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A b s t r a c t Objective: To examine the effect of computer-generated reminders on nurse chart-
ing deficiencies in two intensive care units.

Design: Nurses caring for a group of 60 study patients received patient-specific paper reminder
reports when charting deficiencies were found at mid-day. Nurses caring for a group of 60 control
patients received no reminders. A group of 60 retrospective patients was also formed.

Measurements: The average numbers of charting deficiencies at the end of the shift in each of the
three groups were compared using two planned orthogonal contrasts.

Results: The average in the study group patients was 1.02 deficiencies per day per patient, whereas
the control group the average was 1.40 deficiencies per day per patient (p = 0.001). The average
number of end-of-shift deficiencies in the pooled prospective (study/control) population was 1.21
deficiencies per day per patient, compared with the average in the retrospective group of 1.56 defi-
ciencies per day per patient (p < 0.001).

Conclusion: The decrease was likely due both to the appropriate response of the nurses to the
reminders and to a learned attentiveness to the tasks on the part of the nurses who cared for study
patients. Greater gains were hindered by incomplete "coupling" of the reminders to the end-of-shift
deficiencies and by inaccuracies in the reminders. 
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During each shift, the critical care nurse is responsible
for performing patient assessments; administering
medications; monitoring a multitude of patient
parameters; performing hygiene and physical therapy
activities; assisting with procedures; consulting with
physicians, respiratory therapists, and other care-
givers; keeping family members informed; and docu-
menting care. With so many responsibilities and so
much information to assimilate, it is not surprising
that at times certain tasks escape the nurse’s attention.

At LDS Hospital in Salt Lake City, Utah, intensive care
unit (ICU) leaders sought a means of encouraging
nurses to perform certain routine activities deemed
important to the recovery of the critically ill patient,
yet sometimes overlooked. These activities included
sedation and level of consciousness monitoring in the
form of two scoring systems, oral hygiene, and rou-
tine patient turning. Careful monitoring of sedation
levels is included in the Society of Critical Care
Medicine’s guidelines for sedation.1 The goal of mon-
itoring is to provide assistance in determining the
required level of sedation, while avoiding overseda-
tion with its concomitant increase in ICU and hospital
days. Additionally, prolonged use of sedation also
may increase the risk of nosocomial pneumonia.2

Although the specific, most effective oral care proce-
dures have not been determined, it is believed that reg-
ular oral hygiene in the ICU is important not only in
preventing the deterioration of oral health, but also in
reducing the risk of aspiration leading to nosocomial
pneumonia.3,4 There are few data in the literature about
prevention of pressure ulcers in critical care and in par-
ticular how patient turning should be performed.
Nevertheless, based on their experience, the clinical
leaders of the LDS Hospital Critical Care Department
saw regular patient turning as a simple yet potentially
effective deterrent to the development of decubitus
ulcers and their consequent prolonged care.

The ICU leaders created a Respiratory Failure Care
Process Model—a standard process for the manage-
ment of patients with acute respiratory failure.
Performance of the aforementioned activities was a key
component of the model. The leaders hoped that
adherence to the Care Process Model would expedite
movement of the patients through the system while
also preventing complications and improving out-
comes. Although the Care Process Model was initially
defined for patients with acute respiratory failure, the
clinical leaders deemed the activities discussed in this
research important to the entire ICU population. The
first step, however, was ensuring that the activities pre-

scribed by the model were being performed. Thus a
standard of care would be established; its effects could
then be measured and the effects of changes to the stan-
dard could also be measured. Meetings were held with
staff nurses to convey the process and solicit buy-in.

Computerized reminders presented a possible aid to
ensuring that the standards were met. Alerts and
reminders have been shown to have a positive effect
on clinician behavior and patient care.5–12 Most appli-
cations, however, have addressed the effect of alerts
and reminders on physicians in the outpatient setting.
Inpatient reminder studies include the study by
Overhage et al. of “corollary orders,”10 the discussion
by White et al. of alerts for digoxin intoxication,13

Young’s lab ordering study,14 and Shea et al.’s length of
stay information messages.15 A search of the literature
uncovered only one report of the effects of alerts and
reminders on inpatient nurses.16 Broadening the defi-
nition of an alert or reminder would increase the num-
ber of citations. The cues and prompts generated by a
computerized nursing documentation or care plan
system also may be considered a form of “alert“ or
“reminder.“ Their role in motivating more complete
charting is mentioned in the literature more often.17–20

This research reports on a trial implementation of
computerized reminders directed toward the ICU
nurses and an evaluation of the reminders’ effect on
ICU charting deficiencies.

