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Abstract 
 

In the cutting age of industrial 4.0, automation has developed rapidly in all aspects. The 

emergence of the modern industrial control room has provided a new horizon to the 

large operation. However, the problem facing the operators is too many screens that 

they need to monitor at the same time which could result in fatal mistakes such as 

missing important alerts or failing to act on important information. With that being said, 

this thesis explores the possibilities of developing a visual aid system to help guide 

operators’ attention. With the knowledge gained from a literature review and previous 

efforts from ABB, a visual aid system has been developed with implementations such as 

unreadable screen and blinking cue guiding the operators’ attention. An experiment to 

evaluate the solution has also been designed and conducted with 29 participants. Both 

quantitative data and qualitative data have been collected and analyzed. The results 

suggest a strong benefit in using such a visual aid to help guide operators’ attention. 

Keywords: Control room, Attention guiding  
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1 Introduction 

Commonly referend to as the fourth industrial revolution (Schwab, 2017), Industry 4.0 has 

been considered a new industrial stage that can bring higher performance to manufacturing 

companies and even alter everyone’s daily life in all aspects (Dalenogare, et al., 2018; Griffiths 

and Ooi, 2018). Compared to the first three revolutions which took place in the field of 

mechanization, the use of electrical energy and the digitalization (Lasi, et al., 2014), Industry 

4.0 is closely correlated with the arrivals of modern technologies which include but are not 

limited to the Internet of Things (IoT), Cloud Computing and Cyber-Physical Systems 

(Hermann, Pentek and Otto, 2016; Lee, Bagheri, and Kao, 2015). 

With the help of the improving technologies, manufacturing companies are tending to rely on 

automation for taking advantage in the fierce competition on the global market (Frohm, et al., 

2006). Endsley (1999) points out that automated systems are traditionally considered to be 

the process where machines can perform all the tasks, but in reality, there is still and will be 

way more necessary human involvement needed. As early as 1978, Sheridan and Verplank 

started discussing the levels of human interaction with automation. Parasuraman, Sheridan 

and Wickens (2000) came up with a model more explicitly defining the types and levels of 

automation in order to optimize the relation between machines and human operators.   

One significant appearance of human involvement takes place in the industrial control rooms 

where the performances of each individual machine could be systematically monitored and 

manipulated by operators. Although the centralized control system brings massive benefits 

and results in less personnel input and high working efficiency to the industries, the operators 

are still facing increasing pressure from loads of data coming in and being showed on the 

screen. With that said, a proper way of guiding their attention to shift to the screen that shows 

more relevant and important information is in need. My thesis thus focuses on searching for 

appropriate ways to approach this problem and also accordingly coming up with visual aids 

which could contribute to the improvement of operators’ working environment. 

Bearing the principles of user-centred design (Vredenburg, et al., 2002; Mao, 2005) in mind, 

attempts of really understanding where the problems lie and conceiving potential visual aids 

have been put into action. Combining the knowledge gained by reviewing a range of literature, 

an iterative approach that progressively comes close to the deeper dilemmas underlying the 

complex real-life working environment of operators has been conducted. From solving a 

rather simplified scenario to more realistic scenarios, the ultimate goal over the iterations is 

to repeatedly test and refine the visual aids and to present one pragmatically proven solution 

at the end. 

The first iteration of the visual aid system is intended to assess the practical possibilities of 

several proposed implementations, namely, how to make the screen unreadable, from 

previous problem assessments. Within the Windows Presentation Foundation (WPF) 

programming framework, several implementations of stopping users from concentrating on 

one screen and guiding users’ attention to another screen have been accomplished and 

measured. A simple simulation of emergency alarm triggering above implementations is 

designed and their effects have been evaluated for improvements.   

The set-up of the second iteration consists of two jointly placed screens displaying information 

and a mouse for interacting with the visual aid system. After applying improved 
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implementations, a scenario based on an Industrial Control System is deliberately designed to 

emulate operators’ working environment. Under this more realistic set-up, the visual aid 

system could deliver a substantial set of guidance raising up users’ awareness for necessary 

actions. 

A controlled experiment has been carefully designed and conducted at ABB. 29 participants 

(including 23 males and 6 females) have participated in the experiment in which participants 

are asked to play a game while the tasks are monitored on the other screen. Every participant 

would either start with the experiment task and finish with control task, or vice versa, 

complying with a crossover design. The experiment task fully applies the improved 

implementations, namely, implementing the unreadable screen and blinking cue onto the 

visual aid system, whereas the control task keeps all the instructive parts unchanged but 

without the implementations breaking attention. Data collection has been performed in a 

combinatory way of a quantitative method that gathers participants’ reaction time and a 

qualitative method that collects participants’ subjective opinion by questionnaire. 

