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Abstract

When attempting to solve a problem, humans call upon cognitive resources. These
resources are limited, and the degree of their utilisation is described as cogni-
tive load. While the number of parameters to be taken into account and to be pro-
cessed by modern-day knowledge workers increases, their cognitive resources do
not. Research shows that too high a load can increase stress and failure rates and
decrease the work satisfaction and performance of employees. It is thus in the inter-
est of organisations to reduce the cognitive load of their employees and keep it at a
moderate level. One way to achieve this may be the application of virtual assistants
(VAs), software programs, that can be addressed via voice or text commands and
respond to the users’ input. This study uses a laboratory experiment with N=91 par-
ticipants comparing two groups in their ability to solve a task. One group was able
to make use of a VA while the other could not. Besides task performance, the cogni-
tive load of the participants was measured. Results show that (a) cognitive load is
negatively related to task performance, (b) the group using the VA performed better
at the task and (c) the group using the VA had a lower cognitive load. These findings
show that VAs are a viable way to support employees and can increase their perfor-
mance. It adds to the growing field of IS research on VAs by expanding the field for
the concept of cognitive load.
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1 Introduction

The working memory plays an important role in learning and processing of infor-
mation. As its capacity is limited so is the amount of information that can be
processed at the same time. The amount of working memory used during this
processing is called cognitive load (Sweller 1988). The concept of cognitive load
originates in behavioural psychology and the realm of learning but has since been
transferred to research on other disciplines, amongst others to Information Sys-
tems (IS) (e.g. Hu et al. 2017). Studies have also transferred the concept to the
working context and could, for example, show that work-related well-being was
decreased when the cognitive load was too high (Pace et al. 2019). Even more
severely, findings also indicate that task performance of employees seem to suffer
under too high a load (Altaf and Awan 2011). Taken together with the digitalisa-
tion that takes place in almost all industries and poses challenges to both employ-
ers and employees who need to adapt to new and complex processes (Matt et al.
2015) it is increasingly important to control the cognitive load experienced by
employees in order to ensure their well-being and in turn the performance of the
employer.

However, the digitalisation does not only pose challenges but also offers oppor-
tunities to reduce the workload, for example in the form of virtual assistants (VAs).
These computer-based support systems are projected to be used by at least a quar-
ter of digital workers within the next two years (Maedche et al. 2019). It follows
that research has looked at the application of this technology in the working con-
text from several angles, e.g. its potential for support in customer service (Cui et al.
2017) or internal communication (Stockli et al. 2018). Furthermore, introducing
VAs in organisations aims at reducing the workload of employees by assisting in
the execution of work-related tasks (Norman 2017). Research on whether support
through computer-based systems may be able to reduce the workload yields ambigu-
ous results (Moreno et al. 2001). On the one hand, studies show that learning is
promoted (e.g. Moreno et al. 2001; Schmuntzsch et al. 2012) and superior results
are achievable (Mechling et al. 2010). On the other hand, the learning process is
not always facilitated (Schnotz and Rasch 2005) and work performances can be
impacted negatively (Chandler and Sweller 1991). However, to our knowledge, the
potential of VAs to reduce cognitive load, or the question whether they even inter-
fere when performing tasks, has not yet been addressed sufficiently. If these systems
are actually to become widely-used within a few years and they furthermore hold the
potential to reduce the workload, they could be a feasible way to relieve employees,
thus supporting their well-being and performance, and they could therefore be of
great value to enterprises. However, to make informed assumptions on this topic,
more research is needed as it is currently inconclusive, which is why more clarifica-
tion is necessary. The aim of this paper is thus to shed light on these aspects, espe-
cially on the ambiguity regarding the in- or decrease in cognitive load through tech-
nology and thus to answer the following questions:
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RQ1 To what extent do virtual assistants influence the perceived workload during
the solution of a task?

RQ2 How do participants supported by virtual assistants compare to those without
support regarding their performance at a task?.

To address this shortcoming, we conducted an experiment with N=91 par-
ticipants in two groups that had to solve a work-related task and where one group
was supported by a VA. We then measured and compared the cognitive load of
the participants in the two groups and their actual task performance. The paper
presents the findings and aims to shed light on the potential of VAs to positively
influence the cognitive load of their users. It first presents current literature on
cognitive load and VAs before detailing the chosen methodological approach.
Afterwards the results are described and discussed, followed by the conclusion as
to what extent VAs are feasible to influence the cognitive load of employees.