Methods

Two LDS Hospital ICUs were involved in the study:
the Shock/Trauma/Respiratory ICU (STRICU) and
the Medical/Surgical ICU (MSICU). The STRICU has
12 beds surrounding a central nursing station; the
MSICU has 16 beds, also around a central station. The
two units care for the same case mix of patients. The
difference between the units’ populations lies in the
severity of illness; patients in the STRICU are gener-
ally more acutely ill than those in the MSICU. The
bedside nurse-to-patient ratio in both units is one to
one or one to two, depending upon the severity of the
patient illness. The nurses work 12-hour shifts, from
7:00 to 19:00 and from 19:00 to 7:00. The day shift,
from 7:00 to 19:00, was chosen as the subject of this
research for convenience. During each shift, each unit
has one charge nurse on duty who is responsible for
overseeing nursing care in the unit. No patient is
assigned to the charge nurse.

Nurses in the units document care using the Health
Evaluation through Logical Processing (HELP) sys-
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tem,21–22 the hospital’s clinical information system.
Nurse charting takes place through character-based
screens; the nurses are encouraged to chart their
activities as they perform them. Routine activities are
charted in the computer every two hours. A charting
terminal is available in each patient room. Several
terminals are also available at the central nurses’ sta-
tion. The system has been in use for over two
decades, and the nurses are quite facile with the
menus and their options.

The research addressed four routine nursing tasks:
assessment of Motor Activity Assessment Scale
(MAAS) at least once per shift (7:00 to 19:00) for
patients receiving sedation or narcotics, assessment
of Glasgow Coma Score (GCS) at least once per shift,
turning of the patient at least three times per shift,
and performance of routine oral care at least twice
per shift. These standards were viewed by nursing
leadership as established responsibilities of the bed-
side nurses caring for the population of the two ICUs. 

For the purposes of this research, an absence of docu-
mentation indicating that any of the four nursing stan-
dards had been met was deemed an “end-of-shift defi-
ciency.“ For each of the four possible end-of-shift defi-
ciencies, a mid-day (13:00) condition was identified
that might predict occurrence of the end-of-shift defi-
ciency, barring subsequent action. The mid-day condi-
tions and end-of-shift deficiencies are shown in Table 1.

The mid-day conditions and the end-of-shift defi-
ciencies were translated into new rules in the Table-
driven Clinical Rules (TCR) system at LDS Hospital.
The TCR system stores rule definitions in a series of
relational tables. A rule engine parses the contents of
the tables, piecing together rule definitions and exe-
cuting the rules against the patient data of the HELP
system. New rules can be added to the system by cre-
ating new entries in the tables without writing proce-
dural programming code.

A program that formed printable reminders from the
results of executing the mid-day condition rules was
developed. It was hypothesized that delivering these
patient-specific reminders to the nurses at mid-day
would result in a reduction of end-of-shift deficiencies.

The rate at which end-of-shift deficiencies were
occurring in a retrospective population was calculat-
ed. A power analysis revealed that a sample size of 60
patients per group would be required to detect
between a 20% and 25% reduction in the average
number of end-of-shift deficiencies per day per
patient with 80% power.

Consecutively admitted patients were assigned to
two prospective groups according to the ICU room to
which they were admitted; patients admitted to the
east side of the STRICU (rooms 7 through 12) and the
west side of the MSICU (rooms 38 through 45) con-
stituted the study group, whereas patients admitted
to the west side of the STRICU (rooms 1 through 6)
and the east side of the MSICU (rooms 30 through 37)
constituted the control group. Patients were assigned
rather than randomized to reduce crossover contam-
ination. On any given day, a nurse rarely cares for
both a patient on the east side of the unit and a
patient on the west side; assigning east-side and
west-side patients to different groups thus averted a
situation in which a nurse would be caring for both a
control patient and a study patient on the same day.
There was no reason to believe that any differences
existed between patients admitted to the east side of
a unit and patients admitted to the west side.

Patients with a hospital-admitting diagnosis indicat-
ing spinal injuries were excluded from the study
because they legitimately would not be turned.
Patients less than 18 years of age were excluded
because of nonclinical Institutional Review Board
issues. Patients who had experienced a previous stay
in the STRICU or the MSICU were not enrolled again

Table 1 ■

Mid-day Reminders and End-of-shift Deficiencies
Mid-day Conditions End-of-shift Deficiency

Sedation or narcotic use and no Motor Activity Assessment Sedation or narcotic use and no Motor Activity Assessment Scale 
Scale charted between 7:00 and 13:00 charted between 7:00 and 19:00 

No Glasgow Coma Score charted between 7:00 and 13:00 No Glasgow Coma Score charted between 7:00 and 19:00

< 2 turns and no PT activity between 7:00 and 13:00 < 3 turns and no PT activity between 7:00 and 19:00

No routine oral care or teeth brushing charted between < 2 routine oral care or teeth brushing charted between 7:00 and
7:00 and 13:00 19:00
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in order to ensure that no single patient would con-
tribute more than one piece of data to the study.

