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ubject diaries are an essential component of certain
clinical studies, particularly those that assess the
occurrence and intensity of symptoms, effects of
medication, frequency of target behaviors, or per-
ceived quality of life. Despite many years of experi-

ence with paper diaries in clinical studies, uncertainties
persist about the timeliness, currency, completeness, and
accuracy of diary data collected by conventional pencil-
and-paper methods. Some strengths and weaknesses of
written diary data are summarized in Table 1.

Electronic diaries are small,
portable electronic devices that are
capable of presenting text and/or
graphics to the subject, recording and
electronically
storing subjects’

responses, and transmitting stored
data to a computer, where data from
several such devices can be pooled
and analyzed (Table 2). Electronic
diaries have contributed signifi-
cantly to the technology of diary-
based clinical studies as a result of
two simple but important attributes:
they can time stamp (automatically
record date and time) each entry as
it is made, and they can make it very
simple to enter a data point.1

Here we discuss diary data in
clinical research and present the
case that electronic subject diaries offer some key advan-
tages. We illustrate the points discussed with a specific
example using an electronic diary in a chronic pain study
and suggest how it is possible to increase—by technical
means—the quality of self-reported information and data.

Issues common to paper and electronic diaries
Several years ago, N.K. Aaronson examined the method-
ological issues surrounding quality-of-life assessment.2, 3

His analysis applies as well to the more general issues of
diary data in clinical trials. In particular, he raised ques-
tions about who should make the assessment, what should
be assessed, how data should be collected, and what time
frame should be specified for the subjects’ responses. 

Who should assess. Studies that Aaronson summarized
show that physicians do not agree with each other in their
assessments of a patient’s quality of life—nor is agree-
ment between physicians and patients themselves statisti-
cally reliable. In short, he found that individual patients
are the best experts on how they feel.

Other studies indicate that data concerning drug effi-
cacy and safety in subjects is most pertinent when it is
obtained from the subjects themselves. It is also most

revealing when subjects do their
self-assessments as they live and
work, and at the same moment
to which the self-assessment
applies. Saul Shif fman at the
University of Pittsburgh coined
the term ecological momentary
assessment (EMA) to refer to
such autobiographical report-
ing, and EMA has become an
important part of the literature
in health psychology. Most mod-
ern EMA studies rely on elec-
tronic diaries.4

What to assess. Global health
status questions (great breadth

but little depth) are appropriate if the research goal is to
find a summary health-status statistic to correlate with,
for example, another summary statistic (for example, cost
of care). Aaronson says, 

If, however, the expected difference in event rates between the

treatment arms in a clinical trial is small, it may be necessary to

employ a more detailed instrument that is highly sensitive to

either intra-individual change or intergroup differences in selec-

tive quality-of-life domains.3
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For this purpose, the repeated longitudinal tracking possible
with subject diaries is particularly appealing. 

The appetite for data. In studies of chronic relapsing disor-
ders, investigators yearn for a record that measures symptoms
several times daily over a course of months or years.5 Such
investigators often design written diary requirements that bur-
den subjects, medical staff, and institutional support staff. A
study of the effectiveness of acrivistine, acrivistine plus pseu-
doephedrine, pseudoephedrine alone, or placebo in the treat-
ment of seasonal allergic rhinitis serves as an example. In that
study, 676 subjects sensitive to white cedar pollen were
expected to record their allergy symptoms on written diary
cards twice daily for two weeks.6 In a similar study, allergic rhini-
tis subjects sensitive to ragweed pollen were expected to record
their symptoms three times daily on written diary cards.7 In a
pain study, 227 migraine subjects were randomized to receive
either zolmitriptan or placebo and to maintain a written symp-
tom diary for more than a year, recording all headache symp-
toms, the response of the headache to treatment after two and
four hours, any recurrence of headaches, and all adverse
responses to medication.8 (This, incidentally, while the subject
was in the throes of a migraine headache.)

In another study, Eich and colleagues instructed chronic
headache subjects to keep an hourly written record of their
symptoms for six weeks.9 In a study of ibuprofen in control of

pain associated with dental impaction, subjects were to record
their pain in a diary hourly for 12 hours.10 Compliance with these
difficult requirements is generally poor, or, if good, is suspect
because subjects are known to fill in diary cards retrospectively.

