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ABSTRACT

Seven segment number displays are ubiquitous and popu-
lar. They are simple and familiar. They seem to make eco-
nomic sense, and with only seven segments they require little
wiring and electronics to support. They are cheap to buy and
cheap to use; they make seemingly effective and unproblem-
atic products.

This paper illustrates many examples of problematic uses of
seven segment displays that could have been better managed
or even avoided. More generally, the paper raises design
questions and some solutions to be considered when design-
ing numerical displays, and certainly before uncritically us-
ing seven segment displays. Although there are markets and
applications where cost may be an overriding consideration,
for safety critical and other dependable types of use (includ-
ing general purpose devices that may sometimes be used for
critical tasks) more legible alternatives than standard seven
segment displays should be preferred.
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INTRODUCTION

By selectively showing or highlighting the seven individual
segments making up the composite symbol &, each of the ten
decimal digits can be represented. Such seven segment dis-
plays (SSDs) are a convenient and a now very familiar way
of presenting numbers to users. As well as numbers, seven
segment displays can also display a few words and symbols,
such as bu5Y, LofAd, PLAY, OF, and the ubiquitous £rror,
thus allowing a single display to show both numbers, some
number units, and simple messages.

Many of the illustrations in this paper show examples of poor
or inappropriate use of seven segment displays, with further
criticisms and trade-offs discussed in the text of the paper.
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Figure 1. Digital calipers (used for measuring small items) shown held in
the left hand, a situation that arises measuring awkward shapes or when
the user is left handed. Here, the display might be read as 156 (cm?),
misreading the space as a decimal point, when in fact it is displaying
951 mm. Note that the decimal point is very small and easy to misread.

Figure 1, above, shows a seven segment display being used
where mis-reading is very likely, particularly because the user
may be stressed by the awkward posture they are in to per-
form the measurement. Figure 1 illustrates the seven segment
display’s problems of poor digit spacing, small decimal point,
and confusing 2 & § and b & 9, as well as a digit / that looks
the same either way up. An “upside-down mode” could have
been easily implemented using the same cheap display tech-
nology: the designers do not seem to have considered (or have
discounted) the legibility problems that can arise with this de-
vice in normal use. Note that a better (more asymmetric) font,
like Times, would be harder to misread as it is more obvious
when it is wrong: compare the misleading display in Figure 1

with the more obviously upside-down [uu 1ge6].

Seven segment displays may be appropriate for novelty ap-
plications (e.g., toys) and for decimal number displays where
there is a fixed “up” direction (e.g., displays fixed to verti-
cal walls). They are inappropriate for numbers with dec-
imal points (if standard decimal points are used) and they
are always inappropriate for hexadecimal numbers. They are
particularly inappropriate if they are recessed (e.g., behind a
protective screen; see Figure 10) or for use in poor lighting
conditions, because just one obscured or badly-lit segment
changes digits. Given that alternatives are cheap, there are
unlikely to be good reasons to use seven segment displays in
any critical application.

Seven segment displays remain popular because they are fa-
miliar and cheap and, we argue, because legibility is rarely



Figure 2. Graseby 500 infusion pump, illustrating typical number dis-
play design issues. (i) Numbers are shown using seven segment displays
despite the available higher resolution dot matrix display. (i) Units of
displayed numbers are far too small to be read reliably. (iii) Number
keys use a high resolution digit font that is different to the displayed
digits. (iv) The digit keys 1 and 3 look like they have a decimal point;
in fact, these digit buttons have two modes so they can also be used as
arrow keys.
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Figure 3. Screen shots of two iPhone applications. Seven segment digits
are used to create a “retro” design feel despite the high resolution of the
iPhone display — which has been used to render other high resolution
text, including key legends.

considered a serious question. Almost all handheld calcula-
tors use seven segment displays. They are popular even for
safety critical applications, such as for monitoring drug de-
livery to patients. Used by a nurse, who may be multitasking
or stressed, an infusion pump (Figure 2) delivers drugs, and
misreading a display could cause a fatality. An internet search
for “new infusion pump” shows 80% use seven segment dis-
plays [5]. Undersea diving is another application. Divers may
be hypoxic and working in poor lighting conditions and have
problems reading displays, yet a similar search for “new digi-
tal divers watch” show 98% use seven segment displays. Iron-
ically, sometimes seven segment displays are used to lend a
trendy “technical” appearance to devices capable of higher
resolution (Figure 3).

Seven segment displays are likely to be used during develop-
ment, particularly for projects involving new hardware where
simplicity and cost are important factors (it might be useful
to be able to hijack a digit display to show an error code, like
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Figure 4a. A handheld thermometer pen, held in the left hand — about
10% of users are left handed. The display appears to show 29 (029), but
in fact is displaying 62¢0. The pen breaks ISMP guidance [8] (which
applies to medical devices) because of the “naked” zero.

Figure 4b. The NovoPen Echo insulin pen has numbers on its end knob,
so there is no natural “up” direction for reading it. (The NovoPen won a
US Good Design Award, 2010.)