A patient’s data became eligible for inclusion in the
analysis after the patient had been in the unit for one
full day. Enrollment continued in the prospective
groups until each group had 60 patients with eligible
data. To ensure an expeditious end to the experiment,
a 24-day limit was set on patient involvement; only
the first 24 days of a patient’s stay would be included
in the examination.

In addition to the prospective groups, a retrospective
group of 60 patients was formed from patients consec-
utively admitted to, and subsequently discharged
from, the STRICU and the MSICU in the period imme-
diately before the prospective assignment of patients.
Exclusions were performed as in the prospective
groups. Patients who were admitted before com-
mencement of prospective group assignation but dis-
charged after commencement of group assignation
were also excluded from the retrospective group.

An enrolling computer program ran automatically
each day at 13:00. Based on the previous day’s
admit/transfer data, the program added and sub-
tracted from the experiment’s working patient list as
necessary to reflect the current state of the STRICU
and MSICU units. The program assigned any new
patients to the study or control group according to
the assignation scheme previously described.

A few minutes later, the TCR system executed the
rules representing the mid-day conditions of Table 1
by examining the control and study patients’ HELP
data. The system stored any mid-day reminders gen-
erated (on both control and study patients) in a data-
base. Next, for each patient in the study group, the
program previously mentioned generated a reminder
report. The report listed the patient room, patient
number, patient name, the date, and any reminders
that had been generated for the patient. Figure 1 is an
example of a report showing all four reminders.
Monday through Saturday during the experiment
any reports containing reminders were delivered to
the STRICU and MSICU charge nurses. The charge
nurses had been instructed in meetings before the
experiment to deliver the reports to the bedside nurs-
es and address the reminders with the nurses.

At the end of each shift, the TCR system executed the
rules representing the end-of-shift deficiencies on the
study and control patients. The end-of-shift deficiency
rules and the mid-day reminder rules were also exe-
cuted on the data of the 60 retrospective group patients.

After the study period, the statistic mean number of
end-of-shift deficiencies per day was calculated for each
patient in the three groups (study, control, and retro-
spective) by dividing the patient’s total number of
deficiencies by his number of valid days in the study.
A valid day was a day on which reminders were dis-
tributed (Monday through Saturday), excluding the

F i g u r e  1 .  Example of mid-day reminder report. “Data updated” is an indicator of whether the data were properly updat-
ed before generation of the reminder report. MAAS = Motor Activity Assessment Scale, PT = physical therapy.
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patient’s first and last days. A mean for each group
was calculated by averaging each group’s 60 individ-
ual patient means. The three resulting means were
compared using two planned orthogonal contrasts.
The two contrasts performed were (1) the retrospec-
tive group mean vs. the mean of the pooled control
group and study group, and (2) the study group
mean vs. the control group mean.

The TCR system is an experimental extension operat-
ing outside the HELP system. Consequently, hand-
delivered printed reminders were used as opposed to
on-screen reminders integrated into the nurse chart-
ing application. Such integration is certainly possible
in the future, as more experience is gained with inpa-
tient nurse reminders.

The experiment was conducted with the approval of
the Institutional Review Boards of both LDS Hospital
and the University of Utah.

Results

The length of time from first enrollment day to last
discharge day was 59 days in the study group
(4/25/2000 to 6/22/2000), 45 days in the control
group (4/25/2000 to 6/8/2000), and 29 days in the
retrospective group (3/25/2000 to 4/22/2000). On
day 59 of the prospective period, the experiment was
terminated with one study group patient still
enrolled. This patient had been in the unit for 24
days, and the rule that limited enrollment to 24 days
was invoked. No other invocations of the rule were
necessary during the experiment.

Fifty-one nurses cared for patients in the control
group, 58 nurses cared for study patients, and 61
nurses cared for patients in the retrospective group.
Forty nurses cared for at least one patient in both the
study and control groups. Fifty-one nurses cared for
at least one patient in the retrospective group and at
least one patient in one of the prospective groups.

The groups were compared with respect to gender,
first day APACHE II score, and days in the study. No
statistically significant difference among groups was
discovered.

Reminder reports were delivered to charge nurses on
46 of the 59 study days. Day one was the initial
enrollment day and reminders were not distributed.
Eight of the 59 days were Sundays, on which no
reminders were given. On an additional four days,
the system detected no conditions that would gener-
ate a reminder on any patient.

The mean number of end-of-shift deficiencies for each
of the three groups and the results of the planned
comparisons are shown in Table 2. The differences in
both comparisons were statistically significant.

Discussion

Reduction in End-of-shift Deficiencies

The mid-day reminders appeared to reduce deficien-
cies in the nurses’ charting, as evidenced by the sta-
tistically significant difference between the average
number of deficiencies in the control and study
groups. Apparently, because of the nurses’ many
responsibilities, reminders are helpful in focusing the
nurses’ attention on specific duties.

