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Abstract. In order to better understand the user’smultitasking behavior, this study
takes service-oriented intelligent assistants as the research object. It conducted a
2 × 2 within-subject experiment to explore effects of task relevance (task-related
vs. task-independent) and interruption mode (internal interruption vs. external
interruption) on individuals’ task performance and subjective feelings (cognitive
load, needs gratification, flow). Obtained datawere analyzed by repeatedmeasures
ANOVA. The results indicate that multitasking interruption has negative effects
on task performance and cognitive load, but has positive effects on needs gratifica-
tion. Additionally, when performing related multitasking, the internal interruption
results in higher needs gratification and flow than external interruption. These
findings provide insights into the design and optimization of intelligent assistants
in real life.
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1 Introduction

As a common task situation in daily life, multitasking is typically characterized by
individuals performing or switching between two or more tasks at the same time [1].
It includes multiple types with varying lengths of time spans. In different multitask-
ing scenarios, user needs, behaviors, human-computer interaction experiences, and task
performance are different [2, 3].

Task relevance refers to the extent to which tasks achieve related or similar goals
[4]. Based on the resource theory of information processing, some researchers argue
that humans have a limited cognitive capacity for information, and when two concurrent
tasks compete for limited cognitive resources, peoplemay experience cognitive overload
and task performance may be reduced [5, 6]. Multiple resource theory (MRT) states
that humans have several separate pools of cognitive resources, so that individuals can
use these resources to perform tasks simultaneously [7]. When the content of tasks is
related, they can create synergy with each other, thereby facilitating task performance
and improving task performance [8].

Interruptions occur when the users decide to stop their current activities and move
to perform a different task [9]. Internal interruptions are determined by people’s self-
willingness, while external interruptions are triggered by external environmental [10].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P.-L. P. Rau (Ed.): HCII 2022, LNCS 13314, pp. 545–554, 2022.
https://doi.org/10.1007/978-3-031-06053-3_37

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06053-3_37&domain=pdf
https://doi.org/10.1007/978-3-031-06053-3_37


546 N. Liu and Q. Pu

Some studies show that external interruptions are somewhat nested, when people are
interrupted by one thing they do not immediately return to their original task [11].
While internally interrupted work takes longer to resume and may be more disruptive
[12]. Self-regulation theory (SRC) states that when unable to immerse themselves in
task performance, individuals will self-regulate their behaviors to restore the balance
between task demands and skills [11]. Later research find that people are more inclined
to multitask when they are in a negative state, such as feeling frustrated, stressed or
mentally exhausted [13]. Although multitasking interruptions have a negative impact on
task performance, they can help individuals relax and relieve stress [14].

In summary, the present study aims to design amultitasking scenario inwhich univer-
sity students interactwith a service-oriented intelligent assistant, to investigate the effects
of task relevance and interruption mode on users’ cognitive load, need gratification, flow
and task performance.

2 Method

2.1 Participants

Thirty participants were recruited to participate in the experiment (15 males and 15
females, 18–25 years old). All the participants were with normal or corrected visual
acuity and had English proficiency at cet-6 level. Additionally, in terms of a priori
knowledge, all participants had experience with multitasking behaviors in their daily
lives (mean normalized multitasking proficiency of 0.59 as measured by the MMT-R
scale [15, 16]) and all had experience with intelligent assistants.

2.2 Design

This experiment adopted a 2 × 2 within-subject design. The independent variables
were task relevance (task-related vs. task-independent) and interruption mode (internal
interruption vs. external interruption). Participants were randomly assigned to different
English reading topics and completed four sets of control variable experiments formed
by different combinations of task relevance and task interruption mode, and one set of
experiments in which no interaction with the intelligent assistant occurred as a control
group. The dependent variables were task performance (percentage of correct English
reading completed) and subjective feelings (cognitive load, needs gratification, flow).

