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ABSTRACT the user, in other cases notifications must be ignored depend-
We know that talking or texting while involved in a complex ing on the user’s current context. The task of attending to
sensorimotor task like driving is dangerous. In such situations, these notifications, and making a decision on whether to take
interruptions from notifications can negatively impact primary an action or not, is currently left up to the user. Interuption
task performance as well. This paper investigates the impact manager [2] calls the notification an interuption, and reacting
of attending to such notifications. In our study, participants to it a disruption. We want to understand the cost associated
were engaged in a primary task with varying task loads. Notifi- with the attending to a notification, and the role played by
cations were presented to them aurally and visually, and were the modality, i.e. audio or visual. The primary task could
mediated relative to the primary task load. Our results show be any immersive task involving complex sensorimotor skills,
that a) attending to notifications were distracting regardless of like driving, cooking, or even surgery. We present our experi-
modality, b) mediation helped users comprehension of visual ments with ConTRe (Continues Tracking and Reaction) [21],
notifications, but did not effect their comprehension of audio which requires continuous tracking and episodic reactions in a
notifications, and c) even though mediated notifications re- driving-like task.
duced performance degradation, users did not notice or choose Automotive cockpits have been gaining attention because ofit differentially. the real danger that driver distraction can have on road traf-

fic safety. A number of studies have shown how operatingACM Classification Keywords mobile devices and other in-vehicle infotainment systems isH.5.m. Information Interfaces and Presentation (e.g. HCI): critically ’impacting’ driving performance and is a major fac-Miscellaneous tor in automotive accidents. Results of testing these effects
in simulator studies has been shown to be replicable in fieldAuthor Keywords studies [11]. A broad literature has demonstrated that inter-Mobile Notifications; Driver Distraction; Cognitive Load; acting with telephones and similar secondary activities in theMediation. car can adversely affect the primary driving task. This paper
explores how even simply attending to tasks that do not requireINTRODUCTION a response might impact performance. Such tasks might beThe effects of notifications have been studied in the office- as simple as attending to notifications, which is the subject ofdesktop environment when engaged in primary tasks like edit- our study.ing or programming. However, less has been done to under-

stand the nature and effect of mobile notifications in everyday RELATED WORK
life. Even as we begin to study them, notification strategies We start off by describing work that has studied the interruptive
are evolving; wearable devices, like smartwatches and head- nature of notifications, and associated risks. We then present
mounted displays, are being developed that aim to focus our strategies that others have prescribed to mitigate these risks,
attention on notifications while touting seamless integration. particularly through the use of mediation to manage attention
Despite their interruptive nature, notifications might be our allocation.
only way to keep abreast of time critical requests. Thus, there
is a need to develop effective strategies to manage people’s The Interruptive Nature of Notifications
attention without subjecting them to undue risk. Iqbal and Bailey [16] define a notification as a visual cue,

auditory signal, or haptic alert generated by an application orThe asynchronous nature of notifications afford the user the service that relays information to a user outside their currentability to decide when to take action on a secondary or new focus of attention. A majority of the research on notificationsactivity. While in some cases immediate action is taken by is focused on information workers in a desktop computing
environment. Its detrimental effects on primary task perfor-
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duration, in addition to increased anxiety and perceived dif-
ficulty of the task [4]. Multiple studies have shown how cell
phone conversations, texting, or interacting with In-Vehicle
Information Systems (IVIS) can be detrimental to driving
safety [5, 12, 17, 24, 25]. Drivers engaging in such activities
have been shown to have increased brake reaction time [1, 19],
failure in scanning for potential hazards in the driving environ-
ment [26], and to have accidents with higher likelihood [23].

Mediating Interruptions & Notifications
Successful dual-task scenarios depend on the availability and
requirements of cognitive resources for the secondary task
given resource consumption by the primary task [28]. It also
depends on the context of the secondary task, and its relation-
ship to the users goals [2]. This presents opportunities to in-
crease people’s ability to successfully handle interruptions, and
prevent expensive errors. McFarlane’s seminal work proposed
four methods for coordinating interruptions [22], including im-
mediate, negotiated, mediated and scheduled. Mediation has
been widely studied in the desktop computing domain [15,16],
but has not been adequately explored in post-desktop, mobile
situations.

