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Abstract 

A big concern in the car industry is driver distraction and inattention. Special concern is given when a 

task involves a user performing alphanumeric text input. These tasks often arise from interaction 

with the in-vehicle information system, GPS or nomadic devices such as mobile phones. To perform 

text input with a phone while driving increases the risk of accident by a factor 23.2 (Olson, Hanowski, 

Hickman and Bocanegra, 2009) and it have been estimated that 28 % drivers (of 3000) engage in text 

messaging activity while driving (If, 2010). Distraction and inattention problems have been reported 

to have caused 5474 deaths and 448 000 wounded in traffic during 2010 in USA (NHTSA, 2010a). 

One solution to the problems of distraction and inattention is thought to be usage of multimodal 

interfaces which would enhance information input and output redundancy and allow the driver to 

keep the eyes on the road, rather than engaging in other visually demanding tasks. This project was 

initiated by Semcon AB to investigate evaluation methods concerning early evaluations of early 

design concept of text input and was performed in conjunction with interaction design students from 

Chalmers University of Technology. The goal was to create a method, with multimodal variables, 

which would generate comparative means and help designers in the early stages of interaction 

design development.  

A literature study was conducted in order to find appropriate variables and methods for usage. The 

conclusion was that task decomposition methods should suffice as early evaluation as it would reveal 

a duration-related variable, total task time, with high correlation to other variables of special 

importance e. g. total visual time. However, no method was especially considering the usage of 

multimodality and thus a new method based on Extended Keystroke Level Model (Extended KLM) 

and Multimodal Critical Path Analysis (Multimodal CPA) were created. The new method was named 

Combined Evaluation Method (CEM) and its aim was to be very quick, flexible as and thus be able to 

deal with highly different concepts regarding text input and above all find relative power among 

design concepts. 

The method was iterated several times, each iteration introducing something new, and each time 

evaluated by experts. When the method was deemed finished (as a method that would consider 

most of the aspects in the requirements of text input and modal consideration) a reliability study was 

conducted in order to find relative power between evaluators and look for reliability in form of 

analysis of variance.  

The study could not yield reliability between evaluators, something thought to be because of 

participants’ lack of training in this type of method. However the results should indicate that 

difference between concepts in regards to total task time should be possible to estimate (a tendency 

towards relative power). A simple independent two tailed T test could however not prove significant, 

t(6)= 1.1, p>0.31. 

This report also contains an evaluation package, which describes noteworthy non-empirical methods 

in regard to text input. The package was built in order to try and synchronize different aspects of 

several methods to minimize application time for more extensive evaluations. 

  



 
 

Sammanfattning 

En stor oro inom bilindustrin är fenomenet distraktion och ouppmärksamhet som skapas av 

fordonets befintliga integrerade teknik eller mobila apparater som till exempel en mobiltelefon. En 

sorts uppgift som har speciell uppmärksamhet inom området är textskrivningsuppgift som återfinns 

vid användning av bland annat GPS och mobiltelefonens SMS funktion. Att skriva in text med en 

mobiltelefon under körning ökar risken för en olycka med en faktor på 23,2 (Olson, Hanowski, 

Hickman and Bocanegra, 2009) och det beräknas att ungefär 28 % av 3000 förare utför någon form 

av textskrivningsaktivitet under körning (If, 2010). Distraktion och ouppmärksamhet uppskattas ha 

orsakat 5474 dödsolyckor och 448 000 skadade inom trafiken under 2010 i USA (NHTSA, 2010a). 

En lösning på problemet med distraktion och ouppmärksamhet tros vara användning av multimodala 

system som genom redundans skulle kunna tillåta föraren att hålla ögonen på vägen och reducera 

den visuella belastningen under interaktion med gränssnitt under körning. Detta projekt var skapat 

av Semcon AB i syfte att undersöka metoder för utvärdering i tidigt stadie under design av gränssnitt 

för textinmatning och utfördes i samarbete med studenter ifrån Chalmers tekniska högskola. Målet 

var att skapa en metod som skulle ge beslutsunderlag för val av design tidigt i utvecklingen av 

gränssnitt genom multimodalitet. 

En litteraturstudie utfördes för att kunna finna konkreta variabler och metoder som skulle klara av 

uppgiften. Sammanfattningen av denna litteraturstudie var att en uppgiftsnedbrytningsmetod skulle 

vara passande eftersom det då skulle vara möjligt att beräkna total tid för uppgiften och därmed 

kunna dra slutsatser om andra tidsbaserade variabler som till exempel uppgiftens totala visuella tid. 

Men ingen metod uppskattades kunna bedöma multimodalitet på något konkret sätt. Detta ledde till 

arbetet att försöka skapa en egen metod som baserades på Keystroke Level Model (KLM) och 

Multimodal Critical Path Analyis (Mutimodal CPA). Den nya metoden döptes till Combined Evaluation 

Method (CEM) och försökte fokusera på att vara en snabb och flexibel metod eftersom den var 

tvungen att kunna hantera möjliga olika textinmatningssystem på tidigt konceptstadie samt ge stöd 

genom relativa skillnader mellan design koncept. 

Metoden skapades genom förändring följt av utvärdering av förändringarna i ett itererande skede. 

Utvärderingarna skedde med experthjälp och diskussion. När metoden bedömdes vara tillräckligt 

omfattande utfördes ett reliabilitetstest för att undersöka om metoden kunde fungera som en 

beslutsgrundsmetod samt kontrollera om metoden kunde användas av olika utvärderare. Denna 

analys utfördes genom beräkning av varianskoefficienten. 

Studien avslöjade att reliabiliteten var låg, troligtvis på grund av att metoden krävde mer träning än 

förväntat, men att relativa bedömningen skulle kunna vara godtycklig. Med dessa resultat skulle 

metoden alltså kunna vara en metod för jämnförning mellan koncept men detta var inget som kunde 

påvisas statistiskt då oberoende (two tailed) T test ej gav signifikans t(6)= 1.1, p>0.31. 

Syftet med denna rapport var även att följa hela utvecklingsprocessen till prototyparbetet och 

därmed rekommenderades flertalet andra metoder för utvärdering i ett utvärderingspaket. Detta 

paket var skapat speciellt för utvärdering av textinmatning och var ämnat att försöka minska 

utvärderingstiden ifall grundligare utvärdering efterfrågades. 
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1. Introduction 
In order to pursue a zero-vision goal, where no one dies in traffic, Swedish research has in recent 

years highlighted the phenomenon known as distraction and inattention. This because of the 

invasion of many new systems and increasing functionality in the cars own in-vehicle information 

system (IVIS) in the driver’s environment. Different studies have suggested that most of the 

distraction comes from inside the vehicle rather than from outside sources. Distraction is one of the 

largest factors of vehicle incidents and accidents. Thus the industry have requested more research as 

of how to prevent accidents relating to distraction and inattention as well as more research into 

methodology of developing information systems suited for driving. 

The distraction issue has created a need in the industry to be able to measure, calculate or estimate 

the driver’s performance and demands when engaging in secondary task use (where driving is the 

primary task), especially in the early stages of development of IVIS (in vehicle information systems). 

One of the important aspects, if not the most important, to find is the manual-visual demand as 

actions with high manual-visual load strongly impair driving ability. This aspect, along with other 

distraction and inattention factors, drives modern research to aim for improvement in safety issues 

by using multimodal or multisensory systems. This focus mainly regards systems that emphasize on 

easing information flow to the driver by using less visual based systems and more of other modalities 

such as speech or tactile/haptic. Multimodality is thought to be a solution for usage of more complex 

information systems and is explained by the dominating and fundamental model of attention, 

explained by Wickens (1984). Wickens model predicts that a user can receive additional and more 

accurate information with less demand if attention isn’t needed from the same resource pool (same 

modality). 

This project was led by Semcon AB, Group Ergonomic/HMI, in partnership with Luleå Technical 

University and was a part of EFESOS (Environmental Friendly Efficient Enjoyable and Safety 

Optimized Systems) www.efesos.net; a project started in late 2009 by Volvo Car Vehicle HMI 

department with support from FFI - Strategic Vehicle Research and Innovation to be able to develop 

systems with regards to the distraction and inattention problems. EFESOS itself was divided into 3 

smaller projects called USI, DRIVI and METOHMI. This study was concentrated to subproject USI and 

focused on methods of early evaluation in regards to multisensory text input concepts. 

 

1.1 Purpose 
A definition of the purpose was established: 

 “Find methods and establish an evaluation package for use in early interaction design development 

with focus on multimodality to improve safety of text input interfaces while driving.” 

  

http://www.efesos.net/
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1.2 Goal 
The goal was modified during the project’s as it started out with a focus on establishing methodology 

for early interaction design evaluation but was changed into establishing and creating new 

methodology for early interaction design evaluation. Summarized it could be described as: 

“The goal was to establish a method or set of methods to perform early estimation of different 

concepts with regards to multimodality which create inter-comparative results.” 

 

1.3 Scope 
The focus in this project was mainly evaluation of text input and its relevance to multimodality. For 

this reasons other parts of an interface were excluded. Also the focus was exclusive aimed at IVIS and 

in some regards nomadic devices. The project was a cooperative project with students from 

Chalmers. The concepts created for and in this study were not to be created by the author of this 

report. As the students separated text input from system output in their concepts this project 

focused on the text input rather than on any type of output. 

The use of rating methods such as subjective rating scales based on morphological matrices have not 

been considered in this project. Although this is among one of the most common methods for design 

students it was not considered because of its general lack of standardization protocols and because a 

more sophisticated approach using distractions criteria was used. 

 

1.4 The students from Chalmers University of Technology 
This project was a joint project with students from Chalmers University of Technology (who 

participated in an interaction design course of 7.5 HP). The work within this report considers the 

methodology point of view. All concept generation was performed by the students and their work 

was used as a reference in this project. In their creating their concepts they did not include 

autocomplete or similar function in the early stages. 
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2. Modality, driver distraction and inattention, variables and 

methods 
This chapter is separated into two main fields and it tries to explain the basics of modality use, 

distraction and inattention, text input entry related to driving as well as what methods and variables 

where of special concern in this project. The methodology is separated into hierarchal order starting 

from basic task analysis description continuing with methods following the same principal of task 

decomposition. It explains some important methods for this thesis in more detail: general task 

analysis, timeline Analysis, Goals Operators Methods and Selection Rules (GOMS), Keystroke Level 

Model (KLM) and versions of it, Multimodal Critical Path Analysis (Multimodal CPA) and Cognitive 

Walkthrough (CWT). 

 

2.1 Modality and the model of attention and workload 
Multimodal usage is based on Wickens’ (Wickens, 1984) multiple resource theory (MRT) model, 

illustrated in figure 1, which models resources as a form of attention as separate for (as of this 

version of the model) visual,  tactual, auditory and olfaction modality. The model suggests that 

humans have several, but limited pools of resource which can be used at the same time. 

 

Figure 1 illustrates a graphical representation of Wickens' Multiple Resource Theory Model. The image was created by KT 
Smith of HFE Solutions and could be found on the internet: <http://en.wikipedia.org/wiki/File:KTS1workload.jpg>. 

The theory regards the subject of workload and how these different pools of resources available 

depend on the type of information sources in our surroundings (the source being modality). Each box 

in the figure represents a cognitive resource. The problems of distraction and inattention in relation 

to many forms of in-vehicle distractions such as IVIS, when driving, occur because multiple 

information sources share the same cognitive unit within the modality. An example would be manual 

interaction with a smartphone while driving. This interaction would require visual scanning attention 
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for both tasks (the interaction with the device and the task of driving will compete for the same 

resource) and it’s likely that visual attention is compromised. It could be compared to the task of 

looking at TV and reading a book at the same time. These tasks share the same information channel 

and they are said to be intra-modal. When information (stimulus) is not sharing the same modality it 

is classified as inter-modal. In short the two kinds are described as: 

- Intra-modality information usage generates information interference and can lead to excess 

workload and create a decrease in performance. 

- Inter-modal information can create redundancy or channel several different sources of 

information at the same time. 

Haptic touchscreens are examples of a device trying to lower the visual demand (visual resource 

usage) during interaction by introducing an information channel though haptic modality (haptic 

visual resource usage). 

There are however limitations to the theory. For example the case of speaking on the phone while 

driving should cause little to no interference to human performance as speaking on the phone should 

be classified as auditory-verbal-vocal while driving would be classified as visual-spatial manual (Ho 

and Spence, 2008). However research has shown that cell phone conversation do impair driving 

(Gugerty, Rakauskas and Brooks, 2004; Kass, Cole, and Stanny, 2007: Strayer, Drews and Johnston, 

2003; Strayer and Johnston, 2001) at least within simulator studies. This has lead research into the 

multisensory approach which view that people integrate the multiple streams of sensory information 

from the senses to create a coherent multisensory perceptual representation of the external world 

(Calvert, Spence and Stein, 2004; Spence and Driver, 2004). This is also believed to be the norm and 

not the exception, meaning that humans always use several senses for information input (Ho and 

Spence, 2008). The implication of this would be that interference (also classified as bottlenecks in 

attention) could be created either in a modality or when information is on a cross-modal level (Lavie, 

2005). This could also explain the enhancement (in form of quicker reaction time and attention load) 

found in cross-modal tasks where information which originates in close spatial proximity from each 

other creates high redundancy. 

Another way to describe modality is by using the concept of multisensory referring to the human 

senses or sensors. The normally defined senses are (although not all have been focus in research 

concerning driving related matters, the senses marked in bold are the ones research have focused 

on): 

- Audition, Hearing 

- Olfaction, Smelling 

- Taste, Tasting 

- Touch, Feeling with skin 

- Vision, Looking 

In a classification of 89 of the most critical behaviors while driving another important modality expect 

vision was kinesthetic modality (Sivak, 1996), the sense of movement (which could also be called 

manual movement). Figure 2 describes the modalities occurrence in the critical behaviors. 27 of the 

behaviors were dependent on multimodal input. 
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Figure 2 a categorization of modalities in 89 of the most critical scenarios in a vehicle.  

There are however not any clear definition what a modality is and depending on subject it may vary 

radically. More examples of modalities could be termoception the ability to feel temperature 

differences and nociception the ability to feel pain. Kinesthetic is also a common modality and in 

some cases and in this report it can be defined as Manual modality. 

In other words: every piece of information is conveyed and processed within some kind of modality. 

For the development in the car industry this mainly concerns the car’s IVIS as well as mobile devices 

that originally weren’t created for the car but are used within anyway. The latter devices are often 

called nomadic devices, defined as a handheld wireless device such as a PDA or smartphone. 

 

2.2 Driver distraction and inattention 
While there isn’t any unified definition of attention, it can be explained as “the ability to selectively 

focus neural processing resources onto the most relevant subsets of all available sensory inputs” 

(Tsotsos, Itti and Rees, 2005). The problem regarding attention in driving context is the ability to 

become distracted or not paying attention to important events. Quoting the famous 100 car study 

inattention and driver distraction is defined as: 

“Inattention – Any event or epoch where drowsiness, driver-related inattention to the forward 

roadway, driver secondary tasks, or non-specific eye glance away from the forward roadway were 

identified as a contributing factors to the event”. (Klauer, et al., 2006) 

“Driver distraction - When a driver has chosen to engage in a secondary task that is not necessary to 

perform the primary driving task”. (Klauer, et al., 2006) 

However, distraction has been defined in various ways in the literature. In general driver 

distraction is described as when the driver’s attention is lacking from what is critical for safe driving. 

Another and more common definition of distraction as of later years is: 

“Driver distraction is a diversion of attention away from activities critical for safe driving towards a 

competing activity”. (Lee, Young, and Regan, 2008) 
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There are several key factors to inattention while driving (Victor, Engström and Harbluk, 2009): 

 Stimulus saliency: This aspect describes the stimulus ability to capture the drivers’ attention 

in regards with the stimulus properties such as color, size, contrast, movement and 

luminance (Stelmach, Bourassa and di Lollo, 1984; Rumar, 1990). 

 Shutter vision: This aspect regards the simple fact that humans do not have a continuous 

stream of visual information, e. g. blinks, saccades, and temporary occlusions disrupt the 

flow of information (Rensink, 2002). 

 Visual eccentricity: The angle relative to the point of sharpest seeing, the fovea, is referred to 

as eccentricity. The more eccentric an object, the more difficult it is to see sharply. This is 

important because while distracted the detection in the retinal periphery suffers dramatic 

reduction (Findlay and Gilchrist, 2003). 

 Cognitive factors: Mental workload is of great concern as interference with cognitive 

mechanisms will decrease detection ability for task-relevant information. Attention can be 

described as a factor most commonly a combination of a bottom up, stimulus-driven, and 

top down, knowledge etc, process. 

 A very important cognitive factor is expectancy where expectancy can be described as what 

controls goal-directed attention (Corbetta and Shulman, 2002). 

In regards to safety when at least two of these factors are compromised an incident or accident is 

more likely to occur, e. g. having eyes of road while an unexpected event happens (Victor, Engström 

and Harbluk, 2009). Normally distraction falls into at least four different aspects: visual distraction, 

auditory distraction, manual distraction and cognitive distraction (Young, Regan and Hammer, 2003). 