Figure 5. Digital multimeters are safety critical devices: mis-reading the
display could lead to electrocution or other problems. Shown here is a
Fluke 114 digital multimeter (a typical high-quality meter) upside-down.
Is the (correctly functioning) display showing 70 or something else?

£4) — but prototyping must not be confused with good de-
sign practice for a final product. In fact, for safety critical
and dependable applications (even including general purpose
applications that may be dependable, such as handheld calcu-
lators) seven segment displays have so many disadvantages
compared to readily available alternatives that they should
never be used. Variations, 14 and 16 segment displays, gener-
ally show the same digit forms as seven segment displays, and
since they increase complexity without changing readability
(except for displaying some additional symbols), they seem
to offer few advantages.

Background

It is widely assumed that seven segment displays are unprob-
lematic. Although seven segment displays are widely used,
then, the current research literature ignores them; see [6] for
a review of the literature to the late 1980s. Wikipedia has
brief but up-to-date information [20]. Interestingly there are
no applicable ISO, IEEE or IEC standards. A great deal has
been written about font design in general (of which number
display is a special case) and the legibility for reading words:
unfortunately these are large topics beyond the scope of this
paper — but see [9, 15] for further details.

DESIGN QUESTIONS

We now raise design issues and present recommendations. In
a safety-critical area, we would always like to reduce user
confusion as much as possible (in Europe, this is a legally-
enforced obligation), but in other application areas there are
generally more subtle trade-offs. We have therefore phrased
the issues raised in this paper as design questions — here is



© Argon Electronics, 2013.

Figure 6. Mobile devices should be unambiguous when viewed from
different directions. Here, seven segment radiation dosimeters hanging
upside-down from the wearer’s belt can easily be read differently by a
supervisor and by the wearer, who would lift them up to read them.

Figure 7. A clock showing 12:51 or 15:21? Displays like these are small
enough to be put in the bodies of pens, so there is no natural up or down
orientation, which is particularly problematic for left-handers.

an idea that will almost certainly make a user interface safer
or better, but you may want to do an experiment to confirm
whether the cost/benefit trade-offs are appropriate for your
application, bearing in mind any critical hazards (and the risks
of damages) for users. When doing usability experiments, we
recommend A/B trials comparing with and without seven seg-
ment display conditions, particularly run in realistic viewing
conditions from an appropriate range of angles.

Font choices: some fonts are better than others

The world-leading scientist and typographer Don Knuth ex-
presses the opinion that seven segment digit fonts are better
with swash serifs [10]. Thus, in Knuth’s view, 7 is prefer-
able to 7, which latter he calls “truncated.” There are similar
choices for the forms of 4, 6 and 9 (see Figure 8). Knuth’s
opinion raises the question, given that there are choices for
the forms of some digits, which fonts (complete digit collec-
tions) give the least opportunity for confusion in case one or
more of the seven segments are faulty, too low contrast, or
misread for any other reason?

For example, if the middle segment is broken, whether stuck
on or stuck off, then zero and eight appear the same, both as {J
or both as 8. In fact, under the same circumstances, the swash

serif 77 form of 7 is the same as the sans serif § form of 9.

Of all possible digit forms, which make up the least confus-
able fonts? I consider the following digit choices, allowing 1
to be right- or left-aligned, as well as a variant J (1) with no
“gap,” a simplified form of J (2), and a quirky serif 4 (4):

o_M v 2712 333 410
ou 11 — J -l’j

— )
5017 6 = 7 =7 8 9 N
5 b5 7717 *H °99

I define the distance between two digits to be the least number
of segments that must be changed (or misread) to change one

| Conventional | Plain | Swash |

4 4 |y
6 b | &
7 109
9 3 | 9

Figure 8. Plain (sans serif) and swash (exaggerated serif) styles of seven
segment digits side-by-side.
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Figure 9. The Air Inter Flight 148 crash on 20 January 1992 had mul-
tiple causes. The excessive rate of descent may have been partly caused
by the pilots inadvertently setting the autopilot in vertical speed mode
instead of flight path angle mode (a double use of the rightmost number
in the picture above). The pilots entered 33 intending a 3.3° descent an-
gle, which the autopilot treated as a descent rate of 3,300 feet per minute
(both would have been displayed as —33). Airbus later modified the dis-
play so vertical speed is displayed as a four-digit number (top right) and
flight path angle as a two digit number with a decimal point, thus at-
tempting to reduce possible confusion [1]. Interestingly, the Report of
the Commission of Inquiry has a diagram [14, Figure 8] of the autopilot
using hi-res digits.

digit into the other. The distance between {J and 8 is therefore
1; the distance between 7 and the left-aligned / is 7. Since
the distance is 7, all 7 segments would need to be broken (or
not seen correctly) to confuse these pairs of digits.

When distance is large (e.g.,/ to 3) the measure is less use-
ful, as breaking fewer segments will anyway cause problems,
mostly obvious problems, with other pairs of digits. Hence,
in particular, we should be especially concerned where the
distance is 1 — since just one fault will cause problems: we
then say there is a I-segment confusion.