The quantitative results have clearly shown a statistically significant reduction in the 

participants’ reaction time in the experiment group in comparison with the control group. The 

qualitative results also show a very positive perception of the visual aid system from 

participants. This suggests a high effectiveness of the visual aid system being presented 

compared with the conventional operation and shows its potentials of being experimentally 

utilized in an industrial environment. 
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2 Background 

2.1 Industry 4.0 

The Industrial Revolution 4.0 is essentially used to describe systems that combine the various 

machines and departments in the industry and remotely monitor and operate them at the 

terminals (Monostori, et al., 2015). Industry 4.0 as a collective noun to represent the trend of 

an industrial revolution and the new technologies emerging in it. It contains many branches, 

such as cloud computing, which greatly supports the development of small and medium-sized 

IT enterprises. Cloud computing is also enabling people to not have to pay for expensive 

hardware facilities to support the companies’ operation, which provides the possibility for 

remote and mobile office, furthermore, to prosper the IT industry and create vitality (JoSEP, 

at al., 2010; Foster, et al., 2008). Cognitive computing brings a glimmer of wisdom to the 

machine that once simply performs a given operation. Machine learning and artificial 

intelligence (AI) give the computer the ability for logical thinking which lays the foundation 

for accomplishing more and challenging tasks in the future (Li, et al., 2015; Mahmoud, 2007). 

The emergence of the Internet of Things (IoT) reinforces the dispersed parts of the previous 

work so that they can be interconnected through the network to form a whole (Gubbi, et al., 

2013; Chiang and Zhang, 2016.). The concept of IoT has not only appeared in the industry but 

has also been popularized and applied to various contexts. 

The various emerging technologies appearing in Industry 4.0 provide a powerful boost for 

industrial production (Lu, 2017). Emerging technologies also provide more cost-effective ways 

to produce higher quality products than previously, which reduces costs to a certain extent. 

One benefit directly reflected in everyday life is that people can buy more advanced electronic 

devices with lower prices (Glas and Kleemann, 2016). Moreover, new technologies have 

allowed people to overcome more challenging tasks and problems on the basis of the 

accumulation of previous science and technology. 

Today, we are only at the dawn of Industry 4.0. Many new technologies are still in the initial 

stage and are not yet fully mature. Some new concepts keep coming up and people haven’t 

even come to an agreement on the definition. The complete arrival of Industry 4.0 will still 

take some time. However, the tendency of industrial development has clearly shifted towards 

a direction, where various industries and companies are striving to seize the technical high 

ground (Xu, Xu and Li, 2018; Liao, et al., 2017). 

2.1.1 Automation 

Automation is a core sector of the Industrial Revolution 4.0. Automation can optimize human 

resource allocation, avoid the waste of production resources, and improve overall operational 

efficiency (Cheng, et al., 2016). Automation is also an indicator of technological upgrading. 

Higher precision operations can be completed by machines. The development and application 

of machines have become a key research area of Industry 4.0. The popularity of the IoT 

concept links together separately working machines such as different robots that have 

previously been dispersed, and provides channels to enable them to exchange information and 

even interact with people at a terminal (Sheridan, et al., 2002; Groover, 1980). On top of that, 

the introduction of smart factories further strengthens this concept, and people can control 

various production units and deploy corresponding tasks through the network (Noble, 2017). 
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Automation is not a term that has only recently been introduced. As early as the end of 19th 

century, this concept was put forward (Carlsson and Jacobsson, 1991; Kaber and Endsley, 

2004). However, the level of technology at that time was limited and the degree of automation 

was not high. In most cases, an operator is required to be around to make sure each machine 

properly perform the task. With the support of modern technology, the degree of automation 

has significantly improved and people do not need to be on standby at any time. In many cases, 

people only need remote monitoring and regular maintenance. However, the level of 

automation can vary, and many fields and places have not been fully automated. Frohm 

(2008) propose a guideline indicating the levels of automation in production systems. The 

initial stage is completely human manipulating the machine, and gradually the human 

intervention is less and less until all decisions and operations are completed by the machine 

(Save, Feuerberg and Avia, 2012). In most cases, we are in the middle of the transition period. 

Hollnagel (1999) points out that we can’t simply category things into either automation or no 

automation. There is still a long way to go for the development of automation. 

