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Abstract 

Remotely-controlled technologies are no longer limited to military applications, such as 

unmanned military airborne weapons or explosive diffuser robots. Nowadays we can see 

more and more of remotely controlled devices used as medical equipment, toys, and so 

forth. One of the most recent areas of interest is robotic telepresence, also known as Mobile 

Robot Presence (MRP), which provides the ability to interact socially and professionally 

with other people and even objects in remote locations. One of the known issues with using 

remotely-controlled devices is the cognitive overload which their operators (pilots) 

experience and MRP pilots are no exception. However, despite vast research on different 

ways to address this in military or medical scenarios, little has been done regarding MRPs. 

This thesis study aims to make a contribution in closing that gap by suggesting a method, 

developing a prototype implementing it; then conducting an empirical assessment of the 

method and the prototype as a part of a broader study on MRP, supported by Swedish 

Research Council. I have suggested a method comprised of a Secondary-task (ST) method 

and Subjective Rating Scales (SRS), in which the latter act as an evaluation method for the 

former. Both of them were used in an overarching study in search for the best control 

device amongst four chosen devices. I collected and analyzed secondary task performance 

data (e.g. response time, error rates), subjective user ratings, explicit rankings, and 

observations recordings. My analysis of the collected data shows that using a monitoring 

and response face recognition secondary task is a plausible method for the assessment of 

MRP pilot’s cognitive load. 
 

Keywords: Cognitive load, Cognitive load measurement, Secondary-task method, Mobile 

robot presence (MRP), Subjective rating scales (SRS) 

1. Introduction 

Remotely-controlled devices and technologies are becoming more and more involved in our 

lives, coming in variety of shapes, sizes and contexts of application. They used to be limited 

to unmanned military airborne weapons or explosive diffuser robots. The fact that they 

eliminated the need for having a human being around made them tools of significant value in 

hazardous contexts and situations. These potential/imminent dangers made the job of 

operating them complicated and overwhelming. 

Nowadays civilian drones are becoming more popular, either as means of entertainment 

(toy drones), or tools to deliver professional services (camera-bearing drones). There are also 

increasingly more numbers of remotely operated robots used in delicate surgeries. One of the 

most recent areas of interest is in remote presence/interaction, which focuses on giving 

people the ability to interact socially and professionally with other people and even objects in 

remote locations hence the name Mobile Robot Presence (MRP). 

One of the known issues of using remotely-controlled devices is the cognitive overload 

that their operators (pilots) experience and MRP pilots are no exception. However, despite 
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vast researches on different ways to address this in military or medical scenarios, little has 

been done regarding MRPs. 

Controlling MRPs is a basic part of operating them (others would be interacting with 

other humans, manipulating remote environments and so on) which can be unnecessarily 

challenging and even overwhelming. This cognitive load needs to be managed and reduced 

as much as possible and to do that, there is a need for a method to measure it.  

In the process of choosing a method for measuring the cognitive load, we followed past 

and recent trends in research and researchers’ reflections on incorporated methods; then we 

decided that we should use Secondary-task (ST) approach. The motivation for this selection 

was mainly due to its objectivity and flexibility. In addition, the Secondary-Task approach is 

relatively easy and inexpensive to implement. 

1.1 Research question 

My research question was “How can Secondary-task approach be employed for developing a 

feasible and sufficiently sensitive instrument for measuring the cognitive load of the MRP 

pilots?” and I decided to answer it by designing and evaluating a secondary-task method. 

The research question was addressed in the context of a larger-scale study, funded by The 

Swedish Research Council, aiming at comparing the use of different types of input devices 

for controlling an MRP system in terms of efficiency and user experience. One of the sub-

goals of the larger-scale study was to assess MRP pilots’ cognitive load associated with the 

use of different devices. The task assigned to me within the overall study was to carry out the 

development and preliminary validation of a cognitive load assessment instrument, which 

can be practically applied under the specific conditions of the study. The instrument I 

developed was based on using Secondary-task technique, and it was preliminary validated by 

comparing the retrieved data with the other types of empirical evidence, obtained by 

employing a combination of SRS (Subjective Rating Scales), explicit ranking, interviews, and 

observations (performed during the same study). 

1.2 Report outline 

In this report, first I provide a brief background on the concept, role, and measurement of 

cognitive load, in psychology, cognitive science and HCI to explain our choice of approach 

(i.e. secondary task). Then, I elaborate on the key aspects of my research explaining the 

incorporated methodology, the design of the three main elements - the secondary task 

solution, the evaluation methods, and the user study -, and the procedure as the actual flow 

of the study. In the design section, I describe how I designed (process and iterations) and 

implemented (technology and application) the secondary task test as well as the evaluation 

methods, including the inspirations and ideas behind them.  

Next, I move on to the result analysis, employing two different approaches, which 

eventually converge to shape a conclusion, answering my research question. In this section, 

interview results are also presented as an extra layer of insight into the previous findings. 

Afterwards, I integrate all the outcomes from the analysis section and present a 

serendipitous finding as well. The critical analysis of the shortcomings of this research and 
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some ideas about the future work come next – concluding the report - in the last two 

sections1. 

2. Background and Related Works 

Definition: Cognitive load is the load that performing a task puts on a person’s cognitive 

system (Paas & van Merriënboer, 1994a) 

 

Our scientific and academic knowledge of the limitations of our mental resources, especially 

our memory goes back to the early days of cognitive science and Miller’s experiments on 

human memory’s limited capacity documented in (Miller, 1956).  

Further work was done on how that limited amount of short-term memory would be used 

and how the information in there would be managed by different researchers like Simon and 

Chase in (Chase & Simon, 1973) who suggested that in our memory, information is managed 

in chunks. Sweller used that in (Sweller, 1988) to show that better management of 

information in form of schemata is needed for effective learning and problem solving.   

According to Pass and Merriënboer’s suggested architecture in (Paas & van Merriënboer, 

1994a) , we have a limited amount of working memory with partially independent sections 

for visual and auditory information processing which has access to and works with an 

unlimited long-term memory. They talk about three aspects of cognitive load; namely, 

mental load, mental effort, and performance. In the model presented in (Paas & van 

Merriënboer, 1994a), mental load is defined as the expected load of a task on a person’s 

cognitive system and it can be measured on paper, whereas mental effort refers to the actual 

cognitive capacity used to accomplish the same task. While the former is fixed for a specific 

task at hand, the latter can be managed, and all three aspects can be measured to assess 

cognitive load.  

