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Abstract 

 Cognitive load (CL) and user experience (UX) are understood to be critical in the 
automotive domain, little evaluation has taken place regarding the investigation 
of the effect of CL on UX in this domain. This position paper introduces a study 
plan and research goals that aim to investigate whether and how different lev-
els of CL influence UX, using a driving simulator. Besides a discussion of theo-
retical background and related work, we present initial results regarding an ap-
propriate experiment design and how to manipulate and measure these varia-
bles in our specific study context. The paper concludes with a summary and 
outlook on next steps. 

Keywords: automotive, cognitive load, user experience, driving simulator, experimentation, 
case study 
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Gaining knowledge about the relationship between CL and UX and suitable 
measurement and recording techniques for CL and UX could be beneficial in 
several ways: (1) knowledge about the relationship could be integrated into 
software engineering approaches, e.g. in forms of guidelines or design deci-
sions for devices which adapt best to a user’s CL and still provide a reasonable 
or high UX. (2) suitable measurements could be integrated into requirements 
engineering and/or interaction design approaches to derive solutions to lower 
CL and thus increase UX, (3) the identification of the most appropriate input 
method, perception modality, and output media according to the level of CL, 
which influences the UI design could be supported, and (4) CL could be 
adapted to current driving situations by providing adequate UI designs in order 
to optimize UX in that situations. 

In the following, we describe the theoretical background of both CL and UX in 
the context of automotive research and related studies in this field. This is fol-
lowed by a description of current efforts to design such an experiment and se-
lect appropriate measures. We conclude this paper with a short summary and 
outlook on next steps. 
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2 Background and Related Work 

2.1 Cognitive Load 

CL is variously described as the level of perceived effort associated with think-
ing and reasoning by a user, to complete the task successfully [2]. It is well-
established that the two main limitations of working memory resources are its 
capacity and duration [2]. Only a limited number of item “chunks” can be held 
in working memory at any one time and then only for a short amount of time 
[5]. These limitations are never more evident than when users undertake com-
plex tasks, or when in the process of learning – resulting in extremely high de-
mands being placed on working memory. The construct of CL refers to the 
working memory demand induced by a complex task in a particular instance 
where novel information or novel processing is required [15]. The CL construct 
comprises at least two separate load sources: intrinsic load and extraneous 
load. Intrinsic load refers to the inherent complexity of the task; whereas extra-
neous load refers to the representational complexity – that is, complexity that 
varies depending on the way the task is presented. In an automotive system, 
the task complexity would be dictated by the domain. For example, a sample 
task might be driving on a rainy day at night, while listening to the radio or fol-
lowing GPS instructions. The tools and interfaces the driver employs to com-
plete the task, e.g. a steering wheel with cruise control, a paper based directo-
ry, or even Google maps on their iPhone, contribute to extraneous load. Situa-
tions that induce high levels of CL can impede efficient performance on desig-
nated tasks [15].  

Since the capacity of working memory is limited, the user’s CL should be main-
tained below a safe threshold to prevent task failure [16]. A number of meth-
ods have been used, both in HCI and other domains, to estimate experienced 
levels of CL. Existing methods for measuring CL, used separately and in combi-
nation, include (1) subjective measures, such as self-rating scales, (2) physiolog-
ical techniques, such as heart rate [13] and pupil dilation [4], (3) Task or per-
formance based measures, such as critical error rates; and (4) Behavioral 
measures, such as linguistic indices [8]. 

Unfortunately, many of these data acquisition and analysis methods are highly 
intrusive and can disrupt the normal flow of the task, or are physically uncom-
fortable for the user. Historically, the most consistent results for CL assessments 
have been achieved through self-rating subjective measures; however, the as-
sessments can only be made available offline after completion of the task. 
Among the other types of methods, behavioral methods appear to be the most 
suitable for practical CL monitoring systems which need accurate, non-
intrusive, objective and real-time measures. Speech features can be a particular-
ly good choice within behavioral methods, since speech data already exists in 
many real-life tasks (e.g. telephone conversation, voice control) and can be 
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easily collected in a non-intrusive and inexpensive way [16]. However, while 
most of these types of measures are suitable for research purposes, many are 
unfeasible for automotive applications. 
 