The main problem is when visual attention is lacking as it can cause the driver to be positioned in a 

critical situation due to the nature of driving being a high visual demanding task. When there are 

other tasks requiring vision they force a time-sharing behavior on the driver which can cause 

attention to be insufficient at the incorrect, and critical, moment. This turns design and research to 

the quest to explore usage of other information channels than vision. 

Of particular concern, in regards to driving safely, are such nomadic devices that are created for 

communication or entertainment purposes such as music players, smart phones and Personal 

Navigation Devices (PNDs). One nomadic device of particular concern, in regards to distraction, is the 

mobile phone. How IVIS and mobile phones affect the driving performance is of constant debate. 
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2.2.1 The special case of mobile phones and secondary tasks engagement 

Talking and using a phone in general have been a long time issue in the car industry. The research 

agrees that cell phone conversation do impair (Gugerty, Rakouskas, and Brooks, 2004; Kass, Cole, 

& Stanny, 2007; Strayer, Drews, & Johnston, 2003; Strayer & Johnston, 2001). The impairment is 

however of constant debate as it is clearly shown in experimental but not naturalistic studies.  

This enforces the issue that people do use the mobile phone while driving. As an example a study of 

driving behavior related to dialing with a cell phone while driving revealed that 23 % people stop the 

car before dialing and 41 % report dialing only during short period of stopping (Boyle and 

Vanderwolf, 2005). Another study performed with surveys reveals that the majority of mobile phone 

subscribers talk on their phone while driving (Ascone, Lindsay and Varghese, 2008). 

Even if mobile phones and other nomadic devices have had a presence in the car environments for a 

long time it was not until mid-2010 that Internet became so easily accessible and with it an increased 

growing concern of inattention while driving within the car industry. New models of phones offers 

more comfort, functionality and enjoyment in form of Applications (normally called Apps) or other 

software functions and are often available to download wireless from Internet. A modern trend also 

suggests that the rate of new hardware and new applications are exploding, leaving the cars 

infotainment system behind. This new kind of information available is in itself not of concern but 

combining high flow of information and critical car situations can obviously have catastrophic 

consequences. As drivers already have a relative high workload from driving it is not strange that 

there is a growing concern within the car industry when nomadic devices allows features like socially 

demanding services such as Facebook and Twitter to be accessible regardless of situation. 

Another factor contributing to the concern is that drivers seem to change their behavior to be able to 

engage in more interaction with a secondary task while driving, even if they were told to only 

interact during appropriate periods of time (Horrey and Lesch, 2009). This might seem reckless but 

people also adapt a strategy to be able to deal with the increasing demand (Metz and Krüger, 2011) 

but regardless of coping method performances decrease during this interaction. 

 

2.2.2 Driving behavior and coping methods for high demands 

There has been a lot of research on how secondary task engagement might affect driving behavior.  

Mainly these coping methods are separated into 2 categories, one where the engagement is post-

poned, category 1, and one where the driver tries to adapt to multitask, category 2 (Metz and Krüger, 

2011). 

Category 1 includes: 

 Usage of devices only while the vehicle is stationary (Boyle and Vanderwolf, 2005) 

 When the traffic is of low density (Kern, Schmidt, Pitz, and Bengler, 2007) 

 Only using on familiar routes (Kern, Schmidt, Pitz, and Bengler, 2007) 

 Noncritical driving situations (Metz, Schömig, Krüger and Bengler, 2010; Rauch, 2009) 

 

Category 2 includes: 
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 Decrease in speed (Metz, Schömig, Krüger and Bengler, 2010; Thulin and Gustafsson, 2004) 

 Increasing distance or avoiding maneuvers like overtaking (Thulin and Gustafsson, 2004) 

 Tries to execute the secondary task while looking on the road (Esbjörnsson and Juhlin, 2003; 

Metz, Schömig, Krüger and Bengler, 2010) 

 Variance in attention, when the driving situation is estimated to require more attention the 

driver shift more attention into driving (Wierwille, 1993; Tsimhoni, Smith and Green, 2004; 

Metz, 2009) 

It is however also important to note that distraction from an IVIS is mainly because of two inter-

related factors (Stevens, Burnett and Horberry, 2010). The first one can be categorized as behavioral 

factors and is described as the drivers’ willingness to use the system while driving. This factor being 

depending on personality factors such as if the person have a risk taking personality and how current 

driving situation is assessed but also the system or device functionality and use for the driver. The 

other factor, most common referred in regards with distraction, is the task and its demand in 

particular. The later have been the main focus in design as it relates directly to the system’s potential 

and can easily be modified by the manufactures as they are the creators. Also it is important to state 

that people tend to overestimate their capability and underestimate multitask performance such as 

driving and using a mobile phone at the same time (Lerner, Singer and Huey, 2008). 

 

2.2.3 Usage of SMS and writing texts as a task of an in-vehicle secondary task 

SMS is an acronym for Short Message Service and it is a text service used mainly with mobile phones. 

This type of service has special importance in the car industry today because it is classified as one of 

the most dangerous secondary tasks a driver can engage in. Text input with a phone while driving 

increases the risk of accident by a factor 23.2 (Olson, Hanowski, Hickman and Bocanegra, 2009). It 

could be identified as more than twice as dangerous as other complex tasks such as rummaging 

through a grocery bag, an increased risk factor of 10.07, and the 5.93 increased risk factor for 

telephone dialing (Olson, Hanowski, Hickman and Bocanegra, 2009). These are values compared to 

ordinary driving.  How much the driver is affected by texting varies based on several factors such as 

age, experience, driving conditions and how emotionally engaging the conversation is. There is also a 

trend which reveals that texting and SMS service is only going to increase in use in the future. 

Swedish people prefer to send text instead of calling from their mobile phones something shown 

during 2010 in which Swedish people called 14 billion times and sent 17 billion SMS (Davidsson, 

2010). The activity on the SMS market is increasing even if it seems to have passed its peak. During 

2010 SMS activity increased by 8 % from 2009 (Davidsson, 2010). The trend of increasing SMS activity 

can be seen the last 10 years as the number of sent SMS have increased from 473 to 17845 million 

(Davidsson, 2010). This trend could also be observed in other countries. As a perspective it could be 

estimated that 28 % (of 3000) drivers engaged in text messaging activity during 2010 (If, 2010). 

These types of facts have heightened and enforced text input, a highly visual, sometimes cognitive 

and biomechanical (manual) demanding task, in the driving environment in Sweden. This task has 

thus been classified as highly dangerous and both manufactures as well as governments have 

heightened interested in measures to lower or remove this kind of safety threat. However comparing 

Sweden to a country with law regulation, e. g. in Australia where ~25 % admit text engagement while 

driving, it can be hinted that law regulation have little effect (Young and Lenné, 2010). 
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2.2.4 Traffic accidents and incidents related to distraction 

Driving is an important task for many people and is a widely spread activity in society in general. 

Traffic is a large infrastructure and it is heavily used. Driving is a task that is dependent on 

information from the surroundings but with distraction from the inside this becomes increasingly 

demanding and hazardous. Despite the fact that Sweden had new low death record in 2010, 270 

people were accounted dying in traffic the same year (Trafikverket, 2011). How many of these 

accidents are due to distraction are unknown but distraction during driving in USA is estimated in 

2010 to have caused 5474 deaths and 448000 wounded (NHTSA, 2010a). An older study estimates 

that 25 % of injury crashes in the United States are caused by distraction (Stutts, Reinfurt, Staplin and 

Rodgman, 2001). In general, distraction is classified as the most severe impact on negative 

performance during driving. By using large naturalistic driving studies inattention can be found in 

nearly 80 % of all automobile crashes and 65 % of all near crashes (Klauer, et al., 2006). These 

numbers include all kinds of distractions, drowsiness as well as secondary task engagements. 

Not all of these distractions came from the use of a nomadic device or the integrated infotainment 

system but according to research 37 % of all distraction is from in-vehicle distraction (Stutts, Reinfurt, 

Staplin and Rodgman, 2001). IVIS are often on topic as they are unquestionably a distraction burden 

(Young, Regan and Hammer, 2003; Burnett, 2009). Secondary task engagement could be responsible 

for 23 % of all crashes and near crashes (Klauer et al., 2006). This number however is feared to 

increase due to the availability, complexity and advances in the portable technology industry. 

Mainly the tasks that are visual-manual, tasks that require vision and movement e. g using the AC 

regulator in the central panel, are considered to be the most dangerous (Hickman and Hanowski, 

2010). A driver engaging in visually or manually complex tasks has as much as three-times higher 

near-crash/crash risk than drivers who are attentive (Klauer et al., 2006). 

 

2.3 Variables and methods 
In every kind of study it is important to know what is to be measured and how. Variables in usability 

measurement are separated into dependent and independent variables (Tullis and Albert, 2008). A 

short definition for the types of variables in scientific experiments follows as: 

- Dependent variable; the variable that changed because a change in the independent 

variable occurred. This is the variable of interest in a measurement. 

- Independent variable; this is often the variable that is changed in order to affect the 

dependent variable. 

To illustrate an example it could be argued that if driving performance was to be measured (the 

dependent variable) the different route to drive could be an independent variable and the 

experiment would simply evaluate driving by changing the driving route to observe change in driving 

performance. There are also controlled variables (the variables that are supposed to be the same 

between experiments) and extraneous variables (the variables that might affect the relationship 

between the dependent and independent variable) which should be accounted for in experiments 

and measurements (McQueen and Knussen, 2006). 



      | Modality, driver distraction and inattention, variables and methods 10 

 

When designing devices or interfaces it is not unusual to use design iterations ending with some kind 

of evaluation process in order to discard or improve concepts and ideas. There are several methods 

that are developed to help tackle problems or design flaws as well as find them. All these methods 

are dependent on the approach to the design and are normally based on what is wanted from the 

evaluation, e. g. do we want to know how fast the user can manage a task with our system? Do we 

want to know how mental demanding the system is for the users? etc. 

 

2.3.1 Variables  

There are some special variables in evaluation of driving; Glance based metrics, Total task time and 

workload. Concerning methods, it is important to consider the aspect of reliability and validity. 

 

Glance based metrics 

Many of the recent years research and studies have used the variable PRC (percentage road center) 

or eyes off road as a measurement of driving performance as well as glance related variables such as 

glance frequency, glance duration (total and single) and sometimes certain criteria of how the 

glances are distributed (like how many glances that exceeds a given period of time). This is because 

complex tasks, like secondary task attention dividing, in general reveals a behavior in the driver to 

make more off-road glances (Dingus, Antin, Hulse and Wierwille, 1989; Tijerina, Kantowitz, Kiger and 

Rockwell, 1994; Sodhi, Reimer and Llamazares, 2002; Chiang, Brooks and Weir, 2004; Victor, Harbluk 

and Engström, 2005). Glance based metrics are simply based on the fact that driving is a highly visual 

driven task and tries to explain the amount or frequency the driver neglects the driving task in order 

to perform secondary tasks or become distracted. The distraction relationship to IVIS, nomadic 

devices and other in vehicle distractions is often based on the intra-modality usage, which impairs 

the attention. 

 

Total task time 

Total task time in usability is a measure of efficiency. Mainly total task time is an important attribute 

of a task because of its high influence to other duration-related variables, at least within HMI (human 

machine interaction) design (Burns, Harbluk, Foley and Angell, 2010). In driving it has strong 

correlation to the variables: total glance time, Percentage eyes off road, glance frequency and 

dynamic task time (Green, 2003; Green, 1999a). Task duration, the frequency and type of distraction 

is often explained as the most dangerous factors (NHTSA, 2010b) and in some cases task duration 

could be identified as the only variable of importance, e. g. in a task where errors are frequent. It can 

be argued that errors increase total task time and are by themselves irrelevant (Jordan, 1998).  

Because of the nature of some tasks requiring longer time that others (in driving the navigation entry 

task have been in focus) a design guideline was established, limiting task duration to a maximum of 

15 seconds (SAE 2364, 2000; Green, 1999b). This guidance has however also received criticism as it 

could be argued that the rule would not relate to speed changes, object detection or divided 

attention methods and memory chunking. The rule could simply be addressed when identifying the 

most distracting tasks, but this would not require the margin to be 15 seconds as it could just as well 

be set to another number e. g. 30 or 45 seconds (Ranney, Mazzae, Garrott and Goodman, 2000). 
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Reliability 

Reliability is not a variable that is often the goal of using a method as it is related directly to the 

method and not the method’s intentions. Loosely it can be described as a methods ability to reach 

coherent conclusion at different trails and with different evaluators. It can thus be separated into 

two different aspects (Stanton and Young, 2001): 

- Inter-analyst reliability, different analysts can use the method independently and yield 

similar results 

- Intra-analyst reliability, the same analyst can use the method on different occasions and 

come to the same conclusions 

 

This formulates the research question for a reliability study accordingly: 

- Can different analysts use the method independently and yield similar results? 

- Can the same analyst use the method on different occasions and come to the same 

conclusions? 

One way to ensure a positive answer to the question is to use standardization. Standardization 

means the creation of a certain way to conduct the experiment with precise instructions. These 

instructions can explain how the evaluator should be trained, selected, the design of experiment and 

which measurements that should be considered. Examples of standardizations of methods (among 

others) are the ISO (International Organization for Standardization) documents. The most important 

aspect of reliability is the inter-analyst reliability and the simplest way to test it is to let several 

evaluators use the method and then compare the results. Intra-analyst can be assessed by a test-

retest method (Neale and Liebert, 1986). 

Coefficient of variation, Cv is a measure of reliability, formulae 1. It can be used to address the inter-

analyst reliability as well as the intra- analyst reliability. Values calculated should be lower than 0.1 or 

10 % as the coefficient is mainly explained as percentage (Atkinson and Neville, 1998). 

   
 

 
     (1) 

Where σ is the standard deviation  
Where µ is the mean value 
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Validity 

Validity is an important aspect of a method and can be separated into three categories: 

- Internal validity, to the extent that a method measures the variable according to e. g. 

predictions 

- Ecological validity, the ability of a method to produce measurement that is close to the 

realistic world (outside of a controlled environment) 

- External validity, the methods ability to generalize to other cases 

External validity is often the most important critical part in method development as it relates to the 

potential pitfalls which can differ between reality and artificial test environments (Neale and Liebert, 

1986). Increasing the ecological validity often increase the external as the increase of realism is 

directly related to the ability to generalize. This relationship is what makes the external validity 

increase when fidelity is increased. The fidelity of a study can be described as how accurate and 

similar the performance and environment is in a study compared to its real counterpart.  

Higher fidelity can in most cases ensure a higher external and ecological validity but is also costly in 

terms of equipment. As an example, a desktop simulator (a driving set mounted onto a normal desk 

often using a normal computer screen as driving field of vision) has low fidelity while a simulator in a 

real car using a large simulator vision field and that simulate vibrations in the seat and sound from 

the environment has higher fidelity. The external validity is always affected by the effects on the 

dependent variable. 

 

2.3.2 Evaluation before prototyping 

The stage of development heavily affects the kind of evaluation that can be done as it is depending 

on the completeness of a concept. In this project the evaluation methods were separated into pre 

and post prototyping evaluations. The separation of pre and post prototyping can be described as: 

 Pre prototyping, evaluations before there have been any actions of actual realizing of 

concepts. These are non-empirical or post previous designs information gathering methods. 

 Post prototyping, evaluation of a partly or fully functional concept. These can be both non-

empirical and empirical methods. 

The most common approaches used when evaluating an interface in a vehicle are often post 

prototyping methods (as are many usability methods with this focus in general). This means that 

there is a need to have an actual prototype or working concept in order to evaluate them. The latter 

of these methods can have a strong validity but can also require a lot of resources like staff and 

equipment costs. It can also be very time consuming to analyze the data from a study depending on 

desirable variables. An empirical method is the only way to obtain objective measurements as well as 

definite user satisfaction and thinking (it can be collected general data of user satisfaction and 

thinking from observation but it might be hard to confirm what in a product actually produced it).  

However, these types of performance focused user-trails suffer a mutual drawback; which is the 

actual creation of the functional prototype (Green, 2003; Salvucci, Zuber, Bergovaia and Markley, 

2005; Angell, et al., 2006). As an alternative, the non-empirical methods are almost always cheaper 
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and less time consuming and depending on their use in the development cycle they can guide and 

help designers as well as compare design concepts with each other and help decision or approach. 

There is also the discussion of relative versus absolute power within non-empirical decision oriented 

methods. When using methods aimed at creating decisive results it is generally more important to be 

able to gain relative predictions as it’s not necessary or important that the predictions are correct on 

its value, just the difference (Raskin, 2000; John, 2003). An example would be a method that can 

measure difference of e. g. total task time on two concepts where the difference can be found in the 

reality while the actual values might not prove to be valid (meaning that the method cannot find 

realistic predication of time but there exists a similar real relationship between the two concepts). 

For pre prototyping evaluation the non-empirical methods are most suitable for obvious reasons. 

Although it is important to note that pre prototyping methods may be non-empirical but non-

empirical methods are not always pre prototyping.  

