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ABSTRACT
Objective To determine the understanding of decimal
numbers by medical laboratory scientists, doctors and
nurses.
Methods A Decimal Comparison Test determined the
comprehension of decimals numbers. Additional questions
sought the participants’ understanding of concentrations
and reference ranges, and their preferences for the
presentation of clinical pathology results.
Results Of the 108 participants, 40% exhibited poor
comprehension of decimal numbers. One-third of the
medical laboratory scientists, a quarter of doctors, and half
the nurses were characterised as lacking numeracy skills.
The majority of participants (60%) thought it would be
safer for results to be presented as whole numbers rather
than as decimals with leading zeros.
Conclusions The number of laboratory and clinical staff
who show numeracy issues that could lead to
misinterpretation of clinical pathology results and
contribute to medical error strongly supports
recommendations that pathology results should be
presented as whole numbers.

INTRODUCTION
The potential for error during interpretation of
clinical pathology results that are presented as
decimal numbers has been noted. White and
Farrance1 stated ‘it is better to use whole numbers
to avoid errors, due to possible confusion of
decimal places’. More recently others have stated ‘it
has generally been found that decimal point place-
ment causes confusion’ and ‘it is easier to interpret
results that are integers’.2 3 This presumed potential
for misinterpretation prompted the ESC/ACCF/
AHA/WHF Task Force for the Universal Definition
of Myocardial Infarction4 5 to recommend a unit
change so that troponin results are expressed in
whole numbers. Our study tested the assumption
that clinical and laboratory staff may demonstrate a
misunderstanding of decimal numbers that could
contribute to medical error.

MATERIALS AND METHODS
This was a prospective study of medical laboratory
scientists, doctors and nurses working in the
Emergency, Cardiology and Clinical Pathology
Departments at a large metropolitan tertiary refer-
ral hospital in Australia.
The first part of the study tested the comprehen-

sion of decimals using a Decimal Comparison Test
(SMART test) (figure 1). This SMART test6 con-
tains 16 pairs of decimal numbers each of which
has to be identified as greater than, smaller than or

equal to its pair. A diagnostic code (table 1) is gen-
erated from the responses.
The second part of the study used a series of

questions to seek the participants’ experience in
interpreting decimals, their understanding of con-
centrations and reference ranges, and their views
on the presentation of results.

RESULTS
The questionnaire was completed by 23 laboratory
scientists, 51 nurses, 31 doctors and three unidenti-
fied (total n=108).

Participants’ understanding of decimal numbers
Results from the SMART test (table 1) identified
that 39.8% of the respondents exhibited some lack
of comprehension. This was evident in 34.8% of
laboratory scientists, 25.8% of doctors and 51.0%
of nurses. The most common diagnostic category
for nurses was ‘integrating decimals with zero’
which accounted for more than half their errors.
Half the errors for the laboratory scientists and the
doctors were attributable to ‘money thinking’.

Recognised problems in interpreting test results
Seventeen (16.0%) participants admitted they had
difficulty in interpreting clinical pathology results
which were presented as decimal numbers.
Troponin was identified as one which created diffi-
culty. However 13 of these 17 (76.5%) respondents
tested as ‘Experts’. By contrast, 93.6% (59 of 63)
of participants who stated that they had never
experienced any difficulty were shown to have
poor comprehension.

Figure 1 The SMART test.
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Comparison of changes in concentration
Two examples, each containing two cases of changes in concen-
tration were presented, and for each example participants had
to indicate which case had increased most relative to the other
case. Half the participants were incorrect in the first example
and 30% in the second (table 2).

Reference ranges
Participants were asked whether values were normal or abnor-
mal relative to reference ranges (table 3). Results suggest that as
the number of decimal places exceed two, the number of false
results increases.

