a table for each multiple
instance obviously.

52

Architecture

GUIDS

Can we/Should we transition to using GUIDS for real?
What | mean is behind the scenes use GUIDS instead of
variable names or legal value table names, etc.
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Original QM Development Ideas

More Specific

# | Component Idea / Problem
Component
I know that this will cause some problems, but | have a
gut feeling that it would solve problems and is the
direction we should be headed.
I think we need a new node type menu Screen that could
go with each study(? or questionnaire set??). With preset
or dynamic radio button options for what to do when we
Preview and hit the Next arrow.
53 | Designer Tree and For example:
properties - Create Subject
- Modify Subject
- View Reports
- [customized features]
I think we need a new node type select subject Screen that
could go with each study(? or questionnaire set??). With
. preset or dynamic radio button options for what to do
Preview and .
54 | Designer Tree and when we hit .the Next arrow.
properties For_ example. .
- with subjectid
- without subjectid
- [customized features]
Legal Values/ | Need to have meaningful error messages that explicitly
55 | Designer Generate / say which legal value table and collection item have the
checkbox missing shortname.
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Aggregated Requirements, Problems and Improvements

IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

Multiple

General

Section 508 compliance. Find
out what is needed for
compliance in general and add
those features to designer, base
screen, and pda engines.

Accessibility -
CDC

Multiple

Designer and
PDA

We have nothing that enforces
uniqueness automatically. It
would be great to say in
Designer that a variable should
be Unique = True and be
guaranteed to unique in the
PDA at least. Perhaps the scope
of the variable would be
important here too? Don't we
have code that does this for
SASubjctid already? How can
we make it more generic and
configurable? What about
unique combinations for table
(that is, composite keys)?

Better Base
Screen

Multiple

Designer and
PDA

A button that the user clicks to
initiate an action, such as move
to a different region of the form,
execute macro or code, or start
another application. QM: With
custom programing of screen
templates, such as GPS screen

Better Base
Screen

26

Data
Manager

Import/Export

Options to control records
needing to by synchronized
(direction to/from pc database,
new, existing, deleted
records...) VICE Sync

Data Manager
New Functions

104

Multiple

Designer and
PDA

ability to import data from an
external or built-in barcode
reader. Check digit options.

New Screens

114

Multiple

General

Must satisify various NIST
standards (fips)

Security - CDC

17

Designer

Screen
templates

Ability to design and modify
the screen layout (color, format,
font, position...) . [There is
more flexability on this issue
lately]

Constructor

32

PDA

Data

Using a wireless connection
(Bluetooth, IR, NFC, wireless

Device Specific
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Aggregated Requirements, Problems and Improvements

IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

network, etc.), you can securely
copy records from one device to
another device running the same
application.

39

Multiple

Designer and
PDA

Imports contents of an ASCII
text or XML file into the current
table. Perhaps needed as part of
data sharing. Other purpose?

Device Specific

44

PDA

Data

On the device, export records
from the current table or filtered
list to an ASCII text or XML
file. Perhaps needed as part of
data sharing. Other purpose?

Device Specific

54

PDA

Data

When data from a skip pattern
branch is invalid it is erased
automatically. For example, 1.
sex=female, 2. pregnant=yes,
3.user returns to sex and
changes it to "male", 4.
pregnant changed to null

Eliminate/Reduce
Programming
Code

73

Multiple

Designer and
PDA

create menu bar and ability to
make customized menu options

Improve Study
Configuration

42

PDA

+ menu

ability to display basic system
functions, battery life,
memory...

Device Specific

43

PDA

data

ability to view/edit the data
table on the device. Supervisor
feature

Device Specific

81

Designer

Tool to help debug errors in
application. QM: automatic
"debugging" shows some errors
in design. No built in emulator.

Improve Study
Validation
(design/semantics)

105

Multiple

Designer and
PDA

ability to display image.
Underlying action/controls if an
image is selected. New data
entry screen. For example, the
question could ask where on the
body a rash was...and have an
image map of the body and
when the user tapped an
area/region/pixel that
information could be stored.

New Screens

110

Multiple

Designer and
PDA

A box in which the user can
draw an image freehand using
the stylus or mouse (e.g., a
simple sketch or signature).

New Screens

102

Multiple

Designer and

A unique, sequential number

New Screens
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Aggregated Requirements, Problems and Improvements

IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

PDA

that is automatically assigned to
each new record (the newest
record has the highest number).
Does this make sense as its one
screen? Perhaps better as a new
data type (positive int?) that can
be declared as a variable?