From early 80’s cognitive psychology started to contribute to HCI with its findings and 

methods such as cognitive models and empirical methods (Rogers, 2004). In the middle of 

an era characterized by hard to learn and hard to use computer solutions, information 

processing theories and models came to rescue. They were used to inform interface design 

for computer systems (Carroll, 1991).  

In late 80’s however, it became obvious that cognitive theory could only contribute to a 

specific extent; hence other theories from other related fields like Soviet psychology and 

social sciences, gained popularity (Rogers, 2004). However, the very concept of cognitive 

load stayed relevant through distributed cognition and external cognition approaches. 

From human-computer interaction models inspired by models of working memory2 

(Card, Newell, & Moran, 1983) to the approaches trying to utilize the environmental 

structures in helping to reduce cognitive load, measuring and managing it has always been of 

interest to people in HCI. 

                                                
1
 The PDF version of this report has embedded bookmarks, alternative to a table of contents. 

2
 The concept of working memory was initially proposed by Baddeley and Hitch (Baddeley & Hitch, 1974), for 

an introduction-level summary see (McLeod, 2012) 
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Measurement methods have been classified to analytical and empirical (Linton, 

Plamondon, Dick, Bittner, & Christ, 1989; Xie & Salvendy, 2000). Analytical methods focus 

on mental load and try to estimate it using expert opinion and analytical data. Empirical 

methods are keen about measuring mental effort and the performance; they rely on 

collecting subjective data using rating scales, performance data using primary and secondary 

task techniques, and psychophysiological data using psychophysiological techniques. The 

latter approach, specially rating scales, psychophysiological and secondary task methods has 

been more popular in more recent researches (Paas, Tuovinen, Tabbers, & Gerven, 2003). 

Subjective rating scales (SRS) which are based on people’s ability to introspect on their 

cognitive processes and to report the amount of mental effort invested, usually use a 

questionnaire consist of one or multiple semantic differential scales on which the participant 

should indicate the experienced level of cognitive load. They can be multidimensional 

(comprised of groups of related variables) or unidimensional, both of which are considered 

rather reliable (Paas et al., 2003; Paas & van Merriënboer, 1994b).  

Physiological techniques measure heart activity (e.g., heart rate), brain activity, and eye 

activity (e.g., pupillary dilation, and blink rate), assuming they reflect cognitive load changes. 

While measuring heart rate was shown to not be sensitive enough in (Paas & van 

Merriënboer, 1994b), assessment of pupillary responses proved to be quite useful by Beatty 

and Lucero-Wagoner in (Beatty & Lucero-Wagoner, 2000).  

Performance-based techniques include primary task measurement, which is based on a 

single task performance, and Secondary-task methodology, which basically measures the 

performance of a task that is performed concurrently with the primary task. The latter’s 

performance is assessed as an indication for the cognitive load imposed by the parallel 

primary task. It is usually in form of a simple activity requiring specific level of attention. 

Performance variables of interest are reaction time, accuracy, and error rate (Paas et al., 

2003). 

In recent years, Secondary-task method has gained more ground and popularity in 

research studies, and many have used it as their sole technique or in combination with rating 

scales (Chaparro, Wood, & Carberry, 2005; Haji, Khan, et al., 2015; Haji, Rojas, Childs, de 

Ribaupierre, & Dubrowski, 2015; Hsu, Chang, Chuang, & Wu, 2008; Park & Brünken, 2015; 

Rydström, Grane, & Bengtsson, 2009). They are considered more accurate because they are 

objective (as opposed to scales which are subjective) and measure cognitive functions in real-

time (Brunken, Plass, & Leutner, 2003). Secondary-task method has been used in measuring 

cognitive load imposed on pilots of unmanned robots (Goodrich, 2004). 

MRPs are the latest trend in remotely controlled robots field and Secondary-task method 

is starting to get popularity in assessing cognitive load experienced by their pilots too. 

Based on above explained history and trends, and also practical factors like ease of 

implementation and objectivity of secondary task methods, they were chosen as main focus 

of our work. My role was to develop a test, specifically tailored for the pilots of workplace 

MRPs. 
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3. The Research  

Three main aspects of my research are methodology, design, and procedure, and in the 

following sections, I will elaborate on them respectively. 

3.1 Methodology and general research strategy 

Since the work reported in this thesis was a part of a larger-scale study, I start with clarifying 

my specific contributions and how they are related to the large-scale study as a whole. First, I 

was responsible for designing and implementing a secondary task technique to be used in the 

larger-scale study for assessing pilots’ cognitive load. The design of the technique was 

informed by existing relevant research in psychology, ergonomics, and HCI. The instrument 

and its development are described below in the section entitled “Secondary task”. 

Second, I conducted an initial validation of the developed technique. The aim was to 

establish the validity of the instrument, which means to find out whether the evidence it 

produces can be used as an indicator of pilot’s cognitive load.  This initial validation was 

achieved through method triangulation (Preece, Sharp, & Rogers, 2015), that is, comparing 

the data obtained with the secondary task technique with other potential indicators of pilots’ 

cognitive load, obtained with subjective rating scales, interviews, and observations.  

When performing method triangulation, I employed two general strategies: 

a) Track-based approach. In the experimental sessions the participants were 

required to navigate an MRP system following a certain track. The track included different 

parts, or stretches, some of which were more challenging than the others.  I compared the 

secondary task data with objective, observation-based indicators of the difficulty of 

specific stretches of the track (such as the number of times the MRP system bumped into 

other objects) to find out whether or not these two sources of evidence  were consistent. 

In other words, the question was: do both types of data point to the same stretches of the 

track as the most challenging ones? 

b) Device-based approach. One of the assumptions of the larger-scale experimental 

study was that different input devices are associated with different cognitive load levels. I 

ranked the devices in relation to their associated cognitive load using secondary task data, 

and then compared the ranking with a similar ranking based on other types of evidence, 

namely, subjective rating scales and interviews. The question was: is ranking of different 

devices according to their associated cognitive load, based on secondary task data, 

consistent with similar rankings based on SRS and interview data? 