2 Theoretical background
2.1 Cognitive load

Cognitive load theory explains how factors such as task difficulty and people’s
available mental resources influence their success in learning to solve problems
effectively (Sweller 1988). It originates in educational psychology. An underlying
assumption is that a learner has limited cognitive capacity that he or she can make
use of when attempting to solve a problem. Effective learning takes place when
the learner develops the ability to recognise that the task belongs to a category of
problems, and knows which steps are normally required to solve such problems.
This process is referred to as schema acquisition (Sweller 1988). It can only take
place when enough cognitive capacity is available for categorising and systema-
tising knowledge (germane cognitive load). If it is taken up by the task’s inher-
ent cognitive load demands (intrinsic load) and by additional cognitive load that
is unnecessarily imposed, for example, by poor instructional design (extraneous
cognitive load), then learning cannot take place (Paas et al. 2003). This implies
that, counterintuitively, if all of one’s cognitive capacity is devoted to achieving
a specific goal set by the instructor, learning can actually suffer, and a goal-free
approach might be better (Sweller 1988). The psychological resistance to stress
or difficult situations, known as resilience (Neyer and Asendorpf 2017), might
further impact the cognitive load in addition to task difficulty and people’s avail-
able mental resources. The term resilience is defined as “positive psychological
capacity to rebound, to ‘bounce back’ from adversity, uncertainty, conflict, failure
or even positive change, progress and increased responsibility” (Luthans 2002).
Resilience is related to satisfaction or commitment of employees at the workplace
(Youssef and Luthans 2007) and changes when known behaviour and common
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procedures vary. Cognitive load theory has obvious implications for instructional
design. An overloaded or underloaded learner will acquire problem-solving skills
less effectively. An appropriate instructional procedure should therefore encour-
age learners to use their cognitive resources in a way that furthers learning, while
at the same time avoid demanding cognitive resources unnecessarily.

Cognitive load theory also has implications for management. In an organisational
setting, the concept of learning how to solve a problem by attempting to solve it is
commonplace, if not as a result of deliberate instructional design, then as a practical
consequence of business demands. In an age of frequent technological and organisa-
tional change, Galy et al. (2012) argue, managing workload is an important part of
ensuring employees’ wellbeing and safety. Exorbitant cognitive load can have nega-
tive implications on business decisions: for example, managers under high cogni-
tive load may face difficulties in evaluating job candidates appropriately (Nordstrom
et al. 1996).

2.2 Virtual assistants in organisations

The deployment of virtual assistants in organisations seems reasonable for managing
employees’ workload, facilitating tasks and improving business decisions. Various
synonyms for VAs exist which are used interchangeably (Luger and Sellen 2016).
Terms that can be found in research and practice are, for example, voice assis-
tants (Diao et al. 2014; Alepis and Patsakis 2017; Hoy 2018), personal assistants
(Moorthy and Vu 2015; Sangyeal and Heetae 2018), cognitive assistants (Siddike
and Kohda 2018; Siddike et al. 2018) or conversational agents (Saffarizadeh et al.
2017). Similar to the variety of words, there is no consensus on a precise defini-
tion. Researchers and practitioners explain VAs from different perspectives such as
their primary mode of communication or their main purpose (Gnewuch et al. 2017)
as well as by their tasks and system characteristics (Strohmann et al. 2018). The
explicit classification of VAs in one of these categories is simply not possible due to
overlaps. Text-based VAs might use speech-to-text modules to convert human lan-
guage into text (Gnewuch et al. 2017). VAs might also be further developed and cus-
tomised to adapt features to individual needs or specific tasks (Chung et al. 2017).
However, VAs can generally be described as systems interacting with users by simu-
lating the behaviour of human beings and using natural language (Luger and Sellen
2016; McTear et al. 2016; Diederich et al. 2019) to assist in the execution of work-
related tasks or even have them fulfilled entirely (Norman 2017). In the current con-
text, the definition used by Stieglitz et al. (2018) to define the term VA seems to fit
best for our purpose: “software programs that can be addressed via voice or text and
that can respond to the user’s input (i.e. assist) with sought-after information” (p. 3).

Research has recently gained an interest in the interaction with VAs (Gnewuch
et al. 2017) since building systems with the help of artificial intelligence and
machine learning algorithms has become more practical to assist users in a wide
variety of tasks (Knijnenburg and Willemsen 2016). VAs are particularly helpful
in tackling repetitive tasks that require the fast retrieval and processing of digital
data as well as the understanding of complex interdependencies (Dellermann et al.
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2019). By tailoring systems to the users’ needs, better assistance and added value
can be generated (Maedche et al. 2016). Due to the fact that numerous benefits are
generated, especially regarding competitive advantage, organisations are heavily
investing in VAs (Schuetzler et al. 2018). Applied in organisations, for example in
banking, insurance or retail, VAs aim at the prospect of generating additional rev-
enue or cost savings (Quarteroni 2018) and positively influencing the customer’s
satisfaction (Verhagen et al. 2014). VAs can be used for the direct interaction with
customers. When assisting while shopping online, VAs provide advice to find suit-
able products and thus reduce information overload (Benbasat and Wang 2005; Qiu
and Benbasat 2009). Moreover, users are supported when having inquiries regarding
the company’s services (Quarteroni 2018). In addition, VAs also have the potential
to enhance processes within organisations. Systems are utilised in human resource
departments to facilitate the onboarding process of new employees by providing a
question-and-answer assistant (Shamekhi et al. 2018). Further, VAs are applied in
customer service (e.g. (e.g. Gnewuch et al. 2017; Hu et al. 2018) to reduce the work-
load of call centre agents. By supporting the handling of customer enquiries with
VAs (McTear et al. 2016), a solution for users can be proposed immediately (Frick
et al. 2019) as requests can be handled without additional overhead (Stieglitz et al.
2018).

