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Abstract: For more than 16 years, mobile computers have been supporting the imple-
mentation of clinical trials. A review of 28 articles out of more than 100 clinical trials
in which mobile computers have been used elaborates on the advantages and problems
of this technology. A comprehensive overview of the various technologies as used in
different settings is given, and then the methodology of using mobile devices in com-
parison to traditional methods is discussed. The considerations that need to be made
and things to be avoided in order to conduct a successful clinical trial with mobile
tools are listed in detail. This survey leads to the conclusion that mobile devices are
very useful in most cases, especially when design and software validation aspects have
been taken into account. Furthermore information is given about software validation
aspects that are unique to the field of clinical trials.
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1 Introduction

Technology has been used to support clinical trials for many years. Databases and sta-
tistical software packages were the first technological aids to be utilized, followed by
computers for onsite data entry. Thereafter, network solutions such as the French Mini-
tel or the German BTX (Bildschirmtext) were employed. In the meantime, the internet
and especially the World Wide Web have become increasingly significant in clinical trials
[SNF99, KO97] as well as in many other fields of business and science. Interestingly, a
similar development can be observed with mobile devices. Nearly every mobile techno-
logy capable of data capture or data entry has and will be employed in clinical trials. A
wide range of devices has been used, from the early programmable calculators and orga-
nizers [SAB85, TE89] to sophisticated pen-based devices with wireless data transmission
capabilities.
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2 Methods

A review of 28 articles out of more than 100 clinical trials in which mobile computers have
been used elaborates on the advantages and problems of this technology. Only those artic-
les have been included into the review, which gave a minimum of technical information
about the mobile tools and methodology.

3 Results

Strikingly, research groups with profound experience in mobile computing in clinical trials
reuse their hardware and software often; thus, sometimes several studies were carried out
with the same technology. In such cases, generally the newer articles are listed since they
usually contained the group’s experience and referenced their previous work. There are
two classes of articles: The first describes comparative articles in which previous ways of
performing a clinical trial are weighed against new approaches using mobile computers,
thus verifying the new methodology. The second set of articles describes the experience
gained in clinical trials utilizing mobile technology. Several important aspects of the tech-
nology and methodology used are listed in Tables 1 and 2.

4 Discussion

Balas et al. [BAM96] emphasize the importance of time in the form of reminders or time-
stamped data when using computers and the setting in which the computers are used. The
superiority to not being reminded and to manual reminders has been shown in [SDB96]
and [CA00] for desktop computers, which corresponds with our findings using mobile
computers. Time series analysis and trend recognition have been used as well [LLC95,
RWC01]. Handheld computers can greatly enhance the ease and quality of time-verified
data capture [SHJ00], continuous quality improvement activities [HAR00], and adaptive
therapies [SAB85].
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The quality of data is improved in comparison to paper because the data are more com-
plete [RWC01, BS00, HKA93], have fewer errors [KB96, LSD00], are more consistent
[BBR93, Gup96], and there are fewer protocol violations [TE89]. Data editing, retyping,
proofreading, and the process of clarification can be eliminated [BBR93, BS00, Gup96,
TJC00]; irrelevant questions can be omitted [Gup96, MAB99].

Compliance is another important aspect. Time-stamped data contribute to improved com-
pliance control [KB96] or allow for the assessment of compliance [BWC00, CLM92,
HKA93, JRL01]. Results suggest that use of electronic data entry shows promise for im-
proving compliance with long-term data collection [JRL01]. Even the least restrictive ap-
proach is a great improvement over paper, where there is no information at all concerning
entry times, nor any control of them [TJC00].

Looking at the whole study process, an increase in efficiency [TE89, BS00] is found in
most of the studies through easy storage and downloading of the data [MAB99] in com-
bination with fast and easy data processing [KB96, TJC00]. The sponsor can perform
analyses while the study is in progress. This facilitates the use of adaptive study designs.
The devices and systems can be reused in several studies, where a single unit can be used
repeatedly by different patients and investigators [MAB99], and other applications can be
used simultaneously, e.g. food diaries and psychometric data collectors [SHJ00]. Thus, if
the initial program is written in such a way that the questions asked can be changed in
content and number to suit the study, it can result in greater adaptability and versatility of
the tool; these features make it an ideal data capture tool for use in natural environments,
the laboratory, and clinical settings [SHJ00].

Besides the above mentioned advantages of the use of mobile computers in clinical trials
and in the clinical setting, a few disadvantages must be noted: Study centers and sponsors
have to deal with technology (hardware, software and data exchange) aspects [LW98]. So-
metimes there are large investment costs, but over a period of time the advantages outweigh
the high initial costs (investments were: handheld computers, their peripherals, converting
the questionnaire into computer programs) [Gup96]. Data must be downloaded daily (or
at least sometimes) for backup issues [SHJ00]. A few patients found the screen difficult
to see [TJC00]. Finally, additional effort is necessary to ensure electronic signatures and
certified copies of electronic documents [FDA99].

