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Abstract

In this paper we explore if it is possible to recognize
different cognitive states of a user through analyzing drag
and drop behavior on a tablet device. We introduce a
modified version of the classic Stroop task, which is a
commonly used psychological stressor and investigate how
different levels of perceived workload correlate with
measures related to fingertip movement during drag and
drop. A study with 24 participants is reported, where we
were able to replicate the Stroop effect in a touch-based
drag and drop task and present 2 measures in fingertip
movement that correlate with subjective ratings of
workload based on the NASA-TLX questionnaire.
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Introduction

Effects of emotional and cognitive states on interaction
have been analyzed in related work for different input
modalities (e.g. speech , pen gestures, keyboard and
mouse) using a variety of methods ranging from
physiological measurements (e.g. heart rate variability or
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Figure 1: The Stroop-like drag
and drop task. The first three
figures show the interaction for
an incongruent task and the last
figure shows the last step for a
congruent version of the task.

electrodermal activity), performance measurements
related to primary or secondary tasks to subjective
measures (e.g. NASA TLX questionnaire). So far, related
investigations are missing for finger-based touch gestures.
While there is prior work in handwriting, which suggests
that it is possible to infer a user’s cognitive state from
measures in complex pen gestures [4, 5, 6] (e.g., drawing
shapes and letters), it is not clear if similar results (e.g.
degree of degeneration in pen-gestures) hold for simpler
finger-based touch gestures.

A Stroop-like Drag and Drop Task

In order to study measures related to a respondent’s way
of performing a drag and drop action under a certain
workload level we needed a psychological stressor. A
psychological stressor is usually a dual task; e.g., a
memory task (e.g. counting backwards) that users have to
perform parallel to the main task (e.g. drag and drop).
For our purpose we chose to modify the well known
Stroop task [3], since gestures performed on a surface are
visually guided; and it was easy to embed it into a visual
interface of a drag and drop task. Consequently, it would
be possible to use this task unsupervised during a future
study in the large.

In the original Stroop task participants have to name the
ink colors (e.g. "blue”, "red”, "green" etc.) of a series of
words that are presented to the participants on cards.
Reading the word interferes with naming the color, if the
word's meaning is a different color than the color of its ink
(e.g. a word that is written in blue ink says "red"). The
interference that is caused in incongruent stimuli is also
referred to as the Stroop effect. This effect results due to
a prepotent response during the task, since most people
are proficient in reading and reading is an embodied
process. Trying to not read the word and to only focus on

the visual channel causes cognitive load and vice versa;
i.e., the amount of working memory that is necessary to
name the correct color increases for incongruent tasks.
Figure 1 presents the final design of the drag and drop
task. In this interface a user provides an answer to a given
question by dropping a white circle on one of 3 possible
answers. The goal of the task is to report 1 of 3 possible
colors (i.e. blue, green and red) as the correct color.

The Study

In the following we refer to the straight line connecting a
draggable object in its start position with the target as the
task axis. Furthermore we refer to movement error as an
umbrella term that comprises changes in the following
measures: (i) number of movement direction changes on
task axis, (ii) the mean distance of single touch positions
from the task axis, and (iii) the curvature of the path that
the finger tip takes over a certain time period. Inspired by
related work and our aim to sense a respondent’s workload
level during drag and drop we formulated the following
hypotheses. H1: It is predicted that the measures
comprised by movement error will be positively correlated
with participants level of workload. H2: Relative times
from the start of the movement to the first and the last
peak in acceleration during the drag and drop task will be
positively correlated with participant's level of workload.

Regarding the response times, we were only interested in
the relative times; i.e., relative to the overall finger
movement time. We did this to compensate that the
overall finger movement time would increase due to the
typical Stroop-effect. Since prior work based on Fitts' law
has shown that certain physical properties predict the time
needed to drag and drop an object we varied distance and
direction in addition to the stimulus that we provided to
control workload.



Participants, Material and Procedure

24 participants took part in the study and received a 15
Euro coupon in return for their participation. All recruited
participants were students,not colorblind, right handed
and between the age of twenty and thirty-five

(M =25.5,SD = 4.2). 12 participants were female and
12 male. A first generation iPad with a pixel density of
132 pixels per inch was used. All tasks were performed on
the iPad in a seated position in a laboratory environment.
The duration of the study depended on the performance
of the participant, however all participants completed their
tasks within 40 minutes. The drag and drop task was
described in detail on the iPad; participants were
instructed to perform the drag and drop task as fast and
precise as possible, to minimize any bias in the captured
data.