106

Multiple

Designer and
PDA

ability to insert a photo taken by
the device or elsewhere into the
form

New Screens

107

Multiple

Designer and
PDA

multiple select lists

New Screens

109

Multiple

Designer and
PDA

create control to dial a phone
number

New Screens

10

Multiple

Designer and
PDA

A way to play a sound as part of
a screen, either to ask a question
out loud...or the answers or
examples of types of coughs, or
something... Could also be
added to base screen (playing a
sound). Or added to specific
screen templates.

Better Existing
Screen

103

Multiple

Designer and
PDA

audio Record . A new data entry
screen that records sound as a
data point and allows playback

New Screens

78

Multiple

Designer and
PDA

to designate in Designer if we
allow X or ¢ multiple instances
where X is a variable amount
dictated by a variable or
calculation from the data
entered for that subject. Or C
which is a constant determined
n design phase (apart from 0 or
1). (nis unlimited number of
multiples...which is current
default)

Improve Study
Configuration

Designer

Properties

Right now the group text
feature doesn't actually work in
the sense that you still need to
re-enter the text each time.

Better Base
Screen

Multiple

Designer and
PDA

Allow the pda user to add new
items to a drop down list (such
as names or towns, etc.). This
is similar to the "Text with
suggestions" idea....but what
about radio buttons? Wouldn't
it be great to have the ability to

Better Base
Screen
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Aggregated Requirements, Problems and Improvements

IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

create "other" options on the
fly for radio buttons....and when
a new option is created have it
included in the list on that pda?
The obvious problem is how do
we control what value is given
to the data. auto-increment? if
so, what about multiple pdas
and multiple new other options
added in different orders?
Something to think about at
least.

Multiple

Designer and
PDA

Can we set a default value?
Can that default value be
dynamic (calculated) instead of
fixed?

Better Base
Screen

Multiple

Designer and
PDA

How can we display images on
the PDA? This means
including logos on info screens,
or showing as part of a question
or showing as part of the
options for a legal value.

Better Base
Screen

Multiple

Designer and
PDA

It would be great to have the
option (true/false) in designer to
designate a question as double
entry.

This would mean that the
question would be "asked"
twice and if the two entries did
not agree with each other than
an automatic message would
appear and no value would be
written to database.

Not sure how this would work
for reviewing records. That is,
if we had already entered (twice
and correctly) the answer and
then later returned to review
record. Perhaps, double again
with OnChange event?

Better Base
Screen

PDA

General

how can we can design screen
templates that are independent
of screen size, ratio and/or
resolution. We need to
implement the screen resoultion
fix from Info Screen and apply
to other screens.

Better Base
Screen
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Aggregated Requirements, Problems and Improvements

IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

11

Multiple

Designer and
PDA

There are some validations that
we could include for GPS.
Basically, every Lat - long -
Altitude - HDOP - Sat# could
have Absmin, Absmax,
promptOver, PromptUnder
This would improve data
quality of GPS...now there isn't
any at all.

Not sure how it could be
handled in property grid

Better Existing
Screen

12

Multiple

Designer and
PDA

There are some validations that
we could include for text fields
like an input mask in Access.
Format masks for text input?
This might help eliminate or
reduce the need for VB
programing for things like
SASubjectID.
http://office.microsoft.com/en-
us/access-help/control-data-
entry-formats-with-input-
masks-HA010096452.aspx

Better Existing
Screen

13

Multiple

Designer and
PDA

Add radio buttons below for
"exact", "approximate"”, "don't
know", "refused" . don't
know/refused options reduce
the number of questions and
check points and puts NULL for
int/float variable.

