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Digit preference bias in the recording of emergency
department times
Thomas E. Locker and Suzanne M. Mason

Objective Digit preference bias has previously been

described in a number of different clinical settings. The

paper aimed to assess whether digit preference bias

affects the recording of the time patients arrive and

leave emergency departments.

Method An observational study of 137 emergency

departments in England and Wales was conducted. Each

department was asked to submit details of the time

of arrival and time of departure from the emergency

department for each patient attending during April 2004.

In addition, interviews with the lead clinician were

undertaken to determine the method used to record

the time of departure. The degree of digit preference

bias was assessed using a modification of Whipple’s

index.

Results One hundred and twenty-three (86.9%)

departments submitted data detailing 648 203 emergency

department episodes. 114875 (18.0%) episodes had a

recorded minute of departure of ‘0’ or ‘30’, with a further

2 81 890 (44.1%) having other values with a terminal digit

of ‘0’ or ‘5’. The mean modified Whipple’s index for time of

departure was 316.9 (range 70.9–484.4). Linear regression

demonstrates a small but significant inverse relationship

between the modified Whipple’s index and the mean total

time in department (b = – 0.05, 95% CIs – 0.09 to – 0.0004,

P = 0.048).

Conclusion Some departments show considerable digit

preference bias in the recording of time of departure

from the emergency department. Such bias may cause

difficulty in assessing changes in the performance of

departments.European Journal of Emergency Medicine
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Introduction
The total length of time patients spend in the emergency

department (ED) is a frequently used measure of

performance. Meaningful determination of this time is

dependent upon the accurate recording of both the time

the patients arrive in the ED and the time they leave.

Although it is commonplace for the patients’ time of

arrival in the ED to be recorded automatically by

computer as part of the registration process in the ED,

some EDs record the time patients leave the department

manually, this being transcribed from the ED records to a

database at a later stage. Manual systems of recording ED

times leave scope for digit preference bias to arise. Digit

preference bias describes the tendency for individuals to

record numbers that end with a particular digit such as

zero or five. Digit preference bias has been previously

described in situations when patients are asked to report

data such as age, year of menopause and smoking rate,

and in situations when clinicians are responsible for

recording measurements such as blood pressure and

birthweight [1–5]. The presence of digit preference bias

has also been used to detect fraud in clinical trial data [6].

The aim of this paper was therefore to determine

whether digit preference bias occurs in the recording of

times within EDs and whether this is influenced by the

use of manual vs. computerized systems to record this

information. A further aim was to explore whether there

was any association between the degree of digit

preference bias exhibited and the performance of the

EDs studied.

Methods
The ‘United Kingdom Waiting times in Accident and

Emergency Departments–Influence of Organizational

Factors Study’ (UWAIT) is a study of factors that

influence waiting time in EDs. All major EDs (type 1)

in England and Wales were invited to participate in the

UWAIT study. Major EDs are those that provide a

consultant-led 24 h service with full resuscitation facilities

and designated accommodation for the reception of

accident and emergency patients [7]. Each participating

department was asked to submit data for each new

patient attending their department during April 2004. For

each patient, the date and time of arrival and of leaving
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the ED were collected. In addition, interviews were

conducted with the lead clinician in each department

to determine the methods used to record a patent’s time

of departure. The methods used to record the time of

departure were classified as ‘computerized’ if this was

undertaken using a computerized system at the time the

patient left the ED and ‘manual’ when the time was

recorded by hand in the patient’s ED notes and

transcribed to a computerized system at a later stage.

From these data, the minute of a patients’ time of arrival

and time of departure from the ED was determined for

each patient episode. The frequency of each value was

determined for each department. The degree of digit

preference bias for values ending in ‘0’ or ‘5’ was

determined using a modification of Whipple’s index.

The degree of bias was calculated according to the

following formula:

Modified Whipples index ðMWIÞ

¼
P
ðn0 þ n5 þ n10 . . . n55Þ

1=5�
P
ðn1 þ n2 þ n3 . . . n59Þ

� 100:

This method assumes an even distribution of values from

‘0’ to ‘59’. The MWI may range from zero, when no values

end in ‘0’ or ‘5’, to 500 indicating that all recorded times

end in these values. A value of 100 indicates there is no

digit preference bias. The MWI was calculated for each

department.

