SUPPLEMENTAL MATERIAL FOR
„EXPLORING VISUAL PROMINENCE OF
MULTI-CHANNEL HIGHLIGHTING IN
VISUALIZATIONS“
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2 APPARATUS OF EXPERIMENTS
The experiments were implemented in a Firefox web browser, with the following procedure:
During welcome, the following screen was shown:

Users were asked to press the “Start Study!” button. After that, the consent form was presented:

After checking the consent box, users continued to the task description. The following screenshot shows a
task description for the single- vs. multi-channel experiment:
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The task description texts and example images are presented further below.
By clicking “continue”, users were forwarded to a short demographic questionnaire:

After that, a configuration interface was shown in which the experimenter chose the correct settings for
the respective experiment.
Users could run the experiment without logging to fully understand the task and to get familiar with the
controls. After telling the experimenter to run the actual study, the settings were reloaded and logging was
initiated.
This is a screenshot of one stimulus in the single- vs. multi-channel highlighting study:
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In the single-channel highlight study, the stimulus presentation was equivalent. After pressing return
(found the target) or the space bar (user could not see any target), an intermediate screen was shown:

After pressing “f”, we added a one-second delay so that users were forced to rest.

3 EXPERIMENT: VISUAL PROMINENCE IN A SINGLE HIGHLIGHT CHANNEL
3.1 TASK DESCRIPTION
In this study, you will be presented with scatterplots. Scatterplots are used to show the relationship between
two values. In each scatterplots, individual elements are represented by dots. In some of the scatterplots,
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one of the dots is highlighted, and is brighter than the remaining dots. The lightness differences between
the highlighted dots and the other dots will be varied throughout the experiment.
For each presented scatterplot, your task is to find the highlighted dot and press return as soon as you
spotted it. If you cannot find any spot that is brighter than all the others, press the space bar. After
pressing Return or the space bar, you will be forwarded to some intermediate display without scatterplot.
If your response was correct, your reaction time until you pressed the correct button will be saved.If your
response was incorrect, the trial has to be repeated at a later point. Proceed to the next scatterplot by
pressing "f". Press the "f" button only once! There will be a short delay until the next scatterplot is
loaded!
You can have as many test runs as you wish before the actual study starts. During these test runs, your
performance will not be recorded. As soon as you feel confident, inform the study leader to start the
study.
In sum, you will be presented with approximately 150 scatterplots, separated into two blocks.

3.2 RESULTS
Eight users had to perform 144 trials in total (3 T-N distances * 4 N ranges * 3 offsets * 2 target
configurations * 2 repetitions), so we collected results for up to 1152 correct trials. 218 trials were
answered incorrectly, so they had to be repeated until a correct response was gathered for the respective
configuration.

Correctness
One participant was stopped after 180 trials, so only 1149 correct data points were collected:
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There were only few false positive responses (target absent = A), but a lot of false negative responses
(target present = P).

34% of targets with with T-N distance 10 were missed, which is close to chance level, but there were only
3% and 2% false negatives for T-N distance 20 and 30, respectively.

Mind that the higher total number for T_D_distance=101 stems from the fact that incorrect trials had to
be repeated until a correct response was recorded.

Task Completion Time
Since the obtained data is skewed, we applied a log-log-transformation on the data (i.e., we used the logtransformed values of the dependent variable and the independent variables). We only observed target
present trials with correct responses.
Then, we removed all outliers. The following box plots show the log-transformed response times per
factor levels with outliers.
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We used T_D_distance instead of T_N_distance in the SPSS analysis.
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The following box plots show the log-transformed response times per factor levels with these outliers
removed:
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We then performed a linear regression of these data points with log-transformed response time as
dependent variable, and log-transformed T-N-distance, N-range, and offset as independent variables. The
linear regression yields a goodness-of-fit of R² = 0.531.

The regression is significant:
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T-N-distance is the only significant factor of the regression (p < .001).
Also, the regression coefficients of N-range and offset are very small:

A linear regression on log-log-transformed data corresponds to a power regression on the original data. A
power regression for response time and T_D_distance (i.e., the only factor explaining the model) yields a
goodness-of-fit of R²=.528. The constant is around 71,700, and the T-N coefficient (here named “b1) is 1.15.
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4 EXPERIMENT: VISUAL PROMINENCE IN MULTIPLE HIGHLIGHT CHANNELS
4.1 TASK DESCRIPTION VISUAL SEARCH PART
In this study, you will be presented with scatterplots. Scatterplots are used to show the relationship between
two values. In each scatterplots, individual elements are represented by dots. In some of the scatterplots,
one of the dots is highlighted, and is either brighter than the remaining dots, or the other dots are blurred,
or both. The lightness differences between the highlighted dots and the other dots, as well as the blur
factor of the non-highlighted dots, will be varied throughout the experiment.
For each presented scatterplot, your task is to find the highlighted dot and press return as soon as you
spotted it. If you cannot find any spot that is brighter than all the others or a single non-blurred dot, press
the space bar. After pressing Return or the space bar, you will be forwarded to some intermediate display
without scatterplot. If your response was correct, your reaction time until you pressed the correct button
will be saved. If your response was incorrect, the trial has to be repeated at a later point. Proceed to the
next scatterplot by pressing "f".
Press the "f" button only once! There will be a short delay until the next scatterplot is loaded!
You can have as many test runs as you wish before the actual study starts. During these test runs, your
performance will not be recorded. As soon as you feel confident, inform the study leader to start the
study.
In sum, you will be presented with approximately 150 scatterplots, separated into two blocks.
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4.2 TASK DESCRIPTION SUBJECTIVE DISSIMILARITY PART
In this second part of the study, we will show you two identical scatterplots. Your task will be to rate how
dissimilar the right on is from the left, and how aesthetic it looks, compared to the left (in a
questionnaire). There will be no highlighted dot, but we will only show the dots that are not highlighted,
and therefore darker and / or blurred. We will present 24 different configurations with different darkening
and blur levels (the same as in the first part of the study). Only your questionnaire responses will be
saved.