Better Existing
Screen

14

multiple

Designer and
PDA

Some large percentage of our
checkpoints deal with handling
"Other" answers. If we can
designate a way to gracefully
handle this in Designer or Legal
values, we can avoid a lot of
checkpoints and mess. We
would need to be able to specify
a variable name, some specific
text and text length(box or area)
and a way to designate which of
options would fire "specify
other" dialog. PDA could use
just a pop up message box
instead of full screen? or, if
need be, a full screen just at it is
now. What about comparing

Better Existing
Screen
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Aggregated Requirements, Problems and Improvements

Componen | More Specific Primary
IdealD i Component Idea / Problem Category
what they enter as an "other" to
the items that already exist on
the list? Suggest existing
answers?
Add NMEA, Altitude, GPS Better Existing
15 PDA PDA Datetime, etc. to existing
Screen
screen.
Adam really wants to be able to
put more than one question on a
. Designer and screen. This is larger issue
16 Multiple PDA honestly...He really wants pixel Constructor
level control of screens....which
we obviously can't do in QM.
It is not possible to generate
18 Data . SQL Server (or other platform) | Data Manager
Queries . . .
manager views for the questionnaire Interface
automatically.
No way to store queries for use
in the data manager or in the
19 Designer DataManager PDA Reports. Save the querie§ Data Manager
that have been used to use again | Interface
in the future. How do we get
them to PDA?
If there is a problem with a
single record in a single table
Data while importing a QMD file, it Data Manager
20 M Import/Export | may affect more than that
anager - : Internals
record. There is not an obvious
warning that an error has
occurred.
Can we or should we move
. from SQL server express to Data Manager
21 Multiple DataManager sglite for data backend? Internals
Access?
the importation of various
Data . - Data Manager
22 manager Data versions of the data is not Internals g
supported.
update representation of legal
values in database from design. | Data Manager
23 ? Legal Values Perhaps at the moment of Internals
deployment?
When data is changed in the
24 Data Data server using datamanager, there | Data Manager
manager is no way to send that change New Functions
back to the PDAs.
Data It is not possible to export data. | Data Manager
25 manager Import/Export Really export to excel (careful New Functions
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IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

of newline/CR/Return in text
field!) with a full fledged export
feature.

27

PDA

We must have an android
version of QM

Deployment

28

PDA

General

The installation of QM in the
PDA requires multiple
components. It would be much
better to use just one installation
package.

Deployment

29

PDA

data

Ghost record elimination.
Automatically erase empty
records without any
programming.

Device Specific

30

PDA

Data

How can we have pdas share
data in the field?

Can they pass data, so pda A
hands data to PDA B and then
does not exist on PDA A?
Can they synchronize data so
PDA A & B have the same
data? What happens when they
synchronize again and both
have been modified? You can
transmit a single record, the
records in a filtered list, or the
entire contents of the
application's table. Does this
need to be configured in
Designer?

Device Specific

31

PDA

PDA

Schedule events to happen at
certain times. Such as
databack. But made general, so
that unanticipated applications
can be fired at specific or
calculated times.

Device Specific

33

PDA

+ menu

It would be great to be able to
have a calculator function in +
menu, just like GPS

Device Specific

34

PDA

+ menu

It would be great to be able to
have a calendar function in +
menu, just like GPS

Device Specific

35

Multiple

Designer and
PDA

Ability to set an alarm based on
specific criteria. Perhaps a
fixed date. Perhaps a
calucaltion based on a specifc
datetime variable. Or perhaps

Device Specific
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IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

further dependant on some
specificed logical condition.
Snooze? Dismiss? Perhaps
PDA needs to evaluate all
pending alarms at a specific
moment? or perhaps some
alarms are so important that
they can interrupt

36

PDA

Data

Add log tables and audit trail
from Data manager to PDAs
with same functionality

Device Specific

37

Multiple

Designer and
PDA

we need a way to make it
impossible to return to section
to make changes (which would
also drop them from menus?)
or make them read-only?

Device Specific

38

PDA

How can we switch between
languages within the interview
without restarting PDA?
Change on the fly from + menu

Device Specific

40

PDA

A way to review data in the pda
in read-only mode that does not
allow changes to entries, does
not validate data (particularly
date vs. now comparisons), and
has some visual clue that the
user is read-only mode. Also
useful if we implement the
modifiable = FALSE property.

Device Specific

41

Multiple

Designer and
PDA

Can we or should we move
from sqlce to sqlite in PDA

Device Specific

45

Designer

Documentation

How to make new screen
template instructions? What is
the minimal needed?

Documentation

46

Designer

Metadata

statistics of # of questions, # of
checkpoints, # of legal values,
longest route through
guestionnaire, shortest route.
Average length of route? # (&
names) of unused legal value
tables, # (& names) of unused
variables, # (& names) of
questions that cannot be reached
(dead branches),

Documentation

47

Designer

Documentation

Data dictionary doesn't include
metadata or expressions used to

Documentation
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IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

calculate values.