The total time patients spent in the ED was defined as

the difference between the time of arrival and time of

departure, the mean of these times being determined for

each department. Linear regression was used to examine

the relationship between the mean total time in

department and the degree of digit preference bias,

assessed by the MWI.

Results
One hundred and thirty-seven departments consented to

take part in the UWAIT study. Of these, five (3.7%) were

unable to abstract the data from their information

technology systems and nine (6.6%) did not provide

data. One hundred and twenty-three (86.9%) depart-

ments submitted the required data detailing 648 203 ED

episodes. Of these, 9018 (1.4%) episodes had incomplete

data for either the time of arrival or time of departure and

were therefore excluded from further analysis.

Graph 1 shows the distribution of recorded minute of

arrival and departure. It can be seen that there is little

digit preference bias in the recording of time of arrival

with a mean MWI of 108.6 (range 66.1–279.4). The

recorded minute of departure shows considerable cluster-

ing around values with a terminal digit of ‘0’ or ‘5’.

114875 (18.0%) episodes had a recorded minute of

departure of ‘0’ or ‘30’, with a further 281 890 (44.1%)

having other values with a terminal digit of ‘0’ or ‘5’.

The mean MWI for time of departure was 316.9

(range 70.9–484.4).

The method of recording time of departure was known in

105 (85.4%) departments, of which 42 (40%) recorded

the time of departure using computerized systems and 63

(60%) recorded the time manually. Departments in the

latter group had a significantly higher mean MWI (375.7

vs. 213.7, t(103) = 6.312, P < 0.001).

Graph 2 shows the relationship between each depart-

ment’s MWI and the mean total time patients spent in

Graph 1

0

1

2

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30 35 40 45 50 55

Minute recorded

P
er

ce
nt

ag
e 

of
 e

pi
so

de
s

Time of arrival
Time of departure

Distribution of the recorded minute of arrival and departure.

100 European Journal of Emergency Medicine 2006, Vol 13 No 2

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



that ED. Linear regression demonstrates a small but

significant inverse relationship between MWI and

the mean total time in department (b = – 0.05, 95% CIs

–0.09 to –0.0004, P = 0.048).

Discussion
This study shows that some EDs show marked digit

preference bias in the recording of the time that patients

leave the ED. This effect is more prominent in those

departments in which manual systems of recording time

are used. Does this matter? Limited evidence from this

study reveals that increasing degrees of digit preference

bias are associated with lower mean total times in the

department, although this effect is small. Why this effect

should occur is difficult to assess from the data collected.

It is possible that manual systems of recording the time

leaving the ED, although associated with increased digit

preference bias, might be quicker than recording the

times directly onto an information technology system.

Equally, it is possible that there is a tendency to

underestimate the time the patient leaves the ED when

this is recorded manually and hence those departments in

which such systems of recording are used exhibit greater

digit preference bias but show better performance.

Perhaps of greatest importance is the difficulty of

assessing changes in performance in departments that

exhibit large degrees of digit preference bias. In this

study, 18.0% of episodes had a recorded time of departure

ending in ‘0’ or ‘30’. If one assumes the distribution of the

minute of departure to be uniform from ‘0’ to ‘59’

minutes, then the expected proportion of times ending in

‘0’ or ‘30’ would be 3.3%. Thus, the data collected suggest

that 14.7% of episodes are having their time of departure

rounded up or down to the nearest 30 min. This may

cause difficulties when departments are attempting to

detect changes in their performance in response to

alterations in service provision. Performance targets for

EDs in England specify that 98% of patients should

spend no longer than 4 h in the ED. The data presented

in this paper cast doubt upon the ability of current

systems to accurately monitor the length of time patients

spend in the ED. This, in combination with the

distribution of total time patients spend in the ED that

we have previously reported, casts significant doubt upon

the reported performance of EDs in England [8].

Evidence shows that a change from manual to automated

systems of recording blood pressure results in lower

degrees of digit preference bias [4]. The finding that in

this study departments with computerized systems of

recording show less digit preference bias than those with

manual systems would suggest that a reduction in this

effect might be achieved with a move to computerized

systems of recording.

We would suggest that in future, part of the performance

monitoring of EDs should include an assessment of the

quality of data used to determine their performance.
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