OVERVIEW OF STUDY
Our study had multiple goals. First, we wanted to determine
how notifications impacted a driving-like primary task. We
then wanted to establish how mediating them relative to task
load could improve a user’s performance on both the primary
and secondary tasks. Finally, we wanted to understand these
effects for both audio and visual notifications. Our research
questions include:

1. Mediation: How is primary task performance effected when
the user is attending to notifications? Can mediation reduce
this impact?

2. Modality: How is primary task performance effected by
modality? Does mediation have the same effect across both
audio and visual modes?

3. How do both of these conditions, i.e. mediation and modal-
ity, effect a user’s ability to comprehend a notification?

Pilot explorations with a driving simulator, while promising,
had a number of limitations. The interaction of full driving
experience made it difficult to replicate task loads and added
unnecessary dependent variables to data collection. For these
reasons we chose to use the well studied and widely used
ConTRe (Continuous Tracking and Reaction) task [21], which
provides a highly controlled yet unpredictable task load for the
participant. This allows for consistent and replicable analysis.

The study was setup so that the primary ConTRe task would
randomly switch between low and high workloads. This was
done to simulate a typical driving scenario where drivers
episodically experience high workload when they are enter-
ing/exiting highways, changing lanes, following navigation
instructions, etc. For the secondary task, participants attended
to notifications that were presented to them, as they performed
the primary ConTRe task. Audio notifications were delivered
via speakers, while visual notifications appeared through a

Figure 1: Screenshot of the ConTRe (Continuous Tracking
and Reaction) Task that displays the yellow reference cylinder
with the traffic light on top, and the blue tracking cylinder
beside it.

reality augmentinging Heads Up Display (HUD). The audio
notifications were created using Apple’s text-to-speech engine
on OS X Yosemite (Speaking voice: Alex; Speaking rate: Nor-
mal). The augmented reality HUD device used was a Google
Glass, which projects the screen at a working distance of 3.5
m, approximately 35°elevated from the primary position of
the eye.

Experimental Design
The study was designed as a 2 (Audio/Visual modes) X
2 (Mediated/Non-mediated conditions) repeated measures
within subjects study. This was done to mitigate individual
variance in performance for the primary and secondary tasks.
To control for possible effects of order the study was double
counterbalanced for mode and condition factors. Additionally,
two baseline conditions included performing the ConTRe task
in low and high workload settings without notifications.

Users
20 people participated in the study, recruited through a call sent
out to students selected randomly from a graduate engineering
school population. It included 10 males and 10 females. The
mean age of the participants was 26.4 years, with a standard
deviation of 2.7 years. Participants were rewarded with a $40
gift cards for completing the study.

Primary Task: ConTRe
The ConTRe task is an add-on for OpenDS, an open-source
driving simulator [21]. It is an abstracted and simplified task
that comprises of actions required for normal driving, i.e. op-
erating the brake and acceleration pedals, as well as using the
steering wheel. This focuses the user’s task and simplifies
the recording of tracking behavior. Fine grained measures of
performance on the primary task relative to the secondary task
requests can be obtained, which is necessary for our investiga-
tion.

Here the car moves with a constant speed on a unidirectional
straight road consisting of two lanes. The simulator shows two
cylinders at a constant distance in front of the car: a yellow
reference cylinder, and a blue tracking cylinder. The yellow
reference cylinder moves autonomously and unpredictably.
The lateral position of the blue tracking cylinder is controlled



by the user through the use of the steering wheel. The cylinder Table 1: Examples of the two types of notifications
moves left or right depending on the direction and angular
velocity of the steering wheel, i.e the steering wheel controls Type Notification
the cylinder’s lateral acceleration. Their goal is to track the

Math 2/2 + 1 = 1yellow reference cylinder, by overlapping it with the user-
controlled blue cylinder, as closely as possible. Effectively, Sentence After yelling at the game, I knew
this corresponds to a task where the user has to follow a curvy I would have a tall voice
road. For the low and high task load conditions, the lateral
speed of the reference cylinder was set to values that were
empirically determined to create low and high workloads for focuses the experiment solely on attending to notifications and
the user, respectively. its resulting effect on task performance.