Regarding the relationship between the study reported in this thesis and the larger-scale 

“overarching” study, they share the empirical base, but address different issues. The aim of 

the larger-scale study was to conduct a controlled experiment, in which different input 

devices were implemented and empirically compared using to a number of criteria (including 

cognitive load). In my study I designed, implemented, and conducted an initial validation of 

a technique for assessing cognitive load. 

It should be noted that the aim of my study was the design and an initial validation of the 

developed technique. A comprehensive validation, employing thorough statistical analysis, 

was outside the scope of my study (and would require different level of resources to 
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conduct). Instead, I wanted to find out whether the indicators produced by my secondary 

task technique are generally consistent with other indicators of cognitive load. Finding that 

they are not consistent (e.g. different parts of the track, or different devices, are identified as 

the most cognitively challenging ones according to the secondary task technique and 

according to other indicators) would mean that the secondary task technique is not suitable 

and should probably be discarded. If they are found consistent, however, it would mean that 

secondary task is a feasible technique which deserves further exploration. 

3.2 Design 

In the following sections, I will explain and motivate the ideas and the choices behind the 

development of the three key parts of my research.  

3.2.1 Secondary task 

During the design and implementation of the secondary task test, I had to consider all the 

specifics of the overarching study and its settings. I went through a few iterations during my 

design process before settling on what I thought was the most appropriate. 

My first version of a secondary task test was not a monitoring task. It was a signal and 

response task; meaning, the participant would be signaled that there is a question which 

needs to be answered, and they would have to respond as soon and accurately as they could, 

like in (Haji, Rojas, et al., 2015). The question would be a simple math problem (two digit 

additions) which a different instance of it would be displayed every ten seconds, announced 

with an auditory signal (a beep). Participants would have to utter the response out loud.  

I also considered ongoing secondary tasks like the rhythm method used by Park and 

Brünken in (Park & Brünken, 2015); in fact a haptic ongoing task of drawing imaginary 

geometric shapes in the air (using a foot) was one of my ideas which could be interesting to 

test if it was not impossible for two very practical reasons. First and foremost, one of the to-

be-tested input devices in the study was a dance mat. That meant we could not use either feet 

or hands, for a secondary task like that. In addition, we did not have required gesture 

operated equipment to implement it. 

After consulting with my supervisor, reviewing more literature, and considering the 

practicalities of the incorporating study, I decided to change to a monitoring task instead. A 

monitoring task which keeps the participant’s mind engaged constantly (or frequently 

enough) combined with random points of action could be a good way to probe their cognitive 

load and get a good sense of  the mental workload over the course of the primary task. 

Some of the main reasons for choosing a monitoring task, as mentioned before, are the 

very reasons which made a traditional signal and response task inefficient for our study. For 

instance, a signaled task occurs in intervals which would be a challenge to set properly. If it is 

too long, researcher can miss a fair amount of high cognitive load moments which may have 

had significant influence on the results. If it is too short, then choosing a proper task with 

enough degree of complexity and needed mental effort - of which completion in time is 

actually possible and practical - would become yet another challenge by itself. 

Correspondingly, the use of a signal which grabs participant’s attention, may lead them to 

decide to temporarily consider the secondary task as primary, accomplish it as fast as 
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possible, and get back to the original primary task afterwards. This means they may 

artificially assign more mental resources even to the point of halting the primary task 

processes all together, however briefly. Visual monitoring task has also been used in many 

studies conducted by reputable entities such as (Carswell, Clarke, & Seales, 2005). 

Monitoring provides continuity which decreases the probability of losing any cognitive load 

peak moment (given the right level of intensity and frequency in monitoring). Vision seemed 

like the most appropriate and most relevant choice of modality, because based on (Paas & 

van Merriënboer, 1994a), different modalities occupy partly separate mental resources. In 

the study, pilots mostly receive and handle visual cues; therefore engaging them with a visual 

monitoring task would result in the appropriate sort of distraction. 

In order to choose a proper visual task, I took a cue from studies in (Carswell et al., 2005; 

Haji, Khan, et al., 2015) in which a task similar to what would happen in an actual use 

scenario regarding the test topic, was chosen. In other words, they simulated a task that 

would happen and was of great importance in the actual real world context. Similarly, 

recognizing faces and reacting accordingly, is one of the most basic real world interactions of 

a MRP pilot; since one of the main purposes of the mobile presence is to interact with others.  

I decided to present the pilots with a series of portraits displayed consecutively, to 

monitor frequently for those of which they were previously asked to greet loudly. In 

gathering those portraits, I tried to choose ones that have many similarities in appearances 

like similar hair (color, length, and style) or outfit. This way pilots would have to pay deeper 

attention in order to distinguish the faces, and would not be able to dismiss the wrong ones 

only by surveying the periphery of their vision.  

After monitoring and recognizing the target face, some sort of acknowledgement was 

needed as an output to be logged. The time between a picture being displayed and being 

acknowledged by the pilot, was our target variable. We also needed to keep track of the 

missed ones, because we needed both the performance and the error rate. I chose verbal 

output for the same reason as the visual monitoring task. It is the most similar to the real 

world interaction which is starting a conversation (usually opened with greetings) with 

people who are recognized (given they are in our proximity, of course). Limitation of 

modalities was also a supporting factor for my decision. That is, I couldn’t (and didn’t want 

to) use haptic response because each of our devices utilized different limbs. 

As I moved forward, I had to think of ways to implement and gather data from face 

recognitions and oral acknowledgments. Since the latter only needed to be recorded for log 

keeping, I used a sound recorder. For the former, I needed a solution in the form of an app or 

webpage to deliver the portraits in a timely manner while keeping necessary logs. Since I am 

more familiar with front-end web development using HTML, CSS, and JavaScript, I decided 

to create a webpage. In that form, it could be used across different platforms that we had 

(PC, Mac, Android tablets, and iPads), which was a plus point. 
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I gathered a set of 85 royalty-free images (portraits) and I organized them randomly. Each 

portrait was set to be displayed for 5 second, and the appearance time would be shown at the 

very bottom of the same page, for logging purposes (Figure 1). I chose such a size for the 

portraits that somehow mimicked the size of an actual face of a proximate person, in the 

control view. Two of those faces (one male and one female) were picked as virtually familiar 

ones to be greeted out loud by the participants. They were scattered randomly among the set.  

