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ABSTRACT
The electrocardiogram (ECG), a graphical representation of
the heart’s electrical activity, is used for detecting cardiac
pathologies. Certain medications can produce a complica-
tion known as ‘long QT syndrome’, shown on the ECG as
an increased gap between two parts of the waveform. Self-
monitoring for this could be lifesaving, as the syndrome can
result in sudden death, but detecting it on the ECG is difficult.
Here we evaluate whether using pseudo-colour to highlight
wave length and changing the coordinate system can support
lay people in identifying increases in the QT interval. The
results show that introducing colour significantly improves
accuracy, and that whilst it is easier to detect a difference
without colour with Cartesian coordinates, the greatest accu-
racy is achieved when Polar coordinates are combined with
colour. The results show that applying simple visualisation
techniques has the potential to improve ECG interpretation
accuracy, and support people in monitoring their own ECG.

CCS CONCEPTS
• Human-centered computing → Visualization tech-
niques;
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1 INTRODUCTION
A side effect of commonly prescribed medications including
antihistamines, antibiotics and antidepressants is prolonga-
tion of the QT-interval, or drug-induced Long QT Syndrome
(LQTS) [9, 78]. LQTS is a cardiac abnormality that can in-
crease the risk of the life-threatening arrhythmia torsades
de pointes (TdP), which can lead to loss of consciousness or
sudden death in young, otherwise healthy people [3, 20, 47,
78]. People may not experience symptoms and an electro-
cardiogram (ECG) is often the only way to identify LQTS
[34, 60, 64].
ECGs are a graphical representation of the electrical ac-

tivity of the heart, widely used in clinical practice to assess
heart function [62]. ECG results are displayed as a line on
a graph-like trace, where the ‘waves’ (peaks and troughs)
are labelled with letters and represent different stages of the
heartbeat. The duration of the QT-interval (the time period
between the ‘Q’ and ‘T’ waves) represents the activity of the
heart ventricles (Figure 1).

Figure 1: Measurement of the QT-interval on the ECG from
the start of the Q-wave to the end of the T-wave.
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Frequent ECG monitoring is advised for people at high
risk of acquiring medication-induced LQTS [38, 65]. Recent
technology innovations have made it possible to monitor
ECGs outside of the clinical environment [55] but this ap-
proach still relies on clinician interpretation [4, 41]. This not
only increases cost, but also makes it difficult (and some-
times impossible) to manage everyone who is at high risk.
If lay people can interpret their own results, this may lead
to a step-change in the detection and management of this
potentially critical condition. However, ECG interpretation
is known to be complex, even for clinicians [66, 72], and as
such little work has examined self-monitoring.
Assessing the QT-interval, in particular, is known to be

difficult [66, 72], and in a prior study the majority of clini-
cians were not able to recognise it [72]. This may be due to
the fact that whilst people find it easy to perceive quantity
on a vertical scale, they are poor at judging it on a horizontal
scale (see e.g. [39, 40, 53, 76]). Artifacts in the ECG signal
can also cause misinterpretation of QT-interval length [2].
Visualisation techniques have the potential to help high-

light abnormalities within the ECG.Herewe examinewhether
pseudo-colouring—representing continuously varying val-
ues using a sequence of colors [61, 74]—and changing the
coordinate system can support lay people in identifying in-
creases in the QT-interval. Using a psychophysical paradigm
and eye tracking to systematically examine the issue, we find
that:

(1) Pseudo-colouring significantly increases lay individ-
uals’ ability to identify increases in the QT-interval,
even when T-wave morphology is abnormal.

(2) Coordinate system interacts with colour, such that
people are most accurate in the condition where the
ECG is presented using polar coordinates and pseudo-
colour, and least accurate when presentation occurs
with polar coordinates and no colour.

(3) According to eye tracking data, pseudo-colour helps
to focus visual attention, and people are most accurate
when using the polar coordinates as this concentrates
colour in the center of the screen.