Furthermore, there is a signal light that illuminates an upper Mediation
circle red or lower circle green. The signal light is atop a Mediation was done relative to task load. In the non-mediatedyellow reference cylinder. At any time, neither of the lights (control) condition, notifications were presented randomly inor only one is turned on. The red light requires that the user both the low and high workloads. In the mediated (test) condi-respond by depressing a logitech driving simulator brake pedal, tion, notifications were presented only during low workload.while the green light corresponds to the driving simulator’s The bounded deferral technique [14] was used, where the no-accelerator pedal. This operates independently of the steering tifications would be delayed while the driver was in a highfunction. As soon as the user reacts to the light by depressing workload setting. The notification would then be delivered athe correct pedal, the light turns off. few seconds into the low workload setting. The mediation was

conducted by one of the experimenters who had full view of
the simulator and could determine when to deliver the notifica-Secondary Task: Notifications
tion. Modality apprpriate changes were made if a notificationThe secondary notification task is based on widely used mea- had been delivered, and the workload changed from low tosures of working memory capacity, which include operation high before the driver responded. For the audio mode, thespan and reading span tasks [7]. Working memory has been notification could be paused and continued at the next lowpurported to be involved in a wide range, of complex cognitive workload period, or simply repeated. In the visual mode, thebehaviors, such as comprehension, reasoning, and problem notification could be hidden till the next low workload period,solving as it is thought to reflect primarily domain-general, when it would become visible again.executive attention demands of the task [10]. In this work we

do not aim to measure working memory, but instead want to Before each condition, participants were told whether they
measure the effect of processing a notification across the four would be receiving audio or visual notifications. However, they
experimental conditions. Thus, we modify the span tasks for did not receive any indication as to whether the notifications
our purposes as described below. would be mediated by task load.

In each condition, drivers were presented with a series of Methodology
twenty items, which included ten math equations and ten Participants arriving at the lab were guided through an in-sentences taken from widely used span tasks [7] (see Table 1). formed consent process, followed by an overview of the study.The math equations and sentences are representative of the They were aided through the process of setting up a numbersymbolic and verbal types of notifications, respectively, that of sensors attached to their body to record their physiologicalusers typically receive. Using standardized stimuli allows responses, including heart rate, electrodermal activity, skinfor consistency and replicability. Both types of notifications temperature, etc. The participant was then seated in the simu-were randomly interspersed, so as to prevent the person from lator and shown how notifications would be delivered on Glass,getting into a rhythm of expecting either one. After the subject and through speakers.had read or listened to each item, they verbally indicated if
the notification was true or false. Sentences are true when The participant was then taken through a series of practice runs
they are semantically and syntactically correct, while the math to get them comfortable with the primary ConTRe task. When
equations are true when the equality holds. done with the practice, the low benchmark was recorded using

the low workload setting on the simulator. After one minute,After each item, the participant was presented with an isolated they were asked to repeat a series of ten sentences that wereletter, which represents something they had to remember from read out to them, one-by-one, while they were still performingthe notification. After two, three or four items, the ConTRe the ConTRe task. The same routine was performed to recordsimulator was paused, and they were asked to recall the letters the high benchmark using the high workload setting on thein sequence. This is like responding to a text message or simulator.similar notification while the car is stopped at a light. Recall
tasks are already known to have the most detrimental effects This was followed by another set of practice rounds, where the
on primary task performance [18]. Pausing the simulator secondary notification task was described and demonstrated
separates the recall effort from the recorded ConTRe task to the participant. Next, a practice trial combined both the
performance (even today’s drivers are encouraged to stop their ConTRe task (with the randomly alternating workloads) and
car before interacting with any request from their phone). This the notifications task. The notification task included a set



of five items, three of which were math equations, and two RESULTS
were sentences. This provided the participants with a sense Processing the data as described in the previous section pro-
of what to expect during the actual trials. The practice trials duced 10 data points per user (one for each measure) for each
could be repeated until the participant felt comfortable that of the 2 (Modality) X 2 (Mediation) conditions: Audio Medi-
they understood the scenario. ated (AM), Audio Non-mediated (AN), Visual Mediated (VM),