Reducing the data burden. Paper diaries lack the means to
prevent missing data or to check for out-of-range data at the
time of entry. Some studies have relied upon staff to elicit and
record the diary data in an effort to minimize the burden on the
subject and to increase the accuracy of diary data. Telephone-
administered questionnaires have been used in many studies,
including a study of the possible effects of stress on subjects
with unstable angina11 and one on the effect of percutaneous
transluminal coronary angioplasty on quality of life.12 Such tele-
phone-administered questionnaires yield more reliable subject
responses and cleaner data, but these improvements require
the commitment of trained staff to actually perform the work of
contacting the subjects and transcribing their observations.
This approach can be especially effective when telephone inter-
view data is entered not on paper but directly into the study
database, either automatically or by manual transcription dur-
ing the interview.13

Dense data. Electronic diaries may elicit more data and some-
times more clinically appropriate data than paper diaries. The
statistical power of studies is increased by dense sampling of
key parameters, according to J.R. Trout (professor emeritus of

Strengths Weaknesses

Behavioral equivalent of a monitor of physiologic status Construction and validation of the test instruments
Only way to assess subject’s status when the condition being Logistic problems of maintaining subject compliance in completing 
treated has a subjective or behavioral dimension (e.g., measure- and returning diar y
ment of symptoms like pain or airway status, evaluation of compli-
ance with prescribed drug regimen) 
Statistically dense sampling allows tracking changes in parameters Quality of data compromised by problems with subject compliance
over time
Furnishes information on the significance of symptoms and relief Few, if any, ways to monitor the integrity of subject-supplied data
to subjects, which may be at least as impor tant as the symptoms
Available for entr y concerning current symptoms, medication No controls for retrospective entr y of “current” data
consumption, episodes
Data handwritten on paper by marking selections, entering Effor t and cost of data entr y, data management, database 
numbers or text correction; no checks for completeness or range

TABLE 1 Strengths and weaknesses of paper diaries

Strengths Weaknesses

Includes all the strengths of written diar y data Requires training to familiarize subjects with use of the technology
Greater subject compliance because of ease of entr y; possibility  Cost of the device and communication of data
of monitoring compliance
Enhanced data integrity because of internal validity checks, Possible errors in local time settings or programming requires 
time stamps pretrial testing
Possibility of interim access to diar y data—direct transfer from Logistics of distribution, maintenance, and recovery of devices
subject’s device to central database aids in subject and trial and communications infrastructure
management
Little or no need for study staf f to enter data, actively manage Design, implementation, validation of a system to collect, display,
database, or clean data and deliver data
Dynamic display permits a variety of user-friendly data entr y Each data entr y element or format requires programming and
elements and formats planning
Permits comments by subjects Reading and transcription of comments may require user to have 

a computer

TABLE 2 Strengths and weaknesses of electronic diary data



statistics at Rutgers University and a statistical consultant to
FDA and pharmaceutical companies). Dense sampling reduces
the component of variance in statistical analyses contributed by
intrasubject variability and allows the tracking of varying param-
eters. New approaches to the analysis of tracking data may be
required to obtain full benefit of dense sampling.14

How often and when to assess. A diary entry is a record of a
memory—but memory is unreliable. Aaronson advocates short
intervals between entries “to avoid confounding specific symp-
tom experience with a more generalized tendency to complain.” 

Evidence from psychological studies of autobiographical
memory indicates that recollection is not a process that
degrades uniformly in time as if holes were appearing at random
in an archive. Instead, people rely on heuristic strategies and
reconstruct the past from cues (such as “we usually don’t go to
restaurants except on Fridays”). Long-term (weeks, months)
recall of dates, events, symptoms, and overall status is known to
be grossly inaccurate.15

A study of mechanisms for coping with pain in fibromyalgia,
for example, relied upon self-reported measures of pain and psy-
chosocial functioning at baseline and then at the end of a three-
month treatment period.16 At weekly office visits in the chronic

headache study, subjects were asked to rate their present pain
intensity and to recall their maximum, usual, and minimum pain
intensity over the previous week.9 In both studies, recalled pain
correlated strongly with present pain severity, indicating that
subjects rated past pain higher when asked about it while they
were hurting. Smith and Safer confirmed this finding by having
subjects record in an electronic diary their chronic pain symp-
toms and use of medications. As in Eich’s headache study, sub-
jects recalled their pain and need for medication on the previous
day and week in a way that was biased by their present pain inten-
sity.17 The inverse is also true; an extremely intense experience
in the past will strongly bias a present pain assessment.4,15