2.3 Virtual assistants and cognitive load

Research has already taken several attempts to validate if the cognitive load can
be reduced through the deployment of various technologies. Moreno et al. (2001)
showed that students interacting with an animated pedagogical agent via natural lan-
guage outperform students not using an agent when learning. Another study could
show that VAs, embodied by an animated character, help to focus on relevant infor-
mation and facilitate learning thus supporting users performing physical tasks (Sch-
muntzsch et al. 2012). However, a VA could also interfere with successful learning.
Interacting with it requires the participant to exert cognitive resources. Cognitive
load theory has long recognised that this additional, extraneous cognitive load may
eliminate the benefit from the additional instruction (Tarmizi and Sweller 1988).
Seemingly useful material can negatively impact performance if it is not essential to
solving the task (Chandler and Sweller 1991). Schnotz and Rasch (2005) found that
facilitating learning is not always beneficial as users are prevented from performing
relevant cognitive processes on their own. Lohse et al. (2014) examined robot ges-
tures and report that a higher human—robot interaction increases user performance
and decreased cognitive load for difficult tasks but not for easy tasks. Regarding vir-
tual agents, Moreno et al. (2001) make a similar argument, and refer to the construc-
tivist hypothesis (that agents help learning) and the interference hypothesis (that
they hinder it).

The application of VAs in organisations seems beneficial to facilitate internal
processes and to gain competitive advantage in that it supports workers in better
completing their tasks (Morana et al. 2017). As studies indicate that increased cog-
nitive load at the workplace hinders employees from reaching their full potential
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(Altaf and Awan 2011), it should be in the interest of organisations to keep this load
at a moderate level. The utilisation of VAs aims at doing exactly that: reducing the
cognitive load when enhancing humans in work-related tasks for further perfor-
mance improvements. This might create significant benefits for the applying organi-
sation itself and further for its customers. Studies have already shown that, under
certain circumstances, cognitive load can be reduced through the use of technol-
ogy, increasing the user performance. For example, Mechling et al. (2010) could
show that groups instructed by a digital assistant showed better results than groups
without that support. Likewise, cognitive load might be enlarged when dealing
with additional instructions or different tasks. Until now there has not yet been any
research giving evidence if VAs are able to reduce the cognitive load or if they even
interfere when performing tasks. To test this, we conducted an experiment with two
groups which had to solve a task and where the experimental group could use a
virtual assistant to solve the task while the control group could not. In the follow-
ing section we will describe the structure of the experiment, the task that was to be
solved as well as the measures that were collected.

3 Method
3.1 Participants

The experiment was conducted at a German University between 28 May and 18
June 2019. The university’s students were invited to participate on a voluntary basis.
In this timespan, 91 people participated in the study. We then randomly assigned the
participants into two groups, resulting in a well-balanced sample of 46 participants
in the control group without a virtual assistant and 45 in the experimental group
using a virtual assistant. Overall, 54.9% of the participants were female (N=50),
and their age ranged from 18 to 31 (M =22.01, SD=3.02), indicating a rather young
sample. Furthermore, 80% of the participants had passed their A-levels while 14%
held a Bachelor’s degree. Together with the young age and in accordance with
the mode of acquisition of the sample this shows a typical undergraduate student
sample.

3.2 Materials
3.2.1 NASA task load index (NASA-TLX)

Concepts related to cognitive load are frequently measured using self-report rating
scales (Paas et al. 2003). This approach assumes that learners are able to report the
amount of mental effort that they experienced while attempting to solve a task. It is
worth noting that self-report rating scales do not typically distinguish between the
three types of cognitive load (intrinsic, extraneous, germane) but rather measure the
overall load experienced.
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A commonly used scale to quantify the perceived workload of a participant is
the NASA Task Load Index (Galy et al. 2012). The National Aeronautics and Space
Administration (NASA) developed the NASA-TLX in order to measure the per-
ceived workload of a task (Hart and Staveland 1988). This measurement was suc-
cessfully used in several contexts such as in both laboratory and field studies (Rubio
et al. 2004; Noyes and Bruneau 2007; Cao et al. 2009). The index itself contains six
subjective subscales forming the NASA-TLX score: (1) Mental Demand, (2) Physi-
cal Demand, (3) Temporal Demand, (4) Performance, (5) Effort, and (6) Frustration.
These clusters of variables were chosen to cover the “range of opinions and apply
the same label to very different aspects of their experience” (Hart 2006, p. 904).
Due to the subjective experience of conducting a specific task, the NASA-TLX was
developed to consider the perception of a variety of activities such as simple labora-
tory task or flying an aircraft. While (1) describes how much mental and perceptual
activity was required, (2) shows the perceived amount of required physical activity.
Besides the perceived mental and physical efforts, the NASA-TLX also covers the
perception of time pressure (3) during a task. Furthermore, the subscales (4) to (6)
ask about the perception of the results of the given tasks. Therefore, (4) describes
the personal performance perception — i. e. the perceived success reaching the given
goals of the tasks and (5) asks to what extent the participants had to work to reach
the achieved level of performance. As people sometimes feel frustrated when a
given task is perceived as too difficult, subscale (6) asks the participants about the
level of frustration during the task (Hart 2006). In our experiment, all subscales had
high reliability (Cronbach’s a=0.89).

