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Fig. 2. Some of the paperwork for performing the calculations. Notice that

decimals points may easily be misplaced or misread.

suffers from critically poor legibility, which further limits their

appropriateness for clinical environments [12] (figure 3).

If memory is not zero, it is very hard to store numbers in the

memory, since there is no “store in memory key” — instead,

the user has to write the number down (subverting the whole

point of memory) or do a complex sequence of keystrokes so

that, despite the memory not being zero initially, the number

can be stored. This sequence is so complex, a user would be

advised never to rely on the calculator’s memory on this or

any similar calculator.

If we use the calculator’s memory, the most efficient se-

quence of keystrokes (determined using a computer simula-

tion with programmed state-space search) on this particular

calculator requires 22 key presses:: AC MRC MRC 4 ⇥ 2 4

M+ AC 5 2 5 0 ÷ 4 5 • 5 7 ÷ MRC =. Other calculators

will almost certainly need different sequences to get the right

answer (e.g., the Apple iPhone calculator app is significantly

different): the sequence used here may give an incorrect

answer without warning if used on other calculators [15], [10].

We are therefore surprised that root cause analyses (e.g., [4])

do not specify the make and type of calculators involved in

incidents. Furthermore, unlike a pen & paper method, most

calculators leave no permanent record of the steps performed

in a calculation, which makes identification and analysis of

calculation errors impossible.

Ironically, in practice, using a calculator is probably less

reliable than using a pen & paper; not least because we tend

to trust calculators, even though different calculators work in

completely different ways [16], [10]! Both pen & paper and

calculators are unavoidably complex. Neither method tells you

if you make a slip, and if you do make a slip, both methods

will give an answer that is wrong. Both approaches need

independent checking. Despite this, the majority of fluid and

drug dose calculations in clinical areas are performed using

general purpose calculators.

Fig. 3. The popular Casio HS-8V, a typical low-end handheld calculator

with memory. The decimal point in the numeric display is almost unreadable,

another usability problem with this type of calculator [12].

Fig. 4. The calculation, 5250/(4⇥24⇥45.57) performed twice in Microsoft

Excel. The screen shot here shows the calculation done with a simple slip

(column A) and correctly (column C). Excel does not tell us any error has

happened, and it would be easy to read off the final dose rate of 54.69, which

is 45 times too large. The screen shot has not been retouched.

C. Dose calculation using a spreadsheet

Now consider Microsoft Excel, which has been around for

over 25 years and is regularly used for complex calculations,

such as calculation of radiotherapy doses. A very simple

calculation using our example of the drug dose problem

(figure 4) demonstrates that a simple key press error (typing

one dot extra) gives a wrong answer without reporting any

error.
Apple’s Numbers, an alternative to Excel, does the same

things as Excel. Apple had the dilemma of copying Excel or

doing it properly. They copied Excel. Clinicians are likely to

use spreadsheets to perform more complex calculations (e.g.,

for radiotherapy doses); and spreadsheets are not routinely

designed to cross-check results by performing calculations

in different ways [11]. Ironically, the more complex the

calculation, the more likely one is to make a slip. If you make a

slip, the spreadsheet will give a wrong answer without warning

— and the more complex the calculation, the harder it will be

to spot a wrong answer.

D. Dose calculation using dedicated software

Bespoke software to calculate drug doses is readily available

for a variety of platforms including computers and smart

Sometimes computers and calculators 
aren’t best. Our experiments show that 
calculations using nomograms are safer.
      The barchart shows that for a 
handheld calculator, over half of all 
calculations have significant errors. 10% 
of all errors are out by 50–75%.
      Pencil and paper is slightly better, 
but nomograms have no errors out by 
more than 50%, and  only 7% errors out 
by 0–25%.

What is a nomogram?
Nomograms are paper (or plastic sheet) diagrams 
that nurses can do complex calculations on by 
just drawing lines. The example on the right uses 
two lines to do a drug dose calculation, getting 
the rate in mL per hour and the volume from the 
total mg dose, concentration, and duration of the 
dose. The nomogram can be put in the patient 
notes to record the calculation.

mL per hour calculator H130 mL FlourouracilL
Printed date & time: 18:58:16 pm, Thursday, September 6 H2012L.
Patient details: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor
in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.

Example: at concentration of 45•57 mgêmL HAL; dose 5,250 mg HBL over 4 days HCL; needs a rate of 1•2 mLêhr HDL.
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