Preferences
Sixty percent of the participants stated that their preference was
for results to be presented as whole numbers. Finally, partici-
pants were asked the question ‘in a busy and noisy emergency
department, which of the following presentations of Troponin
results would be safer for clinicians?’ Results are presented in
table 4. Of the 82 participants who expressed an opinion,
62.2% thought that the whole number (Format B) would be
safer. One participant made the comment that ‘reporting small
numbers always leaves the door wide open for mistakes’.

When asked what they thought would be the preference of
others, only 14% (n=15) thought that Format A would be pref-
erable, and only five of the 23 scientists considered that format
A would be a ‘safer presentation’ for Troponin results.

LIMITATIONS
In a busy clinical setting, time pressure is placed on the clini-
cians. Not adding time pressure to the online test may have
underestimated the rate of error expected in the clinical setting.

DISCUSSION
This study clearly demonstrated that a proportion of laboratory
scientists and clinicians have trouble in understanding numbers
with decimals which may affect their interpretation of test
results. The study provides clear evidence to support recommen-
dations that clinical pathology results should be expressed in
whole numbers.1–4 We believe providing this evidence base will
result in faster uptake of these recommendations.

Only 16% of the respondents recognised that they had diffi-
culty in interpreting decimal numbers, however, over twice that
proportion were shown to exhibit misunderstanding. This rela-
tively common lack of self-awareness, or insight into one’s own
innumeracy, could compound the risk of errors in clinical prac-
tice and provides more reason to remove the potential problem.

Take-home messages

▸ Poor comprehension of decimal numbers was illustrated by
many laboratory and clinical staff.

▸ Resultant misinterpretation of test results is a potential
source of medical errors.

▸ Whenever possible, pathology results should be presented as
whole numbers.

Correction notice This paper has been corrected since it was published online.
Goce Dimeski has been added as an author of this paper.
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Table 2 Ability to calculate a change in concentration

Which has increased more? n %

Example 1
Case A; the concentration has increased from 40 to 200 mg/mL
Case B; the concentration has increased from 0.04 to 2.0 ng/mL
Case A has increased more 10 9.2
Case B has increased more (correct) 52 48.2
They have both increased by the same factor 46 42.6
Total 108 100.0
Example 2
Case C; the concentration has increased from 0.006 to 0.36 μmol/L
Case D; the concentration has increased from 6.0 to 36.0 μmol/L
Case C has increased more (correct) 71 65.7
Case D has increased more 18 16.7

They have both increased by the same factor 18 16.7
Blank 1 0.9
Total 108 100.0

Table 3 Ability to compare to a reference range (RR)

Example of reference range (RR)

Normal Abnormal Blank

n % n % n %

If RR is <0.4, the value of 0.51 is 2 1.8 105* 97.2 1 0.9
If RR is <0.55, the value of 0.2 is 105* 97.2 2 1.8 1 0.9
If the RR is >0.37, the value of 0.216 is 9 8.3 98* 90.1 1 0.9
If the RR is >0.093, the value of 0.21 is 93* 86.1 14 12.9 1 0.9

*Correct option.

Table 4 Preference for presentation

Preference n %

Format A: A zero preceding a decimal (eg, normal range<0.04 μg/L) 31 31.7
Format B: A whole number (eg, normal range<40.0 ng/L) 51 50.4
No opinion 25 17.7
Total 107 100

Table 1 Results of the smart test

Diagnostic category n % Explanation for diagnosis

Expert 65 60.2 Almost all items answered correctly
Problem integrating
decimals with zero

18 16.7 A decimal number without a whole integer
(eg, 0.1234) is considered smaller than the
number zero

Money thinking 12 11.1 Digits after two decimal places ignored
(eg, 0.12 and 0.1213 are the same)

Problem with
repeating notation

6 5.6 Repeating numbers (eg, 0.4 and 0.444 are
the same). Otherwise decimal numbers
compared well

Problem with zeros 4 3.7 The significance of the zero in a number is
ignored (eg, 0.66 and 0.606 are equal)

Errors, no pattern,
incomplete

3 2.8 Several misconceptions may be used
simultaneously, or result from carelessness

TOTAL 108 100.0
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