2.2 User Experience in Cars  

UX as a concept is well known and widespread in the field of UI design, rang-
ing from software design, website design, mobile devices etc. The definition of 
UX itself is rather controversial, but it can generally be described as the experi-
ences a user has before, while or after interacting with a product, system, ser-
vice or object [10]. These experiences include all kinds of subjective perceptions 
such as emotions and cognitions as well as behaviors. Furthermore, the context 
in which the product is used influences how the user perceives experiences 
with the product. To conclude, UX is a multidimensional and complex construct 
which cannot be assessed with a single item questionnaire. Recently, UX be-
came increasingly important especially in the automotive domain: A compre-
hensive description of input and output devices in a car with regard to place-
ment and modality was created in [7]. That design space provides a basis for 
analyzing and discussing different UI arrangements in cars, enables the compar-
ison of alternative UI setups and the identification of new opportunities for in-
teraction and the placement of controls. The newly formed design space com-
prises considerations about input and output modalities, recommendations for 
instantiations the usage of different interface objects, and guidelines for the 
positioning of input and output devices.  

A deeper understanding of how drivers concretely interact with today’s enter-
tainment, communication, navigation, and information systems in their cars 
and how they balance those interactions with the primary driving task is gained 
by General Motors’ UX design team’s contextual design project “Journey” [6]. 
One important conclusion drawn from the project was that too often driving 
was the least important thing in the car. Drivers are distracted by conversations, 
navigation and entertainment adjustments, addressing needs of passengers, 
and getting environmental information. Furthermore, the authors claim that UX 
depends on the brand of the car: expensive vehicles are expected to provide 
easy to use functionalities and a driver should experience the higher-quality 
aesthetics compared to those of lower tier vehicles from the same manufactur-
er.  

Another approach for designing experiences while interacting with an ad-
vanced driving assistance system is introduced in [9]. It aims at creating positive 
UX by a story-based design workflow. Hereby, UX focusses on the fulfillment of 
psychological needs, so psychological needs have to be identified which can be 
important when interacting with advanced driving assistance systems and sys-
tems are designed based on that needs. The workflow can be described as fol-
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lows: based on results of collecting positive driving experiences that emerged 
from critical situations (by interviews and PANAS-based questionnaire), UX 
schemes are identified that integrate several actual experiences and their specif-
ic psychological needs. Afterwards, a fictional UX story of a positive experience 
is created for each UX scheme and a corresponding UX storyboard is created. 
Finally, design ideas are implemented in a simple driving simulation based on 
the traffic scenarios described in the UX stories.  

Until now, the majority of driving simulator studies have been related to safety 
issues, e.g., how driving performance is influenced by performing a secondary 
task, such as using a mobile phone while driving [3], or what kinds of psycho-
physiological data could be used as an input for driving assistance devices, e.g. 
face recognition to detect different states of emotion or brain waves to predict 
driver intentions etc. However, studies investigating UX in such a driving simu-
lator context are still hard to find. In order to plan and conduct an experimental 
study which could answer our research questions, we are primarily interested in 
how experimental variations of CL and data collection for CL as well as UX has 
been done by other researchers and which measurement methods are recom-
mended.  