I compared all pairs of digits in every possible font. The
following font has unique maximum average distance of 34
(throughout this paper we use ¢ to emphasize the decimal
point), with just two 1-segment confusions, o & b and 4 & 9.
| JJuC L 700
o CIO2J0 1307
It is pleasing that this font is purely sans serif, as one achieves
legibility and typographic consistency simultaneously, rather
than a trade-off between them.

This font was obtained in a human factors laboratory exper-
iment minimising perceptual confusions [19], and has more
recently been shown to halve error rates over the seriffed font
[7] at all but the longest viewing distances (when everything
is nearing the limits of legibility). This consistency between
theoretical and empirical evaluation lends significant credibil-
ity to our subsequent discussion and recommendations. More
so, the human factors experiment proves that users are very
sensitive to the seemingly “minor” legibility issues we dis-
cuss throughout this paper.

The small o may cause confusion reading numbers like / o
— what value is that supposed to be? The ambiguity of / o



is another indication of potential problems arising with seven
segment displays, especially when unusual symbols are com-
bined with normal, full height, digits:

! oread as 10  the g is read as a zero;

! oread as 1«  the o is read as a decimal point;

! oread as 1.0 the g is read as a decimal fraction zero,
and a decimal point inferred.

See Figure 9 for an unfortunate use of the small g.

Using the large {J instead of the confusing o only reduces
the average distance to 3+31 — and the sans serif 4, 7and 9
still remain the best choice when compared against the whole
font including the {J. Decimal points (another use of o) are
discussed more fully below.

Using a right-aligned digit / would give a font with a worse
average distance, as well as one extra 1-segment confusion,
namely /& 7.

Q1. Do you need improved legibility? If so, the preferred
font has a large {J, the ! left-aligned and sans serif &,
Tand 9.

The non-standard _f form of 1 might be thought to help avoid
spacing issues, but it is at the expense of increasing the 1-
segment confusions and at the expense of user training.

Possibly 3! (and five other digit combinations) are more
likely to be misread if the digit / is left-aligned, as it may
appear to merge with the digit to its left; whereas there are
only three such “tight” pairs if it is right-aligned. On the
other hand, numbers starting 1 are very common (e.g., ! J
and constitute about 30% of all decimal numbers, by Ben-
ford’s Law [2]. The right-aligned / is probably popular be-
cause it tightens the spacing of small numbers 0 to 20 (how-
ever, whichever font is chosen, either { 2 or 2 ! will have the
larger spacing, etc). Figure 7 shows a plausible example of
using both forms, and Figure 12 shows a much better general
solution involving variable spacing.

Q2. Can variable spacing seven segment displays (as in
Figure 12) be used to avoid/ spacing problems?

It is not clear whether the “best” font criteria should have
maximum average distance or least number of 1-segment
confusions, or something else, and anyway digits are not
equally probable. Indeed the font above does not avoid 1-
segment confusions. The two cases of 1-segment confusions
0 & 8 and Y & 9) seem to be unavoidable, at least in the
sense that if the Y to 9 distance is increased by adding the
serif for 9, it creates a new 1-segment confusion, namely §
& 9, which would reduce (worsen) the average distance mea-
sure of the font to 3¢24. Alternatively changing the Y to Y
would reduce the average distance too, also to 3+24, and of
course doing so would introduce a serif (and a quirky serif at
that!) in an otherwise serif-free font.

The point of including the Y was that perhaps we would have
determined that a font including it was better than others,
which would have been a provocative result. As it happens,
this was not the case. Interestingly, including (" and & would
increase the distances, but they look faulty!

\

Figure 10b

Figure 10. Seven segment displays are often recessed behind protec-
tive panels, which may easily obscure the decimal point or entire seg-
ments, resulting in misreadings. The clock, Figure 10a, is not showing
1:14 but 7:19; and the display, Figure 10b, is not showing 314159 ()
but 81+4159 — the wide spacing of the {makes a missing decimal point
seem plausible after “3.” (The viewing angle need not be extreme: con-
fusion increases even with partial obstruction.)

Figure 10a

Hexadecimal digits
For the full hexadecimal font of 16 digits, the only new choice
is between the two forms for C, namely:

Bl C_[ D E[

A L _ | -
n o i o

FC
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Of course, 6, previously b, now needs a serif to avoid con-
fusion with the hexadecimal B, &; a capital d would be the
same as zero, {J; and a capital 5 would be 8, so neither of
these hexadecimal forms can be used, although in purely tex-
tual contexts they may be acceptable, as in {/58 (USB).

Evaluating these choices against all of the previous choices
(designing a completely new font, not just finding the best
way to augment the best base-10 font), and on the same mea-
sure as before, the “best” font now uses the small ¢ and the
unusual J (2), but retains the left-aligned / and the sans serif
7, 9 forms (now stylistically contrasting with the serif §).
There are eleven 1-segment confusions (e.g., & & 5). Even
so, there is a significant risk of confusion: is & supposed to
be b (B) or 67 It is very hard to tell, even when the digits are
adjacent, as in b, where § “has” to be 6, so b “must” be B.

. Is 1t important to distinguish decimal and hexadecima
Q3. Isitimp distinguish decimal and hexadecimal
digits? There are many ways of confusing digits,

particularly 5, & (6 or b?), and 8 (8 or B?).