 

2.3.3 Non-empirical and empirical methods 

Evaluation in HMI can be classified in two main types (Jordan, 1998): 

 Non-empirical methods, evaluation without users 

 Empirical methods, evaluation of a partly or fully functional prototypes with users 

There are several advantages as well as disadvantages using both types of evaluation: 

Non-empirical methods  

 Advantages 
- Cheap, evaluators time is often the only cost 

- Basically have no need for equipment (but it could be helpful in many cases) 

- Less time consuming, in many cases it can be argued that without data to analyze the 

required time to conduct an experiment is significantly reduced 

- No user is involved 

- If confidentiality is important these methods might be the only option 

 Disadvantages 

- Hard to establish validity, often no or low validity 

- No user is involved 

- Often evaluator biased, meaning that reliability is of special importance 

Empirical methods  

 Advantages 

- Objective data 

- Higher (highest) validity 

 Disadvantages 

- Often expensive compared to non-empirical methods 

- Often require technical equipment 

- Can be very time consuming if data gathering is large 
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With these aspects in mind non-empirical as well as empirical methods are important in 

development as they aim for use in different design stages (Jordan, 1998). The earliest type of 

evaluation methods are often such as heuristics, guidelines or checklists. Non-empirical methods 

often receive criticism and concerns in relation to their validity and sometimes reliability (Jordan, 

1998). The non-empirical methods that were of special importance in this project are listed below 

and summarized in table 1. A short explanation of each method is also presented. 

- Task Analysis 

- Timeline Analysis 

- GOMS 

- KLM 

- Extended KLM 

- Multimodal Critical Path analysis (CPA) 

- Cognitive walkthrough 
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Table 1 summarization of methods. 

Method Training 
Time 

Application 
Time 

Validation 
studies 

Advantages Disadvantages Source 

Task Analysis Low Low Unknown 1) Quick and easy to use, 
requiring very little training 
2) Reveals complexity 

1) No real discussion 
2) Use is questionable 

Jordan, 1998 

Timeline 
Analysis 

Low Low No 1) Quick and easy to use, 
requiring very little training 
2) Could be used to represent 
team-based activity 
3) Workload can be mapped 
onto the timeline graph 

1) Predictive use is questionable 
2) reliability and validity 
questionable 
3) Limited use 

Kirwan and 
Ainsworth, 1992 

GOMS (Goal, 
Operator, 
Methods and 
Selection rules) 

Med-high Med-high Yes but 
not 
outside 
HCI 

1) Provides a hierarchical 
description of task activity 

1) May be difficult to learn and 
apply for non HCI practitioners 
2) Time consuming in its 
application 

Card, Moran and 
Newall, 1983 

KLM (keystroke 
level modeling) 

Low Low Yes 1) Quick and easy to use, 
requiring very little training 
2) Can be used to compare task 
times for two or more concepts 
3) Output is immediately useful 

1) Designed specifically for use in 
HCI 
2) Only caters for expert error free 
performance 
3) Does not take context into 
account 

Card, Moran and 
Newall, 1983 

Multimodal CPA 
(Critical Path 
Analysis) 

Med Med Yes 1) Consider parallel task activity 
2) Can be used to assess or 
predict task performance times 
3) More efficient than KLM 

1) Can be tedious and time 
consuming for large, complex 
tasks. 
2) Only model error free 
performance 
3) Times are not available for all 
actions 

Baber, 2005 
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Table 1 (continued) 

Cognitive 
Walkthrough 

High High Yes 1) Extremely flexible approach that 
can be used for a number of different 
purposes 
2) Has been used extensively in a 
number of different domains for 
design, development, representation 
and evaluation of systems and 
technologies 
3) Based on sound underpinning 
theory 

1) The CWA analyses are typically 
resource intensive 
2) Only limited guidance is given to 
analysts, and the methods within the 
framework may be difficult to grasp for 
novice analysts 
3) The latter phases of the framework 
have previously received only limited 
attention 

Polson, Lewis, 
Rieman and 
Wharton, 1992 
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Task and timeline analysis 

The general goal of a task analysis is to find the difficulty of the system by listing number of steps to 

complete a task. It can only give a value for optimal use of the system e. g. the lower the total 

number of steps the easier the system is predicted to be. It can to some extent also be used to reflect 

on each sub-task (Jordan, 1998). An example of task being divided into a sequence with task analysis 

approach (Jordan, 1998): 

1. Decide what food to eat 

2. Put food into microwave 

3. Decide power level 

4. Set power level 

5. Decide how long required for cooking 

6. Press start 

7. Listen for chime indicating that cooking is complete 

8. Remove food from microwave 

This simple form of a task analysis is in many cases not enough to find or discuss problems or flaws in 

a design but is often the first step in more extensive analyses. An example is GOMS (and its different 

approaches), a short name for Goal, Operator, Methods and Selection rules. A common task analysis 

is the hierarchical task analysis (referred to as HTA). The HTA is generally used as a first step for 

methods that require a task analysis. 

Timeline analysis is generally not a method as it is almost always combined with other methods, such 

as Multimodal CPA and extended KLM. A timeline analysis can also act as a standalone evaluation 

with regards to temporal requirements and demands. A timeline in regards to methods is 

implemented in order to understand “the when” rather than “the how”, especially in regards with 

other task decomposition methods. Even a simple timeline can reveal significant differences between 

concepts as its main advantage lies in the ability to show ‘bottlenecks’ (critical moments of where e. 

g. information flow is higher than usual) as well as information parallelism. However, general 

timeline analysis can be time consuming because it often needs extensive data gathering (Stanton, et 

al., 2005). 

 

GOMS (Goal, Operator, Methods and Selection rules) 

The GOMS can be defined as a summarization of: 

1. What a user intends to complete (Goals) 

2. Actions that the user perform to accomplish goal (Operators) 

3. Order or hierarchy that the operator uses to accomplish goal (Methods) 

4. Preference over method to accomplish goal (selection rules) 

A full GOMS is perhaps the most extensive approach a concept can have pre prototyping and it is also 

heavily reliant on the evaluators’ judgment (Card, Moran and Newall, 1983). There is however 

several different versions of GOMS and by definition the first GOMS to be defined is now named 

CMN-GOMS (after the creators). In some cases speed of method and the time of concluding a task is 

the most interesting aspect and for this reason a simpler and quicker version called KLM (keystroke 

level modeling) was developed. 
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KLM (keystroke level modeling) 

Keystroke level modeling was created for use in the HCI (human computer interaction) domain and 

focus on task executions times (Card, Moran and Newall, 1983). The method is fairly simple and 

divides a task into a serial process of six different operators: 

 K, keystroke press (keypress) 

 M, mental 

 P, Pointing 

 H, homing  

 D, drawing with a mouse on a certain length 

 R, response time of system 
 

The total time of task executing (Texecute) is then derived from the formulae 2, where n is the number 

of times the operator appears in a task and t a statistical set time for the type of operator. 

                                        (2) 

By using keystroke level modeling approach on a task within an interface it is possible to predict time 

completion for that task. Estimation can be as good as 10 - 30 % of task time performance according 

to recent a study (Sauro, 2009) and has repeatedly been estimated to be within 20 % error margin of 

the human performance (Card, Moran and Newall, 1983; Olson and Olson 1990). Being able to 

predict times for tasks is of relative important (depending on the definition of the task given) as it 

always is in focus when regarding driving. The KLM has a beneficial feature of using an objective time 

value (created from statistic approach) and thus it can be used to evaluate different tasks/concepts 

which both complete the same goal. KLM is also a method that is easy to learn and quick to use 

(Stanton and Young, 1999). 

The main drawback of using the KLM is that it was original developed for evaluation of interfaces on 

a computer (generally it belongs to HCI rather than HMI) but KLM have been used in the driving 

environment (Green, 2003) and with moderate success. KLM have during the years been 

reconstructed and applied in different fields, which should indicate its use and also the industries 

demands. Examples of studies relating to driving are: 

 Common tasks on car radios (Burnett, Pettit and Karbassioum, 2006; Stanton and Young, 

2003) 

 PDA devices (Luo and John, 2005) 

 An extension of KLM with consideration to visual demand during driving (Burnett, Pettitt and 

Stevens, 2007) 

There have been many different KLM studies concerning mobile phone interaction. Some are: 

 Dialing a cellphone in driving context (John, Salvucci, Centgraf and Prevas, 2004) 

 Assessment of task time on mobile phone text messaging (Myang, 2004) 

 Advanced Mobile Phone Interaction (Holleis, Hußmann and Schmidt, 2007) 

 Text entry on 12 button mobile phone for non-experts (Pavlovych and Stuerzlinger, 2004) 

 Short text messages on mobile phone (How and Kan, 2005) 

 Extended KLM for Mobile Phone Interaction: A User Study Result (Li, et al., 2010) 
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Extended KLM 

Extended KLM is a method which tries to combine the aspect of the post prototype method called 

Occlusion protocol technique with traditional KLM (Burnett, Pettitt and Stevens, 2007). The occlusion 

protocol technique evaluates tasks performed with interrupted vision conditions and aims to predict 

visual demand. The method itself is an experiment where the vision becomes repeatedly interrupted 

at self-paced or fixed intervals of time. By using a modified version of KLM to approximate the 

minimum task time (and total task time) with visual demand the time and costs, in comparison of 

performing an experiment, could be cut drastically. The Extended KLM has been tested and its error 

rate can be expected to be 7-13% from real experiment driven time values (Burnett, Sharma, Pettitt 

and Stevens, 2011). It could thus be argued that the extended KLM should be applicable on early 

evaluations with considerably good results. 

 

Multimodal CPA (Critical Path Analysis) 

Critical path analysis was originally created as a project management tool and is a method where all 

separate activities which is needed for a common goal in a project are accounted for. The name of 

the method comes from identifying the so called critical path in a concept (meaning the method tries 

to identify which activity that creates ‘slack’ in other activities and thus is more critical as it is more 

time critical). It estimates projects duration and takes into consideration the activities ability to be 

performed parallel with each other (Lockyer and Gordon, 1991). 

The multimodal version of the method is a task decomposition method that describes the different 

activities as sub tasks or operators needed to complete the task. It is thus heavily dependent on 

creating/finding correct dependency and flow within a task. Defining which activities that can be 

used in parallel and which cannot is a main part of this method. The parallelism is a simplification of 

the fact that different operators can be handled by different modalities. According to the model of 

multiple attention resources by Wickens, 1984 and some of its succeeding attention models this 

enables a user to perform activities in separate modalities at the same time with good attention and 

focus. It is however also important to identify the activities temporal order (some tasks regardless of 

modality may need to be completed before another can start). The multimodal critical path analysis 

can thus predict the time completion of a task with regards to this fact and grants a scheme over the 

difference in modalities during the task (Stanton, et al., 2005). In time regards it can give an earliest 

and a latest estimated duration time. 
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CWT (Cognitive Walkthrough) 

Cognitive walkthrough is an evaluation of user interface designs based on theory performance 

(Polson and Lewis, 1990; Polson, Lewis, Rieman and Wharton, 1992). One of the main advantages is 

that the method can be used early in development, as a group or by a single evaluator, although the 

minimum requirement of the stages should be a detailed concept design description (Polson, Lewis, 

Rieman and Wharton, 1994) and in some cases a mock up or early prototype.  

The method is performed by identifying cognitive steps of a task which the analysts try to view from 

a user point of view and identifies problems in finding or using the interface. The evaluator considers 

the users interaction from a set of criteria and with a goal driven structure. The criteria can be 

separated into three main categories (Stanton, et al., 2005): 

 Goal structure for a step (correct goal?) 

 Choosing and executing the action (correct action?) 

 Modification of goal structure (response?) 

A more general model of process is described as:  

 Establishing the Goal 

 Forming the Intention 

 Specifying the Action Sequence 

 Executing the Action 

 Perceiving the System State 

 Interpreting the State 

 Evaluating the System State with respect to the Goals and Intentions 

The method requires the evaluator to be an expert in the field that it is applied to as the evaluator 

must have general knowledge of the mechanism behind tasks and interaction with the specified 

interface design (Jordan, 1998). Because of focus on the users’ interaction and mainly not 

performance the method can be used as a refinement of concepts where ease of learning is in focus 

(Stanton, et al., 2005). 
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3. Requirements and text input assumptions 
The following list was the demands given by Semcon for the project: 

- The methods for evaluation of modality must be quick and easy to learn 

- The evaluations have to be able to be applicable in early stages of development but regards 

to other stages should not be neglected 

- The method must consider modalities of some kind, where modality is classified as 

information from senses (e. g. vision, auditory) 

- No user should be involved in the early evaluations 

- Evaluations must be able to generate comparative means between concepts 

- As text input is in focus the methods must be able to handle long sentences 

This project had some assumptions regarding text input: 

- Text input is serial, long sentences and texts are often written in a serial order 

- Text input can be a long and tedious task as longer texts generally takes longer time, because 

of the serial input 

- Because long sentences and texts needed to be evaluated the 15 seconds rule was discarded 

as a guideline 

Important to note is that output was rather quickly separated from the task of text input (on the 

behalf of the students from Chalmers). Although it is more or less obvious that output is needed for 

at least confirmation of the input it was regarded as outside the scope of this project. This made 

evaluation little more complicated as visual demand was deemed important but no confirmation for 

the driver of the input were available. Also the concepts created by the students did not have aiding 

functions like autocomplete. These two factors lead to two important assumptions: 

- The concepts was to have a screen as output with optimal positioning (regardless the fact 

that this position was unknown) 

- The created concepts did not have autocomplete. This is important to note as this type of 

function could radically decrease task completion time and other duration related variables. 

 

 

 

  



      | Process and results 22 

 

4. Process and results 
This chapter describes the process and results obtained. The chapter uses a discussion oriented flow 

in order to try and motivate each option and explain why different decisions were made. 

 

4.1 Research process 
The process of the project started with a literature study of variables, methods, text input and 

requirements. The second part of the process included creating a new modified method Combined 

Evaluation Method, CEM, adapted to the requirements that were listed. Afterwards CEM was tested 

in terms of relative power and reliability (with focus on reliability within estimated variables). Lastly 

an evaluation package with appropriate methods was created. In total the project followed a flow 

according to figure 3, which represents the plan for the project.  

 

Figure 3 an illustration of the flow in the project. 

 

4.2 Literature study 
In order to understand the task of performing early evaluations there was two literature studies. One 

focused on the different variables and their importance. The other phase focused on methods and its 

goal was to try and find a method suited for early design development multimodal evaluation. 

The information was found in books, on the internet and from experts as sources. There was also a 

conference at the beginning of this project on driver distraction and inattention which presented a 

lot of usable material in form of paper and oral presentations. Because it presented the latest 

available research it quickly became the most important source of information regarding the 

background of this study. The EFESOS project itself also provided a lot of information. 

 

4.2.1 Driver distraction and inattention conference 

2nd international conference on Driver distraction and inattention was held in Gothenburg, Sweden 5 

– 7 September 2011 and it was a conference which presented almost a hundred different enquiries 

of the latest research in the subject on driver distraction and inattention. Among these there was 

very few dedicated to the development of evaluation methods in early design development but in 

general most of the work presented indicated the variables and foundation of the thoughts reflected 

in this project. In order to understand this focus an extensive study was conducted, with the goal of 

finding or creating an early evaluation model with regards to modality.  
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4.2.2 Search for important variables 

Perhaps the most important aspect of performing an evaluation is the need of what is required. In 

order to gain an understanding of important variables for driving performance an extensive study on 

previous research was needed. This was narrowed down to the distraction and inattention problem 

and driving and secondary task engagement performance. The field of text entry in regards with 

traffic became something of early importance as well. This work also considered the aspects of 

nomadic devices as well as telephone usage within cars. A basic underlying theory surrounding the 

subjects was mapped in order to find interesting work related to the goal of this project. 

It was found that many studies created their experiments from ISO standards, especially ISO 15007-1 

and focus was mostly on glance based metrics. Another important source for identification of 

variables was the project called AIDE from 2005. Almost all variables in relevant studies were 

explained in these two descriptive works. Table 2 shows some of the most common and important 

variables used in a variety of studies, all related to visual modality or driving performance. 

Table 2 a list of some of the most common and desirable (in order to fulfill the requirements) variables. *AIDE work 
package 2.2 Johansson, et al., 2005, Review of existing techniques and metrics for IVIS and ADAS assessment 2005. 