 

 

The secondary task webpage was presented to the pilots on the same screen as the control 

view window. They were put side-by-side with the secondary task window being on the left, 

taking about 10% of the space. As it’s widely accepted among UI designers, upper left part is 

the most noticed part of a page (or screen, or frame), which I found suitable for such content. 

This also helped us with recording and logging along the way. Figure 2 shows a capture of the 

study screen. This is what participants saw during the driving episodes. 

 

 

 

 

 

 

 

 

Figure 1: Secondary task webpage 
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3.2.2 Evaluation methods 

We used subjective rating scales (SRS) as a tool to evaluate the secondary task solution, as 

well as the data extracted from recordings and interviews. We had a questionnaire consisting 

of SRS related to cognitive load combined with those of general HCI evaluation. In the 

cognitive load part, participants were asked to describe their experience using four scales 

inspired by NASA-Task Load Index (Hart & Staveland, 1988). The following Likert-type 

semantic differential scales were the most appropriate ones for my study: 1. Simplicity, 2. 

Easiness, 3. Reassurance, 4. Effortlessness (Figures 3, 4, 5, and 6) 

  

 

 

Figure 2: A screen capture from the study with robot management environment 
section (right) and secondary task webpage (left) 

Figure 4: First scale (simplicity) 

Figure 3: Subjective rating scales (SRS) - Title 
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Originally, the scales had 5 points; however, after considering the practical fact that they 

needed to be merged with the general HCI ones, I changed them to 7 point scales. That also 

made the results more precise and sensitive to smaller differences. 

We were interested in learning even more about specific hardship and high cognitive load 

which participants may have experienced, so we could map and use them in combination to 

SRS. Therefore we made observations during the study and conducted interviews, in which 

we asked participants about the level of difficulty they experienced in different parts of the 

track or with each of the control devices.  

Above-mentioned evaluation methods were applied at different points of the overarching 

study. Some of them were used repeatedly, others only once at specific times. It depended on 

the target and intended sensitivity of them. 

SRS for cognitive load assessment were filled by participants after every episode of driving 

through the track. It means each participant filled it four times, in which they were asked to 

think about the immediate experience they just had with a different control device. We also 

asked them to rank the devices based on their overall feeling and preference. This was a 

single question added to the end of the fourth general questionnaire. It acted as a double 

Figure 5: Second and third scales (ease of use and reassurance) 

Figure 6: Forth scale (effortlessness) 
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check, also showing the difference between immediate and delayed ranking mentioned in 

(Schmeck, Opfermann, Gog, Paas, & Leutner, 2015). 

Although we couldn’t (and didn’t) record faces, we did make observations. Those helped 

us dig deeper during the interviews. We could figure out if they were extra nervous, 

confused, or excited. There were even a few cases in which we could see that the participant 

has completely forgotten about the ST, and is deep into driving, almost like playing a game. 

We conducted semi-structured interviews at the end of the study, after participants were 

done with all the driving and filling forms. Initially, they were asked to comment on the 

whole experience. They were free to say whatever they wanted, and we would pick up from 

there. If they had not already addressed something, or they did talk about it but we felt we 

still needed more explanation, we would ask follow up questions later on. I was especially 

interested in knowing: 

 What did they think and feel about the secondary task 

 Which controller device did they find easier to use 

 Which part of the track did they find more challenging to drive through 

 Did the former had an effect on the latter, i.e. were there any parts of the track 

which felt somewhat more challenging with some of the devices but not with the 

others 

Interviews were recorded and notes were taken by the interviewer; however most of that 

extracted data was especially useful to the superior goals of the study.  

3.2.3 User study 

The study was composed of 6 phases, meaning each session had an introduction, four driving 

episodes, and an interview, in that order. It took place at two separate locations one being a 

university office (pilot’s location, referred to as “the office” from now on) and the other being 

HCI Lab (Beam robot’s location, referred to as “the lab” from now on). My co-experimenter 

and I conducted the study, working from the previously mentioned locations (separately), 

respectively. 

3.2.3.1 Experimental Settings 

In the office we used a Mac station, on which we had the robot’s control software and the 

secondary task application, four control devices (Dance Mat, Keyboard, Mouse, Xbox 

controller), and a tablet for filling out the questionnaire. We used a camera for recording the 

participants’ body movements, and a smartphone as a stopwatch for keeping track of the 

driving times; same smartphone was used to record the interviews. Last but not least, the 

screen capture software on the Mac station recorded the screen activities which included the 

pilot’s view of the remote location (HCI Lab) and the state of the secondary task.  

In the lab we set up a track using chairs, tables, and other available objects. Our track was 

designed as a closed path (loop) with two alternative designated starting points. This was 

mainly due to the lack of space for having actual separate and different tracks; yet we wanted 

to have more alternatives for the driving situations and challenges. By having two starting 

points and two driving directions (clockwise and counter clockwise), we managed to have 

virtually four different tracks with different driving situations. Each of those permutations 

was assigned to a device, based on a Latin Square table (Appendix 1). 
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It is common sense that driving/riding forward in a straight line is the easiest, whereas 

other maneuvers like turning, dodging, or passing through tight passages are rather 

troublesome. Obviously, we needed a few challenging points in our track, to cause a spike in 

the participants’ cognitive load and challenge their driving skills. To achieve that goal, we 

added three 180 degree turns, a slight course correction, a sharp U-turn, and a few 

bottlenecks to the track. To make the experience even more interesting, we included a few 

barriers and milestones to the arrangement. We had two “read the board” tasks to perform 

and two “try not to hit” hanging obstacles to dodge (Figure 7). 

 

 

3.2.1.2 Participants 

In order to comply with the previously mentioned Latin-square, we decided to recruit 16 

participants via convenience sampling method. We tried to avoid close friends and family 

members to stay clear of the bias they may have towards us.  

Most of our participants were among university staff (Administration, PhD candidates 

and other academics) and we had one master student and one alumnus as well. Their ages 

ranged from 23 to 49, with 56% between 30 and 40, 30% below 30, and the rest in their 

Figure 7: Study's driving track 
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forties. We did not have any age limits, because there will be no limit on MRP pilots’ age in 

real life (except for the same age limitation as getting a driving license). We managed to 

recruit 56% males and 44% females. 