3.2.2 Resilience scale (RS-11)

According to the appraisal theory, stress emerges when a task at hand exceeds one’s
own resources and abilities (Smith et al. 2011). Following, an increasing level of
stress might impact the participant’s task performance as well as the perception of
the work and its outcome. In order to avoid undetected distortion towards the task
performance, we consider the psychological resistance to stress or difficult situa-
tions, known as resilience (Neyer and Asendorpf 2017). We use the Resilience Scale
(RS-11) as a short scale for assessing the resilience of a human (Schumacher et al.
2005). The RS-11 is a self-report scale containing eleven items which are divided
into two sub-scales: (1) personal competence and (2) acceptance of the self and life.
The subscales had a high reliability, all Cronbach’s a=0.90.

3.2.3 Virtual assistant

In order to investigate the impact of a text-based VA on decreasing the cognitive
load during task-solving, we made use of Google’s cloud platform DialogFlow.!
This platform is widely used for developing natural and rich conversational expe-
riences based on Google’s machine learning (Canonico and De Russis 2018).

! https://dialogflow.com/.
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Furthermore, the implementation is based on four general concepts (Mufioz et al.
2018). First, Agents transform natural user language into actionable data when a user
input matches one of the intents. Second, Infents represent a mapping between what
the user says and what action is taken. Third, Entities represent concepts and serve
as a tool for extracting parameter values from natural language inputs. Finally, Con-
texts are designed for passing on information from previous conversations or exter-
nal sources. To reduce the degree of complexity caused by the interaction with the
VA, we focused on establishing a disembodied VA with a messaging-based interface
(Araujo 2018).

As VAs exhibit social and conversational dialogue (Hung et al. 2009), our VA
is implemented to make a simple conversation at the beginning of the interaction.
Participants can interact with the VA via a web-based interface, similar to contem-
porary instant messengers such as Telegram or WhatsApp, using a keyboard and a
computer screen. This interaction could be a request for the participant’s name and
feelings. Furthermore, the applied VA is text-based to avoid additional influential
factors which may evolve by voice interactions or embodied avatars. Figure 1 shows
a translated example of a dialogue with the VA.

To support the participants during the task, the assistant simulates intelligence
by selecting a prefabricated answer based on distinct keywords used in the partici-
pant’s input. We defined 25 Intents to match the user input. The intents belonged
into roughly 3 groups: Introduction, Tutorial and Task Support. The Intents in the
Introduction Group mostly revolved around welcoming the users, asking for their
well-being and readiness to start the task. The tutorial intents were designed to
increase the users’ familiarity with the VA and the capabilities of the VA. Most of
the intents revolved around Task support where users could ask for help solving the
task, for example by asking what certain parameters meant or how they were calcu-
lated. We also used the standard ,,sys.given-name “ entity provided by DialogFlow
as an Entity. The VA’s feedback includes a question-answering component (Morris-
sey and Kirakowski 2013; Lamontagne et al. 2014) that can be queried by the user
to gain information, support and instruction about the specific task. In this context,
the VA only provides helpful hints which support the participants solving the task.
However, the VA does not deliver the actual solution to the current task.

3.2.4 Task performance and pre-study

Task performance was measured with a score ranging from 0 to 28 that captures
how well participants did at a critical path method (CPM) task. A higher value rep-
resents a better performance in the execution of the task. The goal of this task was
to use this method to plan a research project for the market research unit of a large
organisation.

The task was determined in a pre-study to ensure that it is sophisticated and
involves a potentially high perceived workload in the experiment. The sample of 10
participants (6 female, 4 male) consists of randomly selected students at the Univer-
sity. In this context, a good fitting task challenges the participants on decent level,
and therefore causes an increased cognitive load score. A task which overwhelms
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g Kim - Your Virtual Assistant

ANGETRIEBEN VON () Dialogflow

Can you tell me what the critical path is?

Of course! The critical path indicates which
project steps have no buffers. They must be
carried out within the specified time period,
otherwise each subsequent process step
will be delayed. The critical path results from
each process step that has NO Free Float
and also no Total Float. Can you follow me?

Not really... What is the free float?