(4) People are significantly more satisfied when pseudo-
colour is used.

2 BACKGROUND
Previous research providing a foundation for the current
study is described in this section. This covers: (1) ECG in-
terpretation; (2) ECG visualisation methods; and (3) human
perception of visualised data.

ECG Interpretation
An ECG trace is a cyclic time series with each cycle repre-
senting a new heartbeat. The electrical activity is detected

via leads placed on the body, where each lead produces a dif-
ferent electrical ‘view’ of heart activity. In hospital, clinicians
commonly interpret short (10 second) ECGs via 12-leads [48].
This is the most comprehensive view, but useful ECG infor-
mation can be gathered from a single lead ‘view’ (often used
bymobile technologies). LQTS is detected bymeasuring from
the beginning of the Q-wave to the end of the T-wave (iden-
tified using the tangent drawn at the maximum downslope
of the T-wave) [3, 21] as shown in Figure 1.

The standard method for visualising ECG data is a Carte-
sian line graph showing the voltage of the heart on the Y-axis,
and time in milliseconds (msec) on the X-axis [5]. A back-
ground grid supports the reader in measuring duration. To
measure the QT-interval, the interpreter counts the small
squares (each representing 40 msec) from the beginning of
the Q-wave to the end of the T-wave [3, 21, 56].

Automated ECG interpretationwas introduced in the 1950s
to assist clinicians who had less training in ECG interpreta-
tion [57]. It remains far from perfect, and even the best com-
putational methods can produce significant errors [30, 63].
Research has shown that QT-interval is underestimated or
unreported by computational methods [18, 36, 45, 58, 69, 70].
The main challenge lies in identifying the end of the T-wave,
especially when the morphology (shape) of the T-wave is
non-standard. [17, 21, 26, 46]. This is particularly problem-
atic, as QT-prolonging drugs often affect the morphology of
the T-wave, with some drugs (e.g. quinidine and ranolazine)
causing large T-wave morphology changes [71].

Each person has a unique baseline ECG that reflects their
individual heart function: health status, age, gender and eth-
nicity all influence the ECG in general, and the QT-interval
in particular [21, 27, 43]. This complicates population-level
computer-derived QT calculations. Abstracting the QT inter-
val numerically also risks masking other potentially abnor-
mal clinically significant changes in the ECG. For instance,
specific T-wave patterns can aid detection of drug-induced
LQTS [11], and large T-Uwaves are known to precede the life-
threating arrhythmia Torsades de Pointes [35]. As such the
ECG morphology continues to provide the richest informa-
tion for recognising LQTS. Current automated methods are
thus a supplement to, rather than a substitute for, the human
eye, and a combination of computer-visualisation methods
with the gold-standard human interpretation remains the
most accurate and reliable method [14, 18, 36, 45, 58, 63, 69].

ECG Visualisation
A number of studies have examined the effectiveness of vi-
sualisation techniques in supporting clinician-interpretation
of ECGs. Chiang et al. [10] integrated ECG signals from the
periodical and limb leads into two images of electrical heart
function. This enabled clinicians to observe an overall in-
tegral heart view, which aided interpretation when viewed
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alongside the 12-lead ECG. Kors et al. [37] presented a mirror
image that converted the 12 leads to 24, and was shown to
be effective in improving the detection-rate of heart attacks.
Madias et al. [44] used a 13th, multi-use lead, which provided
a further ‘view’ of the heart. When exploring large scale ECG
data, a glyph-based interactive system has been shown to
be effective in detecting arrhythmia [77]. Vectorial methods
have been used to represent direction and magnitude data
[16, 49] and spatial visualisations have presented the ECG
on a body surface potential map [42, 68]. As these methods
provide data with respect to further dimensions of the heart,
they are useful as a supplement, but do not replace the stan-
dard method [7]. Furthermore, previous work in this area
focused on aiding clinicians. Here, the aim is to help lay-
people identify when their ECG is different (i.e. has deviated)
from their normal baseline, so they know when to seek help.