Variable Reason to measure Source 

Glance Based Variables     

Single Glance Duration 
Measure of safety and as these increase in time 
so does risk, primary maximum single glance limits 
are of importance 

ISO 15007-1 

Glance frequency 
High relation with safety of systems, can be a 
measurement of recognition 

ISO 15007-1 

Total Glance Time 
Used as a safety measurement but can also be a 
measure of task completion time in some cases 

ISO 15007-1 

Mean Glance Frequency 
Measurement of performance and visual workload 
while performing secondary tasks  

ISO 15007-1 

Mean Glance Duration 
Measurement of performance and visual workload 
while performing secondary tasks  

ISO 15007-1 

Percentage Road Centre 
Could also measure the variable Eye time off road 
scene ahead. Highly recommended variable to 
measure distraction and inattention 

AIDE* 

Performance Measures 
 

 
Objective Workload 

Objective workload is hard to measure but one 
method is to use the Detection Response Task 

AIDE* 

Subjective (users own 
judgment) Workload 

Subjective measures are ratings by the users and 
a normal method to evaluate this aspect is the 
NASA-TLX questionnaire 

Stanton, et 
al., 2005 

Standard 
deviation/variance of lane 
position 

Normal simulator data and a variable to measure 
distraction and inattention (but really more driver 
performance) 

AIDE* 

Time to collision (TTC) 
A variable to measure distraction and inattention in 
car following studies 

AIDE* 

Task completion time 

Have high relations to many kinds of variables 
related to time performance. Could be divided to 
task completion in standstill and dynamic task time 
when related to driving tasks 

Jordan, 
1998 among 
others  
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The variables were sorted in order of how easy they would be to estimate early in the development. 

Figure 4 illustrates an extended mind map, where variables mentioned in table 2, and some other 

interesting variables, were categorized in the classes Possible to estimate, Impossible to estimate and 

the standard usability measures in which variables were once again grouped according to their 

aspect of difficulty to estimate. The mind map was created by discussion with several experts at 

Semcon AB and one from Volvo car cooperation in regards to requirements to estimate the variables. 

 

Figure 4 a classification of the variables according to how easy they would be to estimate in early stages. 

Among these variables task completion time (or also referred to as only task time in this project), 

which is predictable by several methods, was classified as one of the most important variables. The 

importance of total task time could also be derived from the simple fact that text input often is a long 

tedious task. It was also enforced by the simple statement meaning that a longer task decreases 

safety in regards to expectancy factors and its correlation to general duration related variables 

(Burns, Harbluk, Foley and Angell, 2010). 

Important to note: during the search of variables not much was found to be relevant to multimodal 

interaction. The main relationship was found through workload (as workload is directly connected to 

modality). A specific and easily obtainable measurement however was hard to classify because of the 

pre prototype estimation (no user involvement). The main aspect of the evaluation was thus to be 

the discussion of modality as well as visual modality becoming a priority (because of its high 

connection to distraction).  It was also believed that duration related variables of modalities could 

suffice as a workload indicator. 

 

4.2.3 Search for viable methods 

Although the variable or measurement itself is important the methods available to find these may 

limit or retrain the possible outcome of variables and this is why an extensive literature study was 

conducted on viable methods. This was done by analyzing many available methods in the area of 

human factors. Appendix A shows a table of all methods considered to various extents in the study. 

There were a lot of different methods (Stanton, et al., 2005) which were identified as being able to 

be used in regard of measuring, and in some cases estimating, variables but most of the mentioned 

methods in Appendix A were discarded early from the project for reasons of time restraints, poorly 

deemed usefulness, relevance and expected usage.  
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The methods that were deemed useful and relevant to this project’s narrow field were categorized 

according to when in a development they could be used to evaluate any of the sought variables. 

Figure 5 shows a new categorization of methods that were considered more thoughtfully and 

separated according to possible pre prototyping or post prototyping. 

 

Figure 5 a mind map of the reduced amounts of methods and with a classification to a possible period of use within 
development. 

 

4.2.4 Choosing methods to work with 

The choice of method was heavily dependent on the stage of design development and thus different 

methods for different stages were to be categorized and if a method wouldn’t be able to be executed 

early it would have to be discarded. It was decided, through expert discussion and by meeting the 

requirements, to create a work package of methods that would in total give a good understanding of 

concepts, be decisive and give material to compare and improve concepts. This would give the 

evaluator opportunity to choose methodology according to needs contra time restrains. The package 

became loosely divided into three different evaluation categories in regards to usage: 

 Base evaluation, quick, at least consider one aspect of modality but no refinement of concept 

 Extended evaluation, greater multimodal consideration and parallelism 

 Prototype evaluation, stage of refinement of concept (may be performed before actual 

prototype) 

The base package was considered to be executed before all other forms of evaluations. Extended 

evaluations was added because of the need for multimodality evaluation and prototype evaluations 

were supposed to be the stage in the evaluation where an evaluation could give information as to 

how to improve the concepts. 

As the main aim was to find a method to estimate and predict important variables in early stages, 

preferably before any type of prototyping, and a lot of the wanted variables were considered hard or 

impossible to estimate and the requirement of creating comparative means were a necessity the 

choice of methods quickly narrowed down to time performance assessment methods and task 
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decomposition methods. This approach was enforced by the ordinary interface analysis approach 

where regarding time on task is very important. Time metrics are relatively easy to estimate and 

generates considerably better comparative means than discussion and refinement variables. 

Mainly KLM and Multimodal CPA were considered to be of importance early in the project as they 

also applied relatively to the demands of being quick and easy (KLM approach) or considering 

modality (Multimodal CPA approach) but each of the methods did have critical flaws that needed to 

be assessed. However due to the nature of KLM being a method divided from GOMS (Which is a task 

analysis method) GOMS in general was not excluded. Also as Multimodal CPA was included the 

general principal of using Timeline analysis was included. Because KLM was considered important 

extended KLM was also considered important. Extended KLM listed a very important aspect and 

advantage to KLM in the form of visual time prediction but it also added a dependency on the 

occlusion protocol as a post prototype study. 

In general the Cognitive walkthrough was accepted as a very applicable method but with its high 

drawback of being time consuming, and generally require much training; it would perhaps not be of 

early use without modifications. As no method of estimation left would grant perspective on driving 

behavior or coping methods a cognitive walkthrough might be the only method available to capture 

these aspects.  Also the method was determined to lack the ability to distinguish between concepts 

as it focuses on improvement and discussion rather than comparative variables. With these 

drawbacks it was deemed as too demanding for a quick evaluation but because of its flexibility and 

widely usage as an error catching evaluation it was not excluded as it fitted the refinement category. 

 

4.2.5 Conclusion of literature study, method and variables 

After the methods had been sorted it was concluded that there was a lack of overall modality 

consideration in general (even with regards to the Multimodal CPA). Also, the only decisive quick 

methods were KLM and extended KLM. KLM and extended KLM were grouped in same category. 

Table 3 shows the categorization of methods according to the previous defined evaluation 

categories. 

Table 3 the categorization of methods into the evaluation package. 

Phase Methods Variables/use 

Base evaluation 
KLM, Extended KLM, 
Timeline analysis 

Task decomposition, Task Time, Visual 
Modality, Timeline 

Extended 
evaluation Multimodal CPA 

Task decomposition, General modality, 
Timeline 

Prototype 
evaluation CWT Task decomposition, Errors,  Refinement 

 

As extended KLM was considered more time consuming than ordinary KLM and only considered 

visual modality it was decided to try and combine or modifying aspects of all chosen methods to be 

able to grant modality estimation with a lower time constrain. The development of the method 

however was decided to be such that the method would be applicable as a standalone method if 

needed. This was thought to bring focus to minimizing time restraints for evaluation and highlight the 

focus of multimodality. 
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4.3 Combining or modifying an existing method 
When this project started it was concluded that there are no methods concerning the very early 

stages of development of interfaces with a multimodal approach that would satisfy all given 

demands but aspects of certain methods were found during the literature study that were very 

desirable. Because of this the work focused on trying to combine or modify one of these (or all) 

methods into being specialized for early evaluation and in some form driving and have a multimodal 

approach. In this project this method was named Combined Evaluation Method, CEM. It was decided 

that there was to be iterations of the development of the method in which one or more aspects 

would be added or removed. 

 

4.4 The evolution of CEM, Combined Evaluation Method 
As a lot of methods offered much of what was needed but not covered the full requirement list that 

was wanted it was decided to try and create a new method based on wanted aspects of task 

decomposition methods. The combining of elements from different methods were then to be 

iterated until a method with acceptable results would have been produced. 

 

4.4.1 First iteration 

At first the method started out as a method that was going to be used in order to gain a perspective 

of total task time, which is especially important if a task is repetitive (Tullis and Albert, 2008). This 

was considered the easiest as well as most important variable for any early evaluation. But as the 

method was to be developed for use before users are involved the time would have to be estimated 

(non-empirical). One of the most reassuring ways to be able to estimate task time would be using 

task decomposition, such as KLM. The usage of KLM was also considered as minimal objective 

evaluation. 

However, the operators to be used for this kind of KLM posed a big problem. There weren’t found 

any definite operators for non-specific apparatus and the operators presented by Green 2003, table 

B.1 appendix B, were considered to be too specific for normal keyboard interaction. Already the 

students had created concepts which didn’t utilize normal keyboard or touchscreen as main 

interaction. It would suffice for a touchscreen and similar concepts but not general ones. The other 

reports (Holleis, Hußmann and Schmidt, 2007; How and Kan, 2005), table B.2 and B.3 Appendix B, 

showing of operators for mobile phone interaction were also considered to non-general or too 

phone specific. It was thus decided to use similar operators as to the table from Burnett, Sharma, 

Pettitt and Stevens, 2011 but with the addition of several different values of K (the keypress 

operator), shown in table 4. The point of adding more values to K was to give an opportunity for the 

evaluator to evaluate other movements which would have same results as key presses (e. g. turning a 

small joystick). In normal studies using KLM the K value of an average user is 0.2 which also is the 

most commonly used value (despite the error free expert performance). Presenting several K values 

gives the opportunity to manipulate to compensate for the different concepts imprecise structure (e. 

g. small rotations could be assumed to be more or less easier to perform than a normal keystroke). 

The response time operator R, originated from the original KLM, was deemed useful but it was forced 

to be excluded as it would prove difficult, next to impossible, to estimate as the early stage concepts 

didn’t always had technology specification, requirements or demands. 
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Table 4 a table of operators used for the first iteration of CEM. 

Operator Action Time (s) Source 

Rf  
Reach far - Move hand from 
steering wheel to in-vehicle device 0.45 Green, 2001 

M  
Mentally prepare or confirmation 
for an action 1.35 

Card, Moran and 
Newall, 1983 

K   Keypress 
  Best Typist (135 wpm) 

 
0.08 Kieras, 2001 

Good Typist (90 wpm)  
 

0.12 Kieras, 2001 

Poor Typist (40 wpm) 
 

0.28 Kieras, 2001 
Average Skilled Typist (55 
wpm) 

 
0.2 Kieras, 2001 

Typing Random Letters 
 

0.5 Kieras, 2001 

Typing Complex Codes 
 

0.75 Kieras, 2001 
Worst Typist (unfamiliar with 
keyboard) 

 
1.2 Kieras, 2001 

H  Homing – moving hand between 
controls 

0.4 Card, Moran and 

Newall, 1983 

It was however hard to define how the mental operator should be used in text input tasks. For this 

reason some of the mental considerations were taken from Kieras D. unpublished report from 2001. 

Mainly the points which were emphasized were the statements: 

- Regardless of how different tasks are executed mental operator placement should be 

consistent, number more important than placement  

- If it’s too hard to pinpoint mental operators and the mental modality is expected to be very 

small it might not need to be resolved at all.  

It was also stated in rule two from Card, Moran and Newall, 1983 that a cognitive unit should have M 

representing it. There was no universal definition of what this unit actually was but because this 

method was adapted to serial input of several words each word was marked as being a cognitive 

unit. It was also decided to make a rule adding mental operators before use of special features (such 

as if the input changed or altered in some way). 

Dividing a task has other positive aspects as well. Complexity is not a commonly used variable but it’s 

very describable of a system’s difficulty, when complexity is described as the number of operations 

needed to perform a task. This variable could also be argued to relate to the learnability of a system 

as complex systems are harder to learn. For this reason the variable of difficulty, defined as 

complexity of the system (number of operations), was included. The method also included a general 

discussion, based on the evaluators’ judgment, for modality in form of a variable called most 

common modality. However, as visual demand was of special importance the first iteration should 

have special consideration to visual modality. For this reason the extended KLM was used as a base 

structure (with its timeline) due to its focus on predicting visual demand. Figure 6 illustrates the first 

iteration. 
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Figure 6 the first iteration of trying to combine elements from different methods to be able to evaluate modality usage. 

 

Evaluation of first iteration 

For usage of the method the first concepts generated by the students from Chalmers were used. The 

first iteration was evaluated by simple expert discussion with regards to what was needed and what 

was able to be discarded or improved. The discussion was regarding if the method could meet the 

demands or not. 

 

Conclusion from first iteration 

The method was able to perform the required estimations but lacked ability to evaluate concepts 

which were expected to require no or very little visual demand. They were more or less evaluated 

regardless of their load in other modalities. It was decided to improve the method by borrowing the 

modality classification of each operator from Multimodal CPA but not implement the parallel 

processing, which was deemed time consuming because of the serial text input. The time line aspect 

from extended KLM was also considered time consuming, it was instead thought that visual time 

could be predicted according to operator rather than timeline, something that was adapted in the 

following iteration. Focus was on short application time. 

Advantages 

- Able to predict visual demand according to Extended KLM 

- Overview of the tasks being done with the concept according to KLM 

Disadvantages 

- Creating a timeline could be time consuming as well as organize operator according to the 

time period of 1.5 seconds occlusion interval 

- Hard to evaluate modalities with only notification and discussion 

CEM 

Keystroke Level Model 

Using the operators and divide 
scheme 
Variable: Task time 

Task analysis 
Variable: Difficulty 

Extended KLM 
Variable: Resumability and 
visual time 

Timeline analysis 

General Modality (subjective 
means completly) 



      | Process and results 30 

 

New goals 

- Create a quicker method by discarding time line analysis and with it the extended KLM visual 

prediction 

- Try to evaluate modality usage better, by integrating parts of CPA, mainly the classification of 

each operator in according modality 

 

4.4.2 Second iteration 

The second iteration was created by simply reducing the weight of visual aspects of the concepts and 

adding a similar procedure for five different modalities: Visual, Mental, Manual, Audial and 

Haptic/Tactile. The modalities were taken from Multimodal CPA (Stanton, et al., 2005) with the 

addition of adding Haptic/Tactile as well as merged Manual (right) and Manual (Left) modality.  

Haptic/tactile feedback was added in order to give an opportunity to evaluate the new generation of 

touchscreens with haptic feedback but also to be able to compare them with normal keyboards 

which have natural tactile feedback. The merge of haptic and tactile were mainly from a conclusion 

that it could be hard to separate these modalities in an evaluation. With this done the aspects 

validity and reliability of the Extended KLM faded but a global perspective on modality usage was to 

be expected. Even though the visual aspect and task time were expected to become less accurate it 

was also followed by an assumption: 

 Total task time and visual modality would both be generally lower and thus the relative 

power of the method would not be affected, (even if the estimated value would have less 

validity). 

This assumption was based on the fact that the time line and the interval of 1.5 seconds of occlusion 

mainly prolong the task time and visual time. Although and very important to note is that in the 

regards of interfaces using a lot of occluded time this is not necessarily true. Such an interface could 

have same occluded time as non-occluded but such a case was temporarily disregarded and classified 

as very rare. Figure 7 illustrates the second iteration. 
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Figure 7 second iteration of the combined evaluation method. 

 

Evaluation of second iteration 

For usage of the method the first concepts generated by the students from Chalmers were used. The 

second iteration was also evaluated by simple expert discussion but had more experts involved. Yet 

again the evaluation discussion was regarding if the method could meet the demands or not. 

 

Conclusion of second iteration 

With the disregard of time line analysis of the extended KLM the application time was approximated 

to be cut in almost half. Using five modalities did not affect application time notable as it was quick 

to just add time to the corresponding modality. However the auditory modality was found to be 

irrelevant for all concepts yet created. This could be explained because auditory was deemed mainly 

dependent on feedback and not input. Further regard to this would be to include operators 

specifically for listening. 

Advantages 

- Quicker than extended KLM 

- Some detailed explanation of modality load but the usefulness of this could be discussed 

Disadvantages 

- Less consideration of visual aspects (it is now more inconsistent and harder to evaluate) 

- Still not sufficient in modality aspects 

New goals 

- Try to identify the validity (and practical usage) problem of modalities 

- Still consider the application time in respect to eventual additions to the method 

CEM 
v2 

Iteration 1 
Previous conclusion: Task time, 
difficulty, visual calculation and 
operators 

Multimodal Critical Path Analysis 
Variable: Audio , Manual and Mental 
consideration & summation 
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4.4.3 Third iteration 

For the reasons in the conclusion of the second iteration it was decided to use the operators found 

for Multimodal CPA in CEM (general HCI values, table 5). 

Table 5 a list of operators used in Multimodal critical path analysis based on values from general HCI (a list collected from 
Stanton, et al., 2005 but with values converted to seconds from milliseconds). 