Oh, I'm sorry! The Free Float is how long an
activity can be delayed without delaying the
Early Start of its successor activity.lt is
therefore the difference between the Early
Finish date (EF) of the activity from the Early
Start date (ES) of the next. So simply EF
minus ES! Since the last project step has no
successor, the Free Float is always 0. Did
you understand that?

Yes | get it now. Thank you!

Great! I'm so glad | could help. Text me if you

have any further questions!

Type in your question... $

Fig. 1 Example of a dialogue with the Virtual Assistant
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the participants may prevent sustained learning effects due to less available cogni-
tive resources (Paas et al. 2003). To this end, a text-based task (TBT) and CPM
were compared. On the one hand, the TBT required the participants to read three
texts about medieval ages, a topic which does not rely on previous knowledge of
the participants. On the other hand, the CPM was implemented with a scenario that
puts the participants in a working context. In detail, the participants had to organise
a marketing study using the CPM. The time limit for each of the tasks was 10 min.

Each task was given to five participants and the perceived workload was meas-
ured by the NASA-TLX. The age ranged from 22 to 31 (M=25). On average,
participants given the CPM task engaged in higher NASA-TLX scores (M =12.5,
SD=3.85) than the TBT group M =6.36, SD=4.06). This difference of 6.13 was
significant (95% CI [0.35, 11.91], t(8)=2.44, p=0.040. Furthermore, it represents
a large-sized effect, d=0.98. Following, the CPM task has the potential to increase
the cognitive load of the participants in a more effective way than the TBT does.
Thus, due to its better potential to benefit from the use of a virtual assistant, the
CPM was chosen for the main study.

3.3 Procedure

In order to investigate the influence of a VA on the perceived workload of a par-
ticipant, the experiment used a between-subjects design. The independent variables
were the resilience score (RS-11) and the usage of a VA (group variable) whereas
the dependent variables were the perceived workload (NASA-TLX), the task-score
as well as the time to finish the task. Analyses were conducted using the software
SPSS Statistics (Version 25) and Jamovi (1.0.2.0).

The main study was conducted as a laboratory experiment at a German Univer-
sity in German language. A laboratory experiment was chosen to better control the
surroundings, to ensure that the task performance was measured correctly and to
ensure a steady and even experience with the virtual assistant. Furthermore, the
investigators were present to assist the participants with questions should those
arise. However, their assistance was not utilised by any of the subjects.

The participants were welcomed by the investigator and introduced to the study.
They were then led to a computer to begin with the first questionnaire. First, the
participants were presented with the RS-11 questionnaire to retrieve the resilience
score.

Afterwards they were presented with an introduction to the CPM followed by an
example. After reading through the briefing, participants were instructed to contact
the investigator for the material needed. The goal was to use the CPM to plan a
research project for the market research unit of a big organisation. Participants were
given a list with unordered process steps (such as "literature research”, "conduct-
ing the study" or "develop methodology"), the respective duration for each step as
well as its dependencies on the other steps in the process. They were also handed
an empty template for a CPM to fill out with the according parameters. Finally, the
participants were informed of a virtual folder they were allowed to use which was
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Introduction
Welcome || AskforName& | | Tutorial —— TaskSupport F5"  Goodbye
Emotional State
optional

10 min

Fig. 2 Depiction of the interaction with the Virtual Assistant

located on the laboratory computer and included unordered text files explaining the
CPM procedure and the calculation of the individual values.

Additionally, the participants in the experimental group were also presented with
a sheet of paper which explained that they were allowed to use a text-based VA and
that it was nested in a browser window in the computer. They were then explained
how to use the VA properly such as using single sentences and that the VA did not
have contextual knowledge. All subjects in the experimental group made use of
the VA which provided the participants with the same information available in the
folder to all groups but could be specifically asked for certain information, e.g. what
certain parameters stood for or how they were calculated. Figure 2 depicts the steps
a conversation with the VA consisted of. Except for the availability of the VA, the
participants in the control and experimental group were presented the exact same
task. Also, all participants had access to the same information for solving the task
with the only difference that subjects in the control group could access the data via
browsing through virtual folders on the computer whereas subjects in the experi-
mental group could specifically access the information via dialogue with the VA.

Participants then had a time limit of 10 min to complete the task after which they
had to stop solving the task even when they had not yet completed it. They were also
instructed to give notice should they be finished before the time limit had run out.
In the latter cases the investigator noted the time that was needed. After the partici-
pants either completed the task or the time ran out, they were re-referred to the com-
puter to complete the remainder of the survey.

Following the task, the participants were presented with the NASA-TLX to assess
their perceived workload immediately after solving the task. They were then asked
whether they had already been familiar with the technique of CPM and the partici-
pants in the experimental condition were additionally asked whether they thought
the support by VA was helpful.

Finally, all participants were asked for their gender, age, highest educational
attainment and were debriefed, asked whether they had any further questions and
then thanked for their time.’