One study which relates to our study objectives was performed by Liu [11]. The 
author examined driver performance and subjective ratings on workload for 
young and elderly drivers under high and low-load driving conditions. Addi-
tionally the drivers had to respond with either a navigation or a push button 
task to a simple or complex advanced traveler information system (ATI), with 
which information was presented in three conditions: only visually, only aurally 
or multimodal (both visually and aurally). The driving load conditions resulted 
by varying driving load factors, e.g. lane width, road type, and traffic density, 
while information complexity was varied by the number of information chunks 
presented (little vs. lot) in the ATI. Methodologically, objective measures (e.g. 
response time, variance in steering wheel position) and subjective measures 
(system preference and SWAT workload assessment: time stress, visual effort, 
psychological stress) were assessed. The subjective data collection took place at 
the midpoint and the end of each scenario (combination of driving condition, 
task and information system), which means that the driving performance in the 
driving simulator was abruptly interrupted with filling out a questionnaire for 
several times, whereas the objective measurement was collected automatically 
by the driving simulator system itself. The author showed that there were sig-
nificant differences in the performance measures (e.g. response time, subjective 
workload) for the different display types: auditory and multimodal displays pro-
duced a better driving performance. Also the visual display was a distraction for 
the driver’s attention, which resulted in a less safe driving behavior. The multi-
modal display of information was preferred by the participants over the two 
other possibilities.  
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A general measurement recommendation is given by [12] which can be applied 
to the automotive domain when considering secondary tasks, which generate 
distraction and additional CL. They compared concurrent thinking aloud (CTA) 
with retrospective thinking aloud (RTA) in combination with eye-tracking to an-
alyze a website’s usability. They concluded that the use of CTA is reactive in 
terms of significantly influencing relevant eyetracking parameters, e.g. fixation 
duration or number of fixations, whereas this does not account for RTA. Also 
the authors claim, that the use of CTA causes a less natural study situation 
compared to RTA. RTA on the other side is a more time and resource-
consuming technique, but should be used, when natural user behavior is of 
main research interest. 
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3.1 

Figure 2:  

Figure 3:  
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3.2 CL

Figure 4:  
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3.3 UX Measurements  

The driving simulator poses some constraints on measurement possibilities. It 
would be inconvenient for the experiment flow, if a study participant had to in-
terrupt his driving behavior to fill out a questionnaire about the momentary 
emotional state and impressions right after using a technical device. Also, 
methods which rely on speech output by the participants such as CTA are not 
suitable here, because the speak channel is occupied by controlling the in-
ducement of different levels of CL (manipulation check). We are aware of the 
fact that every driving situation creates CL, which is increased with each sec-
ondary task performed in parallel. To minimize the CL created by secondary 
tasks that are not objects of our inquiry we are not going to let participants 
think aloud or press any buttons for the conveyance of their current state of UX 
when driving or let them fill in a questionnaire while or shortly after a single 
driving task. 

A better alternative would be a combination of multiple non-obtrusive meas-
urement options with state-of-the art methods to gather data regarding UX. 
Hence we basically follow a threefold approach: (1) use of a combination of ob-
jective psychophysiological measurements during driving: by measuring electri-
cal indicators and non-electrical signals, conclusions can be drawn on (un-
)conscious psychological processes. Examples include variables of the cardiovas-
cular system (e.g. heart rate), emotions (e.g., via skin conductance, face detec-
tion), muscular or respiration activity, and eye movements [13], (2) use of 
standard questionnaires (e.g., SAM, PANAS [1]) right after driving, to measure 
the overall emotional state and (3) RTA while watching videos of the partici-
pant’s driving performance combined with displaying the data from psycho-
physiological measurement after driving as a trigger.  

Furthermore, we would like to adapt and use the story-based design workflow 
([9] and Section 2.2) for both the selection of a driving situation which may 
create a positive UX (as reference value) and the RTA of the UX. That is, we will 
interview participants after the driving tasks, let them fill in PANAS-based ques-
tionnaires, and let them describe if their psychological needs have been fulfilled 
when they had been in the simulated driving situation. At this point, the think-
ing-aloud method can be applied: when they retrospect the UX story in their 
minds, the subjects comment every situation they remember. It will not matter 
if they remember situations that really happened or if situations are observed to 
be more negative or more positive than the subjects estimate afterwards. UX is 
an ongoing estimation of stimuli in particular situations and thus can be influ-
enced by many other factors like surroundings, mental states, or similar experi-
ences. What matters with UX is the subjective estimation of situations, not the 
objective, empirical observation. That is why our approach of evaluating the UX 
retrospectively can lead to comparative results of our experiment. 
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4 Summary and next steps 
 

This paper introduced theoretical background and initial results of our ongoing 
research aiming to investigate whether and how different levels of CL influence 
UX in a driving simulator. Next steps include to test the suitability of the meas-
urements in smaller case studies (e.g., driving tasks with wii) and prepare exper-
imental material. The experiment itself is planned to be conducted in January 
2012. 
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