Stimulus Part 2
This is how the study was presented in the second part of the experiment:
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4.3 RESULTS
Nine users had to perform 144 trials in total in the first experiment part (4 Chi steps * 3 channel
configurations * 2 target configurations * 6 repetitions), so we collected results for 1296 correct trials. 160
trials were answered incorrectly, so they had to be repeated until a correct response was gathered for the
respective configuration.

Correctness
There were only 10 false positive responses in total, but many false negatives (i.e., target misses):

Most false responses were gathered for the lowest Chi value (5):

There were more false responses in the multi-channel condition, and least in the sharpness (here called:
“blur”) condition:
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Response Time
Like in the first experiment, the response time per highlight strength (for correctly answered target present
trials) is apparently skewed2:

Therefore, we log-transformed the response time values.
Then, we removed outlier cases for each highlight strength level (left: before outlier removal, right: after
outlier removal):

2

Chi here corresponds to Psi in the paper.
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The Shapiro-Wilk test is significant for three highlight levels, so the normality assumption is violated:

We therefore performed a Friedman test on the aggregated response times per user and highlight
condition (i.e., the mean response times over all highlight strengths and repetitions).

Descriptive statistics (N, average, standard deviation, minimum, and maximum):

Ranks:

There is no significant difference between the response times.
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The box plots below show the response times per highlight condition:

Descriptive statistics show that, on average, blur (s) led to 560 ms (~ 24%) faster responses, compared to
the the L*-condition (report columns: average, N, standard deviation).

Perceived Dissimilarity
Users were asked to rate the dissimilarity between the two juxtaposed scatterplots, i.e., of the blurred and
/ or darkened context dots from their original appearance. The 5-point Likert scale had the following
labels:
1
2
3
4
5

Equal
Quite similar
Quite dissimilar
Very dissimilar
Extremely dissimilar
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We aggregated all dissimilarity responses per highlight condition and user, and performed a Friedman test.
Descriptive statistics (N, average, standard deviation, minimum, and maximum):

Ranks:

There is no significant difference in the dissimilarity responses.

The box plot shows the dissimilarity scores per highlight condition:

For all three conditions, the median score was “quite dissimilar”.
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Aesthetics
Users were asked to rate the aesthetics of the the blurred and / or darkened context dots compared to the
original scatterplot dots. The 5-point Likert scale had the following labels:
1
2
3
4
5

Ugly
Not appealing
Neutral
Nice
Very nice

We aggregated all aesthetics responses per highlight condition and user, and performed a Friedman test.
Descriptive statistics (N, average, standard deviation, minimum, and maximum):

Ranks:

There is a significant difference in the aesthetics responses.
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We performed pairwise Wilcoxon-Signed Rank Test post-hoc comparisons with a Bonferroni-corrected
critical p-value of 0.05 / 3 = 0.0167. There is a significant difference between blur and L*blur (s and L*s),
with a higher aesthetics rating for L*blur than for blur alone.

The box plot shows the subjective aesthetics ratings of the distorted context dots, compared to their
original appearance:

While the multi-channel condition L*s received mostly neutral reponses (average: 2.83), the single-channel
conditions L* and s received more votes for “not appealing”.

Minkowski-r
In a log-log transformed plot, the power regression curve of response time becomes linear, where the
slope represents beta and the intercept represents 1/k by Stephens’ Power Law.
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Below, the fitted linear regression lines of the three highlight conditions (s, L*, L*s; all log-logtransformed) are shown. The goodness-of-fit R² of the regressions are 0.371 (s), 0.537 (L*), and 0.542
(L*s), respectively.
Model summary (R squared, F, degree of freedeom e1, degree of freedom e2, significance) and parameter
estimation (constant and b1); dependent variable: log_time; independent variable is log_Chi:

It is not surprising that the multi-channel condition L*s caused lower performance, since we used the
lowest possible channel combination factor (Minkowski-r = 1.0).
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Figure 1: Regression of L*s.
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To find the optimum Minkowski-r, we first combined all samples from the single-channel conditions (s
and L*), and fitted a single regression line for these two conditions (R² = 0.450):

Figure 2: Combined regression of both single-channel conditions (L* and s)

With r=1.0, as used in the experiment, the two highlight channels are treated as fully separable
dimensions. It can be expected, however, that sharpness and luminance slightly influence each other, so
that r>1.0. By raising r, the combined sensation magnitude shrinks. Therefore, the intercept of the linear
regression on the log-log-transformed values will decrease. Graphically speaking, the sample points and
the fitted line shift towards the left in the scatterplot shown above.
To find the best match of the multi-channel condition regression (Figure 1) and the single-channel
regression (Figure 2), we calculated the goodness-of-fit R² of the samples obtained from the two singlechannel conditions (dots in Figure 2) with respect to the multi-channel model (line in Figure 1) as a
function of r. By using 1-R² as goodness-of-fit, we could analytically find a minimum of r within the
interval [1, 2].
The minimum inverted R² was found for r=1.22, as illustrated below.
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