Activity Time (s) Source 

Read 
 

 Read simple information 0.340 Barber and Mellor, 2001 

Read short textual descriptions 1.800 John and Newell, 1990 

Recognize familiar words or objects 0.314-0.340 Olson and Olson, 1990 

Hear (auditory warnings) 0.300 Graham, 1999 

Search 
 

 Checking or monitoring or searching 2.700 Barber and Mellor, 2001 

Scanning, storing and retrieving 2.300-4.600 Olson and Olson, 1990 

Diagnosis or decision 
 

 Mental preparation for response 1.350 Card, Moran and Newall, 1983 

Choosing between alternative responses 1.760 Olson and Olson, 1990 

Simple problem solving 0.990 Olson and Nielson, 1988 

Speak 
0.100 per phoneme 

or space Hone and Baber, 1999 

Move hand to tracker ball or keyboard 0.214-0.400 Card, Moran and Newall, 1983 

 

0.320 Barber and Mellor, 2001 

Move tracker ball to target item 1.500 Olson and Olson, 1990 

Move cursor via tracker ball 100 mm 1.245 Barber and Mellor, 2001 

Press key single 0.200 Barber and Mellor, 2001 

 

0.080-0.750 Card, Moran and Newall, 1983 

 

0.230 Olson and Olson, 1990 

Type headcode  
 Average Non-secretary Typist (40 wpm) 0.280 Card, Moran and Newall, 1983 

Typing Random Letters 0.500 Card, Moran and Newall, 1983 

Typing Complex Codes 0.750 Card, Moran and Newall, 1983 

Other   

Auditory processing (e.g. speech) 2.300 Olson and Olson, 1990 

Switch attention from one part of a visual 
display to another 

0.320 Olson and Olson, 1990 

The addition of more operators was thought to make time prediction more accurate (application 

time was expected to increase but tolerated in order to check the possibility of more precision). 

Although the use of more operators also has the severe drawback of increasing the complexity of the 

method in a usage area where simplicity of KLM method is one of the main features (John, 2003). It 

was however believed that a more accurate approximation would lead to more realistic use of the 

modalities values. In this regard the third iteration was to be an expanded Multimodal CPA analysis 

but in order to create a less time demanding method the parallel processing was once again 

discarded and no HTA (which normally is created for a CPA) was produced. Again this was done 

because of task text input was considered serial. 
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Although the aspect of parallel activity, which is considered in Multimodal CPA, wasn’t adapted in 

CEM it came a need to be considerate of how modalities actually interact and it was thought that 

with the information already presented in CEM it should be calculable. It was included in the simple 

formulae 3 in order to create a value able of being compared between concepts.  By adding a 

conflicting aspect it was thought that the CEM should reveal at least the most dangerous 

manual/visual moments as both manual and visual aspects is rated for each operator.  

              
                                   

               
  (3) 

Lastly the addition of spoken response was added as it was represented in the multimodal CPA and it 

was added to be able to evaluate voice based concepts and in some form combat the non-usage of 

auditory modality. The first thought would be to merge the two modalities but the auditory modality 

could still have usages for sound (e. g. if the user would be forced to wait a sound might trigger 

continuation of the task) and also as operators for audio were included because of usage of table 5.  

Figure 8 illustrates the third iteration. 

 

Figure 8 third iteration of the combined evaluation method. 

Evaluation of third iteration 

The third iteration was also evaluated by expert discussion and how well it would fulfill the 

requirements. This evaluation of the method was based on evaluation of all the concepts created by 

the Chalmers students. 

 

 

 

CEM 
v3 

Iteration 2 
Previous conclusion: Task 
time, difficulty, modalities 
calculation 

Multimodal Critical Path 
Analysis 
Operators 

Multimodal Critical 
Path Analysis 

Spoken response 
modality 

Adding conflicting columm 
to adress the issue of 
manual/visual and other 
aspects 

Formulae 1  
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Conclusion of third iteration 

The formulae 3 was discarded as a further analysis revealed it could not deal with a low/high number 

of operators versus high/low task time (it would create values with confusion as to which should be 

rated better). Instead the modality summation was kept and it was decided to reveal it together with 

total task time (as it couldn’t be longer than the total task time). The conflict measurement quickly 

became addressed as less important as its use for different concepts would often be zero or similar 

to the number of operations. The nature of this was the inheritance of lack of timeline aspects as 

well as a reduced reliance on occlusion periods and the simple fact that conflicts of this kind are hard 

to identify. Also in some cases everything could be expected to be both manual and visual 

interaction. 

The auditory modality again proved to be irrelevant for all concepts as no concepts had specified 

hearing as a necessity. Although sounds are important for an interface the created concepts were 

simply not advanced enough to include sounds. This meant that even though auditory can be 

specified early the evaluations did not support the addition of any operator regarding hearing. 

The conclusion of the third iteration was that there were many more operators to consider but not 

that the addition actually increased performance in respect to time of evaluation or that many of the 

new operations were used. Without regard to time evaluation it should be noted that a lot of smaller 

physical movements still were excluded due to the lack of defining operators. However, depending 

on the structure of a concept small movement could be calculated using formulae Fitt’s law, a 

movement formulae that have many applicable areas (So and Griffin, 2000) and have been used in 

order to create e. g. a pointing operator P for KLM. But it still would not cover every kind of 

movement and generating every small movement by formulae would be time consuming and require 

more precise concepts than given. Thus adding more operators produced a more advanced method 

that would be time consuming, have less learnability and not notably more precision. This meant that 

the method shifted focus away from a quick method (something that was more or less expected but 

not wanted). 

In conclusion none of the points of the third iteration could develop CEM into a better option than 

the second iteration. The only exception was the spoken response modality as speech (the operators’ 

time value could be discussed) was used in at least one concept. Another important aspect of this 

could however be discussed; the features of expansion or preexisting confirmation of which 

operators could and should be used. It became obvious that depending on the actual need when 

classifying operators and modality the method could have a need of expansion. Adding the modality 

needed in the evaluation or an operator with defined time should perhaps be something for the 

evaluator to check before evaluation. However, this would of course increase application time, 

something that has been argued several times to be something that is highly unwanted. 

Advantages 

- Same as version 2 but with the addition of being able to evaluate speech concepts 

Disadvantages 

- Inconsistent and difficult consideration of visual aspects 
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4.4.4 Final conclusion 

The reminding problems were: 

- Expected modality, is it really possible to address the multimodality? 

- Time consuming? Even if the method is not that time consuming it will still be exhaustive if 

there are a lot of concepts. This makes the method better suited for use after the first 

concepts have been thinned out. 

The time issue was addressed by the separation of methods in the evaluation package with a 

minimum time however, the time to perform KLM.  

In order for CEM to be useful and comparative it would need to at least estimate task time. The task 

time was after all considered the most important and easiest of all the early possible variables. The 

modality aspect as comparative means could be argued to focus on visual demand. The aspect of 

manual-visual demand has proved being very dangerous and it could thus be argued that estimating 

manual demand as a modality would be useful. This manual prediction might be poorly estimated 

but can at least be something that can be estimated at all. Presenting the other modalities could thus 

prove useful as a factor of showing why a concept is expected to require more or less vision than 

other concepts. The values alone however could not prove useful, as presenting number of 

operations, meaning the methodology becomes very dependent on total task time. 

 

4.5 Reliability study of CEM 
In order to check if other evaluators would be able to use CEM a reliability study was performed. 

Four people with background in HMI were asked to participate in the study. By definition the study 

was repeated measure within-groups design (as the same method and concepts was used by every 

participant, McQueen and Knussen, 2006). 

 

4.5.1 Experiment design 

In order to be able to conduct a test of the method at least two concepts had to be evaluated (in 

order to compare designs). In order to test the evaluators’ ability to handle different types of 

concepts two radically different concepts created by the students from Chalmers were selected. 

These were (shown in appendix D):  

- Input concept 3: Smart swipe 

- Input concept 6: Joystick clickwheel 

The concepts were created by the Chalmers students and evaluated using the sentence “Stort grattis 

på 30-årsdagen! kram/Anna”. In order to avoid order impact and learning factor the order in which 

the concepts were evaluated were set to alternate between participants.  
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4.5.2 Pilot study 

A pilot study was executed in order to gain an understanding of how long time a single test would 

take. In this study the method was simply explained to an evaluator who was then asked to perform 

the evaluation of the given concepts. This study took approximate one hour but the test pilot was 

expected to have more knowledge of this type of method than others. The time of a study was thus 

set to two hours, where one hour was expected to be part of a learning process. After the first pilot 

test the definite process of the study was established, this in turn required another pilot study. The 

second pilot study was also conducted in order to reveal information about the regards of the 

learning process. 

After a second pilot test it was concluded that the learning process as well as the whole definition of 

the method could lead to problems during an evaluation. This became a noted problem. Time 

restraints and participant involvement meant that the time requirement and thus time set for 

training would prove to be difficult to handle. The counter towards this would be to ease the learning 

process by conducting an example before the test. 

 

4.5.3 The reliability study process 

The experiments started by giving the participant instructions, Appendix E. This text was read out 

loud and discussed with the evaluator. Afterwards the participants were given the documentation of 

the version 3f4 of CEM, appendix C, and together with the evaluator went through an example, 

Appendix F, in order to speed up the process for those not familiar with KLM. As the method was 

executed by pen and paper they did not follow the last step of calculating sum of modality, task time 

and total number of operators (difficulty) nor creating presentation material. Even if aspects of 

creating presentation are important as well as summation, it was disregarded simply to lower the 

time for participants to perform the study and because this task wouldn’t have to be performed by 

the evaluator him/herself. Afterwards they received a task sheet, Appendix G, in which a short 

explanation of the task at hand was explained and were asked to complete the evaluation. 

The test leader would remain at all time within the proximity of the test subject to observe. If any 

questions were asked by the participants were told to solve the problem the way they wanted to 

solve it. Lastly the participant was given a small questionnaire, Appendix H, to fill out. Pen and paper 

was used in order to generalize the methods’ ability to be performed without special equipment. 

 

4.5.4 Variables and Statistical approach 

The main goal was to try and find relative power among the results and this was done by using 

independent two tailed T test. Reliability was also studied and the statistical approach for evaluating 

reliability in the study was using the Coefficient of Variation (CV). The two concepts were compared 

on basis of the variables: 

 Task time 

 Number of operators 

 Time of each modality: manual, mental, visual and tactile/haptic 
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The spoken response as well as auditory were not used as no user was expected to use these 

modalities. Also the time of evaluation was of interest and it was measured from the confirmation 

from participant to start to the confirmation from participant being finished. 

 

4.5.5 Participants 

Four participants, one female, three males, with average age of 31.25 (STD 4.57) with experience in 

HMI was a part of this study. The low number of participants had to be accepted as people with at 

least experience within HMI was wanted but few had the time needed for this study available. 

Participants were recruited from Semcon AB and SAFER. 

 

4.6 The final Combined Evaluation Method 
The CEM should be used when there are a lot of time restraints in a development process and is 

adapted as a faster version for evaluation of multimodality than Extended KLM and Multimodal CPA. 

The method can be performed with pen and paper and require the evaluator to have basic 

knowledge about the area of use. It could be classified as a simplification and extension of ordinary 

KLM. Appendix C describes the final documentation of the CEM. 

 

4.7 Using the Combined evaluation method on the concepts developed 

by the students from Chalmers 
This chapter presents the author’s evaluation using the final version of CEM on the total of nine 

concepts, Appendix D, developed by the students from Chalmers for the purpose of this project. The 

students’ choice was concept 3 for further development. According to the results from a CEM 

evaluation, concept 7 as well as concept 5 was expected to require least task time. The concepts 5, 7 

and 9 were excluded from further development by the students from Chalmers as these concepts 

either failed to fulfill certain criteria or had time restraints and severe limits in realization because of 

technology requirements. The latter one had more impact on the decision than task time. Important 

to note is that this evaluation aided the decision but the students made a conclusion on other factors 

than task time and modality usage, which in the industry is a common factor.  

The concepts were evaluated using the sentence “Stort grattis på 30-årsdagen! kram/Anna”. Figure 9 

and 10 represents the results from a CEM evaluation. 
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Figure 9 a CEM evaluation in regards to duration variables of nine concepts created by the students from Chalmers. 

 

Figure 10 the difficulty aspect of the evaluation. 

Every concept was evaluated without the possibility of aid systems for quicker word writing, e. g. 

autocomplete. Aid systems ordering characters into words e. g. T-9 or similar technique was in some 

cases the main feature of the interface themselves and thus these types of aid systems were 

evaluated. 
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4.8 Reliability study of CEM 
The analysis of coefficient of the variance was calculated for the variables Task time, number of 

operators, manual time, mental time, visual time and tactile/haptic time. Table 6 shows the values of 

coefficient of variance for each variable. 

Table 6 shows the coefficient of variable for each of the variables measured in the study. 

Variable Vc concept 3 (%) Vc concept 6 (%) 

Total task Time 47.03 66.35 

Number of operators 31.21 62.31 

Manual Time 57.27 17.32 

Mental Time 75.52 119.42 

Visual Time 100.04 138.26 

Tactile/haptic 200.00 121.84 

 

The relative power was analyzed by graphical representation and independent two tailed T test. 

Figure 11 reveals task time for each of the participants and the concepts. Figure 12 shows an 

indication of number of operators. Figure 13 represents manual time and figure 14 illustrate mental 

time. Visual time is represented in figure 15 and haptic/tactile time in figure 16. 

 

 

Figure 11 illustrates the task time for each of the participants and concepts.  
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Figure 12 illustrates the number of operators for each of the participants and concepts. 

 

Figure 13 illustrates the rated manual time for each of the participants and concepts. 

 

Figure 14 illustrates the rated mental time for each of the participants and concepts. 

0

50

100

150

200

250

300

F1 F2 F3 F4

Number of operations 

Concept 3

Concept 6

0

5

10

15

20

25

30

F1 F2 F3 F4

Manual time 

Concept 3

Concept 6

0

20

40

60

80

100

120

140

160

180

F1 F2 F3 F4

Mental time 

Concept 3

Concept 6



      | Process and results 41 

 

 

Figure 15 illustrates the rated visual time for each of the participants and concepts. 

 

Figure 16 illustrates the rated haptic/tactile time for each of the participants and concepts. 

 

4.8.1 Coefficient of variance and relative power 

No value for the variables could indicate good reliability as none of the values were below the 

indicated 10 % to have good reliability (Atkinson & Neville, 1998). The relative power could be 

indicated because of concept 6 generally had higher values regarding task time, number of operators 

(excluding one participant which rated concept 3 slightly higher) manual time and visual time (one 

however putting same time on both). A simple independent two tailed T test could however not 

prove significant, t(6)= 1.1, p>0.31. 
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4.8.2 Observations and questionnaire results 

Every test participant had in some way created their own interpretation of at least one of the 

operators. Two even violated the documentation, this after neither consulting nor confirming 

information from it (they both put mental operators before almost everything they could). The 

operators that were in some kind compromised by some of the participants were: 

- M, 2 test participants disregarded what the mental operator was and just used it as they 

themselves saw fit (without consulting any of the documentation). None of the subjects 

regarded special signs or the changing of input screen on concept 3 as more mentally 

demanding than ordinary letters (this was not a surprise but didn’t occur on the basis 

expected) 

- H, the H variable was changed by one subject in two ways, firstly it was deemed as too fast 

and the evaluator extended the duration of a H and secondly even greater movement was 

further extended by simply changing the operator time depending on if-then situations 

created by the evaluators 

- CG, one participant felt it needed to create a new operator dedicated to visual confirmation 

which he called check glance. This was also set to 0.3 seconds by this participant 

Two of the subjects mainly used the example as a base of everything. This also led them to more or 

less not consider other modalities than the ones active in the example. Several participants 

disregarded the tactile/haptic/touch modality even though both concepts had statements about 

using it. 

Almost every participant thought the method to be exhaustive and repetitive. This also led them to 

consider quick writing of operators and they started to use formulas instead of listing values. Three 

participants made statements about it and wanted to use formula method on the second concept. 

This was allowed because number of operators was considered more important than position. All 

participants said on the questionnaire that the modality rating was probably good. However it was 

observed during the evaluations that few people tended to question what the modality actually is. 

Although the definition might be vague (on purpose) this created a far too difficult rating system as 

no one performed alike.  

The method received a difficulty rating average of 3.25 and none of the participants had any previous 

experience in using KLM methodology.  

The observed time for an evaluation was 81.25 minutes (STD 16 minutes) for both concepts, leading 

to approximate 30-60 minutes estimated application time for a sentence of 39 characters (including 

some special letters). The application time should however be reduced if the evaluator is skilled in 

the usage of the method.  
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4.9 The evaluation Package 
Based on the literature study an evaluation package with focus on early interaction design was 

formulated. It was based on the fact that as an evaluator time restraints would not allow for 

extended evaluation of early concepts. By separation of the core evaluation principles in the chosen 

methods the evaluator could focus on the intended evaluation. This package was created with focus 

on task decomposition and duration variables. The principle is shown in figure 17. 

 

 

 

 

 

 

 

 

 

 

Figure 17 the evaluation package includes four base methods separated into mainly two stages of interaction design 
development. Extended KLM and CEM are recommended for basic and comparative results while Multimodal CPA and 
CWT are used afterwards when focus is shifted to extended analysis and refinement. 