Human Perception of Visualised Data
Here, we consider the problem from the perspective of the lay
interpreter, rather than the data, using knowledge of visual
perception to enhance the way the ECG is presented. In
particular, we draw from the field of pre-attentive processing,
which outlines a set of visual properties known to be detected
rapidly and accurately by the human eye [50]. Examples of
pre-attentive properties include colour, form, and spatial
positioning. Using these properties in design can improve
both the effectiveness and the efficiency of a visualisation
[24, 25, 74].

Colour is a pre-attentive attribute that is noticed without
conscious effort [22, 50]. Many studies have shown the ef-
fectiveness of using colour to separate visual elements from
their surroundings, saving the user from having to carry out a
linear visual search [23, 54, 74]. A useful technique is pseudo-
colouring, which represents continuously varying values
using a sequence of colors [74]. Pseudo-colouring is com-
monly used in geo- and time-series visualisations [61, 74].
Figure 2 shows an example of using pseudo-colouring to
show changes in temperature over time.

Adnan et al. [1] have examined perception of time-series
visualisations. They showed Cartesian coordinates to bemost
effective for detecting trends and identifying maximum and
minimum values when usedwith positional and colour visual
encodings, and Polar coordinates to be most effective for
finding minimum values when using area visual encoding.
The circular layout used in the Polar coordinate system

has also been employed to perceive changes in data over
time. Page et al. [51, 52] proposed an "ECG Clock" generator,
to visualise the changes in QT interval values automatically
generated by a 24-hour Holter ECGmonitor. Circular layouts
have been also used to detect symmetrical patterns in data
[28] and to measure symmetry in graphs [75].

3 METHOD
Measuring Visual Perception
To systematically evaluate the effectiveness of pseudo-colour
and coordinate system in supporting lay people’s assessment
of the QT interval, we use methods from psychophysics and
eye-tracking research. Psychophysical experiments investi-
gate the relationship between physical stimuli and human
perception, by varying the properties of a stimulus along
one or more physical dimensions [67]. Eye-tracking is used
to quantify visual behavior when performing a given task, to
understand differences in locus and level of attention [13].

ECG Data Acquisition
The ECG datasets were taken from a clinical trial that as-
sessed the effect of known QT-prolonging medication on
healthy subjects [32]. As our work is motivated by support-
ing self-monitoring, we selected data from a single partici-
pant, whose QT-interval was seen to rise to clinically dan-
gerous levels. The subject was a 35-year-old male who had
normal QT-intervals (< 430 milliseconds) prior to taking the
medication "Dofetilide" (an antiarrhythmic drug); he subse-
quently experienced a gradual increase in the QT-interval,
which eventually reached very high levels (QT=579 millisec-
onds). The ECGs sampled all have a regular heart rate (HR=60
BPM) and are from lead-II, which is typically used to mea-
sure the QT-interval. The QT-values of the selected ECGs
were 417, 421, 441, 447, 455, 468, 485, 537, 565 and 579 mil-
liseconds. We categorised these values based on their clinical
significance: normal (QT < 430); borderline (QT > 430 and <
470); prolonged (QT > 470 and < 500); very prolonged levels
(QT > 500) [33]. The open ECG dataset is available from the
PhysioNet database [19].

Visualisation Design
We used a co-design approach, creating the visualisation
techniques with an expert in ECG interpretation (to ensure
accuracy), and refining themwith input from lay people. As a
first step, R-peaks were detected in the raw ECG datasets, and
a dashed vertical line used to show the halfway point of the
R-R interval (Figure 1). This helps to identify the area of inter-
est containing the QT-interval. Note that it is easy to detect
the R wave in the vast majority of ECGs, as (unlike the other
waveforms which vary considerably) it consistently has the
greatest amplitude. We then applied pseudo-colouring, to
shift the ‘work’ of QT interval visual encoding from per-
ceiving distance between two waves, to perceiving colour in
terms of hue and intensity.