Q4. How familiar will users be with hexadecimal? The
potential confusions of digits B, 6 and 8 cannot be
avoided when seven segment displays are used
without user training, and even then users may not
notice critical errors in their readings.

If seven segment must be used for hexadecimal, show an ex-
ample font to help users interpret displays correctly.

Packaging and decimal points

Seven segment displays are often packaged in rectangles, but
the digit shape slants, which makes the digits more attrac-
tive and creates a convenient space for a small decimal point
at the bottom right and (sometimes) an inverted comma at
the top left for breaking numbers into groups of three digits.
The rectangular package simplifies assembly of multi-digit

displays:
'O
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Though not shown in the schematic above, packages some-
times have interlocking dovetails: using them can simplify as-
sembly, improve appearance, and possibly save using a PCB
(printed circuit board) otherwise needed for rigidity.

Typically the decimal point has the same dimensions as the
width of one of the segments, as shown above, though it is of-
ten much smaller (e.g., Figure 1). This means that displaying
a number with a decimal point may be hard to read: consider
245 (which has a decimal point drawn to scale — compare
carefully with large diagram above) versus 2+45, which is the
same number with a larger and more visible decimal point. In
fact, knowing or expecting a decimal point in 245 does not
help how to choose between 245, 2¢45, 245 or 245.. On dis-
plays where the decimal point moves dynamically this poor
readability may be a major source of problems. On some de-
vices even if the user keyed a decimal point, if the number
being entered becomes greater than 100, no decimal point is
shown ... to say nothing of misreading { 500 as 1000 or
! 00 as 100, etc. ISMP (Institute of Safe Medication Prac-
tices) rules [8] forbid the representation of decimal numbers
with leading or trailing zeroes because of such dangers.

QS. How will large value numbers be displayed? Take
care with more than three digits, as a decimal point or
the gap before or after a {or! may be mistaken for
thousands separators.

Some early seven segment displays (e.g., the RCA numitron,
which used straight filament wires rather than LEDs) put the
decimal point on the left rather than on the right. The nu-
mitron also used short crossed filaments to make an x as the
decimal point, so it was much more salient than a dot.

Seven segment displays cannot show smaller digits, as rec-
ommended to improve legibility: for example, 2¢45 is more
legible because of the differences in both digit size and colour.

Q6. Is it important to use decimal points? Most seven
segment displays have very small decimal points that
are easily misread.

Q7. If they are important, can you make decimal points
more salient, perhaps by using flashing or by using
displays with larger decimal points?

Q8. If it is essential to use decimal points, would showing
a large decimal point like 045 be preferable?

Q9. Is it appropriate to dedicate some digit positions
permanently to smaller decimal digits?

If decimal digits are in dedicated positions, it will be easy
to use a special-purpose decimal point to increase legibility:
contrast the usual / 45 with /ey5 or / us.

A single round LED might be fixed so the decimal point is
always in the same position, or there could be several LEDs,
one between each digit. Unfortunately, there may be poten-
tially confusing extra spacing between digits where the deci-
mal point is off.

The standard seven segment package could be improved with
a semi-circular dent in each side, for optional size and place-
ment of a large decimal point indicator:

P11
Im)(m)(miw]

Here, I removed the decimal point from the package to en-
courage developers to use larger LEDs between packages in-
stead. Alternatively, the large LED for the decimal point
could be embedded inside the package, which would have
the advantage of making the new design pin-compatible with
existing seven segment packages.

Practical considerations of legibility

In real applications, there is a choice between a special pur-
pose display or using off-the-shelf components to make up
a display with enough digits for the application. The exte-
rior of a device may have to be splash-proof, ruggedised, or
must conform to hard industrial design requirements: thus of-
ten seven segment displays are recessed, which means from
certain viewing angles some of the segments may be fully or
partially obscured from view (Figure 10).

It must be ensured that for all possible reading angles and
viewing conditions that complete digits (and the decimal
point) are visible. For example, viewed from above, Y and
9 look the same when the top segment is invisible to the user.
Other confusions where just on side of a digit is fully or par-
tially obscured are: § & 3,5 &5, 1 & 7, 9 & Y, etc (Figure
10). This is another reason why a good font should max-
imise distances between digits, although it should be noted
that a user does not necessarily know what the base font is,
and hence may be likely to make more errors than expected.
Note that seven segment displays are particularly suscepti-
ble to poor viewing angles because entire segments can be
obscured, leading to serious misreading; fonts with conven-
tional digits are less likely to suffer from unnoticed obstruc-
tion (compare 49 with 4y, etc).

Some seven segment technologies, notably LCDs (liquid
crystal displays), are very sensitive to poor lighting and to
the angle of view. However, with LCDs the angle of view
affects each segment equally, and a user would (hopefully!)
be aware that the entire digit is unreadable, rather than being
unaware that some segments are unreadable. Poor visibility
combined with reflections on the display screen may make
some segments unreadable with the user unaware of this.

Q10. Is lighting an issue? Any number display should
ideally have a non-reflective surface, and have
illumination appropriate for its environment.