The cognitive demands of indicating how much one hurts
now do not appear to involve such complex cognitive recon-
struction. For this reason and because of increasing interest in
moment-to-moment correlations among variables, interest is
also increasing in repeated, simple assessments of current sta-
tus instead of asking people retrospective questions that may
exceed the capability of autobiographical memory.4

Contrasting paper and electronic diaries
Subject identity. The FDA (Food and Drug Administration) man-
dates that data entry not be anonymous. Practices vary for how
subjects acknowledge responsibility for the content of diary data
on paper, but regulations governing computerized clinical data
(21 CFR 11) apply to electronic subject diaries. It is clear that all
such data must, therefore, be linked to the author and acknowl-

edged by the author’s signature. FDA guidance documents also
advise that any person entering clinical data be able to make a
parenthetic comment.

Subject experiences. The above considerations indicate the
value of tracking a subject’s experience by making multiple sam-
ples of the subject’s present status. But attempting to do so with
paper is difficult. Sampling theory dictates that to represent the
time behavior of a changing parameter, sampling must be done
at twice the frequency of the change one wants to track. Fre-
quent monitoring with paper diaries is burdensome, in part
because any recording of unscheduled sample times must be
written by hand. Yet indications are that subjects can make
rather frequent samples when they are easy to do. In a study of
subjects’ pain using an electronic pain recording device, for
example, subjects changed the electromechanical slide setting
on the device an average of every 2.6 hours.17 Pain subjects do
not consistently log the time and severity of their symptoms on
handwritten diary cards. Electronic diary entries, on the other
hand, can be very fast, and, with thoughtful design, can be sim-
plified to a series of selections made by single touches of a stylus
to a screen.

Attempts at frequent sampling have been made using paper
diaries by prompting momentary assess-
ments. In one such study, treated alcoholics
were beeped using a randomized alarm pro-
grammed into special wristwatches. Eight
times a day such alarms prompted the sub-
jects to complete a paper assessment card
concerning craving for a drink, mood, recent
alcohol use, and current situation. Although
compliance seemed high, debriefing revealed

that 70% of the subjects had faked at least some entries every
day by writing in the time of the alarm, but actually completing
the assessment later at a more convenient time. Thus, a sub-
stantial number of retrospective entries had been entered under
the guise of current entries.18 Obviously, in the case of momen-
tary assessments, the time of entry is at least as important as the
accuracy of the entry itself. Entering time-sensitive diary data at
the wrong time invalidates the entry, and studies suggest that
this problem cannot be successfully managed with paper
diaries. Electronic subject diaries can confirm when entries are
made by time stamping them.

Data accuracy. When investigators use unobtrusive duplicate
measures to check the accuracy of subject-kept written diaries,
they find that subjects’ compliance with instructions is notori-
ously poor. Reports on the events of interest—compliance with
drug regimens, peak expiratory flow rates, blood glucose lev-
els—are often inaccurate. Such simple tasks as reporting noc-
turnal coughing on written diary cards19 or the date and time
that the subject entered a particular room in the house20 have
provided unreliable and inconsistent data.

In a study of compliance with peak flow monitoring in asth-
matic children, subjects were given either a mechanical mini-
Wright peak flow meter and instructions to measure peak expi-
ratory flow rate (PEFR) at least twice a day for three weeks and
to complete a manual diary card logging each of the two
required daily measurements. Subjects also used an electronic
meter that automatically recorded the time of PEFR measure-

Entering time-sensitive diary data at the wrong time

invalidates the entry, and studies suggest that this problem

cannot be successfully managed with paper diaries.



ment along with the date.21 The electronic monitor data indi-
cated that 52% of the expected twice daily measurements were
missing, while the manual diary card data indicated only 15% of
the twice daily values were missing. The investigators con-
cluded that manual diaries overestimated use of the peak flow
meter, and that in general, written diary records would distort
value toward the more desirable outcomes.