As spectrum-approximation sequences in particular help
with reading values [73], we used these as a foundation
for the pseudo-colouring technique. Cool spectral colour
codes (purple to blue to green) were used to indicate normal
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Figure 2: Using pseudo-colouring to represent temperature in time series data over the 12 months of the year [61].

QT-interval ranges, and warm colours (yellow to orange to
red) to show abnormal QT-interval ranges. We applied the
pseudo-colouring sequence in the area between the 0 voltage
baseline up to (or down to) the signal, from the beginning
of the R-wave to the R-R interval halfway point (see e.g.
Figure 3). The pseudo-colouring sequence was mapped to
the ECG signal such that the colour code changed every 40
milliseconds, which is equal to a small square on the standard
ECG background grid.
To understand the impact of coordinate system on ECG

data interpretation, we displayed the ECG signals on Carte-
sian and Polar coordinateswith andwithout pseudo-colouring.
We used R [31] with RStudio software version 1.1.447 to cre-
ate the visualisations. Figure 3 shows ECGs with normal and
very prolonged QT intervals with and without the pseudo-
colouring sequence on Cartesian coordinates. Figure 4 shows
the same ECGs, but on Polar coordinates. The ECGs are re-
duced in size for inclusion in the paper. The full size images,
along with the scripts used to create them, can be found in
the supplementary materials, and in our repository1.

Experiment Design
We hypothesized that changes in the T-wave morphology
(e.g. flattening of the wave, which can be caused by QT-
prolonging medication [71]) might cause misperception of
the QT-interval, and included this as a factor. The study thus
used a counterbalanced within-subjects design with three
independent variables, each with two levels:

(1) Colour-coding: no colouring; pseudo-colouring.
(2) Coordinate system: Cartesian; Polar.
(3) The T-wave morphology: normal; abnormal.

The within-subjects factorial design yielded a total of 8
(2x2x2) experimental conditions for each participant. We
counterbalanced the order of visualisation presentation us-
ing a balanced Latin square to minimize practice effects. We
assessed the effects of T-wave morphology in two separate
tasks (described below). The order of the T-wave morphol-
ogy condition (normal or abnormal) was counterbalanced
across participants. The dependent variables were response
correctness, reaction time, fixation location, mean fixation
duration, and satisfaction.

1 https://github.com/mbchxaa6/ECG_QT_Visualisation.

Participants
Forty two participants (22 males and 20 females) were re-
cruited from a university campus. Eligibility for the study
was determined by asking participants to rate their knowl-
edge of ECGs/ECG interpretation, and including only people
who reported no knowledge at all. Participants consisted
of 34 students and 8 staff. The mean age was 30 (SD=7).
The backgrounds of the participants were Computer Science
(n=27), Education (n=3), Chemical Engineering (n=3), Elec-
trical Engineering (n=3), Mathematics (n=4), History and
Sociology (n=1) and Music/Violin Performance (n=1). Their
sight was normal or corrected-to-normal and they reported
no motor or neurological disorders.

Task and Procedure
Participants completed a 10 minute training session where
they were introduced to the ECG trace and shown how to
identify the QT-interval, and then shown the visualisation
techniques used in the experiment. Each participant then
completed an assessment task to check that they understood
how to perform the measurement, where they were asked
to highlight the start and end point of the QT-intervals on
two different ECGs using the four visualisation techniques.
The experiment used a "two alternative forced choice"

(2AFC) psychophysical discrimination task [67]. Within a
trial, the participant was presented with two ECG stimuli;
a baseline showing no QT-prolongation and a comparator
showing an increased (or the same) QT-interval; the partici-
pant had to select the ECG that they perceived to have the
longer QT-interval using the left/right arrows in the Polar
condition, and up/down arrows in the Cartesian condition,
according to the stimulus’ position on the screen.

Participants completed all trials for one visualisation tech-
nique before moving to the next. The location of the ECG
with the longer QT interval (i.e. top/bottom or left/right) was
counterbalanced in the design; stimuli were then presented
at random.
To determine the effects of T-wave morphology, we split

the experiment into two separate 2AFC tasks, as follows.