About 80% of the participants were familiar with video games one way or another. About 

half of those used to play video games in the past. The other half declared that they still play 

either occasionally or more often and more seriously. 50% of these past/present gamers, 

declared that they have use(d) keyboard to play on PC/Laptops and about two thirds of the 

rest said they use(d) game controllers with game consoles (Xbox, PlayStation, Nintendo). A 

little over 16% played neither with a keyboard nor a game controller; they preferred fingers 

on touch screens of tablets/smartphone. We did not try to have more people who are not 

familiar with computer and video games. In addition to that being a challenge in Informatics 

Department, there seemed to be no point in testing a technology on unfamiliar people, when 

the majority of its anticipated future users would be under 40 and had played computer 

games at some point in their lives. 

3.2.3.2 Forms and questionnaires 

We needed forms and questionnaires to gather data and feedback, so we designed them 

using Google forms platform and Microsoft Word. The former especially helped us with 

saving and organizing results, as well as some basic diagrams and charts. 

Our consent form was created with MS Word and printed out, so it could be filled and 

signed by the participants. It explained the study’s outline and purpose, its time frame, tasks, 

and gathered data (including its safety).  

We used Google forms platform to create the questionnaire for background information, 

subjective rating scales, overall ranking scale, and procedural logs (participant number and 

control device order). In the background information section, participants were asked about 

their age (text input), gender (multiple choices with text input option) and level of familiarity 

with computer/video games and associated game controllers. In a section titled “Assess your 

experience” they were asked to subjectively rate their experience by choosing the suitable 

point among seven points that each semantic scale offered. At the end, the “Overall ranking” 

section offered participants a chance to rank the devices from one to four (by typing the 

number) based on their overall experience and preferences. 

My colleague and I each had a printed version of the Latin-Square table (shown in 

Appendix 1) which determined driving episode orders. It helped us keep track of the assigned 

controller device, starting point and driving direction for each episode and each participant.  

3.2.3.3 Ethical Considerations  

In order to safeguard the participants’ privacy, we did not record their faces or names. 

Instead, we recorded their body below chest only targeting their hands or feet. However, we 

did record their voice during the driving episodes and the interviews. The former was 

necessary as it was a main part of the secondary task test, and the latter was for our own 

convenience, to eliminate the need for a comprehensive note-taking. We preferred to listen 

then and transcribe later. We kept the recordings on our own computers and transferred 

them using flash drives, primarily because the files were too large for the department’s 



 
 

 

14 
 

network storage (personnel’s assigned amount), and also to reduce the chances of any 

accidental transfer or unauthorized access.  

As for compliance with legal requirements, participants were requested to read and sign a 

consent form. In that form, they were informed that they will be recorded (voice and video) 

with the exception of their faces, and those recordings will be transcribed and reviewed for 

study purposes only. Furthermore, the files would be safely stored and not shared with any 

third party. Participants were asked to read it carefully and sign willingly, before starting the 

test session. 

3.3 Procedure 

A step-by-step flow of the user study sessions is presented in the following numbered list. 

The usual social interactions like greetings and farewells are not listed. 

1. General outline of the study was explained to the participants, covering following 

points: 

a. What is the study about 

b. What are they supposed to do 

c. What data would be gathered, and how  

d. How long would the whole process take 

2. Participants were asked to read and sign the consent form (explained previously in the 

ethical considerations section) 

3. They were asked to fill the background information form  

4. They were introduced to:  

a. The remote control software and the remote environment, as seen through the 

view frame (Figure 2). 

b. The secondary task webpage and its purpose  

c. The four control devices.  

5. The procedure was explained to them in more detailed terms and phase by phase. They 

were told what they are expected to do in each phase and what milestones to meet. 

6. Participants were given the chance to try the devices before starting the driving 

episodes. This helped them become familiar with the setting before the actual tests. 

7. They drove the robot through the designated track, while being timed, recorded, and 

guided when needed. They drove it four times, each time using a different device. The 

order in which they used the four devices was determined by the Latin Square table. 

8. After each round of driving along the track, participants were asked to fill out the SRS 

form about the experience they just had. 

9. After the fourth SRS questionnaire, they were asked to rank the four control devices 

based on their own overall preference. 

10. Finally, they were interviewed by the researchers, and were recorded. It was a semi-

structured interview in which they were asked a few prewritten questions and some 

follow up ones when needed. During the interview they were queried about the 

difficulties they experienced with the track, the devices, or the ST, amongst other 

questions (which were in line with the superior goals of the study and its overarching 

large-scale research). 
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4. Results and Analysis 

In the study, we tried to record as much as possible, without gathering any identifying 

information. We recorded both body movements using specially positioned video cameras 

and interviews using voice recorders. We used screen capture software to capture activities 

on the screen, to find out which face was shown exactly at each moment of the test. That was 

especially possible since we used the same screen for the secondary task webpage as the 

control console. We also recorded the robot’s movements in the remote environment, using a 

second video camera, to have an up close account on it, for further analyses and as a 

redundancy measure. 

A lot of data was gathered to achieve the superior goals of the study; however what I was 

interested in the following parts to answer my research question: 

 The screen captures to help me map the track activities with the secondary task response 

times and errors 

 The answers to the four cognitive load oriented SRS questions in the general 

questionnaire 

 The robot activity observation recordings to map the most collision prone areas of the 

track 

 The answers given to the interview questions about the difficulties with the track and the 

secondary task 

To extract the secondary task response times and errors, I went through the screen 

recordings and timed responses, marked the missed ones paired with their corresponding 

positions of the robot on the track, and counted both to calculate the performance rates. I 

wondered if it reflected the struggle they had with the primary task, e.g. if they missed more 

faces around the more challenging parts of the track, which needed more mental effort to 

maneuver through. This will be discussed in the coming sections. 

I isolated the responses to the four cognitive load oriented SRS from the response data of 

the general questionnaire, to see if they reflected the ones gathered from the secondary task 

recordings. The goal was to find out, for example, if they believed they had experienced more 

difficulty and had to put more effort on the task, at the same time that they did poorly on the 

secondary task. 

Participants’ answers to our questions targeting what they thought and felt about the path 

and any particularly challenging parts, the secondary task and how demanding it was, as well 

as the perceived usability of the four control devices, worked as an evolution method for my 

SRS. I wanted to know how close my criteria were to the terms in which they would describe 

and consider their experience. 

Robot activity observation recordings were the common comparison material and a 

representation of the actual struggles in the primary task. These occasional hardships are 

considered as the peak points of the mental effort in the study; therefore, they were the ones 

which needed to be mapped to the secondary task data. 