Visual Non-mediated (VN). This totals to 40 data points perThe participants then moved on to the experimental trials. user, and a total of 800 data points. Described below are theEach participant was presented with four trials, one for each results from the analysis of these data points, starting with thecondition. At the end of the four trials, the participant was primary ConTRe task.interviewed about the disruptivity and effectiveness of audio
and visual notifications. The entire study lasted approximately

Effects on Primary ConTRe Task2 hours per participant.
Analysis of the ConTRe performance measures was done to
evaluate the effects of mediation and modality on the primary
task. These measures include Steering Deviation, Reaction

Measures Time for Acceleration and Braking, and Errors in Accelera-
Quantitative performance data on both primary and secondary tion and Braking. A multivariate ANOVA (MANOVA) was
tasks were collected. From the ConTRe task, collected perfor- performed using all five driving performance measures as de-
mance data included: steering deviation, i.e. the difference in pendent variables. As opposed to running multiple univariate
distance between the reference cylinder and the tracking cylin- F tests for each dependent variable, MANOVA has the advan-
der; reaction times to respond to the red and green lights, i.e. tage of reducing the likelihood of a Type I error, and revealing
the amount of time from when the light went off to when the differences not discovered by ANOVA tests [27].
correct pedal was depressed; and the error rate of depressing
the wrong pedal. These measures were automatically recorded A two-factor repeated measures MANOVA with within-
by the simulator. subject factors (Mediation, Modality) showed a significant

effect from Mediation, F(1,19) = 25.46, p < .001, and no
In the mediated condition, notifications were presented in the significant effect from Modality F(1,19) = 1.16, p = .29. There
low workload section. In the non-mediated condition, notifi- was no significant interaction between the two main effects
cations were presented in the low and high workload sections. F(1,19) = 1.20, p = .28, which validates the main effect analy-
The expectation was that the ConTRe performance in the sis. The notifications were distracting and negatively impacted
low workload sections would be identical for both conditions. user performance on the ConTRe task. It did not matter if the
Hence, the analysis focused on the performance data from notifications were audio or visual.
the high workload sections of the mediated and non-mediated
conditions. Steering deviation was continuously sampled at Given the omnibus multivariate F-test revealed a significant ef-
570 Hz. A rolling median was used to filter out noise and in- fect from Mediation, we further analyze its effect on the differ-
frequent occurrences of sudden deviations from the trend. The ent metrics separately. The effect from Modality was also anal-
average steering deviation of each user in each condition was ysed. Thus for each measure, we present four planned com-
then recorded. Accelerator and brake reaction tasks produced parisons using paired t-tests: a) Mediated and Non-mediated
an average of 31.5 brake reaction and 31.3 accelerator reac- Audio (AM-AN), b) Mediated and Non-mediated Visual (VM-
tion data points per user for each condition. Like the steering VN), c) Mediated Audio and Visual (AM-VM), and d) Non-
deviation, the reaction times for both the brake and accelerator mediated Audio and Visual conditions (AN-VN) (see Table 2).
tasks were low-pass filtered using a rolling median. The mean To control for Type I errors we use the Bonferroni adjusted
reaction times were then calculated and recorded for each user alpha levels of .0125 per test (.05/4).
in each of the four conditions. The first two planned comparisons (AM-AN & VM-VN) em-
For performance on the secondary notification task, the re- phasizes the impact of mediation in the audio and visual modal-
sponse times was the time from when the notification was ities, separately. The next two planned comparisons (AM-VM
presented to the driver, to when they respond to indicate true & AN-VN) contrasts the audio with the visual modes. As
or false. As before, the data is filtered using a rolling median. there were no notifications presented to the participants in the
The mean response times for math and sentences are then mediated condition, the ConTRe performance should be iden-
recorded for each user in every condition. The errors in the tical for the audio and visual modes in the mediated condition,
responses were also calculated, as well as the error in recalling i.e. VM and AM. Any difference in the effect from modality
the sequence of letters that were presented to the driver after should be borne out on the ConTRe task performance in the
each notification. The sequence could be two, three or four nonmedaited condition, i.e. VN and AN.
letters long. Steering Deviation
At the end of all the trials, participants were interviewed about Comparing the steering deviation for Mediated (M = 18.02 %,
their preferences regarding the modality of the notification, SD = 3.27 pp) and Non-mediated conditions (M = 17.75 %, SD
and the effect of its disruptivity on their primary task perfor- = 3.08 pp) in the Audio mode does not reveal any significance,
mance. They were also asked if they perceived any difference t(19) = 0.71, p = .48, which matches results from previous
between the two audio or the two visual conditions, i.e be- work that found cognitive load costs are minimally borne out
tween the mediated and non-mediated conditions. on steering deviation [6, 12]. In the Visual mode, there was a



Table 2: Average pair-wise difference for each primary task measure, with p-values from paired t-tests in parenthesis.