Researchers in a similar study gave 20 adult asthmatic sub-
jects a modified mini-Wright peak flow meter that recorded
PEFR values, date, and time in its electronic memory, but sub-
jects were not told that the device was time stamping their PEFR
measurements.22 Subjects were instructed to measure PEFR
and to record the values morning and evening. Only 1897 (54%)
of the values were recorded in the diary card, but even fewer
(1533, or 44% of the total) were stored in the electronic device. In
other words, of the 1897 values written in the diary card, the
subjects invented 425 (22%). Straka and colleagues compared
the accuracy of self-reported use of isosorbide dinitrate for the
management of ischemic heart disease with data from a com-

puterized medication event monitoring system.23 In written
diary entries, 67% of the subjects overestimated their compli-
ance, and 30% of the diary entries were in error.

Similarly, Milgrom found that written diary data on subject
compliance for treatment of asthma in children agreed poorly
with data collected electronically by metered-dose inhalers.24

Subjects reported a median use of inhaled corticosteroids 95.4%
of the time in written diaries while electronic data collection
showed a median use of 58.4%. Comparison with electronic data
collection showed that more than 90% of subjects exaggerated
their use of inhaled corticosteroids.

Compliance and acceptance
A sizable proportion of subjects in a clinical trial fail to complete
written diary cards. In a study of the effectiveness of various
treatments on low back pain, for example, 22 of 85 subjects
(26%) failed to complete both the initial and final question-
naires.25 In a study of incontinence in women undergoing vagi-
nal reconstructive surgery, 9 of 32 subjects (28%) failed to com-
plete urinary diary and quality-of-life evaluations after a mean of
2.9 years. In a two-week study of omeprazole and famotidine for
the treatment of duodenal ulcers, 33% of subjects failed to com-
plete their diary cards.26 In a study of low-dose levonorgestrel
ring contraception in 1005 women, 30% failed to return the
required menstrual diary.27

The “parking lot problem.” Sites urge subjects to complete
diaries faithfully. Occasionally, sites also arrange for financial
incentives. With paper diaries, however, data can be entered ret-
rospectively even if the protocol requires entry of current data
in a timely and progressive fashion. Thus, there are numerous

anecdotes (though we have found no published data) about sub-
jects entering a week’s or a month’s worth of diaries in the park-
ing lot before delivering them to sites. To avoid such faked data,
trial planners experienced with paper diaries have told us they
like to keep incentives weak. As noted, electronic diaries can be
configured so as to enable only the entry of current data where
such data is required. An interesting consequence is that incen-
tives can be increased without risking “parking lot” data, which
restores the potency of tools to increase compliance—such as
hounding subjects.

Subject comparisons. Subjects readily accept electronic
diaries28 and are more likely to comply with data collection pro-
cedures when using them.29 A study of 166 migraine subjects
using nonsteroidal anti-inflammatory (NSAID) drugs in at-home
self-medication demonstrated the acceptability and utility of a
computerized electronic subject diary for assessment of
headache.30 Subjects recorded visual analog scales of headache
severity, headache relief scales, and time of taking analgesics.
Bolten compared electronic and written pain diaries and found

that the two were comparable, but that sub-
jects were more likely to report significant
drug-related adverse experiences on the elec-
tronic diary than on the written diary.31 There
was an increased volume of data and greater
subject compliance in reporting episodes of
urinary incontinence when women used the
computerized voiding diary than when using
the conventional written diary.32, 33

Studies report high compliance in the use of electronic diaries.
When 20 psychiatric subjects with panic disorder were given an
electronic diary—with instructions to answer 19 or more ques-
tions on the hour from 7 a.m. to 11 p.m. or when they were hav-
ing a panic attack—they completed an average of 88% of all
hourly ratings.34 Heart-lung transplant patients at the University
of Minnesota were given a paperless electronic spirometry and
diary instrument as part of the home monitoring program to
detect the earliest signs of rejection or infection.35 They were
instructed to use the device daily to measure lung function and to
complete a symptom diary, and then to transmit data weekly by
telephone. Over the one-year review period, 82% of patients trans-
mitted records every week, an average of 4.5 records per week.
Spirometry data were always present and vital sign and symptom
data were missing in only 2% of cases.