As mentioned previously in the methodology section, I approach the analysis from two 

different angels, i.e. track-based and device-based. For the former, first I establish which 

parts of the track are challenging, hence cognitive load intensive; then I show and argue how 

the results from the secondary task relate to them, and whether they corroborate each other. 
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For the device-based approach, I identify the devices whose operation needed more cognitive 

load investment, and then again, present their correlation with the corresponding secondary 

task results. 

4.1 Track-based approach 

Based on the track’s arrangement, one would anticipate that the level of cognitive load which 

pilots experienced would be higher around the bottlenecks, obstacles, and turns. It would 

make sense to expect to see them struggle more and express more confusion and exhaustion 

later. Although one would be intuitively convinced that the track had specific challenging 

parts, but that is not the only argument here. It is also confirmed by the gathered data from 

our observer recordings which verify that some specific parts of the track were the most 

challenging compared to others. The extracted data on collision points, collectively confirm 

the common sense anticipations (Figure 8). There are more collisions at turns, bottleneck, 

and dodge points. 

 

Another interesting phenomenon that we observed during the study and relates to the same 

pattern was the anticipation and premature allocation of cognitive efforts, around the 

Figure 8: Collisions shown with green dots 
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challenge spots. After going through the track for the first time, participants started to 

welcome the challenging parts by focusing on their driving and investing mental efforts even 

more and rather earlier than before. It appeared that they knew that they needed to put more 

effort on those parts since they had already experienced that driving through them was not 

as easy as it may look. 

After determining cognitive load intensive points on the track, comes forward the 

important question: do the secondary task result data comply with these forecasts? To 

answer that, I mapped the data visually, similar to the one for collisions, to find out which 

spots were more prone to missed secondary task responses. I did the same process with the 

response times of those not missed, and as it is clearly identifiable in Figures 9 and 10, they 

match the collision distribution to a great degree.  

There are also a handful of unmatched areas due to reasons other than bottlenecks, e.g. 

new toy distraction effect. A few participants missed responses near the start/stop points 

because they were preoccupied with trying a new unfamiliar controller, and at least half of 

those times, they were also driving down a virtually new track. Besides that, a couple of 

participants completely forgot about the secondary task during a whole driving episode. They 

were not reminded of it until the task was completed. 

Figure 9: Collisions (green dots), missed secondary task responses (red dots) 
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4.2 Device-based approach 

As mentioned before, our overarching study was for the most part, about determining which 

controller would be the best for operating the robot and finding out which one imposes 

higher cognitive load on pilots was only one aspect to that goal. Thus, it seemed only fair to 

expect the secondary task test to cover that angle too. It is important to show that my 

secondary task reflects what is confirmed by other tools (since they were chose to act as 

evaluators). 

I performed the same process for the track and collision points. I analyzed the result data 

from SRS, direct rankings, and observations (robot movements), to establish a ranking 

among the four devices.  

As mentioned before, to analyze SRS responses, I had to isolate scales of my interest, from 

the rest. After concatenating related responses into one table, and creating a pivot table 

based on that, I was able to perform calculations which could answer my question. In the 

pivot table, I calculated the average of all the ratings given in each scale for each device. The 

results are shown in Figure 11. 

Figure 10: Secondary task response times 
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As the above chart shows, keyboard had the highest score in all scales. The game controller 

(Xbox) was in second place. Mouse and dance pad, came in third and fourth, respectively, in 

a close competition. 

Same pattern appeared in the direct ranking results, after being sorted and color coded, as 

presented in Table 1. Although keyboard and game controller (Xbox) have got the same 

amount of first places, the former comes in more second and less third places than the latter. 

However, none of the participants ranked keyboard fourth. The summations of the two 

ranking sets (27 vs 32) verify keyboard’s superiority. In this ranking, the difference between 

mouse and dance pad is less straight-forward, and rankings for both add up to the same 

summation of 51. Nevertheless, participants seem to have rather mixed feelings about the 

dance pad, yet slightly less diverged ones about the mouse.  

 

 

 

 

 

 

 

 

 

 

Figure 11: Overall ratings (by device) 
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The collision data used to determine the responsible device for the smoothest drive utilized 

the same observation recordings used for making the challenge spot maps. However, this 

time I needed to know the numbers. Table 2 depicts the collision counts grouped by device. 

Using the same color coding technique, it shows that participants hit objects the least while 

driving with keyboard. Not surprisingly, the game controller is the next in line, and then the 

dance pad and the mouse occupy the third and the fourth respectively.  

Table 1: Explicit device rankings 

Table 2: Collision counts (by device) 
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I knowingly considered the last row numbers as outliers, because originally they were smash 

and crash counts of a few exceedingly collision-rich drives. They were mostly done by the 

same two participants. 

After stablishing the benchmark (1.keyboard, 2.game controller/Xbox, 3.dance pad, 

4.mouse), I extracted the missed secondary task response counts for each device, calculated 

percentages, and sorted them into Table 3. Once again color coding made it apparent that 

participants missed responses the least while driving with keyboard (considering the most 

amount of 0% misses in green and no reddish ones over 45%). Game controller (Xbox) had 

the second most 0% misses, and mouse takes over dance pad with one more 0% and less 

miss counts over 45%. I believe that is because the dance mat drive episodes were the longest 

ones (Table in Appendix 2), providing participants with more occasions to respond (or in 

this case miss), hence increasing the percentages. 

 

I have presented the more straight-forward results and analyzed them so far; though none of 

them particularly required much of a discussion. On the other hand, response time results 

extracted from screen captures seem to need more explanation. Figure 12 shows the 

Table 3: Missed secondary task responses in percentage (by device) 
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Averages of the Averages and corresponding STDs3. To produce this chart, first I calculated 

the average response time for each driving episode, second I grouped them by device, and 

finally calculated the Average and the STD for each group.   