Primary Task Measures AM-AN VM-VN AM-VM AN-VN

Steering Deviation (pp) 0.27 (.48) -1.66 (.001) -0.13 (.67) -2.06 (< .001)

Acceleration Reaction Time (ms) -109.75 (.002) -156.13 (< .001) 13.84 (.52) -32.53 (.45)

Brake Reaction Time (ms) -90.71 (.017) -142.05 (.015) -18.49 (.59) -69.83 (.17)

Acceleration Response Error (pp) -3.05 (.06) -1.57 (.34) -0.91 (.59) 0.57(.76)

Brake Response Error (pp) -3.26 (.08) -0.87 (.65) -1.92 (.35) 0.47 (.78)

significant difference between Mediated (M = 18.15 %, SD = It is plausible that the act of braking itself introduces a larger
2.95 pp) and Non-mediated conditions (M = 19.81 %, SD = manual source of distraction compared to acceleration.
2.75 pp), t(19) = -3.84, p = .001. This indicates that the Visual
mode effects the visual requirements of the primary task, i.e. Errors in Acceleration and Braking
tracking the lateral movement of the system-controlled yellow As with the reaction time analysis, we begin by analyzing
cylinder. This is consistent with findings in the literature which the acceleration results. In the Audio mode, there were fewer
indicate that tracking will be negatively impacted by glances errors in the Mediated condition (M = 10.64 %, SD = 8.94
away from the road [13]. pp) as compared to the Non-mediated condition (M = 13.69

%, SD = 7.24 pp), t(19) = -1.96, p = 0.06, but this did not
In the Mediated condition, comparing the Audio and Visual reach significance. In the Visual mode there was no difference
modes showed no significant differences. As explained before, between the Mediated (M = 11.54 %, SD = 6.27 pp) and Non-
the Mediated condition is equivalent to driving without any mediated conditions (M = 13.11 %, SD = 5.56 pp), t(19) =
notifications. In the Non-mediated condition, Audio was sig- -0.97, p = 0.34. Again for both the Mediated and Non-mediated
nificantly less disruptive than the Visual mode t(19) = -0.43, conditions, no difference was found between the Audio and
p < 0.001. Again, this can be attributed to adding a visual Visual modalities.
source of distraction to a primary task that depends on visual
input. For the errors in braking responses, there was a slight differ-

ences between the Mediated (M = 10.02 %, SD = 7.37 pp) and
Reaction Time for Acceleration and Braking Non-mediated conditions (M = 13.26 %, SD = 9.50 pp), t(19)

= -0.46, p = 0.08, in the Audio mode, but this did not reachIn the Audio mode, the mean reaction time for acceleration
significance. In the Visual mode, there was no significant dif-was significantly reduced in the Mediated condition (M =
ference between the Mediated (M = 11.91, SD = 7.10 pp) and892.2 ms, SD = 176.4 ms) as compared to the Non-mediated
Non-mediated conditions (M = 12.78, SD = 6.59 pp), t(19) =condition (M = 1001.9 ms, SD = 214.6 ms), t(19) = -3.52,
-0.46, p = 0.65. No difference was found in the Mediated andp = .002. The same effect carried on into the Visual mode
Non-mediated conditions across both modalities. Due to thewith the Mediated condition (M = 878.4 ms, SD = 152.4 ms)
similarity in the acceleration and braking response, only thebeing significantly less than the Non-mediated condition (M
acceleration response errors were plotted.= 1034.5 ms, SD = 214.6 ms), t(19) = -4.81, p < 0.001. This

is again consistent with findings which indicate that diverting
focal attention from the road will result in longer reaction Effects on Secondary Notification Task
times [12]. The difference between Audio and Visual was not The main effects of Mediation and Modality on the notification
significant in the Mediated or Non-mediated condition. task are analyzed through the following measures: Response