2 The concrete wording as well as the items can be taken from the supplementary material in the elec-
tronic version of this article.
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4 Results
4.1 Descriptive statistics

Overall, 95% of the participants who used the virtual assistant found it helpful and
on average had 14 interactions with the chatbot (where one interaction is defined as
one user input followed by one chatbot reply), 94.3% of which were matched (i.e. the
chatbot was able to match the input with intent). Participants scored between 0 and
28 points in the task, with M=16.68 (SD=7.81, Med=17) indicating that most of
the participants achieved more than half of the 28 points possible. 14% reached the
maximum score of 28 points. 70% of participants used the full 10 min to complete
the task, 3.3% needed less than 5 min. Only 4 participants had already used CPM.

4.2 Relation between perceived workload and task performance

To check whether the perceived workload was connected to the performance of the
participants, we conducted a bivariate correlation separate for each group (i.e. with
assistant and without assistant). In both groups the NASA-TLX score showed a sig-
nificant negative correlation with the performance score, indicating a better perfor-
mance when the cognitive load was lower. The correlation r(46)=-0.673, p <0.001
in the control-group without an assistant was larger than in the experimental group
with the assistant r(45)=-0.462, p<0.001. To assess whether this difference was
meaningful, we calculated the z-scores, which showed that the correlation between
NASA-TLX and task-score was not significantly different between the two groups
(Z=1.458, p=0.072) which indicates that, regardless of the condition the partici-
pants were in, a higher cognitive load was connected to worse performance.

4.3 Resilience and perceived workload

A t-test was conducted to investigate possible differences between the groups in the
participants’ resilience. To test whether the resilience of the participants influenced
their perceived workload, the correlation between the two variables was calculated
for each of the groups. To assess whether the strength of a possible relationship dif-
fered between the groups, a z-test was used to determine if the two correlations dif-
fered significantly.

The t-test for a difference in mean resilience score between the group with the
assistant (M =130, SD=20.5) and the group without the assistant (M =128,
SD=14.6) does not indicate a significant difference, #89)=-0.52, p=0.602,
d=-0.110. In both groups, resilience and cognitive load correlated significantly with
r(46)=-0.354 (p=0.016) in the control group and 1(45)=-0.380 (p=0.010) in the
experimental group. The correlation coefficients did not differ significantly between
the groups (Z=0.139, p=0.445), indicating that the higher the participants’ resil-
ience, the lower the perceived workload — regardless of the group.
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4.4 Performance of the groups

To assess whether performance differences between the groups with and without an
assistant exist, we calculated an independent t-test with a 95% confidence interval
and with the task-score as independent variable and the groups as factor (Table 1).
As Levene’s Test for Equality of Variances was not significant (p =0.767), equal
variances were assumed. On average, participants who used an assistant performed
better (M=19.76, SD=7.36) compared to participants in the group without an
assistant (M =13.67, SD=7.09). This difference was significant #89)= — 4.01,
p<0.001 and represents a large-sized effect (d=0.84).

4.5 Difference between cognitive load of the groups

Next, to test whether participants using the assistant differed in their reported per-
ceived workload, we conducted an independent t-test with a 95% confidence inter-
val and with the NASA-TLX-score as independent variable and the groups as fac-
tor (Table 2). Levene’s Test for Equality of Variances was not significant (p =0.470).
The mean of the group without the assistant was significantly (#(89)=3.55,
p<0.001) higher (M=10.28, SD =4.52) than the mean of the group using an assis-
tant (M=7.17, SD=3.79), indicating a higher perceived workload for the group
without an assistant. The effect size was large (d=0.75).

4.6 Time needed by the groups

An independent t-test with the groups as factor and the time needed to complete
the task was calculated to check whether one group on average took less time

Table 1 Comparison of

Group N Mean Median SD SE
Task score performance between
the groups Task score  Without assistant 46 13.7  14.0 736 1.09
perfor-
mance

With assistant 45 19.8  20.0 7.09 1.06

Max. Score: 28

Table,z Comparison of Group N Mean Median SD SE

perceived workload between the

groups NASA-  Without assistant 46 103 11.3 452 0.666
TLX

score

With assistant 45 7.17 6.83 3.79 0.565

Max. Score: 20
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Table 3 Comparison of time

G N M Medi SD SE
needed for working on the task roup can cdian
between the groups Time (s) Without assistant 46 586 600 580 856
With assistant 45 518 578 107 16.0

Max. time: 600 s

Table 4 Comparison of personal performance perception between the groups

Group N Mean Median SD SE
Personal performance Without assistant 46 10.1 8.50 6.86 1.01
perception
With assistant 45 7.00 5.00 5.70 0.849

Max. Score: 20

than the other (Table 3). As Levene’s test for equality of variances was significant
(»<0.001), degrees of freedom were adjusted from 89 to 67. The control group
without the VA needed significantly more time (M =586 s, SD=107) than the group
with the assistant (M =518 s, SD=107), #(67.35)=3.74, p<0.001. d=0.79 indi-
cated a large effect size.