Normal-T-wave: In this condition, participants completed
a total of 20 experimental trials. In each trial, two ECGs were
presented; a baseline ECG showing a normal QT-interval
with a normal T-wave morphology and a comparator ECG.
Two trials showed exactly the same ECG for the baseline

CHI 2019 Paper  CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 123 Page 4

https://github.com/mbchxaa6/ECG_QT_Visualisation


Figure 3: ECGs with normal and very prolonged QT intervals on Cartesian coordinates with (A) and without (B) pseudo-colour.

and the comparator stimuli, in order to test the validity of
our method (the probability of choosing each alternative
should be equal to 0.5). The other 18 trials presented the
same ECG baseline (QT = 417 msec), and an ECG with a
longer QT-interval that was selected from the following set
of QT values, where each value was presented twice: 421,
441, 447, 455, 468, 485, 537, 565, 579 milliseconds. Figure 4
and Figures 3 show examples of the ECGs used in the normal
T-wave morphology condition.

Abnormal T-wave: This condition was used to evaluate
whether the visualisation techniques can help people to per-
ceive QT-prolongation regardless of the T-wave morphology.
To reduce potential fatigue, this condition contained only
8 trials. In each trial, two ECGs were presented: a baseline
ECG showing a borderline QT-interval with an abnormal
(flat) T-wave morphology and an ECG with an increased
QT-interval. Participants had to choose the ECG with the
longer QT-interval. The borderline ECG had a QT value of
447 millisecond and the comparator ECG was selected from
the following set of QT values, which had either a normal
or abnormal T-wave as indicated: 468 (abnormal), 485 (nor-
mal), 565 (abnormal) and 579 (normal) milliseconds. Figure 5
shows examples of the ECGs used in the abnormal T-wave
morphology condition.

Apparatus
A Tobii Pro Spectrum eye-tracker and Tobii Pro lab 1.95 soft-
ware were used to record eye gaze with a sampling rate of
600 HZ. Key press events were recorded to collect partici-
pants responses. The study was performed on a 23.8 inch
(diagonal) Tobii Pro Spectrum eye-tracking monitor, with
a resolution of 1920 x 1080 pixels. Each Cartesian coordi-
nate ECG stimulus was 32.31cm x 6.14cm, and each Polar
coordinate stimulus was 15.61cm x 12.93cm.

4 RESULTS
All anonymised raw data, along with relevant R-scripts and
SPSS outputs are available in our Github repository2.

Accuracy
Psychometric function. We used a psychometric func-

tion, which is an inferential model employed in psychophysi-
cal detection and discrimination tasks, to model the relation-
ship between the gradual increase in the QT-interval and the
correctness of participants’ responses across the four visuali-
sation techniques. The psychometric function was plotted as
the percentage of correct responses (trials where the longer
QT-interval stimulus was correctly identified) as a function
of the QT-interval increase (Figure 6).

The results show that pseudo-colour significantly improves
perception of QT-interval increases regardless of the T-wave
morphology, with people able to detect smaller increases
with the Polar coordinates than the Cartesian coordinates.
This is important, as even these small increases are clinically
significant.

When pseudo-colour is not used, T-wave morphology in-
teracts with coordinate system in the detection of the QT-
interval increases. When the T-wave morphology is normal,
people perform better with Cartesian coordinates (Figure 6
(A)). However, when the T-wave morphology is abnormal
(increased flattening of the T-wave), people perform better
with Polar coordinates (Figure 6 (B)).