Q11. Do you need to ensure displays have adequate contrast
and visibility from all or many angles (especially if
the digit display is set back from the front panel)?

Q12. Does the user task compromise visibility? For
example: firefighting (smoke), diving (hypoxia),
operating machinery (vibration), emergency response
(brief view), etc.

Blinking (which attracts attention) may create misleading
after-images. A blinking or scrolling §3 may be read as a

! (similar confusions include: -, minus, and {J; § and a gap
— more if letters and hexadecimal digits are in use).
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Figure 11. A handheld Russian radiation meter that misleadingly ap-
pears to be displaying two numbers, or perhaps a number and a mode,
and it might even be misread as 0¢16 if viewed from an oblique angle.
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Figure 12a Figure 125

Figure 12. Comparing conventional LCD panels (Figure 124, based on
Figure 11) with a new approach (Figure 12b): large decimal points and
“joined” seven segment displays, easily implemented in standard LCD
technology, which achieve uniform digit spacing and improved legibility.
(The unlit segments are hightlighted for illustration only.) Compare the
better spacing in Figure 125 with Figures 1, 9 or 11.
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Figure 13. Old and new seven segment displays, without showing the off
segments. Note use of preferred font, and that the [ & 7 confusion is
less likely.
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Q13. Blinking and scrolling attract attention but degrade
legibility; what is the trade-off for your design?

In some devices, the displays are multiplexed (e.g., at any one
time, only one is actually on, but visual persistence makes it
seem like all are on continuously) — while this saves electric
power and wiring, it has the disadvantage of creating strobe
effects that may compromise accurate reading.

Digit grouping

For legibility, long sequences of digits should be split into
groups (compare 1234567 with 1234567 or 1'234'567).
The ISO standard 31-0 (now ISO/IEC 80 000) specifies that
groups of three digits should be separated by a small space,
but seven segment displays make this almost impossible, as
a space can only be created by sacrificing a digit position.
Worse, the unvavoidable space around { or/ may be con-
fused with a grouping space. Figure 11 shows a radiation
dosimeter that, because of standard seven segment spacing,
appears to be displaying two numbers or a number and a code.

Some seven segment displays have a two-component decimal
point, so it can be displayed as a dot or comma. Since its use
does not reduce the number of digits available, it is tempting
to use it as a group separator. This is not recommended: in
some countries, commas (not dots) are decimal separators —
and mobile devices may move between countries and user na-
tionalities with different conventions. Figures 12 introduces
a display that allows adjustable digit spacing, which can be
used for digit grouping.

Q14. How should legibility of long numbers be ensured (or
can you avoid long numbers)?

Input/display consistency

The following design questions do not apply just to seven seg-
ment displays, but occur frequently with seven segment dis-
plays perhaps because seven segment displays are a symptom
of cost-saving efforts.

Many numeric displays display “nothing” as zero or as zero
followed by a decimal point (e.g., immediately after they are
switched on and the user has not had a chance to do anything):

]
o

That is, the user has done nothing (other than switching the
device on) yet the display seems to show that they have en-
tered zero and a decimal point. A user cannot see the dif-
ference between not having done anything, entered zero, or
entered zero then decimal point. (Potentially even more con-
fusing is the behavior of a delete key.) That this a real prob-
lem is made clear by asking: if the display is as above, what
happens when the user keys 2? Which of the following dis-
plays will be obtained:

c o U

The ambiguity potentially leads to a factor of 10 error in the
number entered [18]. Many designs compound the confusion
by implementing the delete key incorrectly: for example, the
calculator in Figure 3 correctly does not show a decimal point
if one has not been keyed but, incorrectly, the delete key will

delete two keystrokes if pressed after a decimal point!

The ISMP requires that numbers must not be written with
“naked” decimal points [8] at the start or end of numbers, be-
cause a number displayed like .5 may be misread as 5, which
is 10 times larger. With {J, confusions arise: the decimal point
is naked (so easy to misread); is the device merely on or dis-
playing the number zero; has the user keyed zero and a deci-
mal point, or just zero, or nothing?

Q15. Is a dedicated “on” indicator better than making the
display have two confusible meanings. Consider
using, e.g., - - - - or on so the device is obviously on
but not displaying a potentially misleading number.

Q16. Is it useful to distinguish nothing and zero? If so, do
not display nothing as zero, and preferably not as {J
(i.e., as zero, decimal).

Q17. Naked decimal points are hard to see. Can you avoid
them or make bigger ones?

Decimal points should be displayed for fractional values, but
the design questions emphasise naked decimal points. A
naked decimal point has to be displayed when the user has
just keyed a decimal point, since displaying subsequent dig-
its (e.g., as in ), when the user has not yet keyed further
digits beyond the decimal point) will introduce further con-
fusion! Interestingly, this interactive problem with the ISMP
rules appears to be little known [17], and it suggests that in
high dependability domains one should consider the merits of
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Figure 14a Figure 14b

Figure 14a. An old household carbon monoxide detector (approximately
15c¢m diameter). If a user mounts it overhead (which is not ideal for its
intended purpose), there is no natural “up” direction to ensure it is read
correctly.