4.7 Difference in the personal performance perception of the groups

As subscale 4 of the NASA-TLX measured the perception of the participants own
performance in completing the task it was used to assess whether this perception
differed between the groups. A lower value on this scale indicates a better perfor-
mance. An independent t-test with a 95% confidence interval was calculated. Lev-
ene’s test for equality of variances was significant (p=0.045), and the degrees of
freedom were reduced accordingly (from 89 to 86.74). The groups differed signifi-
cantly (t(86.74)=2.32, p=0.023) with the participants in the control group with-
out the VA having a higher mean (M=10.1, SD=6.86) than the participants in the
experimental condition (M=7.00, SD=5.70) indicating that the former believed
they did a worse job at completing the given task than the group using a VA believed
of themselves (Table 4). The effect size was moderate (d=0.486).

5 Discussion
5.1 Key findings and implications

One question this paper aimed to answer was how VAs influence cognitive load dur-
ing the solution of a task, as previous literature presented inconclusive findings on
this matter (e.g. Lohse et al. 2014). The current findings support the notion that VAs
are suitable to decrease said load, indicating that the application of VAs also has
an impact on the perceived workload of its users in that it reduces this workload as
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well. Prior findings were ambiguous, indicating that the application of technology
supporting users may also hinder the users because of the additional effort needed
to learn interacting with the supporting system (Tarmizi and Sweller 1988). In our
study this was not the case, for which there are several possible explanations. VAs
may be easy and intuitive to use. As the interaction with the VA applied in our study
takes place in text form and natural language akin to a chat with a human, this con-
cept may be familiar with participants, especially regarding the young age of the
sample. Thus, there is no additional effort needed to first learn how to use the VA
and it can solely help in supporting to reach the goal. Based on this assumption, one
takeaway from the study is that a VA which is easy to use and whose usage is not
connected to any extra effort is a good way to support people in fulfilling certain
tasks. Then again, the VA used in the current study had a very special focus as did
the participants while solving the task. It may be that specialised VAs are able to
more easily help solve special goals while VAs with a broader skill set may be less
effective. However, in practice it is not always feasible to provide several VAs for
several tasks. On the one hand, that may drive up costs for an applying organisation;
on the other hand, it may also be counterproductive in that it actually would require
the users to always have to pick the right VA according to the task at hand but in
turn increasing workload as additional mental resources are needed to make that
decision. However, this was not the current studies’ scope but needs more elabora-
tion in future studies.

From a learning perspective, the result that the group with virtual assistant per-
ceived a lower mental workload, performed better on the task and also perceived
their performance as better means that more resources could be available for ger-
mane cognitive load, which fosters schema acquisition and thereby improves learn-
ing (Paas et al. 2003). However, this process is not automatic. Depending on the
design of the materials, people who are exposed to too little cognitive load could
also be less likely to learn permanently how to solve the problem. In other words,
the availability of a VA might have helped them perform their tasks better but at
the same time made the task too easy for them to be able to later recall how they
solved it. This effect could be detrimental to their performance especially if they will
not always have the assistant available. Future studies should examine retention, and
employers who consider supporting their knowledge workers with VAs should keep
this point in mind to avoid an undesirable over-reliance on technology.

The current study furthermore examined the influence VAs could have on task
performance. Here, the findings show that the application of VAs had a positive
influence on the performance while solving a task. This is in line with findings from
previous literature e.g. from the learning domain which reported that students which
received support by a system akin to a VA performed better than those who did
not have the support (Moreno et al. 2001; Mechling et al. 2010). However, the cur-
rent study demonstrated this aspect on a domain rather related to the working envi-
ronment. This finding supports assumptions made by other researches (e.g. Morana
et al. 2017) and shows the importance that these systems may have in improving
organisational performance (through its employees) which may also lead to a higher
satisfaction of the latter. Furthermore, it demonstrates, that VAs are not only ben-
eficial for organisations when applied in contact with its customers (cf. Quarteroni

@ Springer



202 F. Brachten et al.

2018) but also for its own employees. However, as we discuss in the limitations and
outlook section, the current study was conducted as a laboratory experiment which
means that its external validity (i.e. in a practical context) has to be shown in future
studies. Nevertheless, these findings lay the groundwork for further evaluation of
VAs in the working context. Aspects such as the applicability over various industries
and for various tasks could be examined. Also, the acceptance by the users and the
applicability for different tasks or categories of tasks need to be explored.

Connected to the aspects discussed before, the current findings also show that a
reduced perceived workload is beneficial in reaching a higher score on task solu-
tion. The findings thus show that it is desirable to reduce the workload in order to
improve performance. In context of a working environment and regardless of the
application of VAs, employers should in general strive to support knowledge work-
ers in eliminating any distraction. Processes in the way to reach a certain goal could
be examined regarding unnecessary or outsourceable steps which could then be
reduced to a minimum. Especially steps connected to repetitive or overhead (i.e.
bureaucratic) activities seem to hold potential to be reduced as especially the lat-
ter have been found to be negatively related to the perception of work-related well-
being (Pace et al. 2019).