Cognitive load was measured by the NASA-TLX, which includes six dimensions,
each rated on a scale from 0 to 100 [17]. The scale for needs gratification was adapted
from Jeong et al. [18, 19], and flow was adapted from the widely used flow scale [20],
using a seven-point Likert scale for each statement (“1” = “strongly disagree”, “7” =
“strongly agree”). All the measurement items used here have been widely used and
validated in prior studies.
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2.3 Procedure

The experiment was completed offline in a one-to-one session. Each participant was
equipped with one Bluetooth headset and one tablet computer. The Bluetooth headset
was connected to the experiment computer and transmits the voice of the voice assistant.
The participant used the tablet (iPad Air3) to complete the English reading and post-
experiment subjective evaluation. The voice assistant was achieved with the read-aloud
plug-in in the experiment computer, which simulates the voice interaction between the
participant and the intelligent assistant.

Each participant completed five sessions in sequence under the guidance (Table 1).
Each group of participants had different voice interactions with the intelligent assistant.
Completing a word query that affected the comprehension of the English reading content
was a relevant task, and completing an interfering email check and replywas an irrelevant
task. The participant initiated the query command was an internal interruption, and the
participant responded to the interaction initiated by the voice assistant was an external
interruption.

Thevoice of the intelligent assistant is female.All instructions are basedon secondary
tasks. In internal interruption experiments, the intelligent assistant responds directly to
queries about themeaning of words or whether an email has been received. During exter-
nal interruption experiments, the intelligent assistant prompts “Have you encountered
any problems” or “You have received an email “.

Table 1. Experimental tasks

Items Main task Interactive tasks

Control group Complete 1 cet-4 English
reading

No interaction with intelligent
assistants

Experiment group:
Task-related -
Internal interruption

The participant initiates a
query request to the intelligent
assistant at any time and
completes at least 2 queries for
the blue marked words

Experiment group:
Task-independent - Internal
interruption

The participant initiates an
email query request to the
intelligent assistant at any time
to check the unread email
status of the experimental
mailbox and completes at least
2 queries

Experiment group:
Task-related -
External interruption

Every 4min the intelligent
assistant prompts if help is
needed, and the participant
responds by completing a blue
marked word search

(continued)



548 N. Liu and Q. Pu

Table 1. (continued)

Items Main task Interactive tasks

Experiment group:
Task-independent - External
interrupts

Every 4min the intelligent
assistant will indicate the
receipt of emails. If it indicates
the receipt of new emails it
will give feedback on the
content of the emails, and the
participant will complete the
email collection by responding

Analysis of Variance (ANOVA) was used to analyze the effects of task relevance
and interruption mode on task performance and subjective perceptions. Bonferroni was
used for difference comparisons. Effect sizes were assessed by the η2p. All data were
analyzed using SPSS 26.0 software and the significance level was set at 0.05.

3 Results

3.1 Task Performance

According to the results of the analysis (Fig. 1), there was a significant effect of whether
to performmultiple tasks on correct task completion (F (1, 29)= 15.09, p< 0.01, η2p =
0.34). Furthermore, there was no significant effect of task relevance, interruption mode
on correct task completion (Fig. 2) and no significant effect of the interactions on correct
task completion (F (1, 29) = 1.54, p = 0.23, η2p = 0.05). Post-hoc tests showed that
the control group, which did not perform multiple tasks, had a higher rate of correct task
completion compared to the experimental group (t (29) = 3.88, p < 0.01).

Fig. 1. Effects of multiple tasks performing on task correctness (error line is ± 1 standard error)
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Fig. 2. Effects of task relevance and interruption mode on task correctness (error line is ± 1
standard error)

3.2 Subjective Feelings

Figure 3 presents the cognitive load of users with different task relevance and interrup-
tions. The analysis showed that whether multitasking was performed had a significant
effect on cognitive load (F (1, 29) = 16.78, p < 0.0001, η2p = 0.37) (Fig. 4). However,
the main effects of task relevance and interruption mode on cognitive load were not
significant, and the interactions had no significant effect on cognitive load (F (1, 29) =
0.28, p = 0.60, η2p = 0.01). Post-hoc tests showed that the control group that did not
perform the multitask had lower cognitive load compared to the experimental group (t
(29) = 4.10, p < 0.0001).