The degree of interaction between such machines and people may vary from one level of 

automation to another level of automation. There are still many places in the operation with 

machines which require human participation. A major feature of the modern industrial sector 

is that the task assignment and machines monitoring can be done by a qualified operator in a 

centralized control room. This is highly efficient and precious production process that less 

personnel are spent in operating. For example, in the mining industry, a wide range of 

parameters are required to be monitored all the time, and the corresponding alarm will be 

triggered to alert the operator to take an emergency operation (Ralston, et al., 2014). In the 

nuclear energy industry, various processes must be carried out in a predetermined order. Once 

some problem occurs, the operators should promptly issue an alarm and perform 

corresponding emergency actions (Jou, et al., 2009). The status of the control room is 

particularly prominent in industries with relatively high automation levels, not only ensuring 

the orderly execution of all links, but also an important guarantee for the safety of all 

employees. 

However, as the number of various monitored data are aggregated into the control room, the 

pressure on the operators is also increasing. On the one hand, the operators need to ensure 

that the data is being monitored and in the normal range. On the other hand, they must be 

alert to the occurrence of various alarms and make necessary actions. In the modern control 

room, it is common to see that an operator has to face many screens with loads of data. Their 

mental health states have been paid more attention recently and reportedly; there is a higher 

risk to get depression for operators in comparison with other types of jobs (Takahashi, et al., 

2005). 

2.2 User experience 

In the industry, a shift of emphasis to user experience (UX) has occurred over the last few 

decades (Karapanos, 2013). UX seems to be crucial when it comes to the field of human-

computer interaction (HCI), which is the general interactive activities between human and 

computer. With more attractive UX design, the interactive products would be more engaging 

and fascinating for the users, which essentially helps put the products in better use 

(Hassenzahl and Tractinsky, 2006). In one way or another, UX can also be an indirect measure 

of whether the products are in good quality and being practically usable for users. 
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UX has been involved in various productions and disciplines and gradually becomes a 

phenomenon or tendency that product designers or software developers are going after. As a 

quite new field, the definition of UX has not formed a universal consensus. Several reasons 

are explored by Law, et al. (2009). First, UX is bound with a huge range of concepts and this 

increases the difficulty to create one standard for all. Second, the basis that UX is attached 

with is very various, from a single end-user interaction to multiple end-user interaction. Third, 

the existing UX researches are tended to be separated and unrelated by applying with different 

theoretical approaches. With respect to all the issues above, Law, et al. gather 275 researchers 

and practitioners’ views on the UX from academia and industry. Consequently, they suggest 

UX should be considered including all relevant matters that a user interacts with through the 

whole experience. 

Academically, there are many types of researches and discussions on UX design. Due to the 

wide application of UX, the design method of UX is also different depending on the application 

field. Many of these discussions have even been compiled into books for publication and sales. 

Allen and Chudley (2012), well-known web designers, have written a book to provide a 

learning window for other web designers to enhance the user experience on their web pages. 

Follett (2014) delved into the future of technological innovation, based on the existing UX 

design, boldly predict the future trend of UX design and possible needs.  

Empirically and historically, the evaluation of UX is indirectly based on the user's intuitive 

response. However, the assessment that does not separate UX from the product is often biased 

because it is directly related to the user's perception of the overall product. From the academic 

and industrial fields, Vermeeren, et al. (2010) collected and analyzed 96 applied UX evaluation 

measurements. Their research results not only provide guidance for the scientific evaluation 

of UX but also contribute to the development of UX, which in their words, helps people form 

a deeper understanding of UX.  

2.2.1 Flow 

If the UX is substantially to take into account the user's overall experience, then the user 

should be taken for granted as a focus. When the user is gradually immersed in the interactive 

environment given, the user's various behaviors need to be paid special attention. This highly 

focused mental state has a proprietary name called Flow in positive psychology (Hossain, Zhou 

and Rahman, 2018). A more precise interpretation of Flow from Nakamura and 

Csikszentmihalyi (2014) links this psychological phenomenon to a healthy quality of life. 

Ideally, a person's best lifestyle is that this person is fully engaged in what this person is doing 

at the present moment. They also sum up some indicators to verify whether a person has 

entered this state. Such indicators include full concentration on a certain thing, neglect of 

perception of time lapse, weakened self-perception, and near-integrated behaviors and 

consciousness synchronization. 

Technically, a person can enter the Flow state while performing any activity. As a positive 

psychological phenomenon, the positive impact of Flow has been repeatedly reported in 

various fields. Such as in sports events, after perfect completion of a series of difficult moves, 

athletes who created world records expressed the expression of surprise to themselves. In 

music, the conductor needs to first process the different sounds from various instruments and 

then direct the dispatch of each instrument, which requires strong hand-brain coordination 

and are considered this conductor being in a Flow state (McPherson and Parncutt, 2002). The 

gaming industry is one of the industries where Flow phenomenon could be easily observed, 
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and it is also a major industry in which people constantly try to manipulate Flow (Lowry, et 

al., 2012). When a person is playing a game with concentration, his or her reaction to what 

happens inside the game is simultaneous. 