A concern foreseen at the time of the experiment’s
design was the possible effect of crossover contami-
nation and learning between the two prospective
groups. As noted, 40 nurses cared for both study and
control patients at some time during the study. A
nurse who had at some point received a reminder
while caring for a study group patient might be
inclined to remember to perform and chart the activ-
ities thereafter, even when caring for control group
patients on subsequent days. Unfortunately, no prac-
tical means of preventing the crossover was discov-
ered. A randomized nurse design would not control

Table 2 ■

Results of Orthogonal Comparisons of Average Number of End-of-shift Deficiencies per Day per Patient
Mean Student’s T

Comparison (Deficiencies/Day/Patient) SD n p/Significance

Study 1.02 0.66 60 p = 0.001/yes

Control 1.40 0.60 60

Retrospective 1.56 0.63 60 p < 0.001/yes

Pooled study and control 1.21 0.65 60

SD = standard deviation.



for any variability between patients and would also
not be sufficiently powerful. A design that controlled
for both nurse- and patient-variability would be even
less powerful.

To explore the possibility that some other factor
besides the reminders was responsible for the change
between the retrospective and prospective periods, a
post-hoc comparison between the retrospective and
control groups was performed. If the difference truly
was attributable to the intervention, there should be
no significant difference between retrospective and
control group means. No significant difference was
discovered (p = 1.51).

Effectiveness

The percentage of mid-day reminders that were not fol-
lowed by charting deficiencies at the end of the shift
was calculated for each patient in each of the three
groups. This calculation yields a measure of the effec-
tiveness of the reminders. In the retrospective group,
the average reminder effectiveness among the group’s
60 patients was 12%—quite low, as would be expected,
because reminders were not delivered and hence never
acted on. Any avoidance of end-of-shift deficiencies
following mid-day reminder conditions occurred by
chance. In the control group, the average effectiveness
was 16%—also low, as would be expected. In the study
group, the average effectiveness was 29%—consider-
ably higher than in either of the other two groups
because in the study group, reminders were delivered
to the nurses and they responded to them.

Nevertheless, 29% effectiveness indicates that, on
average, 71% of the reminders delivered to the charge
nurses failed to prevent an end-of-shift deficiency. At
least three possible explanations exist. First, it was
observed that the reminders and the end-of-shift
deficiencies were incompletely “coupled.“ For
instance, in response to the reminder “No routine
oral care or teeth brushing between 7:00 and 13:00,“
the nurse might immediately perform and chart a
“routine oral care.“ However, to avoid the associated
end-of-shift deficiency” < 2 routine oral care or teeth
brushings between 7:00 and 19:00,“ at least one more
charting would be required at some point before
19:00. In other words, a direct response to the
reminder was not always sufficient to prevent an
end-of-shift deficiency; an improved and sustained
attentiveness during the remainder of the shift would
have also been required. If such sustained attention
failed to materialize, an end-of-shift deficiency
would have occurred despite an immediate response
to the reminder.

A second possible reason for the suboptimal effec-
tiveness of the reminders was that the nurses viewed
them as inaccurate or not applicable and consequent-
ly ignored them. There may have been legitimate rea-
sons for not performing the prescribed activities (for
instance, if the patient was on transport or in surgery
for most of the day). The reminders were oblivious to
many of these legitimate reasons and generated clin-
ical “false alarms.“ (In such cases, the end-of-shift
deficiencies that followed also would have been
“false alarms.“) In addition, conversations with indi-
vidual nurses and responses to a questionnaire dis-
tributed to the nurses after the experiment revealed
that not all nurses agreed that the tasks were impor-
tant—or they agreed that they were important, but
not at the frequencies specified. Such disagreement
undoubtedly caused others of the mid-day reminders
to be intentionally ignored.

Finally, it is possible that the bedside nurses did not
receive the reminder reports from the charge nurses,
since the delivery of the reports to the bedside nurs-
es by the charge nurse was not verified during the
experiment. However, failure to receive the reports
probably occurred only in isolated instances. Often
the charge nurse would begin distributing the reports
immediately on receiving them. Also, a questionnaire
was delivered to all nurses who should have received
reminder reports during the study period (based on
the nurses’ schedule book). The questionnaire asked
that  nurses who had received a report complete the
questionnaire. The great majority were completed.