All participants were asked to complete eight blocks of
drag and drop tasks. With block we refer to a set of 12
drag and drop tasks in one of two kinds of stimuli (i.e.
congruent stimuli or incongruent stimuli). In four of the
eight blocks, participants had to perform tasks with the
congruent stimuli (i.e. tasks that created low workload)
and in an other four blocks tasks with the incongruent
stimuli (i.e. tasks that created high workload). Blocks
were completed in alternating order. Half of the
participants started with the congruent stimuli and half
with the incongruent stimuli. Each of the blocks consisted
of drag and drop tasks with 2 variations in distance
between drag object and drop area, 2 variations of drag
direction and 3 variations (i.e. 3 possible colors) for
correct targets. Each participant had to perform 96 tasks
in sum. After each block participants had to additionally
report their perceived workload using the NASA Task
Load Index (NASA- TLX) [1].

Results

For the analysis we conducted a 2 (distance to target) X
2 (direction) x 2 (Stroop condition) x 4 (time) repeated
measures ANOVA. As we expected, the Stroop condition
caused a main effect on finger movement time,

F(1,23) = 65,p<0.001. The finger movement time was
significantly longer in incongruent tasks

(M = 1305ms, SD = 709ms) than it was in congruent
tasks (M = 878ms, SD = 389ms). It is not surprising
that the total time was effected by the Stroop condition
since the nature of the Stroop-effect is to interfere with
the task completion time. Considering our hypothesis H1,
the Stroop condition had a significant effect on movement
error, which was embodied most significantly in the
curvature of the movement, F(1,23) = 39, p<0.001.
Incongruent tasks had a positive influence; i.e. the
movement path of the finger tip became more tortuous
with an increased level of workload. Also significant was
the influence of workload on the mean distance to the
task axis, F'(1,23) = 6.4, p<0.02, which was higher when
the level of workload was higher. Interestingly, the relative
time to the last peak in finger movement, which is related
to hypothesis H2, was significantly higher for incongruent
tasks than it was for congruent tasks , F'(1,23) =9,
p<0.005. Due to an increased level of workload the
participants’ decision seemed to finalize later during the
task and as a result the last peak of acceleration is
relatively late.

Correlations with perceived workload

So far, we have presented the influence of Stroop on
measures in fingertip movement. Now we move to how
these measures correlate with perceived workload. For
this, we used the NASA TLX questionnaire [2] . The
NASA TLX results verify that the modified Stroop task
produced significantly different levels of workload (i.e. the
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Figure 2: Correlations between
perceived overall workload and
fingertip movements. While
workload correlates with the first
two measures (i.e. relative time
to last peak in acceleration and
curvature) it does not correlate
with mean distance to task axis.

overall workload score), F(1,23) = 62,p<0.001. While
incongruent tasks produced high levels of perceived
workload (M = 51, 5D = 22) congruent tasks produced
lower levels of workload (M = 31, 5D = 20) on a scale
between 0 to 100 where 100 is highest. A Pearson
product-moment correlation coefficient was computed to
assess the relationship between perceived workload and
measures of fingertip movement. Therefore the means in
each condition and time were computed within subjects.
As expected, perceived overall workload strongly
correlated with curvature 7(22) = —.2, p<.003 and the
relative time to last peak in acceleration ,

r(22) = —.2,p<.004 (see Figure 2). Interestingly,
perceived overall workload and mean distance to task axis
were not correlated, r(22) = .06, p>.03. Note, that drag
distance and drag direction were discarded for the
computation of the correlations, because workload was
only reported after blocks of tasks. Our assumption is
that drag distance and drag direction have an additional
influence on the mean distance to task axis which is
interfering with the influence of workload.

Conclusion

In this paper we presented a modified Stroop task to
investigate the influence of workload on simple touch
gestures (i.e. touch-based drag and drop). We were able
to replicate the Stroop effect on touch (i.e. we observed
significantly longer finger movement times for incongruent
tasks than congruent tasks). We identified that
incongruent tasks are associated with significantly higher
levels of workload than congruent tasks (based on
NASA-TLX). In addition we identified measures that are
related to a users way of performing a drag and drop
action under incongruent and congruent tasks; and then
showed how these measures correlated with perceived
workload based on the NASA-TLX.
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