Times for Math and Sentences, Response Errors for Math andPerforming the same analysis for the braking reaction times, Sentences, and Recall. Similar to the primary driving task anal-the Audio mode showed a near significant difference between ysis, this was done with a multivariate ANOVA (MANOVA)the Mediated (M = 995.6 ms, SD = 216.8 ms) and Non- using all five notification task measures as dependent variables.Mediated means (M = 1086.3 ms, SD = 238.8 ms), t(19) =
-2.59, p = .017. In the Visual mode, the difference was near sig- A two-factor repeated measures MANOVA using within-
nificant as well with the Mediated condition (M = 1014.2 ms, subject factors (Mediation, Modality) showed that all effects
SD = 189.1 ms) being lower than the Non-mediated condition were significant at the .05 significance level. The main effect
(M = 1156.2 ms, SD = 254.8 ms), t(19) = -2.67, p = .015. No of Mediation yielded an F ratio of F(1,19) = 5.49, p = .03.
difference was found when comparing the Audio and Visual The main effect of Modality yielded an F ratio of F(1,19) =
modalities. 12.81, p = .002. There was also a significant interaction effect,

F(1,19) = 6.90, p = .017. An analysis of the simple effects forWhile acceleration and braking test for similar things, the each of the two levels in the independent variables (Mediation,slight increase in reaction times for braking compared to ac- Modality) explains this interaction.celeration might be attributed to the extra time it takes the user
to move their foot from the accelerator pedal (over which it The simple effects of Mediation is analysed by setting the in-
used to hover by default for most users) to the braking pedal. dependent Modality variable to Audio. A one-way MANOVA



Table 3: Average pair-wise difference for each secondary task measure, with p-values from paired t-tests in parenthesis.

Secondary Task Measures AM-AN VM-VN AM-VM AN-VN

Math Response Time (ms) 0.03 (.80) -0.57 (.02) 2.52 (< .001) 1.92 (< .001)

Sentence Response Time (ms) -0.008 (.95) -0.52 (.04) -0.09 (.75) -0.61 (.07)

Math Response Error (pp) 1.92 (.48) 2.11 (.41) -2.57 (.29) -2.38 (.35)

Sentence Response Error (pp) -4.02 (.27) 0.34 (.93) 12.99 (.002) 17.35 (.001)

Recall Error (pp) 1.05 (.74) -5.76 (.07) -1.29 (.68) -8.10 (.01)

with Mediation as the within-subject variable showed no sig-
nificant effect between the Mediated and Non-mediated condi-
tions, F(1,19) = 0.03, p = .85. Whereas, setting the indepen-
dent Modality variable to Visual, revealed a significant effect,
F(1,19) = 7.52, p = .01. This implies that audio notifications
are comprehended equally well under low and high workloads.
Visual notifications, on the other hand, are comprehended
differently under low and high workloads.

The simple effects of Modality is analysed by setting the
independent Mediation variable to Mediation. A one-way
MANOVA with Modality as the within-subject variable
showed a highly significant effect of mediation between Au-
dio and Visual modes F(1,19) = 28.98, p < .001. Setting the
independent variable to Non-mediation did not show a sig-
nificant effect F(1,19) = 3.84, p = .06. This analysis infers
that under low workloads, users comprehend audio and visual
notifications differently. Under high workloads, modality of
notifications does not effect comprehension ability.

To understand the direction of the differences, and the impact
on the different dependent variables, four planned comparisons
using paired t-tests were performed, similar to the primary
task analysis. For each dependent variable, we describe below
comparisons between: a) effect of mediation in the Audio
mode (AM-AN), b) effect of mediation in the Visual mode
(VM-VN), c) effect of modality in the Mediated conditions
(AM-VM), d) and the effect of modality in the Non-mediated
conditions (AN-VN) (see Table 3). To control for Type I errors
we use the Bonferroni adjusted alpha levels of .0125 per test
(.05/4).