Although in the above chart, keyboard still holds the first place (reinforced by the lowest 

STD), the mouse that used to come last (or next to it), stands very close in second, and the 

game controller falls back to the third place. It appears that instead of trying to barely 

respond in time (what they did while driving with the game controller); participants chose 

not to bother and missed completely while they were driving with the mouse. This happened 

especially near the bottlenecks and challenging spots (mentioned in previous section); where 

participants were forced to focus on maneuvering the robot out of trouble. At those 

occasions, they tended to miss faces altogether. At the same spots, they managed to get a 

glimpse and respond while driving with the game controller (Xbox). This is due to the fact 

that mouse was the only controller that needed constant visual engagement. Participants had 

to keep the mouse pointer inside the lower smaller view (refer to Figure 2) and check its 

position constantly to guide the robot. With other controllers participants could arrange 

coordination between the move and the direction they intended to make and follow, and the 

needed activities of their limbs (or fingers). That provided them with more instances of 

expendable attention to assign to the monitoring task (secondary task).   

The game controller drive episodes were also much faster (less drive times) than the ones 

with the mouse (Table in Appendix 2) - thanks to their accelerate feature - and that led to 

much less response-triggering occasions. The latter is visible when comparing Figures 13 and 

14. 

                                                
3
 STD = Standard Deviation 

Figure 12: Average response times (by device) 
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I believe, having more instances of greeted faces, could have impacted the average (and STD) 

for Game controller for better, because it would even out those few barely passed occasions 

with long response times. 

4.3 Interviews 

It was not easy to extract quantitative results from our semi-structured open-ended 

interviews. I tried to focus on finding answers to my questions (listed in section 3.2.2) as 

much as possible. There was a lot of uncertainty in the participants’ answers to the questions 

with no comparison embedded in them. Some of them also had difficulty deciding on their 

feelings and challenges. The two did not always match, for example, they chose one device as 

preferred, but not as the easiest, or the fastest. Some of them knew they drove faster because 

they were more careless, or they collided with objects more because they drove faster (not by 

choice, but due to the lack of control over their speed). 

More assertive answers yielded these findings: 

 Most of the participants chose Keyboard as their “preferred” device (11 participants), 

8 of them preferred Game Controller, 2 voted for Dance Pad, and no one picked 

Mouse. 

 Most of them picked Dance Pad as their “not a fan of” device (7 participants), 5 of 

them resented Mouse, 2 voted for Game Controller, and no one picked Keyboard. 

 They mostly perceived Keyboard and Game Controller as fastest (7 and 6 of them 

respectively) and rarely Mouse and Dance Pad (1 of them each). 

 On the other hand, most of them picked Mouse as the slowest (9 participants), 2 

voted for Dance Pad, and nobody regarded Keyboard or Game Controller as one. 

 7 of the participants mentioned that noticing hanging obstacles and dodging them 

was the hardest part of the track, 5 chose the U-turn, and 2 felt most challenged while 

passing through the narrow part between chairs. 

Figure 13: Collisions in driving with Mouse Figure 14: Collisions in driving with Xbox 
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 They had very different opinions on some part of the track being specifically hard 

with some devices but not with others. We received almost every combination 

possible in the responses.  

Opinions about the secondary task were not homogeneous either. Received responses 

were all over the spectrum. From “It was ok. Nothing too distracting. It felt like you are 

driving a car and you are on the phone.” (participant #7), to “When I was just using my 

hands, it was quite alright, when I had to keep track of my feet as well, it completely faded 

from my consciousness.” (Participant #16), and “It was distracting. Maybe because I’m not a 

multi tasker.” (Participant #5). However, a response like the latter was received only twice. 

Most of the participants believed it was not hard to keep up with the secondary task unless 

they had to be extra focused on the primary job for some reason. Some of those reasons are 

explained by themselves as: 

“I forgot about greeting sometimes. I didn’t care too much about it. As soon as I 

got relaxed I took care of the task. And if I needed to do something I didn’t care 

about the task. Like turning in the dead corner. Especially whenever I needed to 

concentrate on the down camera, then pictures were further away as well.” 

(Participant #4) 

“Not too distracting, maybe when I had to back up, a bit, with moving forward 

I had prediction for a few seconds, but when backing I had to be more focused. 

Harder with dance pad because I had to look down sometimes. Other three 

were quite similar. I’m used to not looking at them when I’m working.” 

(Participant #12) 

“When I noticed them, I noticed them and I tried to keep it in mind. It wasn’t 

that big of a deal. It was harder with the dance pad, but with others, it wasn’t 

very difficult at all.” (Participant #13) 

“It was almost good. I missed that especially when I had to look at the sign or 

the board. Sometimes chairs were very close to each other or I was confused 

about which direction should I move. I couldn’t take a look or totally forgot 

about them. In other situation I could see it even without looking at it.”  

(Participant #14) 
 

Overall, it looks like the secondary task was indeed given the extra mental capacity, and it 

was overlooked when there was none to spare. 

4.4 A serendipitous finding: The effect of device orders on the 

internal rating scale dynamics  

While I was organizing and analyzing the result data to get an answer to my research 

question, I found something extra which I think is worth mentioning. It is not really an 
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independent phenomenon and could be considered a more in-depth observation of the 

explicit ranking results. 

As it is briefly pointed out in Track-based Approach section, in the overarching study, we 

used Latin Square table to determine each driving episode’s start point, direction, and 

device. Thus we managed to have a virtually different track for each episode, and a different 

order of devices for every four participants. The latter lets each device to be used as 

first/second/third/forth device exactly four times, in order to counteract the effects of 

expertise gained during previous driving episodes.  

I grouped the mental effort rating results based on the device orders which resulted in 

four different data sets. Then I visualized them into four charts, each of which showing the 

average rating of a criterion (simplicity, easiness, reassurance, or effortlessness) for each of 

our control devices, when they are used in respective orders. Those are shown in Figures 15 

to 18. 

 

 

 

 

  

 

 

 

Figure 15: Average ratings of simplicity 
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Figure 16: Average ratings of reassurance 

Figure 17: Average ratings of easiness 
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The first noticeable pattern is that differences between ratings become more and more 

significant when the use order changes from being the first devices to the fourth devices. 

Apparently, it visualizes the process of participants’ opinion building up, step by step. It 

looks like when they did not have any prior references about control devices, they rated all 

devices quite closely. However, as they proceeded to use other devices, and experienced their 

advantages (or disadvantages), their opinions started to change. As a result, keyboard 

becomes favorable, and mouse’s popularity starts to drop. This trend proves that we 

anticipated correctly; ordering does matter. 