For need satisfaction, the presence or absence of multitasking had a significant effect
on subjective perceived need satisfaction (F (1, 29) = 4.45, p < 0.05, η2p = 0.13).
Although the main effects of task relevance and interruption mode on need satisfaction
were not significant (Fig. 5), the interactions had a significant effect on need satisfaction
(F (1, 29) = 6.64, p < 0.05, η2p = 0.19) (Fig. 6). Post hoc tests showed that the control
group that did not multitask had lower need satisfaction compared to the experimental
group (t (29)= 2.11, p< 0.05). While for the main effect of task relevance, there was no
significant difference in needs gratification between relevant and irrelevant multitasking
(t (29) = 0.02, p = 0.99). For the main effect of interruption mode, there was also no
significant difference in needs gratification between internal and external interruptions
as well, (t (29) = 0.99, p = 0.33). Further simple effects analysis revealed that, in the
case of performing related multitask, needs gratification was significantly higher for
internal interrupts (M = 4.49, SD = 0.88) than for external interrupts (M = 4.13, SD =
1.11, t (29) = 2.29, p < 0.05).

For flow, there was no significant effect of whether perform multiple tasks (F (1, 29)
= 2.40, p= 0.13, η2p = 0.08). While the main effects of task relevance and interruption
mode on flowwere not significant (Fig. 5), the interaction effects of both were borderline
significant (F (1, 29) = 4.18, p = 0.05, η2p = 0.13) (Fig. 6). Post hoc tests showed that
for the main effect of task relevance on flow, there was no significant difference between
relevant and irrelevant multitasking (t (29) = 1.95, p = 0.06). For the main effect of
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interruption mode on flow, there was also no significant difference between internal and
external interruptions, (t (29)= 1.10, p= 0.28). Further simple effects analysis revealed
that, in the case of performing the relevant multitask, the flow of internal interrupts (M =
4.66, SD= 0.75) was significantly higher than that of external interrupts (M = 4.33, SD
= 0.85, t (29) = 2.11, p < 0.05). In the case of internal interruptions, the flow level for
performing relevant multitasking (M = 4.66, SD = 0.75) was significantly higher than
for performing irrelevant multitasking (M = 4.28, SD = 0.76, t (29) = 2.65, p < 0.05).
Overall, in the multitasking experimental setting, the execution of relevant multitasking
with internal interruptions performed best in terms of flow.

Fig. 3. Effects of task relevance and interruptionmode on cognitive load (error line is± 1 standard
error)

Fig. 4. Effects of multiple tasks performing on cognitive load (error line is ±1 standard error)
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Fig. 5. Effects of task relevance and interruption mode on needs gratification and flow (error line
is ±1 standard error)

Fig. 6. Interaction effects of task relevance and interruption mode on needs gratification and flow
(error line is ±1 standard error)

4 Discussion

The experiment results suggest that multitasking impairs task performance and increases
cognitive load and need satisfaction. This result is in line with many previous studies,
such as Kirschner and Karpinski [21] who found that Facebook users had lower task
performance in relevant research activities compared to non-users, and Jacobsen and
Forste [22] who assessed college students’ media use behavior on their academic perfor-
mance, they obtained similar results. This study suggests that multitasking in learning
situations, whether performing related or independent tasks, has a negative impact on
task performance, which supported by some scholars who think “once students use smart
devices during their studies, their academic performance decreases”.
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However, themain effect of task relevance on both objective performance and subjec-
tive perceptions was not significant in this experiment. It is inconsistent with previous
experiments by Hembrooke [23] et al. in which they found that for students of simi-
lar levels, groups dealing with relevant multitasking outperformed groups dealing with
irrelevant multitasking. The non-significant main effect between the two levels of task
relevance may be since the secondary task completed during multitasking was less dif-
ficult than the main task. The secondary task did not take up much cognitive resources,
which in turn did not have a significant effect on objective performance. Additionally,
in previous studies related to multitasking, Zhang [24] and others found that, in work-
related multitasking, instrumental demands were mainly satisfied, whereas in media
multitasking interaction, emotional demands were mainly satisfied. Based on this, the
main and related tasks taken in this experiment satisfy users’ instrumental needs, while
the unrelated tasks satisfy users’ affective needs. Although the sources of the needs sat-
isfied are different, they both have a positive impact on users’ needs satisfaction. As the
main task itself have a high satisfaction of the participants’ overall needs (normalized
mean value of need satisfaction for the control group >0.7), the needs for emotional
experience, social interaction and self-identity arising outside the main task were low,
and the impact caused by dealing with related and unrelated multitasks was not signif-
icant. Similarly, for flow, the user’s high level of experience in completing the entire
task, which measures the level of concentration and engagement with the task dur-
ing the task. Wang et al.’s study [25] showed that, learning tasks are inherently more
immersive as they require more task engagement than other tasks. The participant effect
on objective performance and subjective perception, probably for internal and external
interruptions in the experiment triggered less difficulty in multitasking. The information
brought about by partial interruptions to multitasking was likely to be completed by the
participant through parallel tasks without task interruptions, reducing the cognitive cost
due to task switching, affecting the user’s subjective perception as well.