In conclusion the package recommends using a comparative method (choosing between CEM or 

extended KLM or both) as first base of evaluation and if more evaluation is deemed necessary the 

Multimodal CPA could give insight into the bottlenecks on a modal level and Cognitive walkthrough 

could grant error finding refinement. 

The strength in this evaluation package was to provide a chain in concept development that could be 

followed all the way to the post prototyping evaluation with user experiments that would not 

disregard modality usage. Because of this the methods chosen are also linked with each other 

meaning information from one method from the bottom would generate less time requirements for 

the following methods, a necessary quality as the whole package would be rather demanding 

regarding time resources. Extended KLM covers the basic idea of task decomposition, task time and 

timeline analysis which could also be used is Multimodal CPA and Cognitive Walkthrough even if they 

depend on circumstances that sometimes have to be modified. The results of CEM (or at least 

modality consideration and task decomposition) could be used in Multimodal CPA directly. This 

means that the evaluator who used extended KLM as a starting evaluation method could choose 

appropriate method later in development but would be able to use the information gathered earlier 

on (if of course changes are not too big in between). If CEM is to be used the evaluator should 

consider using extended KLM first and if Multimodal CPA is to be used it would prove useful to 

consider extended KLM and CEM before the evaluation. 
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4.10 Using CEM and the evaluation package, a work flow example 
Assuming the design process follows the steps in figure 18 the evaluation package have been 

developed for use in step 3-4. 

  

Figure 18 an example of a design process which includes prototyping. Image taken from 

<http://www.doe.mass.edu/frameworks/scitech/2001/standards/strand42.gif> 

As an example imagine that there have been created seven concepts for text input in a car. The 

designer or evaluator now seeks to confirm the safety aspect of these concepts. In a regular manner 

the most commonly used method would be simple heuristic evaluation or simply expert appraisal in 

the early stages. Using this work package the evaluator creates a KLM based on the concepts which 

reveals static task time. In order to make a quick modality evaluation the evaluator uses the 

definition of CEM to find out for each concept how much of the time manual, mental and visual 

interaction is required. Using CEM (basic short approximation) two concepts with longer task time 

and expected higher visual load are discarded. In order to be able to compare the remaining 

concepts further the extended KLM is applied in which the same KLM used in CEM is reused but now 

the visual aspect is reevaluated and more dynamic task time is estimated. Using this method another 

two concepts are discarded because the rest of the concepts proves more reliable to use during 

occluded periods. Because of the nature of having imprecise concepts and sketches at this phase the 

remanding concepts might need more discussion, but remember that data from both CEM and 

extended KLM can still be used as decisive data. 

If there is suspicion that other modalities are required or if it is expected to be a lot of parallelism 

involved a Multimodal CPA could be used in order to gain a perspective of minimum and maximum 

expected task time and this analysis could directly borrow the timeline from an extended KLM. An 

evaluation using Multimodal CPA at this stage would only add more dimensions to the timeline (one 

dimension for each modality added). The use of cognitive walkthrough could be applied in order to 

refine concepts into better versions or prototypes or act as evaluation alone. 
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5. Conclusion 
The development of CEM was based on literature studies and the special needs of Semcon AB. Its use 

for closing the gap between non-modal methods and discussion methods, with regard to modality, 

could be argued severely, mainly because of its lack of support from the literature. The lack of 

support from literature can however also be argued as it might not be necessary to fully understand 

the underlying theory nor gain absolute values in order to evaluate differences even if accurate 

values are considerably more reliable than relative ones. Registering modalities might not provide a 

great picture of how the modalities relate to reality or workload but it can at least show difference 

between concepts something that is of more importance at an early stage of development. 

 

5.1 Methods, CEM and KLM 
An important aspect that lost focus during the project was the simple fact that extended KLM did 

somewhat consider dual task performance. Normally a KLM method does not consider parallelism, 

nor does extended KLM because of the nature of KLM, but extended KLMs occlusion period is 

supposed to mimic conditions found while performing the dual task of driving and interacting with an 

IVIS. The important part in regards to CEM is that an occlusion timeline analysis almost always 

increases the total task time for the task evaluated. This by definition of adding forced intervals of 

time (but there are possibilities of interfaces not requiring vision, which would yield same results as 

ordinary KLM). 

There was also an important discussion regarding the need or use of equipment or software. This 

was actually a separate discussion and not part of this project but there were important aspects to 

note. For example the extended KLM could highly benefit from software that could automatically 

create the time line analysis part. This could arguably to be relatively easy as the method is centered 

on the 1.5 seconds alternating periods (and rules for placing operators accordingly) of occlusion and 

doesn’t differ from KLM in any other aspects. Just as a speculation the three fundamental rules of 

visual aspects used in extended KLM could be mapped as functions and automatically sort the 

operators on the time line accordingly. At least one software program for KLM evaluation already 

exists: CogTool. Cogtool is however not adapted for other use than HCI. 

Distract-R is a software tool developed for the purpose of evaluating interfaces in regards to driving 

(Salvucci, Zuber, Bergovaia and Markley, 2005). This tool creates predictions of time and can reveal 

distraction in form of lateral deviation. However, it has the drawback of needing the 

evaluator/designer to define switch points between interface and driving, which is still something 

that is poorly understood and more related to general driving and secondary task engagement 

behavior than performance. 

CEM will not be affected much by difference in position of certain types of interfaces e. g. a keyboard 

positioning. This means that the method cannot show nor enforce an ergonomic decision without 

some form of general discussion. 

The difficulty aspect should not be neglected but in how it really affects the interface might need to 

be discussed when presented. The difficulty itself is a variable that has not been evaluated as of how 

it really maps the concept in other terms than that the concept might be complex if there are 

numerous operators. Skill and other factors can however outweigh this. 
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The most positive aspects that could be derived from using a task decomposition approach to these 

early types of text input concepts are: 

1. Such an approach would allow for integrating the task within a bigger scheme such as the 

operation of the whole interface. 

2. These types of methods, especially the KLM, can show great use between improvements of 

the concepts if the goal is to find alternative ways of executing a task. 

These two aspects have not been considered and were not intended but could prove to be one of the 

strengths of the use in early stage interaction design. This would thus turn the focus from a method 

of comparative results into a refinement method.  Also a method such as this could in a creative 

manner be used in order to evaluate the difference between language optimization. An example of 

this is derived from the difference between concept 4 and the modified concept 4, which essentially 

is a reordering to place common letters together rather than using alphabetic order. This would 

however affect learning and familiarity aspects, something that is not shown in the method. 

 

5.2 Modal consideration 
In order to truly create a method able to predict modality in early stages of development the focus 

needs to be shifted from what a method actually does to how it is evaluated in the field that wants to 

evaluate it. This kind of information is scarce and little seems to have been done to adapt methods. 

Part of this is probably because the focus has always mainly relied on visual evaluation in the driving 

environment and testing in a simulator environment, hence the extended KLM was created. The 

focus on visual metrics is not a faulty approach but it creates a situation where other variables are 

less important. As mentioned the visual-manual distraction is by far more dangerous than the visual 

alone. Concerning early evaluation methods the scope of this project made an extensive 

consideration of potential methods less possible. As methods grows, expands or modifies in science 

it is possible that there are methods resting in the unknown. 

Finding modality is generally a positive in regards to how to deal with distraction problems. This is 

however arguable as the use of information of this kind has little practical use. The distraction 

problem that can be argued to be found in CEM is the manual activity or modality classification of 

how much movement is required during an interaction. However, manual interaction seems to have 

been rather overlooked and mainly for two reasons: 

- While engaging in a task the manual modality could be considered being active all the time. 

Contribution to this is e. g. observations of the driver shifting between interaction with the 

interface and steering wheel.  

- Manual interactions are hard to define because it is hard to know how much of it is in 

connection to the solution of the task and not movement based on other reason.  

While visual-manual load have been proved to be one of the most dangerous components (Olson, 

Hanowski, Hickman and Bocanegra, 2009: Hickman and Hanowski, 2010) this relationship should be 

furthered investigated because trying to evaluate this within early concepts might be futile as 

concepts often change because of what the reality offers. 
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5.3 The reliability study 
Although literature has revealed the KLM method to be easily learned (Young, 2003) there have also 

been reports that interface designers might never had put effort into learning the method at all 

(John, 2003; John, Prevas, Salvucci and Koedinger, 2004). The reliability study was conducted during 

flawed conditions because of high pressure and low training time, even with a simplified mental 

operator. The evaluators had little time to train and thus the results and coefficient of variance were 

more dependent on previous experience using similar methods than on the actual documentation of 

the method. A longer training time should produce better results.  

An error that could have affected the tactile/haptic notation was the spelling error in the example 

naming it touch/haptic. As there was a concept using a touchscreen this might have been confusing 

but as participants regardless disregarded any other modality than visual, manual and mental there 

are several unknown factors that could disregard this entirely. Both concepts have stated that they 

would use some kind of haptic feedback and even if explained to the participants some of them 

didn’t consider the topic. Also the example in this study has not itself been evaluated. It should be 

noted that it itself might have caused confusion. 

The participant that created his own operator did have valid reason for it. The operator was created 

for the use of actually signify a visual glance as a separate action. However if this is appropriate could 

not be investigated. There is however a possibility of having operators bound to a modality. 

An important aspect because of the results from the reliability study is that if such a method like CEM 

would be proven to have relative power but still fluctuate in reliability on a scale that is not 

appropriate, such as in this study, the evaluation should be executed by only one evaluator. This 

could prevent damage to the evaluation caused by different training and judgment but it should then 

also be remembered that this is not optimal in any regard. 

The relative power would also at some point have to be evaluated in regards to its counterpart in 

reality, meaning that the real difference between concepts would have to be established. This was 

excluded from this study because of limitations originated from the time restraints for the students 

from Chalmers and the ability to create the concepts developed. 

 

5.4 Regarding operators 
One of the main problems which also contradict the use of KLM based methods is the lack of 

operators for nonspecific use. The operators suggested in Green, 2003 are far from able to do justice 

to concepts dealing with advanced or unfamiliar interaction. Regardless of the application time such 

operators should be identified and standardized. Standardization of this kind would prove useful for 

all task decomposition methods. The amount of operators could be designed after stage in 

development. Further investigation is needed to establish these operators. On a side note this also 

suggests a study on concept development possibilities to create a reference or database for design. 

The mental operator in KLM has some or limited use while evaluating text input. The raw nature of 

the extensive time requirement of text input is heavily affected by training. This creates a need to 

consider how to evaluate text sentences according to mental statements. The adaptation of words as 

cognitive units should be investigated, especially its connection to type of input which should be 
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regarded as skill level for word input. Higher skill, which should be comparable to bigger chunking of 

characters and words, would require less mental demand and this factor should be consistent 

through the task dividing of text input. As stated in Kieras, 2001 it is important to separate apples 

and oranges, meaning different system have difficulty in being compared. Again this only stresses 

that the mental operator should be either discarded or improved. There are however options and 

one would be to use a cognitive architecture like the one used in John, Salvucci, Centgraf and Prevas, 

2004 where ACT-R was used but if this really considers and/or solves the problem is not known. With 

this in mind KLM might not be the obvious choice regarding text input choices but as a relative power 

method the mental aspect should with enough restriction not affect the outcome. If all concepts are 

able to be evaluated accordingly and on the same basis they would still categorize in the same order 

but the categorization needs to be obvious and perhaps pointed out. 

There is also a discussion of using a distraction variable like in the study by Holleis, Hußmann and 

Schmidt from 2007. This might prove very useful although no such variable could be identified from 

previous research. There are however certain aspects to consider because the distraction is added to 

a single operator. It would be beneficial to discuss manual and visual distraction cues, however 

adding distraction as an operator complement might be wrong approach. Driving is more prone to 

distraction than cell phone usage and because of the nature of this distraction being very hard to 

identify it might be difficult to consider the aspect for each operator. Focus could thus also be to 

investigate if there could be a distraction variable for the whole task, rather than individual operator. 

The age factor presented in Kieras, 2001 was in this report disregarded as age was outside the scope 

but it would be possible to apply this type of factor. The age factor is also present in Green, 2003 (not 

in the same way but it has separate operators for older and young age). 

 

5.5 Designers involvement 
An aspect that was quickly adopted in the process was that 

the designers themselves should create an illustration of 

how to actually perform the task. The task in all the cases 

for the purpose of this project was specialized in text and 

the text input. This meant that the designers did a small 

preview of how the system would be handled for each 

character (or word), illustrated in figure 19. This proved to 

be very fruitful and more or less a necessary in order to be 

able to judge the concepts somewhat fairly. Important to 

note is that the designers had no idea how the KLM method 

really worked and did not specify according to this. Instead 

they only specified the task itself, in this case how a sentence 

would be written, in their own way, not according to other 

know task decomposition methods. The evaluator then later 

had to specify operators accordingly. The found advantages of 

having the designers actually create this preview were: 

 

Figure 19 an illustration of a dragging concept 
created by the students from Chalmers as of how 
to write the words “stort” and “grattis”. The user 
has to drag a finger in the set combination over 
the set points illustrated as the black dots in 
order to write a word. The blank space is 
automatically entered on release. Illustrations 
like these could help an evaluation extremely 
much when concerned with very early 
evaluations. 
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Advantages 

- Designers could easily and quickly see if their concept was really adapted for the task. A 

concept which could be believed to be quick could in some cases have too much limitation to 

be able to handle the required number of characters. This could immediately lead the 

designer onto refinement of concept or altering design. 

- The design reaches a minimum level of completeness. This was very important as it is most 

likely that more developed concepts would gain a lot more accurate and fair evaluation than 

less developed concepts. 

- The evaluation would prove to be quicker and need less interaction with the designers. 

The positive aspects were not strange to find because in order to be able to perform a KLM (or any 

other evaluation) the concept has to have a minimal level of completeness that would enable the 

specified evaluation method to be used at all. However some disadvantages were also found: 

Disadvantages 

- Not able to discern all input methods according to model or method.   

- There were uncertainty as to how much was enough and how specific the input mechanism 

had to be defined. 

- The designers would have to spend time on performing this specification along with the 

concept itself (meaning more time on each concept). This however could be argued to not be 

a disadvantage. 

It should also be considered when the designers are to be asked to define this task, this in order to 

avoid optimization to the actual task and not general similar tasks (e. g. not creating a concept for a 

special sentence but text input in general). According to the process from this project it would 

probably be best if the designers are to create a preview of the task after they have generated a 

number of concepts and not from the start. In this project a special sentence at hand was given in the 

beginning, something that might have generated predefined concept structures. 

 

5.6 The early evaluation package 
The idea with the evaluation package was simple: to provide different methods for use depending on 

circumstances, demands and for different stages in development. The CEM method developed in this 

project was classified to be one of the earliest estimation of modalities possible. If the priority of an 

evaluation was to be classified as low and only aspects of visual modality deemed important the 

extended KLM would be the preferable method of choice. Extended KLM and CEM became 

recommended to be used as decisive methods and thus it was important to note that they would not 

necessarily grant any refinement of concepts (they wouldn’t give reasons as to why more or less 

vision was required). A refinement method would instead focus on explaining the mental demand 

rather than quantify it as well as consider potential user errors during interaction. Also the concern 

of modality bottlenecks could be of use. The Multimodal Critical Path Analysis should thus be used to 

grant a better perspective of the modality used, while Cognitive walkthrough could find design errors 

or complexity on a deeper level. 
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5.7 Motivation in the industry regarding early evaluation methods 
Throughout the project there was a need to discuss the use of early methods in design development. 

Based on separate and loose interviews with participants from Volvo car cooperation and by the 

comments from the reliability study it was concluded that task time as a factor might not be that 

relevant in decision regarding design development. Task time is a usability measure which has high 

correlation with other duration variables but there are a lot of other metrics and aspects that could 

serve as more decisive factors. Although safety is highly regarded and task time has guidelines (the 

15 second rule is such a guideline) and relation to glance metrics, the aspect of enjoyment or 

experience was frequently mentioned throughout the project. Enjoyment could in some aspects be 

regarded as the biggest factor. Because of this the acceptance of using a method to gain task time 

and even visual time could be argued to at best be poor. It was simply not worth performing these 

types of methods. Regardless to the fact is that these types of methods are often created to decrease 

execution time compared to real experiment, described in figure 20. 

 

 

 

 

 

 

 

 

 

 

 

From the interviews and the reliability study it was also concluded that the method in this study was 

considered boring, something frequently mentioned by the participants in the reliability study and 

commented in the interviews. This aspect could also explain the fact that interaction designers’ 

intentionally neglect learning methods such as KLM as described in John, 2003 and John, Prevas, 

Salvucci and Koedinger, 2004. This brings focus to motivation within the industry and the people 

working there. It raises two questions: Why are these methods considered boring? How can these 

methods be made to be more appealing? 

 The first question could probably be explained because the method is repetitive, something 

mentioned regarding all task decomposition methods in the interviews and regarding CEM in the 

reliability study. The second question is more regarding psychology and might be a future work. 

Although the validity of early evaluations always is debated it should also be considered the 

economic aspects which could be drastically cut by using methods such as extended KLM. 