Just noticeable difference (JND) threshold. In psy-
chophysics, the JND threshold is defined as the minimum
amount of change in a stimulus necessary for it to be ‘just no-
ticeable’. In this study, we defined it as the minimum increase
in the QT-interval required for it to be detectable. We esti-
mated the 75% JND threshold as the value of the QT-interval
increase from the normal baseline at which the percentage
of correct responses is equal to 75%. Only the normal T-wave
morphology condition was used for estimating the JND, as
the abnormal condition contained insufficient trials for it
2 https://github.com/mbchxaa6/Data_Analysis.
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Figure 4: ECGs with normal and very prolonged QT intervals on Polar coordinates with (A) and without (B) pseudo-colour.

to be fitted with this statistical model. The JND thresholds,
determined by fitting the psychometric function using a lo-
gistic function with maximum likelihood estimation (MLE)
(Figure 7), were 29, 19, 65 and 9 milliseconds for Cartesian,
Cartesian with pseudo-colour, Polar and Polar with pseudo-
colour respectively. Pseudo-colour thus reduces the JND in
both co-ordinate systems, with the effect being strongest for
Polar co-ordinates.

Reaction Time
We measured reaction time as the period between the ap-
pearance of the stimuli on the screen and the key press event
when people made their decision. As shown in Figure 8,
pseudo-colour reduced the reaction time as the QT-interval
increased in all conditions.
A Shapiro-Wilks test showed the reaction time data was

not normally distributed (p < 0.05). We thus used a non-
parametric Friedman test to compare reaction times across
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Figure 5: ECGs with abnormal T-wave morphology on Polar coordinates with (A) and without (B) pseudo-colour.

Figure 6: The psychometric function plot shows the percentage of correct responses as a function of the QT-interval increase
from the baseline with (A) Normal T-wave morphology and (B) Abnormal T-wave morphology.

the four conditions. The test was conducted for each QT-
interval increase and under each condition of the T-wave
morphology. For all QT-interval increases, there was a sta-
tistically significant difference in reaction time according to
visualisation technique, under both conditions of the T-wave
morphology (p < 0.05) (Table 1).

To examine where the differences actually occur, post hoc
pairwise comparisons were performed using a Wilcoxon
signed-rank test with Bonferroni correction (α = 0.008).
This showed that when the QT-interval was clinically pro-
longed (equal to 485 msec and increased from the baseline
by 68 msec) or very prolonged (greater than 500 msec and
increased from the baseline by over 100 msec), reaction time
was significantly faster when pseudo-colour was used, for

both types of coordinate system (p < 0.008), regardless of
T-wave morphology.

When the QT-interval was in the borderline range, the
T-wave morphology and coordinate system interacted with
pseudo-colour. In the trial that shows a borderlineQT-interval
(increased by 38 msec) with a normal T-wave morphology, re-
action time when pseudo-colour was used was significantly
faster for Polar coordinates than Cartesian coordinates (Z =
-3.806, p < 0.008, Figure 8 (A)). However, in the trial showing
a borderline QT-interval (increased by 21 msec), but with an
abnormal T-wave morphology, there was the opposite effect,
with people responding faster in the Cartesian with pseudo-
colouring condition than in the Polar with pseudo-colouring
condition (Z = -2.870, p < 0.008, Figure 8 (B)).
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Figure 7: (A) The fitted psychometric function plot shows the proportion of correct responses as a function of the QT-interval
increase from the normal baseline. (B) The just noticeable difference (JND) thresholds plot. The error bars represent bootstrap
confidence intervals.

Figure 8:Mean reaction time in seconds over theQT-interval
increases (msec) from the baseline with (A) Normal T-wave
morphology (B) Abnormal T-wave morphology. Error bars
represent 95% confidence intervals.

Eye-tracking Metrics
To calculate eye movement metrics, Tobii Pro lab software
was used to create two areas of interest (AOIs) for each

Table 1: Results of the Friedman test comparing re-
action times in the four visualisation conditions for
all QT-interval increases, and in each condition of the
T-wave morphology. QT represents the value of the
longer QT-interval in milliseconds. ∆QT represents
the difference in milliseconds between the value of
the longer QT-interval and the baseline QT-interval
(i.e. the amount of QT-interval increase).