Rates of Generation of Mid-day Reminders

The reduced rate of end-of-shift deficiencies in the
study group of patients has been attributed to the
response of the nurses to receiving reminders. A nurse
received a reminder at mid-day, indicating that the
activities (or their chartings) had not yet been per-
formed, and acted to rectify the situation. Another
possible explanation for the differences, however, may
have been that the nurses caring for study patients
complied with the task requirements from the begin-
ning of the shift (as opposed to complying after receiv-
ing reminders) more often than the control nurses. To
examine this possibility, the number of mid-day
reminders per day was determined for each patient
and a group mean was calculated for each of the three
groups. The mean number of mid-day reminders per
day per patient in the study group was 1.03, whereas
in the control group the mean was 1.37. The retrospec-
tive group mean was 1.56. Two points of interest
regarding these means prompted further exploration.
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The first point of interest was that the mid-day
reminder mean in the study group was considerably
lower than in the control or retrospective groups,
seemingly in support of the conjecture that nurses
who cared for study patients were more vigilant from
the beginning of the shift, not just after reminders
were issued. A comparison of the groups’ mid-day
reminder averages was performed using pair-wise
post-hoc nonorthogonal contrasts, adjusted using
Tukey’s HSD (Table 3). In the study group, the mid-
day reminder per day average was indeed signifi-
cantly lower than in either of the two other groups.

There are several possible explanations. First, the
nurses who cared for study patients may have been
by chance more vigilant in the performance of the
tasks. Because of Institutional Review Board con-
cerns, tracking of individual nurse performance was
not permitted, and this conjecture was unverifiable. It
is improbable, however, in light of the following
three observations:

1. When examined separately, both ICUs participating
in the experiment exhibited the same characteristics;
the study group’s average end-of-day deficiencies per
day per patient was lower than both the other groups’
averages, and there was less difference between the
control group and the retrospective group. It is highly
unlikely that in both units the more compliant nurses
happened to take care of the study patients.

2. As stated previously, 40 of the 51 nurses who cared
for at least one control patient also cared for at least
one study patient, and 51 of the 61 nurses who cared
for at least one retrospective patient also cared for at
least one patient in one or both of the prospective
groups. Such mixing also makes it unlikely that espe-
cially compliant nurses cared for the study patients. 

3. If the compliant nurses by chance cared for the
study patients, leaving the noncompliant nurses to
care for the control patients, one would expect to see
greater disparity between the study group’s statistic
and the control group’s statistic, with that of the ret-
rospective group falling between, somewhere near
the middle. Instead, the retrospective mean was sta-
tistically similar to the control group’s mean, where-
as both the control group and the retrospective group
were statistically dissimilar from the study group.

Another possible reason for the lower mid-day
reminder rate in the study group may have been that
the nurses caring for study patients experienced the
Hawthorne effect (i.e., the tendency of subjects to
improve their performance when they know they are
being observed). In other words, did the nurses car-
ing for study patients know they would receive
reminders if they did not perform their tasks and
consequently performed them before the reminders
were generated, whereas the nurses caring for control
patients knew they would not receive reminders
regardless of their performance and so disregarded
the requirements? No sure conclusion is possible, but
anecdotal evidence suggests that nurses generally
were not aware of the existence of a study and control
group. Nurses attending a STRICU staff meeting sub-
sequent to the study were asked if they had been
aware that only nurses caring for patients on the east
side of the unit were receiving reminders. They
replied that they had not. Other bedside nurses in
both units gave the same response. The existence of
two groups could have been detected without much
difficulty, but apparently nurses were so preoccupied
with their work that they did not pay attention.

A last possible explanation is related to work practices
in the units. A nurse in the ICUs commonly works

Table 3 ■

Results of Post-hoc Comparisons of Mean Mid-day Reminders per Day per Patient
Mean

(Mid-day Reminders/ Student’s T*
Comparison Day/Patient) SD n p/Significance

Study 1.03 0.66 60 p = 0.017/yes

Control 1.37 0.67 60

Study 1.03 0.66 60 p < 0.001/yes

Retrospective 1.56 0.73 60

Control 1.37 0.67 60 p = 0.287/no

Retrospective 1.56 0.73 60

*Significance level is 0.05, with a Tukey’s HSD correction.
SD = standard deviation.
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two or three consecutive days and is usually, when
possible, assigned the same patients on those days.
Therefore, a nurse caring for a study patient may have
received a reminder or reminders on the first day that
he or she cared for the patient. On subsequent days, as
the nurse continued to care for the study patient, he or
she may have become more cautious about the four
activities addressed by the reminders because of the
reminder received earlier. In other words, learning
may have taken place not between study and control
groups, as discussed earlier with regard to contami-
nation, but within the study group.

To investigate this hypothesis, calculations were per-
formed to yield the average number of reminders per
patient that occurred on day one of a patient’s stay,
the average on day two of a patients’ stays, the aver-
age on day three of a patients’ stays, and so forth, for
each of the three groups. The results for the three
groups are shown graphically in Figure 2.