Evaluation 

Create prototype 
Design experiment 
 

 

Gather test subjects 
Perform test 
 

Analyse results 
Conclusion 

Perform evaluation 
Analyse results 
Conclusion 
 

Idea Y Idea X 

Several weeks 

Several days 

Experiment path 
Prototype 

Estimation path 
Pre prototype 

Figure 20 a very basic explanation of the reason to use early methods. 
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6. Recommendations for future research 
More defined operators could create a more accurate model but this problem also exists for the 

extended KLM approach if usage is in the early non-specific dimensionless domain. This should, if 

possible, be investigated by studying real environment rather than laboratory experiments in order 

to gain the perspective from a normal user in a reliable environment. The goal should be to establish 

operators as well as provide statistics in regards to time and possible modalities. 

 In this project some important aspects were noted but the task itself, as of how a person perceives 

text input was not considered enough. This is especially important when connected to the operators 

needed. The mental operator is one of the operators that need a better definition (and thus rules of 

application) within the context of text input (and while driving). Studies regarding the application of a 

distraction operator/variable complement should also be considered. 

A minimum design should be specified and required to be performed for every concept that is going 

to be evaluated within the context of text input. This would, as mentioned, in the discussion bring a 

lot of positive aspects. It should be developed some sort of standardization for how these 

requirement would be done with thoughts as how they affect the designers as well as the evaluators. 

Further research should try to identify how these standardizations or recommendations should be 

defined.  

Also the difference in modalities could and should be evaluated in order to understand if the basics 

of KLM can be used in regard to modalities. 

It would be recommended to perform a reliability study with one or several workshops before an 

actual evaluation begins. In order to receive even more reliability, an intra-reliability study should 

also be conducted. Such a study could reveal flaws in the documentation and map the learnability of 

the method. 

Also this type of method could be developed to include different language solutions with hopefully 

little modification. As the method was created for common Latin alphabet it should be investigated if 

other alphabets actually impose different rules or operators.   

There is also the aspect of the use of early methods. Is there really a need for these types of methods 

in the industry if the industry isn’t willing to change acceptance of these types of methods? 

Regardless of the benefits of using these methods they seem rare in practical use. This was outside 

the scope of this project but should be further investigated. 
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Appendix A – Table of methods used in general human factor 

science 

Table A.1 The table is a complete list of usable methods in general human factor science from Stanton, et al., 2005. A row 
with bold lettering marks the category of method rather than a specific method. 

Hierarchical Task Analysis 

  HTA - Hierarchical Task Analysis 

  CPA - Critical Path Analysis 

  GOMS - Goals, operators and Selection Methods 

  VPA - Verbal Protocol Analysis 

  Task Decomposition 

  The Sub Goal Template (SGT) Approach 

  Tabular Task Analysis 

Charting 

  Process Charts 

  Operational Sequence Diagrams 

  DAD - Decision Action Diagrams 

  Event Tree analysis 

  Fault tree analysis 

  Murphy Diagrams 

Cognitive Task Analysis 

  ACTA - Applied Cognitive Task Analysis 

  Cognitive Walkthrough 

  CDM - Critical Decision Method 

  Critical Incident Technique 

Human error Identification 

  CREAM - Cognitive Reliability Error Analysis Method 

  HEART - Human Error Assessment and Reduction Technique 

  HEIST - Human Error Identification In Systems Tool 

  HET - Human Error Template 

  Human Error HAZOP 

  SHERPA - Systematic Human Error Reduction and Predication 
Approach 

  SPEAR - System for Predictive Error Analysis and Reduction 

  TAFEI - Task Analysis for Error Identification 

  THEA - Technique for Human Error Assessment 

  The HERA framework 

  TRACer - Technique for the Retrospective and Predictive Analysis  
  of Cognitive Errors in Air Traffic Control (ATC) 

Situation Awareness Measurement 

  SA Requirements Analysis 

  SAGAT - Situation Awareness Global Assessment Technique 

  SART - Situation Awareness Rating Technique 

  SA-SWORD Subjective Workload Dominance Metric 

  SALSA 



 
 

  SACRI - Situation Awareness Control Room Inventory 

  SARS - Situation Awareness Rating Scales 

  SPAM - Situation-Present Assessment Method 

  SASHA_L and SASHA_Q 

  SABARS - Situation Awareness Behavioural Rating Scales 

  MARS - Mission Awareness Rating Scale 

  CARS - Crew Awareness Rating Scale 

  C-SAS Cranfield Situational Awareness Rating Scale 

Mental Workload Assessment 

  Primary Task Performance Measures 

  Secondary Task Performance Measures 

  Physiological Measures 

  Bedford Scale 

  DRAWS - Defence Research Agency Workload Scale 

  ISA - Instantaneous Self-Assessment Workload 

  MACE - Malvern Capacity Estimate 

  MCH - Modified Cooper Harper Scale 

  NASA TLX - NASA Task Load Index 

  SWAT - Subjective Workload Assessment Technique 

  Workload Profile Technique 

  CTLA - Cognitive Task Load Analysis 

  Pro-SWAT 

  Pro-SWORD 

Team Performance Analysis 

  BOS - Behavioural Observation Scales 

  Comms Usage Diagram 

  Co-ordination Demand Analysis 

  Team Decision Requirement Exercise 

  Groupware Task Analysis 

  HTA (team) 

  Questionnaires for Distributed Assessment of Team Mutual 
Awareness 

  Social Network Analysis 

  Team Cognitive Task Analysis 

  Team Task Analysis 

  Team Workload Assessment 

  TTRAM - Task and Training Requirements Methodology 

Interface Analysis 

  Checklists 

  Heuristics 

  Interface Surveys 

  Layout Analysis 

  Link Analysis 

  QUIS - Questionnaires for User Interface Satisfaction 

  Repertory Grids 



 
 

  SUMI - Software Usability Measurement Inventory 

  SUS - System Usability Scale 

  User Trails 

  Walkthrough Analysis 

System Design 

  Allocation of Functions Analysis 

  Focus Groups 

  Groupware Task Analysis 

  Mission Analysis 

  TCSD - Task Centered System Design 

Performance Time Assessment 

  KLM - Keystroke Level Model 

  Timeline Analysis 

  CPA - Critical Path Analysis (2005, multimodal) 

 



 
 

Appendix B – Operators for different KLM 

Table B.1 Green P. (2003). Motor-vehicle driver interfaces. In Jacko J.A. & Sears A. (Eds.) The Human-Computer Interaction Handbook. London. Lawrence-Erlbaum Associates. 

Operator Name Operator description Young drivers (18-30) (sec) Older drivers (55-60) (sec) 

Rn Reach Near 
From steering wheel to other parts of the 

wheel, stalks or pods 
0.31 0.53 

Rf Reach Far From steering wheel to center console 0.45 0.77 

C1 Cursor once Press a cursor key once 0.8 1.36 

C2 Cursor 2 times or more 
Time/keystroke for each second and each 

succsive cursor keystroke 
0.4 0.68 

L1 Letter or space 1 Press a letter or space key once 1 1.7 

L2 Letter or space 2 times or more 
Time/keystroke for the second and each 

successive cursor keystroke 
0.5 0.85 

N1 Number once Press the letter or space key once 0.9 1.53 

N2 Number 2 times or more 
Time/keystroke for the second and each 

successive number key 
0.45 0.77 

E Enter Press enter key 1.2 2.04 

F F function keys or shift Press the function keys or shift 1.2 2.04 

M Mental Time/mental operation 1.5 2.55 

S Search Search for something on the display 2.3 3.91 

Rs Response time of system-scroll Time to scroll one line 0 0 

Rm 
Response time of system-new 

menu 
Time for new menu to appear 0.5 0.5 

Note 1: The keystroke times shown in table include the time to move between keys. 

  Note 2: System response time to display new menus may be empirically determined. 

  



 
 

Table B.2 How Y. & Kan M. (2005). Optimizing predictive text entry for short message service on mobile phones. 
Proceedings of ACM conference on Computer-Human-Interaction CHI 2005. 

Operation Description 
Timing in secs. 

(Novice / Expert) 

1. MPAlphaK 

Move and Press 

Alphabet/Symbol/Space 

Key 

The action of moving and pressing a key 

that corresponds to a letter in the 

alphabet, a symbol or the SPACE 

character. 

2.17 / 0.70 

2. RPAlphaK 

Repeat Press 

Alphabet/Symbol/Space 

Key 

A repeat press of a key that corresponds 

to a letter, symbol or space when the 

user’s finger is already on the key. 

1.21 / 0.63 

3. MPNextK 

Move and Press ‘Next’ Key 

The action of moving and pressing the 

‘Next’ key. 

2.15 / 0.91 4. RPNextK 

Repeat and Press ‘Next’ 

Key 

A repeated press of the ‘Next’ key. 

5. MPHAlphaK 

Move and Press and Hold 

Alphabet/Symbol/Space 

Key 

Same as MPAlphaK except that the user 

holds on to the key until the character 

appears on the screen. 

2.27 / 1.92 
6. RPHAlphaK 

Repeat Press and Hold 

Alphabet/Symbol/Space 

Key 

Same as RPAlphaK except that user 

holds on to the key until the character 

appears. 

7. MPDirK 

Move and Press 

Directional Key 

The initial action of moving and pressing a 

directional key to move the cursor in the 

symbol table. 
0.31 / 0.85 

8. RPDirK 

Repeat Press Directional 

Key 

Same as MPDirK, but for multiple 

repetitive presses. 

9. MPSymTabK 

Move and Press Symbol 

Table Key 

This operation describes all actions that 

need to be performed to reach the symbol 

table. On some phones, this is a single ‘#’ 

key press. 

3.54 / 0.84 

10. MPSelectK 

Move and Press Select 

Key 

The action of moving and pressing a key 

that confirms the user’s selection. This 

action is performed for some phone when 

selecting a symbol to insert from the 

symbol table. 

4.14 / 3.16 

11. MPModeK 

Move and Press Mode Key 

This operation describes the action of 

moving and pressing the key that changes 

the case. During text entry, users can 

change between upper-case, lower-case 

and automatic-case. Automatic-case is 

where the first letter of each sentence will 

0.64 / 1.55 



 
 

be automatically capitalized. 

12. Wait 

Timeout kill (for multi-tap) 

When two letters sharing the same key 

are entered consecutively, user need to 

wait for timeout before entering the 

second letter and after entering the first 

letter. Used when a user switches to 

multitap mode (e.g., when spelling a word 

not in the phone’s dictionary) 

2.16 / 1.35 

13. InsertWord 

Inserting or spelling a word 

Encompasses all actions that are 

performed by the user in order to insert a 

word into the dictionary. Does not include 

keystrokes that actually type the 

sequence of keys to spell the word. 

3.58 / 3.58 

 

  



 
 

Table B.3 Holleis, P., Otto, F., Hußmann, H. and Schmidt, A., 2007. Keystroke-Level Model for Advanced Mobile Phone 
Interaction. San Jose. Proceedings of ACM conference on Computer-Human-Interaction CHI 2007. 

Operator 

 

Time 

(sec) 

Quartile 1 

(sec) 

Quartile 3 

(sec) 

A, Action 

Picture/Marker 1.23 0.61 1.44 

NFC 0.00  -  - 

In general Variable, input to model 

F, Finger Movement 

 

0.23 0.20 0.29 

G, Gestures 

 

0.8 0.73 0.87 

H, Homing 

 

.095 0.81 1.00 

I, Initial Act 

Externally 5.32 3.98 7.51 

Internally 3.89 2.23 4.89 

Optimal 

setting 1.18 1.10 1.26 

No 

assumptions 4.61  -  - 

K, Keystroke 

Keypad 

avrage 0.39 0.37 0.48 

Keypad quick 0.33 0.32 0.37 

Hot key 0.16 .015 0.20 

M, Mental act 

 

1.35  -  - 

P, Pointing 

 

1.00 0.84 1.20 

R, system response 

time 

NFC 2.58 2.46 2.80 

Visual marker 2.22 2.09 2.82 

General Variable, input to model 

S, macro, Macro attention shift 0.36 0.28 0.44 

S micro, Mikro 

attention shift 

keypad - 

display 0.14 0.14 0.19 

hotkey - 

display 0.12 0.02 0.14 

keypad - 

hotkey 0.04 0.02 0.12 

In general 0.14 0.10 0.16 

X, Distraction 
Slight 6% 3% 13% 

Strong 21% 11% 25% 



 
 

Appendix C – CEM documentation v3f4 

The combined evaluation method is a combination of ordinary KLM and the definition of modalities 

from multimodal Critical Path Analysis. The goal is to find the variables: 

Total task time, with regard to operators’ individual time 
Difficulty, as a number of total operators (sub tasks) 
Modality, as part of total task time and where modality is divided into at least: visual, mental, 

manual, auditory, haptic/tactile and spoken response 

The method is open for discussion of modalities as it requires the evaluator to consider the modality 
used in each operator. The operators listed in table C.1 provide the corresponding estimated time for 
an action. This document describes CEM as a standalone method. 
 

Early estimation 

As this method is to be used on very early concepts it’s recommended during the design process that 

the designer clearly define how a task is done within the concept. In text input cases it’s how a 

predefined sentence is written (same sentence should be used for every concept in the same 

evaluation). 

 

Process 

KLM sequence: 

1. Start by defining the task. 
2. Define the smallest actions possible by figuring out the best subtasks to complete the task, or 

the subtasks that you assume users will do. 
3. Identify all operators, physical first then mental and list expected usage of time. Summarize 

total task time. 
The extension (the difference from ordinary KLM and definition of CEM) 

4. List usage of modalities for each operator by adding the operators’ time in respective 
modality. 

5. Write a discussion if needed (if things aren’t cleared enough or if assumptions have been 

made that affected the outcome). 

6. Summarize difficulty and sum of each modality. 

Figure C.1 illustrates the flow in the method. 

  



 
 

Flowchart 

  

START 

Take a task 

Identify all physical 

operators 

Take the first/next 

physical operator and 

assign a time 

Identify all mental 

operators using 

heuristics rules to 

remove or place 

operator 

 
Take the first/next 

mental operator and 

assign time 

Are all operators 

to perform the 

task identified? 

Identify modality for 

each operator by adding 

the operators’ time to 

the modality 

STOP 

Do all operators 

belong to a 

modality? 

N 

N 

Y 

Y 

Figur C.1 flowchart for method. 

Define all subtasks the 

user will perform 



 
 

Table C.1 operators for use in CEM based on CPA operators or common and measured time from HCI in general. 

Operator Action Time (sec) Source 

Rf  

Reach far - Move hand from 
steering wheel to in-vehicle 
device 0.45 (Green 2001) 

M  
Mentally prepare or 
confirmation for an action 1.35 

 K   Keypress 
  Best Typist (135 wpm) 

 
0.08 (Kieras 2001) 

Good Typist (90 wpm)  
 

0.12 (Kieras 2001) 

Average Skilled Typist (55 wpm) 
 

0.20 (Kieras 2001) 
Average Non-secretary Typist 
(40 wpm) 

 
0.28 (Kieras 2001) 

Typing Random Letters 
 

0.50 (Kieras 2001) 

Typing Complex Codes 
 

0.75 (Kieras 2001) 
Worst Typist (unfamiliar with 
keyboard) 

 
1.2 (Kieras 2001) 

H  
Homing – moving hand 
between controls 0.4 

 

Speak 0.1 per phoneme or space 
 

Hone and 
Baber (2001) 

 

The operators could and should be extended for the purpose of what operators are needed. This 

means that table 1 is an example of minimal operators. 

When defining operators the evaluator should consider the nature of KLM: 

- KLM models error-free expert performance. But generally the value of 0.2 for a key press is 

used (Kieras, 2001). 

 

Formulas 

The total time is calculated by the sum of each operator. In this case where no extra operators have 

been added total task time should be calculated according to formulae C.1. 

                                            (C.1) 

  



 
 

The mental operation heuristics 

There are some considerations as of how mental operators should be placed: 

- Place a mental operator between words and “special commands” (e. g. changing screen or 

input, shuffle between words etc) 

Consistency is key. Consistency in M placement is more important than absolute accuracy - be sure 

that you follow the same rules or philosophy in assigning Ms to each alternative design. 

Number of Ms is more important than placement. Sometimes it's pretty clear what pieces of 

thinking the user might have to do, but the exact times or sequence in which they do might be very 

unclear. Note that for estimating the task time, the number of Ms is important, not where in the 

sequence they appear. So explore alternative ways of how users might think about the task; if there 

is no difference in the number of Ms, you can be more confident of your results. 

If this doesn't help, see if the design issue can be resolved without resolving questions about M 

placement. For example, if the physical times are very different, by more than a couple of Ms worth, 

you might be able to decide the design question without resolving the M issues. 

Note: Choosing how many Ms are involved, and where they appear, is the hardest part of using the 

KLM. 

 

The key press operation 

The K operator is the one used when something have to be pressed or manipulated. In some cases 

the operator K can be separated to act as both a push down and release although this might be 

tedious when there are no operators in between. If however the task demands a separation, half of 

the time of the K operator is applied on press and the other on release. Normally the K as 0.2 

seconds is used. 