T −wave QT ∆QT Ranдe χ 2(3) p −value

Normal 421 4 normal 9.543 p < 0.05
morpholoдy 441 24 borderline 68.100 p < 0.05

447 30 borderline 13.443 p < 0.05
455 38 borderline 101.954 p < 0.05
468 51 borderline 41.471 p < 0.05
485 68 prolonдed 101.886 p < 0.05
537 120 very prolonдed 79.225 p < 0.05
565 148 very prolonдed 90.286 p < 0.05
579 162 very prolonдed 72.265 p < 0.05

Abnormal 468 21 borderline 50.671 p < 0.05
morpholoдy 485 38 prolonдed 114.783 p < 0.05

565 118 very prolonдed 138.529 p < 0.05
579 132 very prolonдed 94.409 p < 0.05

experimental trial: one for the baseline ECG stimulus, and
one for the comparator ECG stimulus.

Mean fixation duration. The mean fixation duration
metric, which is an indicator of cognitive load [12, 29], was
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used to understand whether the visualisation techniques
helped people to focus on the target ECG stimulus that had
the longer QT-interval. As shown in Figure 9, regardless of
T-wave morphology and coordinate system, using pseudo-
colour results in longer fixations on the stimulus with the
longer QT-interval, compared with the baseline stimulus,
and this effect becomes more pronounced as the QT-interval
increases.

Satisfaction
Following the experiment, participants completed a five
point Likert-type scale ranging from ‘bad’ (1) to ‘good’ (5)
to rate the effectiveness of each visualisation technique in
supporting the detection of increases in the QT-interval. A
Friedman test showed there to be a statistically significant
difference in satisfaction depending on which visualisation
technique was used (χ 2(3) = 90.860,p < 0.05). A post-hoc
analysis with a Wilcoxon signed-rank test utilising a Bonfer-
roni correction (α = 0.008) showed a significant preference
for pseudo-colour (p < 0.008). However, although people
were faster and more accurate in the Polar coordinate condi-
tion when pseudo-colour was used, there was no difference
in people’s satisfaction for either coordinate system (Z =
-0.435, p = 0.664).

5 DISCUSSION
Recognizing QT-interval prolongation on the standard ECG
is difficult. A previous study with medical professionals has
shown that accurate classification of the QT-interval as ei-
ther “prolonged” or “normal” was achieved by 96% of QT
experts and 62% of arrhythmia experts, but by less than 25%
of cardiologists and noncardiologists [72]. The QT-interval is
also underestimated or unreported by computerised methods
[18, 36, 45, 58, 69, 70], and as such, human visual validation
is strongly recommended [14, 63]. To support lay people,
who have no experience in ECG interpretation, in detecting
life-threatening changes in the ECG, we need to understand
how people perceive ECG data, and the extent to which
visualisation techniques can aid the interpretation process.

We used psychophysical methods to model lay people’s
detection of QT-interval increases when using four visualisa-
tion techniques. The results show that using pseudo-colour
to represent time significantly improves accuracy in detect-
ing increases in the QT-interval, for both coordinate systems.
People are most accurate in detecting small, but clinically sig-
nificant increases in the QT-interval with Polar coordinates,
regardless of whether the T-wave morphology is normal or
abnormal (Figure 6).

Clinical research has shown that even a small (∼ 10 msec)
QT-interval increase from the baseline is considered a signif-
icant side effect of a QT-prolonging drug [8, 15, 59]. When
the T-wave morphology is normal, the 75% just noticeable

difference (JND) thresholds were 29, 19, 65 and 9 millisec-
onds for Cartesian, Cartesian with pseudo-colour, Polar and
Polar with pseudo-colour respectively. This shows that using
a combination of Polar coordinates and pseudo-colour has
the potential to support lay people in detecting the smallest
clinically significant change. It also shows that colour can
improve sensitivity to changes such that people can perceive
increases that are much smaller than a 1mm square on the
standard ECG grid (which represents 40 msec).
As well as improving accuracy, using pseudo-colour re-