5. Discussion 

The research question addressed in this thesis is “How can the Secondary-task approach 

be employed for developing a feasible and sufficiently sensitive instrument for measuring the 

cognitive load of MRP pilots?” The findings discussed above indicate that a possible answer 

to this question is using a monitoring task. The monitoring task involving face recognition, 

which was employed in the study reported here, is feasible in the sense that it can be 

practically implemented in many workplaces of operators of remotely controlled devices. It 

can be particularly instrumental for measuring cognitive load in research within the context 

of social robotic telepresence like Kiselev and Loutfi’s work in (Kiselev & Loutfi, 2012). At the 

same time, as will be discussed below in the section titled “Limitations of the study”, our 

experience with using the face recognition secondary task also points to a number of 

modifications, which can be made to make the method even more feasible. 

Considering the discussed analyses and arguments, I conclude that the presented 

secondary task solution is a plausible method for assessing cognitive load experienced by 

Figure 18: Average ratings of effortlessness 
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MRP pilots. It is easy to implement and can be enhanced with more precise ways of data 

gathering and logging. It is rigorous enough and at the same time quite nonintrusive. Its web 

based technology makes it suitable for use on different platforms. 

In addition, the unexpected findings regarding the effect of device order on the internal 

rating scale dynamics is relevant to current critical analyses of using subjective scales in HCI 

and usability (Lallemand & Koenig, 2017). Taking this effect into account may help develop 

more appropriate instrument and procedures, which would improve the validity and 

accuracy of subjective ratings. 

6. Limitations of the Study: A Critical Analysis 

First and foremost, I have to admit that my limited programming expertise prevented me 

from developing a better logging solution for my secondary task webpage. I had to rely on 

extracting data from recordings and screen captures which were not perfect and failed me a 

few times. A few screen captures were lost because of technical problems (files were 

corrupted or non-existent) or human error. In addition, I discarded 3 episodes with 100% 

missed responses which were consequences of innocent accidents rather than indicators of 

high cognitive load. Participants completely forgot that they were supposed to monitor and 

greet and they were not reminded otherwise, which in retrospect, does not sound like a good 

idea. These omitted data explain the missed secondary task responses in Table 3. 

Second weakness of my secondary task solution was in the arrangement of the image set 

of the webpage. Initially, the images were scattered randomly in a fixed arrangement, which 

was supposed to load from the beginning upon starting each driving episode. The 

experimenter was supposed to start the loop as soon (or at least around the same time) as 

the participant started driving. That way, the participant would greet through almost the 

same sequence of portraits, with similar distribution. However, in practice the webpage was 

loaded only once at the beginning of each session and looped through the image set 

continuously until it was stopped manually. Since the designated faces were not incorporated 

around the end of the set as frequently as during the first 2 or 3 minutes of it, sometimes a 

few minutes of driving passed without any designated face being displayed. It means that we 

were not able to probe as many bottlenecks and points of interest as we planned, and that, 

admittedly, was due to a lack of expertise on my part.   

Third matter that I see as an issue is a very limited pool of potential participants that we 

had in our disposal. I personally would prefer more participants from wider and more 

versatile backgrounds, which could be divided efficiently into groups with similar gaming 

and age attributes, in a meaningful way. 

Last but not least, halfway through the study I realized that my choice of words for the 

label of the scale number 9 (refer to Figure 6) may have not been the best; however I did not 

change them during the study. I think “confusing” and “clear” would have been better 

adjectives for my purpose.  
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7. Conclusion and Future Work 

There are several ways, in which the work reported in this thesis can be continued and the 

cognitive load assessment instrument presented here could be further developed and 

improved. As mentioned before, the study aimed at initial validation of the instrument. The 

results of the study form a foundation for subsequent, more focused and rigorous validation, 

including the use of powerful statistical analysis methods. 

Regarding potential improvements in how the instrument can be implemented and 

administered, the current study suggests that a few number of modifications can be 

explored. In respect to the technological implementation of the instrument, the following 

modifications appear to result in a more accurate and reliable empirical evidence: (a) a more 

precise and possibly even redundant logging mechanism for the webpage can be provided, 

(b) to minimize manual effort, a voice activated start/stop feature for the webpage can be 

included, (c)  instead of being purely random, the display of portraits can have the restriction 

of not showing more than four consecutive non-designated faces at a time. In addition the 

setting for cognitive load assessment could employ a longer and more diverse track with 

more than one set of each type of challenge (e.g. more than one dead end). Finally, the 

participants could be reminded of the importance of performing the secondary task before 

the start of each driving task and be given an example of “greeting loudly” to avoid barely 

perceptible verbal responses. 
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Appendix 1 

Track enumeration table (Latin Square) 

 

Participant ID Input device Order Track Order 

1 X, D, K, M Acc, Acw, Bcc, Bcw 

2 D, X, M, K Acc, Acw, Bcc, Bcw 

3 M, K, D, X Acc, Acw, Bcc, Bcw 

4 K, M, X, D Acc, Acw, Bcc, Bcw 

5 X, D, K, M Acw, Acc, Bcw, Bcc 

6 D, X, M, K Acw, Acc, Bcw, Bcc 

7 M, K, D, X Acw, Acc, Bcw, Bcc 

8 K, M, X, D Acw, Acc, Bcw, Bcc 

9 X, D, K, M Bcc, Bcw, Acc, Acw 

10 D, X, M, K Bcc, Bcw, Acc, Acw 

11 M, K, D, X Bcc, Bcw, Acc, Acw 

12 K, M, X, D Bcc, Bcw, Acc, Acw 

13 X, D, K, M Bcw, Bcc, Acw, Acc 

14 D, X, M, K Bcw, Bcc, Acw, Acc 

15 M, K, D, X Bcw, Bcc, Acw, Acc 

16 K, M, X, D Bcw, Bcc, Acw, Acc 

 

D: Dance Pad, K: Keyboard, M: Mouse, X: Xbox (Game Controller) 

Acw: Start point: A, Direction: clockwise 

Acc: Start point: A, Direction: counter-clockwise 

Bcw: Start point: B, Direction: clockwise 

Bcc: Start point: B, Direction: counter-clockwise 
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Table showing driving times (by device) 
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Alternative charts for the serendipitous finding 

 

 

 

 

 

 

Figure 19: Experience ratings of the first devices 

Figure 20: Experience ratings of the second devices 
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Figure 21: Experience ratings of the third devices 

Figure 22: Experience ratings of the fourth devices 
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Table showing raw SRS results 

 

Raw result data of SRS 
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