Women with urinary incontinence preferred an electronic,
computerized voiding diary to a written diary: 90% of the women
with a variety of voiding dysfunctions and 79% of normal control
women.36 The electronic device provided more information and
better data than the written diary. In this crossover study, sub-
jects were randomly assigned to groups that got either the elec-
tronic diary or the manual diary, and then they crossed over
after two weeks. Subjects preferred the electronic diary. One
remarkable finding in this study is that only 14.3% of the subjects
who received the handwritten diary before the electronic diary
found this manual method tedious. After having used the elec-
tronic diary, however, 61.9% of the subjects reported finding the
written diary tedious. Tiplady and colleagues also made a com-
parison of an electronic diary and paper questionnaire among 22
adult patients with chronic obstructive airways disease; 13 of

Numerous anecdotes describe subjects completing a

week’s or a month’s worth of diaries in the parking lot

before delivering them to sites.



them (59%) found it “easy” or “very easy” to use the electronic
device, and 5 (23%) reported that the two were equivalent. 37

In cases where unauthorized access to a subject’s data may be
embarrassing or harmful, electronic privacy controls on a diary
device can make it impossible to read previously entered data.
With paper diaries, on the other hand, subjects are vulnerable to
snooping if they lose physical control of the handwritten pages. 

Data reduction
Data reduction from manual diaries requires several steps. In
the NSABP (National Surgical Adjuvant Breast and Bowel Pro-
ject) Breast Cancer Prevention Trial, for example, question-
naires were first logged into the computer, then digitally
scanned and electronically checked for missing, contradictory,
and impossible entries. Questionnaires with dubious responses
were placed in an electronic holding file while a letter of inquiry
was sent to the investigative center where the problematic ques-

tionnaire originated. If issues were resolved, data were cor-
rected and entered into the database.38 Data reduction from

electronic diaries can avoid most of this process because data
can be entered unambiguously by capture, subjected to com-
pleteness and logic checks on entry or submission, and can be
automatically parsed directly into the database.

Interim access to data
The hardware platforms that qualify as electronic subject diaries
vary widely—from tiny special-purpose devices for collecting
one measure by button push or physical manipulation to pen-
based multifunctional portable computers. Even interactive
voice response systems (IVRS) can serve as electronic subject
diaries. Reviewing available devices is beyond the scope of this
article, but a case study illustrates our discussion and shows
how access to diary data can assist trial management.

In a study done at Brigham and Women’s Hospital (Boston)
and Harvard Medical School to assess the suitability of opioid
therapy for chronic low back pain, 21 subjects used an electronic
diary to furnish hourly pain and physical activity scores every
day for a year. Apple Newtons were converted into subject
diaries called LogPads (Personal Health Technologies, Boston,
MA), which were programmed to require that all data elements

on one screen be completed before the subject could advance to
the next screen. Multiple reports could be filed each day, but
one report completed for the waking hours of a day was the stan-
dard of full compliance. Although the device was portable and
could be used to enter data on battery power, most subjects kept
the device powered by means of a recharger and connected to a
telephone line at home. 

The device supported two-way messaging. In accordance
with 21 CFR 11 concerning electronic source data, subjects
signed each report and could handwrite a short on-screen note

or comment. After transmission of diary
data to the central network computer via
telephone, which took about one or two
minutes of connect time, the study coordi-
nator could view such messages on a com-
puter—either at home or at the office—
and respond appropriately. The study
coordinator’s outgoing messages to sub-
jects appeared on the device’s screen dur-

ing the next reporting session.
Data entry. Subjects could enter data in several

ways.
Body diagram. The report included a diagram of

the human body, which the subject could mark by
touching the screen with the stylus to indicate the
location of pain. In this study, only pain regions that

included the lower back were part of the data analyzed. Pain
sites were coded for data retrieval and analysis.

Visual analog scale (VAS). A visual analog
scale was marked by touching a line (2 mm
wide by 5.7 cm long) on the screen. A mark
appeared on the line and a score was posted in
a box beside the line. The score ranged from
0 (none) to 10 (worst), and was used by the
subject to rate the “intensity of pain at this site
NOW.” 