One important finding is also that the personal predisposition in the form of
resilience plays a role in the amount of perceived workload the participants felt.
The higher the resilience of the participants, the lower their perceived workload
— regardless of whether they used a VA or not. This means that, besides external
support, personal predispositions do also play a role in the amount of workload
people report. This is an important aspect that should not be overlooked as it indi-
cates that a person can get all the help in the world and still have a high workload
which may impede the performance in solving a task. Furthermore, different people
may need different amounts of support in solving a task or reaching a goal, which
is important to consider when evaluating any performance-related finding in regard
to perceived workload. While this aspect is not at the focus of the current paper, it
shows that individual predispositions should be taken into account and considered
when conducting research and interpreting results on perceived workload and in turn
cognitive load.

5.2 Limitations and future research

As with all research, several limitations to the findings apply. Our findings are
based on a sample consisting mostly of undergraduate students. Because of their
youth and thereby assumed familiarity with communication technology, the
experimental group using the VA may have had less trouble operating the VA
than an average adult that may be not as affine to modern communication tech-
nology. Furthermore, our paper aimed to research cognitive load and task per-
formance in a working context, for which one may argue that students are not
as feasible as actual employees with working experience. However, as Kretzer
and Maedche put it “students are suitable subjects, and students may also tend to
be less biased than experienced professionals due to their general relative youth
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and lack of work experience.” (2019, p. 1156). Still, future studies may take this
aspect into account and aim to replicate the findings on different samples that
may be older or have experience in a working environment.

Furthermore, the task chosen in the current context may not completely repre-
sent daily work processes as it is rather abstract. Still, with regard to the measur-
ability of the performance outcome, the task chosen in the current paper is, in
our eyes, a good compromise as it accomplishes two things: It simulates a task
in a working environment (such as a process that needs to be planned in a short
time span) and it ensures measurability and applicability in a laboratory research
setting, which increases the validity of the results. Nevertheless, future studies
may alter the task and, for example, conduct a case study in a real-world set-
ting. Our research thus also adds to the emerging body of work considering the
“Operator 4.0” — the worker who relies on increasing automation at the workplace
for increased efficiency (Romero et al. 2020). As the technology becomes more
capable and people become more familiar with it, this field of research is poised
to grow.

Future studies may also deeper examine the relation of personal predispositions
and the effect of a heightened perceived workload. In the current paper, resilience
showed that it impacted the perceived workload of the participants. First, this con-
nection could be further examined — is this true for other samples or for other tasks?
As the resilience was correlated with the perceived workload — which in turn was
based on the task to solve it would be interesting to see how this relation holds up if
the task is changed, e.g. to be more complex or easier. Furthermore, different predis-
positions could also be taken into account like the involvement in a certain topic that
is investigated with the task, the personality of participants or technological affinity
and the likes. This would lead to better insights into what aspects play a role in in- or
decreasing perceived workload in individuals.

As the cognitive load theory originates in educational psychology it would also
be interesting to conduct time-series analyses. These could show the effect learn-
ing has on the task performance. This way, the effectivity of VAs over time may be
shown, e.g. to be even greater, as participants get used to working with such sys-
tems, possibly reducing cognitive load that is initially needed to adapt to the system.
While the aspect of adapting to a VA didn’t seem to play a role in the current study,
future studies that alter the task or the VA could help shed light on this aspect. This
may be especially interesting to test how the interaction with a VA evolves over its
lifespan and to evaluate its long-term value, for example for organisations.

Future studies should also examine whether our findings hold true for alternate
VA approaches. For example, in the current study, the response the participants in
the experimental group got was instant—i.e. there was no delay between sending a
question to the VA and getting feedback (in part due to the realisation via Dialog-
Flow). However, current research indicates that artificial delays in the response time
by a VA may lead to a more satisfying experience for the users (Gnewuch et al.
2018). Here, it could be interesting to see how such modulations influence task per-
formance or the perceived workload as in situations where a user is under pressure it
may be more beneficial to deliver fast answers.
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In summary, there is much research to be done on the effectiveness of virtual
assistants. Our study has shown that they are a viable option that is worth explor-
ing. If they can succeed in reducing knowledge workers’ cognitive load in a variety
of situations, then they might be able to help make the digitisation of the workplace
something to be welcomed, and perhaps even enjoyed, by all.
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Appendix
Structure and content of questionnaire.

Greeting of the participant
Measurement of resilience (RS-11)

e Prompt to address the investigator regarding introduction to the task followed by
the processing of the task

e Measurement of task performance score
e Measurement of time of processing the task

Measurement of perceived work-load (NASA-TLX)
Question whether CPM was known before the current study
Question whether VA was helpful (only experimental group)
Demographics

e Gender
o Age
e Highest educational attainment

e Debriefing
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