48

Designer

Documentation

User manual and tutorials.

Documentation

49

Designer

Tree

It would be fantastic to have a
different model of the the study
that showed how each variable
depended on the others, or if
they were independant. This
would be a vsual representation
of the effects of the
preconditions and the
checkpoints.

Having such a strucutre would
enable us to detect errors such
as a checkpoint occuring before
the question. (in the wrong
order for example, 1.
CHECKPOINT: if female (SEX
=2), 1.1 are you pregnant? 2.
what is the sex of the patient?)
Simlarly: 1. CHECKPOINT: if
female (SEX =2), 1.1. what is
the sex of the patient? 1.2 are
you pregnant?

It might also help us
automatically generate code for
clearing out invalid branches
when there is a change to the
data. For example:

First time answering:

1. what is the sex of the patient?
Answer=Female . 2.
CHECKPOINT: if female (SEX
=female) 1.1 are you pregnant?
answer = 2

Second time answering:

1. what is the sex of the patient?
Answer=Male .

This would also be something
very useful for the data
dictionary and data cleaning.

Eliminate/Reduce
Programming
Code

50

Multiple

Designer and
PDA

Associate a calculated variable
with the expression used to
assign it and automatically
update the value when any of
the component variables are

Eliminate/Reduce
Programming
Code
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changed.

51

Designer

Preview

» when creating checkpoints...

a drop down list(?) or condition
builder or something that helps
with knowing which value
"yes" is without have to type
ny
Perhaps based on report builder
or sharepoint interface.

What happens if the value used

in an expression is changed in a
legal values table afterwords?
Should we use GUIDS here to
define and refer to the options?
or is there another way to
update? Is this related to a
separate dependancy tree ? or is
it the same one?

Eliminate/Reduce
Programming
Code

52

Multiple

Designer and
PDA

Right now it's end of section
only. Can we designate rules in
designer configuration and have
them enforced by PDA? Right
now we can do this by hand
(except sectioncompleted)

Eliminate/Reduce
Programming
Code

53

Designer

Properties

Instead of writing VB code for
systemdatetime something like
@today and @now as reserved
easy to remember equivalents
would be great (similar to visual
CE)

Eliminate/Reduce
Programming
Code

55

Designer and
PDA

We don't have the concept of
multiple instances at different
levels of design hierarchy:
subject, questionnaire set,
group, question, etc. Need to
designate in Designer that the
level can have multiple
instances...and all of the
changes needed to support that
in pda, arch., etc.

Improve
Architecture

56

PDA

data

Fredy likes the idea of Wide
tables that ignore the current
table structure we have...this
could be a good solution to the
El Oro problem of moving
guestions from one section to
another. As long as we can

Improve
Architecture
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Componen | More Specific Idea / Problem Primary

deal D t Component Category

create views of the data that
match the structure of Sections
and questionnaires...and we
need a table for each multiple
instance obviously.

Improve how the filter concept
works, particularly for the drop
Designer and downs....but perhaps we can Improve
PDA extend the idea that filters can Architecture
be used in other data entry
types. Radio button?

57 Multiple

We need a way to relate things
in the data besides current
SASubjectid, and
QuestionnairelnstancelD.

An example:

SASubjectid designates a
household.

There is a questionnaire about
the bednets in a houshold (and
characteristics about them)
There is a questionnaire about
the people in a household (and
characteristics about them)

We want to show which people
slept under which bednet last
night...now can we do that in
QM?

Designer and Another Example:SASubjectid | Improve
PDA designates a household. Architecture
There is a questionnaire about
the people in a household (and
characteristics about them),
especially Mothers and children
We want to show which
children belong to which
mother....how can we do that in
QM?

We can imagine that in some
situations objects can be related
only once (children have one
mother) so they should
"disappear" from lists so they
cannot be assigned to multiple
mothers, depending on how the
idea is implemented.

But we can also imagine that

58 Multiple
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IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

there are objects that can be
multiply related.

So perhaps we need something
new like a Relationship table in
QMD?

One concern in implementation
is that if someone makes a
mistake and relates two objects
that shouldn't be related...how
can we recover? That is, how
can we gracefully delete a
relationship?

)

Designer

General

The use of the term "subject" to
generically identify the basic
unit of investigation of the
study (e.g. household, person,
case, etc.) can be confusing.
Perhaps there is a way to define
the term for specific studies
without losing the generic
benefits.