Figure 14b. This current 2013 Kidde CO detector is rectangular; be-
cause of its obvious “right way up” affordance, users will mount it on
walls correctly — where detection is more reliable as well (they are usu-
ally best mounted at normal breathing height).

other number entry methods, for instance, incremental num-
ber entry, which has a lower error rate [12].

Large seven segment displays

The advantageous economics and low manufacturing com-
plexity of seven segment displays become more dominant
with very big displays. Since high power illumination is ex-
pensive, the fewer components that are needed, the better, at
least in purely economic terms.

Large seven segment displays, vane displays, are readily
made out of mechanical components. The relatively low cost
and few moving parts make them economically attractive, for
instance, for public display of train platform numbers or of
the time. Public displays are relied on by many users, which
must be taken into account in the legibility/cost trade-off.
Of course, architectural displays are unlikely to suffer from
upside-down readability issues.

Rapidly changing values

Arabic numerals, whether using seven segment digits or con-
ventional “high resolution” digits, are not good for displaying
changing values; in particular, a rapidly changing seven seg-
ment display looks like an 8, though perhaps flickering.

Q18. Rapidly changing values are prone to confusion with
seven segment displays. Is there a better way for your
application?

As well as tallying and analog displays (Figure 5 shows an
example), possibilities for clearer representation of numeric
values include FatFonts [11].

Rotation

Seven segment numbers may be easily misread when displays
are or may be rotated. Examples include / &, which rotates to
9 !. Decimal points (particularly the standard small decimal
points) exacerbate the problem: {Jf (0<1) becomes f{J, easily
being misread by a factor of 100. Figures 1, 4, 6, 7, and 14
show typical examples.

The Sanofi-aventis OptiClik insulin pen has an LCD seven
segment display in its body. The FDA (the US regulator)
[4] warned that left-handed users (about 10% of users) would
hold it upside-down when they turn its end knob with their
dominant hand; they would then be very likely to misread
insulin doses. The OptiClik was withdrawn in 2011.

Q19. About 10% of users are left handed and will hold
devices differently; will this cause problems?

Personal sensors for health and safety monitoring are often
attached to clothing, for instance to monitor noise levels, ra-
diation or carbon monoxide; they can be attached to waist
belts, collars or neck lanyards (as often used for staff name
badges). Apart from the general low-readability of seven seg-
ment numbers (and decimal points) a key problem is that as
the wearer turns the monitors to read the displayed numbers,
the numeric display may be turned over and read up-side-
down. Ironically, health and safety monitoring is often re-
quired in environments with very poor visibility, such in div-
ing and firefighting, as well as in environments where users
are already multi-tasking and unlikely to have sufficient cog-
nitive resources to carefully read (and double check) displays.
See Figure 6.

Circular devices are pleasing because of their symmetry, and
small circular devices are convenient to hold in the hand,
but symmetry increases the likelihood a device will be read
upside-down. Digital tire pressure meters are an example
where the task requires the device to be held on the tire valve,
and hence over time they will inevitably be used at all angles.
Devices like carbon monoxide monitors may be installed in
homes fixed to ceilings, where there is no natural “up” direc-
tion to read them correctly since they are overhead (Figure
14a). Different device affordances can make this problem
less likely (Figure 14b).

In fact, most digit fonts, not just seven segment fonts, are con-
fusing upside-down: 0, 6, 8, 9 usually appear as correct digits
when rotated, so 8069 becomes 6908, but seven segment dis-
plays additionally confuse {, 2, 5 as well.

Q20. Numeric displays on handheld or small portable
devices (which are often rotated in use), or in displays
that can be viewed from the opposite side, are
ambiguous. What design steps (forcing functions,
affordances, etc) are appropriate to make orientation
and legibility clearer?

Q21. Devices worn on the user’s arm or belt, hanging from
a neck loop or lanyard, etc, will turn over when lifted
up or when picked up to be read (Figure 6). What
design choices help reduce ambiguity or force the
user to hold them the right way up?

Special care should be taken with any critical device that is
rotatable or used in an enviroment or context where there is
no natural “up” (ceiling sensors, diving equipment, etc) or can
be read from several directions should augment displays with
clear “up” direction indicators or other symbols (including
text). Use alarm sounds if appropriate. Other possibilities
to consider are displaying numbers using analog displays, as
words, or using speech. Avoiding horizontal displays, when
possible, will also help.

Games with seven segment calculators

There is a happy diversion in rotation ambiguity: used
appropriately it may help children enjoy using calculators
more. Thus {17734 (0¢7734) is more interesting upside-down

(maybe there is an advantage for those near-invisible decimal



points after all!). / Y is a greeting; with an 8 digit seven seg-
ment calculator, Y5/ 99075 is about as good as it gets; and
an

by 9 digits you can be self-referential: 378/ 6377 .

Although seven segment displays on handheld calculators are
fun and can even encourage learning arithmetic, this should
not make us sentimental. Adults use calculators for many
critical tasks, and dependability will typically be a more im-
portant design consideration.