As the figure shows, on days two and three mean
reminders per day drop sharply in the study group.
This seems to support the conjecture that if a nurse
caring for a study patient received reminders, he or
she may have been more motivated to perform the
related activities on subsequent days he or she cared
for that patient.

Of interest, even in the control and retrospective
groups the rate of mid-day reminders experienced a
decrease over time, albeit not as pronounced as in the

study group. This may be due to an increasing chance
for detection, as the patient’s stay continued, of the
nonperformance of the activities addressed by the
reminders. For instance, if the patient is not being
turned appropriately, it is increasingly likely as the
patient’s stay continues that someone will notice—
either by reviewing documentation or by physical
manifestations of neglect on the patient’s skin.
Similarly, the effects of irregular oral care may even-
tually begin to be noticed in the patient’s mouth.
These discoveries may trigger better compliance in
the later days of the patient’s stay.

Another possible explanation is that the nature of the
activities is such that they are clinically less impor-
tant to perform before the patient has been in the unit
for a certain amount of time. However, the clinical
leaders judged the activities of this experiment to be
of importance from the outset of the patient’s stay,
making this explanation doubtful.

Figure 2 also illustrates that the retrospective group’s
daily means were consistently higher than not only the
study group’s but also the control group’s through the
first three days. This pattern may indicate some degree
of Hawthorne effect in the control group as well as the
study group. Nurses caring for patients in either
prospective group—study or control—were more
keenly aware of their duties because of the reminders.

Another point of interest in the rates of mid-day
reminder generation was that the mean number of

F i g u r e  2 .  Average number of mid-day reminders per patient, by patient’s ICU day.



mid-day reminders per day per patient in the study
group (1.03) is virtually the same as the group’s mean
number of end-of-shift deficiencies per day per
patient (1.02). The same was also true in the control
and retrospective groups, but in those groups the
observation is not surprising. Some reminders were
not followed by end-of-shift deficiencies, and some
end-of-shift deficiencies were not preceded by mid-
day reminders. The two effects in the control and ret-
rospective groups may tend to negate each other,
resulting in approximately equal rates of generation
of mid-day reminders and end-of-shift deficiencies.

In the study group, however, nurses were acting on
reminders; thus, one would expect the end-of-shift
deficiency level to be substantially lower than the
mid-day reminder rate. This was clearly not the case.
The study group patients experienced a greater num-
ber of mid-day reminders not followed by end-of-
shift deficiencies than did the other two groups. But
they also saw enough end-of-shift deficiencies not
preceded by mid-day reminders and end-of-shift
deficiencies that occurred despite mid-day reminders
to negate the gains earned by the effectiveness of the
mid-day reminders.

The incomplete “coupling“ of reminders and defi-
ciencies, discussed earlier, may explain this negation.
The memory of previous reminders may have caused
study nurses to be more diligent in the mornings,
thus lowering mid-day reminder rates. But end-of-
shift deficiencies would be prevented only through
an increased and sustained attentiveness throughout
the remainder of the day. If the study nurses were not
also substantially more diligent than control nurses
during the remainder of the day, their gains would have
been negated. Perhaps the memory of reminders was
able to cause nurses to perform as necessary in the
morning to avoid a mid-day reminder but was not
always forceful enough to cause the sustained atten-
tiveness throughout the day that would forestall an
end-of-shift deficiency.

This hypothesized effect of incomplete coupling
poses an important question in the implementation
of reminders: When, how frequently, and in what sit-
uations is it best to remind? Common sense suggests
that the best time to remind would be at the time that
the task is required, but the nature of the nurse’s
work processes is conducive only to frequency
requirements for most tasks (e.g., “perform twice per
shift“ rather than “perform at 10:00 and 14:00“).
Reminders, however, can be tied to some other activ-
ity known to be performed with certain frequency.
For instance, if computer charting is required four

times per shift, a nurse’s entry into the computer
charting program could trigger reminders regarding
tasks that are required four times per shift.

The end of the shift may be a good time to display
reminders for tasks that need to be performed once
during the shift but not at a particular time. However,
it is of course an inappropriate time to remind about
tasks that need to be done repeatedly throughout the
shift. For instance, it would be inappropriate to
remind at the end of the shift that turning had not
been performed all day—it would be too late to per-
form the day’s turnings.

End-of-shift reminders also may be appropriate
regarding tasks for which real-time or near-real-time
charting is not expected. However, LDS Hospital
encourages near-real-time charting of nursing activi-
ties. The hospital has a long history of implementing
clinical decision support that depends on near-real-
time documentation. Furthermore, the ability of a
nurse to remember at the end of the shift how many
times he or she turned the patient during the past 12
hours is questionable. As the demands on the nurse’s
time increase, the balance between the benefits of
real-time charting and the nurse’s time needs to be
constantly reassessed, but for the time being these
activities are expected to be documented in as near
real-time as possible.