The interaction effects of task relevance and interruption mode on need satisfaction
and flow were significant. Flow Theory and Self-regulation Theory [26] suggest that
self-interruption occurs when individuals are unable to achieve a state of flow through
the ongoing task. Whereas internal drivers of multitasking behavior are mainly due to
the generation of psychological, emotional or social demands [27]. Based on Moti-
vated Cognition Theory (MCT), internal interruptions are individuals themselves in a
position where needs gratification and higher levels of flow occur. Therefore, internal
interruptions lead to higher needs gratification and flow.

In summary, future research could be investigated in the following ways. First, the
range of participants could be increased to expand the experimental coverage group.
Previous multitasking studies have shown that there are differences in multitasking
ability and cognitive load among participants of different ages [28, 29]. Multitasking
performance and perceived levels also vary according to individual multitasking ability
and individual characteristics [30]. The results lacked significant differences in terms of
need gratification and flow, as the participants’ perceptions of flow and task satisfaction
fluctuated less under different experimental settings. Secondly, secondary tasks with
quantifiable task difficulty can be used to balance the difficulty and time spent on the
primary and secondary tasks. And the impact of differences in secondary task difficulty
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on the users’ experience could be explored. In this study, the secondary tasks were set at
a relatively low level of difficulty and occurred for a shorter period than the main task,
making the differences in participants’ subjective feelings with respect to different task
relevance and task interruption modes relatively small.

Acknowledgements. This work was supported by grants from Natural Science Foundation of
China (Project No. 71901033) and Beijing Natural Science Foundation (Project No. 9204029).

References

1. Lui, K.F.H., Wong, A.C.N.: Does media multitasking always hurt? A positive correlation
between multitasking and multisensory integration[J]. Psychon. Bull. Rev. 19(4), 647–653
(2012)

2. Jeong, S.H., Hwang, Y.: Media multitasking effects on cognitive vs. attitudinal outcomes: a
meta-analysis. Hum. Commun. Res. 42(4), 599–618 (2016)

3. Mark, G., Iqbal, S., Czerwinski, M., et al.: Focused, aroused, but so distractible: temporal per-
spectives on multitasking and communications. In: Proceedings of the 18th ACMConference
on Computer Supported Cooperative Work & Social Computing, pp. 903–916 (2015)

4. Wang, Z., Irwin, M., Cooper, C., et al.: Multidimensions of media multitasking and adaptive
media selection. Hum. Commun. Res. 41(1), 102–127 (2015)

5. Lang, A.: The limited capacity model of mediated message processing. J. Commun. 50(1),
46–70 (2000)

6. Basil, M.D.: Multiple resource theory I: application to television viewing. Commun. Res.
21(2), 177–207 (1994)

7. Wickens, C.D.: Multiple resources and performance prediction. Theor. Issues Ergon. Sci.
3(2), 159–177 (2002)

8. Moreno, R., Mayer, R.E.: Cognitive principles of multimedia learning: the role of modality
and contiguity. J. Educ. Psychol. 91(2), 358–368 (1999)

9. Mark, G.: Multitasking in the digital age. Synthesis Lect. Hum.-Centered Inf. 8(3), 1–113
(2015)

10. Miyata, Y., Norman, D.A.: Psychological issues in support of multiple activities. In: User
Centered System Design: New Perspectives on Human-Computer Interaction, pp. 265–284
(1986)