Detecting faulty displays

A user may sometimes be aware that a segment is broken and
thus realise that the display is faulty. A concern is that read-
ing a display may be compromised by faults (e.g., caused by
dropping), or by poor lighting, reflections, low contrast, or by
the user not paying sufficient attention. Unfortunately there
are many cases (approximately 15; the exact number depends
on the font) where faulty segments, stuck on or stuck off, will
convert a digit into a different but correctly-formed digit: a
user can only spot problems with “all on” and “all off” tests,
or by displaying sequences of numbers they can predict (such
as the time). Figure 15 illustrates an example of a test display
that is briefly shown to the user on switch-on.

Seven segment displays have the deceptive advantage that
only seven segments (per digit) need to be monitored to check
whether a display is working correctly (see, e.g., US Patents
4,734,688; 4,951,037; 5,812,102, etc — the variety of patents
suggests seven segment dependability is a vexing problem).
“Deceptive,” that is, in the sense that while the cost of auto-
matic or semi-automatic checking may be cheaper, a higher
resolution display would have higher redundancy. One pixel
wrong even in a small 5x7 bitmapped display only reduces
the quality of the digits; one segment wrong in a seven seg-
ment display changes the display to a completely different
digit (or to something unreadable as a digit).

Q22. How will systems or users check displays are working
correctly? Seven segment displays need checks, such
as a flashing § or an animated “snake,” so the user or
system can confirm that all segments work correctly.

Many handheld devices on power-up briefly show all seg-
ments on; this is a compromise that avoids having an inter-
active feature to check the display — but it is obviously inap-
propriate for devices that should not be switched off and on
regularly. Unfortunately, the fact that no technical fault is de-
tected does not mean that a user will not misread the display.

Units

Seven segment displays may be used to show units such as
Of, OF, cc. Poor units display will exacerbate the hazards
of misreading — mSv/hr may be misread as pSv/hr, giving a
reading a thousand times too low, which could lead to loss of
life in an environment where users are monitoring radiation.
The micro prefix should never be shown as v or p (not least
because p written by hand may be misread as m), and U and
IU (international units) should never be used [8], particularly
not in seven segment displays where i} is too close to 10.
See Figure 2.

Q23. Consider how to make the whole display, including
units, legible, not just the numbers.
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Figure 15. Part of the switch-on test display for the Roche Accu-Chek®
Compact Plus [13] handheld blood glucometer (redrawn for this paper).
The idea of the switch-on display is to confirm that all segments work;
in fact two top left segments are never used (there is no physical need for
them to show 12 or 24 hour times), so ironically the test display appears
to be faulty because two segments are missing! Also notice the unusual
high visibility decimal point (top right number), which is easy to imple-
ment in this sort of customised display.

Display readability and consistency with the user’s task
Familiarity skill, but seven segment displays are rarely en-
countered in everyday life, so untrained users are relatively
unskilled at reading them compared to conventional digit
forms. If number display fonts were closer to what users were
more familiar with, readability should improve.

Fonts used by teachers on blackboards and in printing should
be consistent with the handwriting rules that are taught [15].
In contrast, it is often the case that children are taught to
write the simple letter g (“opentail”’) but more frequently en-
counter the form g (“looptail”’). Potential confusion reigns,
and children learn more slowly and make more errors. Sim-
ilarly, seven segment displays are more likely to be misread
because they are relatively unfamiliar and rarely written by
hand. Figures 2 and 3 illustrate a confusing variety of fonts
being mixed on single devices.

Q24. Can you have a consistent font for all numbers and
displays, including button legends?

Few people write as legibly as seven segment fonts. Seven
segment fonts can be used as simple guides for legible hand-
writing — just fill-in the appropriate segments with a pen:

0 @ 5
£l_u_l./_-/:’:/

Blank template Inked-in by hand

With a dark background and a dark pen, as above, slightly
inaccurate filling-in of the segments is not visible.

Q25. Can you use well-designed fonts for displaying
numbers that can be written by hand the same way?

This way, we may also see the end of people writing & and
then not knowing whether it is zero or six.

User training

Seven segment displays are harder to read than conventional
fonts, but with training users can become more proficient [3].
Unfortunately, according to [3], even users trained in reading
seven segment displays have significantly reduced skills only
one month later. Since users will be rarely aware when they
misread a number, formal training must be used if users are
to have low error rates reading seven segment numbers.

Q26. Do users need training to read displays reliably (e.g.,
to understand hexadecimal digits, to check the display
is the right way up, etc)?
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Figure 16. Envisioning how the legibility of a typical standard seven seg-
ment package (left) could be improved with a pin-compatible high reso-
lution display (right; the pin letters a—g are the standard segment iden-
tifiers). Using BCD (instead of one pin per segment) or a pre-defined
seven segment font would allow unambiguous display of hexadecimal
digits. An extra pin could also be used to select a smaller font for frac-
tional digits.

Q27. Can numbers be displayed with redundant
information, such as standard values or with check
digits [18], barcodes, etc, so that users (or the devices
they use) are more likely to detect misreadings?