As discussed, reminders once per shift may have
been insufficient to produce the desired effect. Too
frequent reminders, however, could easily prove
annoying and cumbersome. The consequences of fail-
ure to perform the addressed task must be weighed
against the cost of introducing more reminders.

Finally, the situations in which reminders are used
must be carefully determined. Because reminders
represent both an implementation expense and a pos-
sible imposition on caregivers, their implementation
should be reserved for situations in which the clinical
or financial consequences merit it.

No data were collected to evaluate the effect of this
specific intervention on clinical outcomes; the reduc-
tion in charting deficiencies cannot be directly trans-
lated to patient outcomes. However, since institution
of the Care Process Model, the ICU clinical leaders
have seen decreases in their hospital, ICU, and venti-
lator days and reductions in nosocomial infection
rates. They believe that the nursing activities
addressed in this research are an important part of that
model. Future investigation may establish more firm-
ly the link between the particular activities and out-
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comes, and between computer reminders and the per-
formance (rather than the charting) of the activities. 

Assumptions

Implicit assumptions in the implementation of this
experiment’s reminders (and, indeed, of any effective
reminders) are that (1) recipients have internalized
the importance of the tasks about which they are
reminded and (2) they simply need their attention
focused in order to comply. These assumptions were
not always valid during the experiment.

With regard to assumption (1), as has been noted, it
became evident during the study that some nurses
did not agree with what they were asked to do.
Although the clinical leaders had sought since the
formulation of the Care Process Model to gain con-
sensus among the staff nurses and had discussed the
activities on multiple occasions, some nurses contin-
ued to disagree. To these nurses, the reminders prob-
ably led only to resentment rather than to increased
compliance. Reminders are most effective when the
recipients value the importance of the task that they
are reminded to perform. Violation of this assump-
tion hampers the effectiveness of the reminders and
has the potential of fostering a negative attitude
toward computerized reminders in general.

Assumption (2) was probably true only to the extent
that assumption (1) was true. Furthermore, even in
nurses who agreed with the task requirements, the
reminders apparently were able to elicit a short-term
response or to modify behavior on subsequent morn-
ings but were not always able to elicit sustained
attentiveness to the tasks throughout a shift.

Another assumption in this particular experiment
was that the end-of-shift charting deficiency was a
valid measure of clinical care. Such was not always
the case. Some nurses welcomed the reminders, com-
menting that they were a good means of jogging their
memories to perform the tasks. In such cases, the
reduction in end-of-shift charting deficiencies likely
represented an increase in the performance of the
tasks. On the other hand, one nurse complained that
“any good nurse“ knows that turning a patient is
important, but he did not see the need to document
each turning. And another nurse felt that the
reminders were useless because they would not influ-
ence nursing care, but only its documentation. She
predicted that nurses who did not perform the tasks
would simply chart that they had done so to avoid
receiving reminders. These comments highlight an
important distinction—that between the performance

of the nursing activities and the documentation of those
activities. Certainly, the performance of the tasks is
the weightier matter, and ideally the experiment
would have addressed the performance, not the doc-
umentation, of the activities. The correspondence
between the two (i.e., the proportion of the deficien-
cies due to nurses not performing the tasks as
opposed to performing them but not documenting
them), was unknown. An interesting investigation,
outside the scope of this experiment, would be to
assess that correspondence. For the purposes of this
experiment, charting was determined to be a prag-
matic, if not infallible, indicator of care. However,
until further experiments are performed, the results
cannot be extrapolated to conclude firmly that the
reminders resulted in more appropriate performance of
the tasks as opposed to more appropriate charting.

If not assumed, it had at least been hoped that the
reminders would be viewed by the nurses as an aid
to performing their jobs better. In many nurses this
seemed to be the case. Other nurses, however, saw
the reminders as “policing“ or as criticisms of their
care. These nurses especially resented any “false
alarms“—reminders that were generated although
there were legitimate reasons for not performing the
activities.

Such attitudes have important implications for plans
to implement permanently the reminders of this
experiment or to implement any reminders. The
reminders had a positive effect on preventing end-of-
shift deficiencies, but the impact of permanent imple-
mentation on morale and culture cannot be ignored.
Technical changes can assist the process. The
reminders can and should be refined to reduce the
“false-alarm“ rate. The most effective and best
accepted means of reminding (e.g., paper report
delivered to the nurse, messages sent to the comput-
er monitor) can be explored. But as is often the case
in medical informatics innovations, the organization-
al and sociological changes necessary for a successful
implementation may prove as difficult as the techni-
cal changes, if not more so.