duced reaction times and increased attention to the longer
QT-interval stimulus. Eye-tracking data showed that the av-
erage fixation duration increased more on the comparator
stimulus, which has the longer QT-interval, than the baseline
stimulus, as the interval length increased (Figure 9). Figure
10 shows a heat map of absolute fixation duration across all
participants, demonstrating that even when the interval is
borderline, rather than prolonged (QT = 455 msec, increased
by 38 msec), people still fixate longer on the comparator stim-
ulus. This shows the power of the colour codes used with the
spectrum-approximation pseudo-colouring sequence, where
warmer colours including orange and red help to attract
attention to abnormal QT-interval levels.

Visualisation Design Implications
This study shows that colour as a pre-attentive attribute
can support the detection of small differences in time-series
data represented along a continuous scale, that are otherwise
difficult to perceive. While people find it relatively easy to
perceive quantity along a vertical scale, they are known
to be poor at judging size or quantity displayed along a
horizontal scale (see e.g. [39, 40, 53, 76]). Time-series data are
conventionally displayed horizontally. Although this study
focused on a specific problem within ECG interpretation, the
results may have a wider application to other forms of time-
series data, for example, in supporting detection of change in
seasonality in financial data, or follow-up months of survival
rate among cancer treatments (e.g. in Kaplan-Meier curves).
People are able to detect the smallest differences when

the ECG is presented using Polar coordinates and pseudo-
colour. Eye-tracking research has shown that people’s initial
eye movements are more commonly located in the center of
the screen [6]. According to the study’s eye-tracking data,
the warmer hues of the pseudo-colour helped to focus vi-
sual attention; as Polar coordinates concentrate more colour
in the center of the screen than Cartesian coordinates, the
increased salience may be easier to perceive in foveal vision.

6 LIMITATIONS AND FUTUREWORK
Limitations of this study include: (1) we investigated detec-
tion of QT-interval prolongation, and it is not clear whether
these techniques would generalise to interpretation of other
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Figure 9: Mean fixation duration of the baseline and the comparator stimuli over the QT-interval increases (msec) with (A)
Normal T-wave morphology and (B) Abnormal T-wave morphology. The error bars represent 95% confidence intervals.

Figure 10: Heatmap of absolute fixation duration for all par-
ticipants. Fixation is longer on the borderline QT-interval.

ECG abnormalities, such as changes in ST-segment eleva-
tion, or to other signal/time-series data; (2) the data used to
design the stimuli were from a high quality signal with little
noise; they were acquired from a 12-lead ECG, not a mobile
monitoring device, where the signal is much more likely to
be affected by noise; (3) we assessed an irregularity from
the perspective of abnormal T-wave morphology, but this, of
course, is one of many; fast or slow heart rates, abnormalities
in ST-T changes and the presence of some common types
of arrhythmia such as atrial fibrillation (AF) can all affect
QT-interval calculation; (4) in a self-monitoring situation
people may be using tablets or phones. We hypothesise that

the visualisation techniques will still be beneficial, but this
will need to be confirmed in a further study examining the
effects of screen size and lighting setting on the visualisation
techniques; and (5) our participants were highly educated,
and we do not know whether the results would generalise
to other demographics. Future work will include evaluat-
ing the visualisation techniques with more diverse clinical
populations, particularly with low-literacy and low-income
minority populations, who are taking medication that can
lead to LQTS, and are using a mobile device with a wearable
ECG monitor.

7 CONCLUSION
This study shows that using simple visualisation techniques
significantly improves lay people’s ability to accurately mea-
sure the QT-interval. This may help with self-monitoring
drug-induced LQTS and enable treatment to be altered to
prevent the development of life threatening complications.
Whilst using a pseudo-colour sequence significantly im-
proves people’s ability to detect increases in the QT-interval
when the ECG is displayed on a standard Cartesian coordi-
nate system, the greatest accuracy is achieved when pseudo-
colour is combined with Polar coordinates.
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