General assumptions that can be made are also that if the same key is pressed more than once in a 

row the second and following key presses require less time and can thus be classified as used with 

higher skills. Same goes for concepts that use movements that can be classified as key presses (they 

perform input of text in this case) if the action is suspected to have longer time it can be classified as 

having poorer skill. 

 

  



 
 

Modality 

The most important thing to remember is that more than one modality can be at work at the same 

time when classifying modalities. Manual workload together with visual (visual-manual) is considered 

risk potential moments. Table C.2 lists the most common modalities in in vehicle information 

systems. 

Table C.2 the most common modalities used in interfaces. 

Common Modality 

Manual 
When an action uses slightly larger movement. E. g. moving hand away from 
steering wheel or moving between keys on a keyboard. 

Mental 
This workload is more or less always applied but is significant when the user have to 
think and/or divide/increase attention/performance. 

Visual 
Vision and information related to visual requirements. E. g. visual warnings or visual 
reading/recognition. 

Auditory Hearing and information related to sounds. E. g. voice, warning sounds. 

Haptic/tactile 
Touch as well as some spatial sense of small restricted movements. E. g. vibrations 
and differences in height/surface. 

Spoken 
response 

This is in regards to when the user has to use speech instead of manual movement. 

 

Manual and sometimes mental modality should also be considered if it is connected to some form of 

automatic skill or not.  If the person has experience with the task it’s likely that they will be able to 

perform that task with low mental and/or manual workload. A key press that is in repeated process 

can be assumed to require less or no vision. 

 

Difficulty, the complexity variable 

In this method the difficulty or complexity is measured as the numbers of operators needed to 

perform the whole task within an interface. This also means that in order to measure this and 

compare it with other tasks the same goal is needed. Difficulty in CEM is based purely on a Task 

Analysis approach. 

Note: Difficulty measures the task rather than concepts, meaning that a concept with widely spread 

buttons would probably yield a high result on time completion but still receive same difficulty rating 

as buttons closer if the combination of the use of buttons is the same.



 
 

Format & example 

Representation of the result should follow the example below. A task with its operators listed in a table and if needed a smaller table listing the separated 

values of total task time and number of operations (difficulty) as well as a simple bar graph showing the modalities diversion and total task time. 

Here follows a short example of a concept in which the word “David” is written (the table C.3 & C.4 and the figure C.2): 

 

Table C.3 illustrates a table for a short evaluation. In this evaluation the K value was set to 0.5 seconds as the concept did use an interface expected to be slower than a normal keyboard, 
thus a higher value for each key press was expected. 

Task/Action Operator Task Time Manual Mental Visual Auditory 
Haptic/ 
Tactile 

Spoken 
Response 

Move hand to interface Rf 0.45 0.45           

Mental prepare for 
writing 

M 1.35 
  

1.35 1.35 
      

Writes 1 letter (D) K 0.5 0.5           

Writes 1 letter (a) K 0.5 0.5           

Writes 1 letter (v) K 0.5 0.5           

Writes 1 letter (i) K 0.5 0.5           

Writes 1 letter (d) K 0.5 0.5           

Mental confirm of Word M 1.35   1.35 1.35       

Total Task times: 

 

5.65 2.95 2.7 2.7 

    

Table C.4 results from the evaluation. 

Evaluation results Results 

Number of operations 9 

Task time (ms) 5.65 



 

 

Figure C.2 Diversion of the different modalities/workload 

 

As a decisive method 

CEM was originally created as a method for showing differences in concepts rather than evaluating them 

with intention of refinement or absolute values. Figure C.3 & C.4 shows how results should be presented 

when more than one concept is evaluated. Presenting number of operation is important if there are more 

concepts as it reveals difficulty of the interface. 

 

Figure C.3 task time and modalities when more concepts than one are presented. 
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Figure C.4 number of operation when more concepts than one are presented. 

 

The most important aspects in the evaluation results are the manual and visual modalities as well as the 

total task time. These are highly correlated to safety and should be as minimal as possible. Number of 

operations should also be considered, especially if concepts have similar task time as it can reveal hidden 

complexity. 

 

Methods advantages and disadvantages 

A short list of the positive and negative aspects of using this method: 

Advantages 

- CEM can identify and reveal the serial order of small actions in order to perform a task. 

- CEM can identify and in some extent quantify the modality usage 

- CEM can be used to estimate time differences between concepts 

- CEM is used for relative power 

- Uses the KLM as base which is a quick and easily learned method 

Disadvantages 

- Lack validity 

- No user evaluation use of the numbers on modalities and limited on task time 

- (This method can only be used to distinguish tasks, not how the task is done) 
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Appendix D – Concepts 

Concept 1: Steering Wheel Keypad 

Description 

This input method is based on nine character keys that are placed on the steering wheel together with 

some navigation key(s). With the help of T9 functionality or similar, less keys are needed to construct 

words. By using the layout of characters from older cell phones, many users will recognize their positions 

and structure. 

The placing of the keys on the steering wheel must be investigated further. One option is to place the keys 

on the top part of the steering wheel in a row, or gathered in a square in the middle part next to the 

thumb. 

Features 

+ - 
Direct tactile feedback from keys  

User is not required to look at the keyboard  

Intuitive: limited help needed  

Both hands are kept on the steering wheel  

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 



 

 

Figure D.1 complete collage of sketches for concept 1: Steering Wheel Keypad. Note that there was no sketch over the precise 
key presses as the evaluators own phone was used (all words in the evaluation sentence was first selected word by the system 
itself). 

  



 

Concept 2: Trackball 

Description 

This input is a kind of joystick placed on the steering wheel. The trackball can move in eight different 

directions to select different keys and be pressed to select a middle key. The trackball is limited in its 

motion and can only be moved in specified paths. Input is combined with T9 functionality to form words 

and the layout of the keys follows known patterns to support familiarity. Extra keys placed on (possibly on 

the back of) the steering wheel support navigation and editing. 

Features 

+ - 
Direct tactile feedback  

User is not required to look at the trackball  

Easily used with only one finger  

Both hands are kept on the steering wheel  

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

  



 

 

Figure D.2 complete collage of sketches for concept 2: Trackball. Note that there was no sketch over the precise key presses as 
the system used same T9 as in last concepts. 

  



 

Concept 3: Smart swipe 

  

Confidential information 



 

Concept 4 & 4 mod: Row Swipe 

Description 

Row swipe is a system inspired by both the t9 and Swipe design. The idea is that the user puts his finger on 

onto an area on the touchpad. When the finger touches the pad a line of buttons will appear with the 

finger centered on the middle button. To select a character the user draws the finger down and by doing so 

a new line appears allowing the user to select yet another character. When the number of words is smaller 

than a certain amount the next line will present the possible words instead of a line of characters, the 

appropriate word can then be selected. Removing the finger from the pad will present words with the same 

number of characters as already input and the user can select the desired word. Haptic feedback when 

moving between buttons and lines will help the user in the process. 

Features 

+ - 
Pattern rather than characters.  

No need to view the pad.  

Easy correcting spelling errors.  

  

 

Actions 

 Special characters 

Swiping to the edge  of the screen will enable special character and number input 

 Punctuations 

Are selected through the special character set. Removes any blank spaces before. 

 Blank spaces 

Blank spaces are automatically added at the end of every full word if not punctuations are selected. 

 Correcting mistakes 

Removing a letter is easily done by backing one line 

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

  



 

 

 

 

 

 

 

 

 

 

 

 

Figure D.3 complete collage of sketches for concept 4: Row Swipe.  



 

Concept 5: Speechy 

Description 

Speechy is a voice controlled input system. Instead of building sentences from letters this does the other 

way around; starting with sentences and then clarifies what it does not understand word by word and 

letter by letter. 

Speechy is equipped with a generic voice understanding, allowing it to understand much of the spoken 

words. The user enters the message sentence by sentence. Speechy first tries to understand the entire 

sentence spoken and the parts that were understood are displayed and the parts that were not understood 

are shown as blanks. Starting with the first blank the system will ask the user to say the word again. If it is 

still not understood the user is asked to spell the word out. Spelling a word is the baseline and it is implied 

that there are systems that do this very well. 

When the user is finished spelling the word the system remembers how that word was spoken for later use 

and moves on to the next word that was not understood. In time the system will be able to understand 

most of the user’s spoken messages. 

All sentences are ended with the most probable ending, punctuation, question mark for instance. If that 

was not the desired ending the user can simply say “question mark” and the ending will be changed. 

Features 

+ - 
Uses different modality  

Hands are free to use for driving  

Demands on vision are limited  

Has the possibility to rely on no vision at all  

 

Output 

 Special characters 

Spoken 

 Punctuations 

Spoken 

 Blank spaces 

Automatic after each word 

 Correcting mistakes 

Spoken command; “Edit last” etc. 

  



 

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

 Auditory feedback 

 

Figure D.4 illustration of concept 5: Speechy. 

  



 

Concept 6: Joystick Click Wheel 

Description 

Centered in the middle of the screen is a joystick with a “spinning” function. In the representation in the 

output three regions are displayed; nine T9 character keys, ten number keys and special character keys. The 

user spins the joystick wheel to the desired key and pulls the joystick back to select it. When spinning the 

wheel the user will feel how the control clicks and see the key selection change in the representation. 

Features 

+ - 
Haptic feedback  

Special characters and numbers easily reachable  

Requires limited visual focus  

  

 

Actions 

 Special characters 

In main interface 

 Punctuations 

In main interface 

 Blank spaces 

Automatic after words 

 Multiple T9 words 

Pushing the joystick forward will enter word select mode 

 Correcting mistakes 

Pushing the joystick to the right or left enables editing 

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

 

  



 

 

 

 

 

 

 

 

 

 

 

Figure D.5 complete collage of sketches for concept 6: Joystick click wheel. 

  



 

Concept 7: The Obvious Solution 

Description 

The obvious solution is to have one button to press and when doing so it sends the required message 

instantly. 

Features 

+ - 
Only one action is required!  

  

  

  

 

Output 

Not really required! 

 

Figure D.6 illustration of concept 7: The Obvious Solution. 

  



 

Concept 8: Extreme T7 

Description 

With only four buttons and a new way of organizing characters according to their average usage this input 

allow fast input of words.  The input uses a system similar to T9, but with only 7 keys. To press the first four 

keys the user simply presses one of the four key. To access the rest of the keys two keys are required to be 

pressed at once. The latter action is harder, but will occur less frequently because the characters placed 

there are the less used. Placed on the four direct keys are the characters mostly used. The fifth button for 

the thumb is for navigating. 

Features 

+ - 
Ergonomic placement of control  

No finger movements needed  

No visual focus needed for the control  

  

 

Actions 

 Special characters 

Separate input modes (screens). One press only for most common 

 Punctuations 

On special characters screen or on button five 

 Blank spaces 

On button five 

 Correcting mistakes 

Backspace on button five 

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D.7 complete collage of sketches for concept 8: Extreme T7. 



 

Concept 9: QWERTY patterns 

Description 

This input is purely pattern based and will be easy to use to those who are experienced keyboard typists. 

The user will tap the desired word on the touch pad as if typing on a regular qwerty keyboard. The system 

will record the positions and order of the taps and from that make a pattern of the word. This will then be 

matched to a dictionary of known words and their patterns. The word with the highest probability will then 

be selected. There is no need for the user to strike any specific letters or positions but what determines the 

word is the pattern that these points make. 

Instead of a touch screen input this can be done with other sensors to record finger movements. 

Features 

+ - 
Possible to type really fast  

No need for visual focus  

  

  

 

Actions 

 Special characters 

Some as a standard qwerty keyboard. Numbers that do not form patterns will need visual focus. 

 Punctuations 

As a normal keyboard. 

 Blank spaces 

As a normal keyboard. 

 Correcting mistakes 

By tapping around the area where the backspace would be. 

Output 

This input can be combined with the following outputs: 

 Windshield projection 

 Mounted pad / screen 

  



 

 

Figure D.8 complete collage of sketches for concept 9: QWERTY patterns. Note that there was no sketch over the precise key 
presses. Instead this was regarded as a keyboard. 

  



 

Appendix E – Instructions for the reliability study 

Firstly I would like to thank you for participating in this study. 

In this study you will be asked to evaluate two text input concept with a method called CEM. The time set 

for this study is two hours. You will receive written instructions in form of the methods documentation as 

of how the method works and you are free to use these as guidelines. We will also discuss and walk 

through an example which you also are free to look at any time. 

The process is used with paper and pen. During this and anytime you are free to abort the evaluation if you 

want to. When you have read the instructions you will receive basic explanation of the concept, afterwards 

please confirm that you are about to start the evaluation by saying “I will start now”. 

All data will be collected anonymous. If you have any questions please feel free to ask me now but don’t 

during the actual evaluation. I will answer questions about the documentation if you have questions before 

the actual start of the evaluation. You won’t have to worry about creating a diagram or think about 

operators to use. When you are finished with both concepts please state that you are finished by saying 

“I’m done” and turn in the papers. 

After the evaluation you will be given a short questionnaire. 

 

Are there any questions? 

 

 

 

  



 

Appendix F - Short example for reliability study 

Evaluate the sentence: 

”Jag blir sen” 

 

First list what the person is doing: 

Task/Action 

Move hand to interface 

Mental operator by KLM Method 

Find button 

Press letter (J) 

Find button 

Press letter(a) 

Find button 

Press letter (g) 

Find button 

Press letter ( ) 

Mental operator by KLM Method 

Find button 

Press letter (b) 

Find button 

Press letter (l) 

Find button 

Press letter (i) 

Find button 

Press letter (r) 

Find button 

Mental operator by KLM Method 

Press letter (s) 

Find button 

Press letter (e) 

Find button 

Press letter (n) 

Mental operator by KLM Method 

 

  



 

Define operators: 

Task/Action Operator 

Move hand to interface Reach Far (Rf) 

Mental operator by KLM Method Mental Operation 

Find button Homing (H) 

Press letter (J) K Operator 

Find button Homing (H) 

Press letter(a) K Operator 

Find button Homing (H) 

Press letter (g) K Operator 

Find button Homing (H) 

Press letter ( ) K Operator 

Mental operator by KLM Method Mental Operation 

Find button Homing (H) 

Press letter (b) K Operator 

Find button Homing (H) 

Press letter (l) K Operator 

Find button Homing (H) 

Press letter (i) K Operator 

Find button Homing (H) 

Press letter (r) K Operator 

Find button Homing (H) 
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Press letter (s) K Operator 

Find button Homing (H) 

Press letter (e) K Operator 

Find button Homing (H) 

Press letter (n) K Operator 
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Add time for operators: 

Task/Action Operator Time 

Move hand to interface Reach Far (Rf) 0.45 
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Find button Homing (H) 0.4 

Press letter (J) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter(a) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (g) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter ( ) K Operator 0.2 
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Find button Homing (H) 0.4 

Press letter (b) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (l) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (i) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (r) K Operator 0.2 

Find button Homing (H) 0.4 
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Press letter (s) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (e) K Operator 0.2 

Find button Homing (H) 0.4 

Press letter (n) K Operator 0.2 
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Define modalities. In this case: manual, mental, visual, auditory, touch/haptic and spoken response. Not all 

are going to be used but this covers most of the basic modalities used in interfaces. 

 



 

 Task/Action Operator Time Manual Mental Visual Auditory Touch/ Haptic Spoken Response 

Move hand to interface Reach Far (Rf) 0.45 
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1.35 1.35 

   Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (J) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter(a) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (g) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter ( ) K Operator 0.2 0.2 

   

0.2 
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1.35 1.35 

   Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (b) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (l) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (i) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (r) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Mental operator by KLM Method Mental Operation 1.35 

 

1.35 1.35 

   Press letter (s) K Operator 0.2 0.2 

   

0.2 

 Find button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (e) K Operator 0.2 0.2 

   

0.2 

 ind button Homing (H) 0.4 0.4 

 

0.4 

   Press letter (n) K Operator 0.2 0.2 

   

0.2 

 Mental operator by KLM Method Mental Operation 1.35 

 

1.35 1.35 

   

  

12.45 6.6 5.4 9.8 

 

2.2 

 

Add the modality corresponding to action and summarize the total times: 



 

Appendix G - Task Sheet for the reliability study 

Evaluation goal: 

Evaluate the concepts with the sentence: Stort grattis på 30-årsdagen! kram/Anna 

Both concepts have automatic large letter on common names. 

Output is not considered in this evaluation but to help imagination the output is a normal screen 

placed at the central console (the middle between the driver and front passenger seat). 

Any problems or questions you encounter you can solve the way you find most relevant to you as of 

how you solve it. 

 

  



 

Appendix H – Questionnaire for the reliability study 

 

How old are you?:________ 

 

Have you used any task decomposition method before? E.g. GOMS, KLM, HTA,  

Yes  No 

 

If the previous answer is Yes then please list all the task decomposition tasks you have used: 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

How would you rate the difficulty in using this method? 

Easy    Hard 

1 2 3 4 5 

 

What are your thoughts regarding the modality rating? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

What are your spontaneous thoughts about the method? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

 

 

 