Pain history. For each pain site, the subject
recorded hourly pain ratings for up to 16 waking hours preced-
ing the report time by marking 16 vertical VAS columns each
representing one hour. Subjects noted below the columns
whether they had been asleep during that hour. In order to move
to the next screen, the subject had to complete all 16 hours
(unless a prior report had already covered part of the time).

Medications. Subjects were asked to log each medication
taken (including 2 opioids and 2 NSAIDs as well as some 20
over-the-counter medications for pain, anxiety, or muscle relax-
ation). The subjects selected medications from a list and tapped
on “hour columns” spanning the 16 hours prior to the time of the
report. They recorded time of consumption to the nearest
minute (if taken “now”) or to the nearest 10 minutes if entered
retrospectively.

Activity average. Subjects used a VAS ranging from 0 (lying
still but not asleep) to 10 (hard physical labor) to record their
“average activity over the last 16 hours” and to mark their activ-
ity for each waking hour in that period. 

Mood. Subjects were required to use the VAS marked from
“none” to “worst” to rate their current severity of depression,
anxiety, and irritability.

Data from electronic diaries can be entered unam-

biguously by capture, subjected to completeness and logic

checks on entry, and parsed directly into the database.

It requires a firm effort of the will to remember quite

how inchoate European regulatory affairs were as recently

as the early 1990s. 



Symptoms. Subjects could select from a list of 8 on-screen
symptoms or call up an expandable library of some 30 others.
They rated any selected symptom for severity using a VAS rang-
ing from “none” to “worst.”

Messages. Short (1–3 sentences) messages to the subject
appeared in typescript above a series of yes or no questions that
could be written by the study coordinator or selected from a
library of all questions asked over the course of the study. Mes-
sages from the subject were recorded as pen strokes on an 8-cm
by 5-cm area of the screen encoded as a vector map and dis-
played in LinkManager (PHT Corporation, Boston, MA) as an
image. The study coordinator routinely transcribed such mes-
sages.

Subjects were instructed to enter and send at least one report
per day at the end of their wake cycle. They were encouraged to
submit more reports if they wanted to document changes in
their pain level, medication consumption, or symptoms. Most
subjects submitted a report each day. The electronic diary time

stamped all data, field by field. It also logged the report submis-
sion time and transmission session duration.

Compliance was satisfactory (all 21 subjects missed fewer than
one report per week on average, usually because of postmid-
night reporting on weekends). Subjects entered data on average
6.75 times per week and showed 89.9% compliance with daily
monitoring over the year. None dropped out. For comparison, 16
pain subjects participating in the study did not use the LogPad
and were asked to fill in paper diaries for one week each month.
Compliance ratings for device users exceeded 99% for ratings of
activity, medication, and pain, but 33%, 53%, and 56% for subjects
filing information on those parameters via paper diaries. In exit
interviews, 5 of the 21 subjects (24%) complained about the
effort to fill in the long questionnaires (SF 36 Health Status
Questionnaire, CPEQ Comprehensive Pain Evaluation Ques-
tionnaire), but reported that the daily task of entering the Log-
Pad data was no trouble. Several subjects expressed regret that
they would no longer be monitored by device, which had given
them an important link to the pain management clinic. They
expressed a global preference (100%) for electronic data entry.39

Observations
The subject diary in a clinical trial is a way of measuring aspects
of the subject’s status that cannot otherwise be measured. Blood
pressure, heart rate, lung function, and blood glucose, for exam-
ple, can all be measured by attaching appropriate instruments to
the subject. Pain, mood, attitude toward illness or treatment, and
perceived quality of life, on the other hand, cannot be measured
mechanically. The only way to measure changes in parameters

such as these is to ask the subject. 
Technical advances now solve key problems in capturing

meaningful diary data. They enable simple, frequent sampling
needed for capturing a series of momentary measures, thus
avoiding bias and error in recollected autobiographical reports.
And they ensure the authenticity of such momentary ratings as
current. These two deceptively simple achievements convert an
error-prone, low-compliance, low-quality instrument (a hand-
written diary) into a dependable device capable of providing a
data stream that reveals and documents a subject’s experience
in compelling detail. Researchers and regulators who have
avoided diary data in the past because of its known problems
need to re-evaluate that decision now that reliable, dense data
can be generated directly by subjects or their caretakers.
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