Improve
Architecture

60

PDA

Update

Can we generate update CABs
for PDA as well as full
installation CAB that already
exists? Can we better control or
manage how questions move
from table to table? Wide
tables will not solve this
permantly...we still need to
move questions from multiples
to single instance tables.

Improve
Architecture

61

Designer

Tree

It would be fantastic to have a
different model of the the study
that showed the actual data
structure according to table.
Including legal values?
Security, user defined?
relationships? would these be
editable? or read-only?

Improve
Architecture

62

Designer

Properties

The concept of scope forces the
user to decide where the data is
physically stored and is
confusing and difficult to
explain to basic users.

Improve
Architecture

63

Designer

General

a change in the questionnaire
affects the physical structure of
the database. Wide table may

Improve
Architecture
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Componen | More Specific Primary
IdealD i Component Idea / Problem Category
be a solution for this.
Right now we obviously have
fixed structures in the order
Study->QS->Q->S. | think that
. we need to keep the order fixed
Architectur Improve
64 permantly. We also need to .
e Architecture
always have Study and
Questionnaire, but | think
Questionnaire Set and Section
need to become optional levels.
Can we have a true global
. variable that is unrelated to any
. Designer and ; Improve
65 Multiple particular record? For example, :
PDA - ; Architecture
setting a single system level
flag?
right now we are limited to Improve Design
66 Desianer Leaal Values integer values, what about text? | Reusability &

g g What about dates? Or any other | Standardization
datatype? (legal values)
add comment field for legal Improvg _De3|gn

: . Reusability &

67 Designer Legal Values values options (and make sure Standardization
it works for whole table)
(legal values)
Improve Design
. Allow copying and pasting of Reusability &
68 Designer Legal Values legal values items/tables Standardization
(legal values)
How can we manage changes to
?
text or values petter. Should Improve Design
we allow duplicates on purpose o
. . . Reusability &
69 Designer Legal Values with warning? Never allow L2
. Standardization
duplicates? Does that mean no (Ilegal values)
duplicate text or values? What g
about multi-lingual?
Improve Design
. import and export legal values Reusability &
70 Designer Legal Values tables Standardization
(legal values)
use the HL7/PHIN/etc. 'R“;E;Z‘éﬁ i'?ezg”
71 Designer Variables Standard vocabularies for legal dardi ye
values Standardization
' (legal values)
Maybe we should allow more
Desianer and control of exit screens... Imorove Stud
72 Multiple g Perhaps we should provide the P Y

PDA

options possible next: proceed
to next

Configuration
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IdealD

Componen
t

More Specific
Component

Idea / Problem

Primary
Category

section/questionnaire/etc. , go to
menu, go to main menu, close,
etc. Also configure whether
this action should be performed
automatically or presented as an
option for the user.

74

Multiple

Designer and
PDA

Configure what exactly you
want in the screen's title bar
(crumb trail)? right now too
long at times.

Improve Study
Configuration

75

PDA

Data

Can we "delete" in the pda?
With pop-up for explanation
why? Subject level? Multiple
instance level? How do we
"undelete"?

Improve Study
Configuration

76

Designer

Preview and
Tree and
properties

I think we need a new node type
menu Screen that could go with
each study(? or questionnaire
set??). With preset or dynamic
radio button options for what to
do when we hit the Next arrow.
For example:

- Create Subject

- Modify Subject

- View Reports

- [customized features]

Improve Study
Configuration

77

Designer

Preview and
Tree and
properties

Maybe we should allow more
control of text of splash
screens... Should they be like
info screens? What about text
size and color? not sure...

Improve Study
Configuration

79

Multiple

Designer and
PDA

Preload a list of subjects and
block the option to create new
ones.

Improve Study
Configuration

80

Multiple

Designer and
PDA

We need a selection screen for
subjects or instances that is
based on a grid and an interface
in the designer to define the
contents, like the reports for
PDA...but better.

Improve Study
Configuration

82

Architectur
e

GUIDS

Can we/Should we transition to
using GUIDS for real?

What | mean is behind the
scenes use GUIDS instead of
variable names or legal value
table names, etc.