Response Times for Math and Sentences
Analysis of the reaction times for math in Audio mode, showed
no difference between the Mediated (M = 5.69 s, SD = 0.43
s) and Non-mediated conditions (M = 5.66 s, SD = 0.47 s),
t(19) = 0.25, p = .8. In the Visual mode there was a difference
between the Mediated (M = 3.17 s, SD = 0.9 s) and Non-
mediated conditions (M = 3.74 s, SD = 1.70 s), t(19) = 0.25,
p = .02, but it did not reach significance. There was a highly
significant difference in the reaction times between the Audio
and Visual modes in both the Mediated and Non-mediated
conditions, p < .001.

The differences in reaction times for sentences were less dra-
matic. In the Audio mode there was no difference between the
Mediated (M = 5.10 s, SD = 0.63 s) and Non-mediated cases
(M = 5.11 s, SD = 0.84 s), t(19) = -0.056, p = .95. In the Visual

mode, there was a slight difference in the Mediated (M = 5.20
s, SD = 1.41) and Non-mediated conditions (M = 5.72 s, SD =
1.94 s) , t(19) = -2.16, p = .04. In the Mediated case, there was
no difference between the Audio and Visual conditions, t(19)
= -0.31, p = .75. In the Non-mediated case, there was a slight
difference, but it did not reach significance, t(19) = -1.89, p =
.07.

Errors in Math and Sentences
For errors in math responses, there were no differences be-
tween all four of the planned comparisons, for which reason
they were not plotted. (Audio: M = 8.14 %, SD = 8.29 pp;
Visual: M = 6.22 %, SD = 8.62 pp; Mediated: M = 10.72 %,
SD = 7.59 pp; Non-mediated: M = 8.61 %, SD = 10.42 pp).

For the errors in sentence responses, there was no significant
difference in the Audio and Visual modes between the Medi-
ated and Non-mediated conditions. In the Mediated condition
there was a significant difference in the Audio (M = 28.69
%, SD = 15.00 pp) and Visual conditions (M = 15.69 %, SD
= 10.78 pp), t(19) = 3.51, p = .002. Similarly, there was a
significant difference in the Non-mediated case between the
Audio (M = 32.71 %, SD = 14.59 pp) and Visual conditions (M
= 15.35 %, SD = 13.36 pp), t(19) = 3.81, p = .001. From this
analysis, we might infer that modality has a significant effect
on users’ ability to comprehend sentences accurately, regard-
less of mediation. They made fewer errors when sentences
were presented visually, as opposed to aurally.

Errors in Recall
Analyzing the errors in recall revealed no significant difference
in the Audio mode (Mediated: M = 10.45 %, SD = 10.99 pp;
Non-mediated: M = 9.40 %, SD = 9.32 pp), t(19) = 0.33, p =
.74. There was a slight difference in the Visual mode between
the Mediated (M = 11.74 %, SD = 12.65 pp) and Non-mediated
conditions (M = 17.51 %, SD = 13.34 pp), t(19) = -1.92, p =
.06, which did not reach significance. Comparing the Mediated
Audio and Visual conditions did not show any difference, t(19)
= -0.41, p = 0.68. There was a significant difference between
the Non-mediated Audio and Visual conditions, t(19) = -2.86,
p = .01.

DISCUSSION
Our study was focused on investigating the effects of attending
to symbolic and verbal notifications while performing a com-
plex sensorimotor task. By mediating the notifications based
on the task load, we wanted to understand its effects on both
the primary sensorimotor task, and the secondary notification



task. The experimental results revealed that notifications are high workloads negatively impacts primary task performance.
indeed distracting and impacts primary task performance. This This impact was independent of the modality used to present
effect was significant for both aurally and visually presented the notification. Our results also showed that users attend to
notifications. Furthermore, the visual modality did allow users notifications best when they are visually presented during low
to perform better on the secondary notification task when workloads. These results provide insights on how even attend-
the notifications were mediated to be shown only during low ing to notifications can impact primary task performance. The
workload. choice of the notification being presented aurally or visually,

symbolically or verbally, can impact its value, and must beThe analysis of the different measures for ConTRe task perfor- taken into account when designing proactive systems.mance (Table 2) showed that: 1) The added visual source of
distraction from visual notifications was borne out on the steer-
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