A comprehensive overview from the sponsor’s and investigator’s perspective regarding
comparisons of different data capturing and transmission techniques (e.g. pen and paper,
handheld computers, fax, optical mark readers, voice, remote data entry, etc.) can be found
in [LW98]. If a decision is made in favor of handheld devices, the following tips can be
useful:

Two-way messaging available through the palmtop computer seemed to encourage con-
tinued use of the device. Patients stated that they felt that someone was closely monito-
ring their progress and they reported feeling as if someone cared about the information
they were reporting [JRL01, TMK01]. Electronic diaries made the patients feel involved;
written diaries were tedious [RMB96]. The use of other electric devices can be monito-
red [LLC95]. After protecting the device and the software so that no other implemented
functions in the Psion 3a (here) could be used, the use of the handheld computers gene-
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rally posed no problems [RHH99]. It is well recognized by medical staff that additional
functionality such as the connection to the hospital information system, e.g. over a wi-
reless connection, or lists of drug contraindications and interactions is advantageous. On
the other hand, the additional functionality should not be confusing. If patients are to be
the users, it could be helpful to encourage them to use the handheld computers for mana-
ging their calendars or address books, still the attractive applications of the devices. This
could motivate them to accept the devices for daily use. That is only feasible, however,
for studies running on the patient’s private hardware or if the devices are dispensed to
the patients for a long period of time, as with studies regarding chronic diseases whe-
re time series analysis is important [KGM00]. Another important aspect is ensuring that
the ability and willingness to use an electronic diary is part of the inclusion criteria of
the study – especially where the diaries are the main source of data [TJC00]. It is im-
portant to identify the team member(s) who assume(s) primary responsibility for survey
administration [HAR00]. Members of nursing and medical staff should contribute to the
development of the survey instrument to ensure that the necessary components are inclu-
ded [HAR00]. Use of a previously validated (pen and paper) survey instrument [HAR00]
is recommended as a model for an electronic version. While desktop PCs interfere with the
doctor/investigator-patient relationship, eCRFs on flat handheld computers, like paper, do
not [TE89, BBR93]. Patient’s and investigator’s acceptance of mobile devices are widely
documented [TE89, LLC95, BBR93, BWC00, Gup96, KMM01, MC00, TJC00, TSS95].
When compared to previous paper and pencil methods, those of mobile devices have been
proven to be equal or superior [SAB85, LLC95, SHJ00, BS00, CLM92, HKA93, JRL01,
KB96, LSD00, MAB99, RMB96, RHH99, SFB97, TMK01]. Finally, the most important
points are brevity and simplicity of the user interface and input from those who rely on the
collected data [HAR00].

Surely, the above mentioned advantages do not come without a price. Even as a study
can have badly designed questionnaires or CRFs, there is no guarantee that there are well
designed user interfaces nor that the software or hardware is free of errors and foolproof.
This leads to the necessary reflection on software validation and standards. Interestingly,
only two [TE89, RWC01] of the above listed articles mentioned their software tests and
validations. In the mid 90’s there was a discussion whether devices used in clinical trials
should be treated as medical devices or not. This discussion led to recommendations for
responsible monitoring and regulation of clinical software systems [MG97], influencing
the point of view the FDA (Food and Drug Administration) later took. Their document
entitled Computerized systems used in clinical trials”[FDA99] gives a good insight into the
considerations that need to be made and the processes that must be implemented in order
to set up and use computerized systems. Biebel [Bie00] stresses that risk management
and software validation may appear to be a hindrance to product development, but they
are in fact tools that support the development process. Used in the correct manner, they
can even help speed up the process of producing better and safer software. For example,
the V model can be used as a type of development life cycle. More about such models
and software testing approaches can be found in [SC94, Kit96]. Should the new electronic
system be audited, Stinchcomb [Sti98] describes in detail, e.g. using lists of questions, the
necessary steps for carrying out such an audit.
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While the worst case of a hardware or software failure is death where medical devices
have been applied directly to the patients, as described in the case of Therac-25 [Neu95],
a radiation therapy machine, this is different in clinical trials. For mobile devices used
for data capture, biased data or data loss are the worst cases. These inconveniences can
definitely be avoided or minimized using the procedures mentioned previously.

5 Conclusions

The many years of experience using mobile computers in clinical trials result in a few very
important advantages besides the others listed above: time, compliance, quality, and con-
trol. Time stamping of data and the use of reminders enhances the quality of the rendered
data significantly. Several studies, e.g. [SFB97, SS95], showed that one can not rely on
the patient’s memory and self-assessment, especially when real-time data gathering is es-
sential. The better the data exchange between examination centers, patients and the study
headquarters, the better the control of the study and the faster the response to aberrations
and adverse events. From 8 KByte data packs (memory cards) used in 1988 [TE89] which
were sent by regular mail to the sponsor and back, to collecting or sending floppy discs
or CDs, to the use of computer networks, internet and wireless networks, the purpose of
communication is more than just transferring the data to the statistician. If the patients
have the impression that someone cares about them, as with the two-way messaging in
[JRL01, TMK01], their compliance will be better as well. Communication technology is
mature and stable and can be used even from the most remote areas of the world [OP97],
and it is well known that mobile computers are capable of collecting data from patients in
their natural environments [SS94]. Last but not least, the study is most likely to be carried
out faster and better than with traditional methods.

Patients and medical staff usually have no problems using the devices if the program devel-
opers are familiar with basic software and user interface design issues such as minimizing
free text entry or knowing how to manage text entry [WBR00] and the system is explained
well to the end user. It is important to undertake the final test and validation with real pati-
ents in the study environment, putting the program designer into the clinical setting. This
can lead to improvements of the clinical trial software and in turn enhance the data quality
of the study.
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