I know that this will cause some

Improve Study
Validation

(design/semantics)
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Componen | More Specific Primary
IdealD i Component Idea / Problem Category
problems, but | have a gut
feeling that it would solve
problems and is the direction
we should be headed.
right now they are all in
spanish....so when | change the
legal values table names, | Improve Study
83 Designer Legal Values break all the links. can we use | Validation
guids behind the scenes instead? | (design/semantics)
What about for items in the
legal values lists?
Validation of variable names
can be improved: verify that
there is no other variable with Improve Study
84 Designer Properties the same name in the study, that | Validation
it uses only valid charactes, and | (design/semantics)
that it does not use reserved
names.
Need to have meaningful error
Legal Values/ | messages that explicitly say Improve Study
85 Designer Generate / which legal value table and Validation
checkbox collection item have the missing | (design/semantics)
shortname.
how do we manage languages
. better for Designer and PDA Interface -
86 Multiple DS EHE with regionalization? Right Desinger
PDA
now we have to go to manuel to | (General)
add a new language.
Metadata shows up in various
places, but we are faking it
really. It would be nice to be
. able to include it for real and
Preview and .
allow for translation to other Interface -
. Tree and Data . . .
87 Designer S languages in the interface....but | Desinger
Dictionary and
data manager not allow them to be dele_ted or | (General)
changed (beyond translation).
If it is really included, then we
wouldn't need hard code to get
the other results we want.
Confusing queston sumbers.. | "M
e Dl LIS how are other systems E)C?::]r;?aelr)
managing this?
right now the default value for
. . L Interface -
. new items in a collection in a .
89 Designer Legal Values e Desinger
legal values table is "0". We
(General)

should probably auto-fill the
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Componen | More Specific Primary
IdealD i Component Idea / Problem Category
value and allow them to change
as needed.
Interface -
90 Designer Can we or shoulq we move Desinger
from sglce to sqglite for QM file? (General)
This would be a bells and
whistles thing, but a calander Interface -
91 Designer Properties pop-up for the various data Desinger
ranges might be helpful for (General)
dates
Copy and paste of node items Interface -
92 Designer gr?g?/ < e doesn't also copy the multi- Desinger
lingual (General)
Icon for QM! Drag .gm to Interface -
93 Designer interface Designer to open. Double click Desinger
to open QM. Splash screen. (General)
Other minor details?
The dialog boxes should
remember the last position
where they appeared. The
default position should be the Interface -
94 Designer General center of the active window. Desinger
Remember the last folder used (General)
to open study, save study,
import data, generate for PDA.
This should be different for
every user.
Right now it saves as html only. | Interface -
95 Designer Preview Excel, word and pdf as an Desinger
option? (General)
perhaps we can add a checkbox
for an option to "skip patterns"
that would give an "else go to Interface -
96 Designer Preview i ## 4" style message that Desinger
would make the skip patterns (General)
easier to follow on the printed
version.
Translation en bulk without Interface -
. . losing context. The task might .
97 Designer Properties . . L Desinger
be easier using a grid interface (General)
(like Excel)
Interface -
98 Designer General ShO.UId use progress SIS A Desinger
saving design (?) (General)
the use of the property grid to Interface -
99 Designer Properties define the properties of each Desinger
object isn't sufficiently flexible. | (General)
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100

Designer

Properties

This would be a bells and
whistles thing, since the order
of absmin,promptunder,
promptover, and absmax are
fixed... a GUI that showed
vertidcal or horizontal sliders
with each would be pretty cool.

Interface -
Desinger
(General)

101

multiple

Designer and
PDA

Allows checkboxes plus a "none
of the above™ selection that
unchecks all checkboxes
selected. Could be a new
screen...or integrated into
existing checkbox screen.

New Screens

108

Multiple

Designer and
PDA

Based on the current Name
screen template. As text is
entered suggestions appear
above that can be selected. At
the same allows the pda user to
add new items to the list (such
as names or towns, etc.). Can
use Legal Values table as
starting list or leave blank and
the individual pda essentially
creates its own list. A time
saver, not data integrity tool.

New Screens

111

Designer

Design version
control

If we have a secure login for the
.qm design itself...then we can
add an audit trail of sorts and
users can "sign" and perhaps
explain their changes.

Security - CDC

112

Designer

generate

The compilation of code might
give the impression that it could
represent a security risk

Security - CDC

113

Multiple

Can/Must we use digital
certificates to promote security
in application?

Security - CDC

115

Designer

security

We need to add Master
password security to QM file
itself...and allow the users to
designate a password for their
data file instead of a generic
QM password. The design itself
has no security or access
permissions.

Security - CDC