THE FUTURE

If BCD (binary coded decimal) drivers were built into the
package (i.e., using 4 binary coded pins to cover 0-9 and A—
F, rather than 7 pins one per segment), fewer pins would be
needed and, more usefully, any display could be transpar-
ently upgraded to higher resolution with more readable num-
ber fonts — the external connections need not be changed. In-
deed, it would not be too hard to make a single package with
the conventional seven segment pins that are automatically
converted to clearer high resolution digits including hexadec-
imal digits (for a given hexadecimal font). Figure 16 shows
the sort of improvement possible, which also shows how
dot matrix displays can be anti-aliased to enhance legibility.
Even a standard 5x7 dot matrix would be an improvement
over seven segments, because the digit shapes are curved and
harder to completely obscure by straight escutcheon edges.

At higher resolutions, clearer numeral fonts (so-called text
figures or old style, with ascender and descender variation)
like the following become possible. Legibility can be further
increased by a base line (providing an orientation), and en-
larged spacing around the large decimal point. The fractional
digits can be distinguished by being smaller and lighter.
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Customers and procurement should prefer hi-res displays
over seven segment displays; hi-res displays have many ad-
vantages, notably that they can display more legible numbers
and, because their strokes can be curved, they do not suffer
from the problems of obscured straight segments (Figure 10).
Market pressure — if it reacts to this benefit — should drive
hi-res displays to dominate. Their increased flexibility will
also lead to more improvements in user interfaces generally.

While some applications (such as aircraft cockpits) are obvi-
ously safety critical (Figure 9) and all user interfaces in them
should be regulated, handheld calculators are remarkable for

being unreliable [16] as well as hard to read and yet widely
used in safety critical environments, such as in hospitals.

Q28. Is it more cost-effective, bearing in mind the cost of
error to the user, to use high resolution displays and
fonts with curved strokes?

Q29. Wherever possible, replace calculators and other
devices for ones with hi-res displays, in case they are
used for tasks demanding dependability.

Fortunately such calculators are increasingly available, and
often have additional features to improve dependability, such
as multi-line displays.

If you are a user or an organisation:

Q30. Consider whether it is worth replacing seven segment
display devices. If you cannot replace, what user
training to be aware of readability is required?

Itis ironic when hi-res displays are unnecessarily used to sim-
ulate seven segment displays (see Figure 3). Even the nixie
tube (c. 1955) is an example of an older display technology
that achieves much higher resolution than a modern seven
segment display.

SUMMARY

Accurate reading of numbers is often critical for user tasks.
Although seven segment displays are almost ubiquitous this,
in itself, does not mean they are an optimal design choice for
any particular application. The point of this paper has been
to show that seven segment displays should not be an auto-
matic choice, and dependable applications — including appli-
cations that may be used for critical tasks, such as handheld
calculators and mobile phones (e.g., in emergencies) — al-
most certainly require higher legibility and greater user train-
ing than can be guaranteed.

We posed a number of design questions, numbered for easy
reference. Every design question can also be thought of as
a procurement question: does (should?) a customer want to
buy a device designed like this? Condensing and rephrasing,
then, the most important issues are:

e Seven segment displays are not normally suitable for any
applications requiring dependable number display.

e Seven segment displays are poor for numbers with
fractional parts, particularly as the decimal point is usually
too small. Q6-9.

e Using seven segment displays for hexadecimal numbers is
never recommended. Q3, 4.

e Seven segment displays are problematic if they may be
viewed upside-down. They should not normally be used
on devices with no natural “up” direction; they should not
be used on ceilings, belts, etc. Q20-19.

e Seven segment displays should not be used for rapidly
changing values or in scrolling displays. Q18.

e Where seven segment displays must be used, the font can
be optimised for the application, and this will be more



effective when combined with regular user training. QI, 2,
26.

In time, reducing costs and increased volume should shift the
emphasis to higher resolution options. This transition to bet-
ter displays will be accelerated if market forces more often
reject inappropriate uses of seven segment displays.

e Existing seven segment display devices (including
calculators) may need to be replaced. Q28-30.

Other suggestions apply to all forms of numeric displays:
e Where appropriate, follow ISMP rules [8]. Q16-17.

e Do not normally use any number to mean “on” — display
the word On or ----, etc, instead, or use a separate indi-
cator that cannot be confused with numbers. Q16, 15.

e Generally, users may need to be regularly trained to more
reliably use and read number displays. Q26, 30.

While it would have been tempting to present definitive de-
sign rules or guidelines in this paper, actual design trade-offs
depend on the application and the cost/benefit considerations
of the market and user tasks — not just design and manufac-
turing cost/benefits, but particularly user cost/benefits. One
user error in the lifetime of a product (plus perhaps suing the
manufacturer) may cost more than the minor savings made
possible by using a seven segment display. There is very lit-
tle research to provide answers directly helpful to designers;
to establish whether seven segment legibility in a particular
case might be a significant hazard can only be established
by very careful empirical evaluations, which themselves are
costly and very difficult to do well.

Except perhaps for huge and rugged applications, there seems
to be little useful future for seven segment displays.

Rather than doing questionable experiments, since seven seg-
ment displays introduce predictable problems that can be
avoided, this paper’s advice can be summarized:

MIC
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— don’t use seven segment displays.
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