Conclusions

The computer-generated reminders had a significant
effect in decreasing end-of-shift charting deficiencies.
The data suggest that the decrease was due in part to
nurses’ responses after receiving reminders (as evi-
denced in the study group by greater “effectiveness”
as defined in the study) and in part to the fact that
nurses in the study group attended better to the four
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tasks from the beginning of the day. Incomplete cou-
pling of the reminders to the end-of-shift deficiencies
(and the resultant lack of a sustained effect on the
nurses through the remainder of the shift) as well as
inaccuracies in the reminders probably precluded a
larger effect. Nevertheless, the results suggest that
implementation of computerized, patient-specific
reminders is a viable means of affecting positive
change in the behaviors of ICU nurses.

References ■

1. Jacobi J, Fraser GL, Coursin DB, et al. Clinical practice guide-
lines for the sustained use of sedatives and analgesics in the
critically ill adult. Crit Care Med 2002;30(1):119–141.

2. Fernandez-Crehuet R, Diaz-Molina C, de Irala J, Martinez-
Concha D, et al. Nosocomial infection in an intensive-care
unit: identification of risk factors. Infect Control Hosp
Epidemiol 1997;18(12):825–830.

3. Harris JR, Miller TH. Preventing nosocomial pneumonia: evi-
dence-based practice. Crit Care Nurse 2000;20(1):51–66.

4. Sole ML, Poalillo FE, Byers JF, Ludy JE. Bacterial growth in
secretions and on suctioning equipment of orally intubated
patients: a pilot study. Am J Crit Care 2002;11(2):141–149.

5. Balas EA, Austin SA, Mitchell JA, Ewigman BG, et al. The clin-
ical value of computerized information services. A review of
98 randomized clinical trials. Arch Fam Med 1996;5:271–278.

6. Johnston ME, Langton KB, Haynes RB, Mathieu A. Effects of
computer-based clinical decision support systems on clinician
performance and patient outcome. A critical appraisal of
research. Ann Intern Med 1994;120:135–142.

7. McDonald CJ. Protocol-based computer reminders, the quali-
ty of care and the non-perfectability of man. N Engl J Med
1976;295:1351–1355.

8. Tierney WM, McDonald CJ, Martin DK, Hui SL. Computer
predictions of abnormal test results. Effects on outpatient test-
ing. JAMA 1988;259:1194–1198.

9. Tierney WM, Miller ME, McDonald CJ. The effect on test
ordering of informing physicians of the charges for outpatient

diagnostic tests. N Engl J Med 1990;322:1499–1504.
10. Overhage JM, Tierney WM, Zhou XH, McDonald CJ. A ran-

domized trial of “corollary orders“ to prevent errors of omis-
sion. J Am Med Inform Assoc 1997;4:364–375.

11. Shea S, Du Mouchel W, Bahamonde L. A meta-analysis of 16
randomized controlled trials to evaluate computer-based clin-
ical reminder systems for preventative care in the ambulatory
setting. J Am Med Inform Assoc 1996;3:1399–1409.

12. Hunt DL, Haynes RB, Hanna SE, Smith K. Effects of comput-
er-based clinical decision support systems on physician per-
formance and patient outcomes: a systematic review. JAMA
1998;280:1339–1346.

13. White KS, Linday A, Pryor TA, Brown WF, Walsh K.
Application of a computerized medical decision-making
process to the problem of digoxin intoxication. J Am Coll
Cardiol 1984;4:571–576.

14. Young DW. Improving the consistency with which investiga-
tions are requested. Med Inform (Lond) 1981;6:13–17.

15. Shea S, Sideli RV, DuMouchel W, et al. Computer-generated
informational messages directed to physicians: effect on
length of hospital stay. J Am Med Inform Assoc 1995;2:58–64.

16. Tate KE, Gardner RM, Sherting K. Nurses, pagers, and patient-
specific criteria: Three keys to improved critical value report-
ing. Proc 19th Annu Symp Comput Appl Med Care 1995:
164–168.

17. Nahm R, Poston I. Measurement of the effects of an integrat-
ed, point-of-care computer system on quality of nursing docu-
mentation and patient satisfaction. Comput Nurs 2000;
18:220–229.

18. Hendrickson G, Kovner CT, Knickman JR, Finkler SA.
Implementation of a variety of computerized bedside nursing
information systems in 17 New Jersey hospitals. Comput Nurs
1995;13:96–102.

19. Sinclair VG. The impact of information systems on nursing
performance and productivity. J Nurs Admistr 1995;21:46–50.

20. Staggers N. Using computers in nursing. Documented benefits
and needed studies. Comput Nurs 1988;6:164–170.

21. Pryor TA, Gardner RM, Clayton PD, Warner HR. The HELP
system. J Med Syst 1983;7:87–102.

22. Kuperman GJ, Gardner RM, Pryor TA. HELP: A Dynamic Hos-
pital Information System. New York, Springer-Verlag, 1991.