11. Carver, C.S., Scheier, M.F.: Action, affect, multitasking, and layers of control. In: Psychology
of Self-regulation: Cognitive, Affective and Motivational Processes, pp. 109–126 (2009)

12. Mark, G., Gonzalez, V.M., Harris, J.: No task left behind? Examining the nature of fragmented
work. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems,
pp. 321–330 (2005)

13. Adler, R.F., Benbunan-Fich, R.: Self-interruptions in discretionary multitasking. Comput.
Hum. Behav. 29(4), 1441–1449 (2013)

14. Wang, Z., Tchernev, J.M.: The, “myth” of media multitasking: reciprocal dynamics of media
multitasking, personal needs, and gratifications. J. Commun. 62(3), 493–513 (2012)

15. Lopez, R.B., Heatherton, T.F., Wagner, D.D.: Media multitasking is associated with higher
risk for obesity and increased responsiveness to rewarding food stimuli. Brain Imaging Behav.
14(4), 1050–1061 (2020)

16. Lopez, R.B., Salinger, J.M., Heatherton, T.F., et al.: Media multitasking is associated with
altered processing of incidental, irrelevant cues during person perception. BMCPsychol. 6(1),
1–7 (2018)



554 N. Liu and Q. Pu

17. Hart, S.G., Staveland, L.E.: Development of NASA-TLX (Task Load Index): results of empir-
ical and theoretical research. In: Advances in Psychology, vol. 52, 139–183. North-Holland
(1988)

18. Leung,A., Sheng,Y.,Cruickshank,H.: The security challenges formobile ubiquitous services.
Inf. Secur. Tech. Rep. 12(3), 162–171 (2007)

19. Jeong, S.H., Fishbein, M.: Predictors of multitasking with media: media factors and audience
factors. Media Psychol. 10(3), 364–384 (2007)

20. Csikszentmihalyi, M., Csikzentmihaly, M.: Flow: the Psychology of Optimal Experience.
Harper & Row, New York (1990)

21. Kirschner, P.A., Karpinski, A.C.: Facebook® and academic performance. Comput. Hum.
Behav. 26(6), 1237–1245 (2010)

22. Jacobsen,W.C., Forste, R.: Thewired generation:Academic and social outcomes of electronic
media use amonguniversity students.Cyberpsychol.Behav. Soc.Netw.14(5), 275–280 (2011)

23. Hembrooke, H., Gay, G.: The laptop and the lecture: the effects of multitasking in learning
environments. J. Comput. High. Educ. 15(1), 46–64 (2003)

24. Zhang, W., Zhang, L.: Explicating multitasking with computers: gratifications and situations.
Comput. Hum. Behav. 28(5), 1883–1891 (2012)

25. Wang, S., Wang, T., Chen, N., et al.: The preconditions and event-related potentials correlates
of flow experience in an educational context. Learn. Motiv. 72, 101678 (2020)

26. Deng, L.: Laptops and mobile phones at self-study time: examining the mechanism behind
interruption and multitasking. Australas. J. Educ. Technol. 36(1), 55–67 (2020)

27. Cardoso-Leite, P., Kludt, R., Vignola, G., et al.: Technology consumption and cognitive
control: contrasting action video game experience with media multitasking. Atten. Percept.
Psychophys. 78(1), 218–241 (2016)

28. Guimond, A., Braun, C.M.J., Rouleau, I., et al.: Remembering the past and foreseeing the
future while dealing with the present: a comparison of young adult and elderly cohorts on a
multitask simulation of occupational activities. Exp. Aging Res. 32(3), 363–380 (2006)

29. Todorov, I., Del Missier, F., Mäntylä, T.: Age-related differences in multiple task monitoring.
PLoS ONE 9(9), e107619 (2014)

30. Dönmez, O., Akbulut, Y.: Timing and relevance of secondary tasks impact multitasking
performance. Comput. Educ. 161, 104078 (2021)


	Multitasking with Intelligent Assistant: Effects of Task Relevance and Interruption Mode
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Design
	2.3 Procedure

	3 Results
	3.1 Task Performance
	3.2 Subjective Feelings

	4 Discussion
	References