Moneta (2012) concludes three methods for measuring Flow. The first method is a 

participant's self-assessment to determine whether the participant is in the Flow state. The 

second method is based on comparing the average response time of participants through a day 

and the response time that is assessed. The third is more objective by comparing whether the 

participant's response time is less than a standard time calculated and proposed by a scientist. 

These assessments of Flow help people better understand a person’s mental state and form a 

better interpretation of Flow. 

One of the characteristics of Flow is the subject only focuses on what is currently been doing 

and unknowingly pays less attention to the surrounding environment and even other changes. 

Even when not in the Flow state, people's perception of the surrounding environment is often 

overestimated. Some studies (Mack, 2003; Simons and Chabris, 1999) have shown that 

though people's eyeballs capture a wide range of visions and are able to process information 

simultaneously, with a phenomenon called "inattentional blindness" that in fact, reveals 

people rarely see what they are looking at unless they direct their attention to. Some examples 

are given by Simons (2000). A driver who is focusing on the traffic lights while turning to a 

direction, tend to ignore the other passing cars. A person looking for an available seat on the 

ticket at the cinema often fails to respond to a friend who is waving to him. These don’t belong 

to the categories of positive psychology, and thus cannot be counted as Flow. However, it is a 

common phenomenon to lose the perception of other things around due to the high 

concentration of attention. The impact may be harmless and may have serious consequences. 

This neglect of things around is called "Tunnel Vision" in psychology (Findley and Scott, 2006; 

Mackworth, 1965). 

As a user in HCI gets more immersed in the environment, some unavoidable upcoming 

emergencies usually turn to be annoying (Muller, 2003), such as system failures, scenes 

switching, etc., which pull the user out of his Flow state. These situations require a better UX 

design to mitigate contrast and help users adapt. 

Particularly, in industrial control rooms, the situations that interrupt the user's immersive 

interaction with the computer more frequently occur due to various alarms requiring the 

operator to process. The balance between user experience and the work needs has become a 

key point. Unlike other occupations, only taking care of alerts with higher security levels is not 

acceptable for the operators. Due to the operators’ responsibilities, even very small alarms, 

cannot be overlooked. This requires more necessary design to enable the operation to give 

enough attention to critical alarms as well as minor alarms in the industries (Parasuraman 

and Wisdom, 1985). 

2.2.2 Attention assistance 

As asserted above, we have the ability to fade the surroundings so as to help us concentrate on 

what matters but this also makes us ignore information that might be important. We 

sometimes need help from the outside to guide our attention to matters we are not aware of at 

the moment. In the ancient time, night watches stayed up all night and sentries stood in towers 

being responsible for the safety of people and alarming them when necessary. Nowadays, we 

have alarms and schedules that tell us the time we should move on to do certain things. When 
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it comes to using modern technologies, necessary attention guiding is considered important 

and has been seen in many types of researches (Amadieu, Mariné and Laimay, 2011). 

Renner and Pfeiffer (2017) sense that the limitation of current glasses-based AR attention 

guiding systems is their small field of view, which will result in users’ frequent head movement 

and tiring users. Renner and Pfeiffer come up with a set of attention guiding techniques. First 

one, tearing down a task to several subtasks. Displaying the subtasks down the area where the 

task is conducted. An arrow guides the user to pick next subtask when they finish the last one. 

The second one, a radial wave is consistently emitted from the target object that requires 

attention. The third one, with the help of eye-tracking technology. When the user looks far 

away from target, screen becomes transparent. When the user looks to the target from near, 

screen becomes white. Then Renner and Pfeiffer conduct an evaluation where they ask people 

to finish the same task with the help of different attention guiding techniques. From 

comparing the time needed to accomplish the task, they find the fastest guiding technique was 

the arrow guidance. 

Renner, Blattgerste and Pfeiffer (2018) describe the existing approaches of attention guiding 

with the several instructive cues. The simplest form of signalling is to highlight the target 

object visually. Renner et al. then come up with their own line-based guiding technique that 

does not only visualize where the target is located, but also explicitly shows the way navigating 

to it. Renner et al. have also clearly elaborated how their guiding method is computed: (1) A 

3D grid of waypoints is arranged in front of the user’s head position. (2) Rays are cast to see if 

there are any obstacles around the 3D target area. (3) Connecting all the waypoints that are 

not blocked. (4) Calculating the closet path from the user to the target object through 

connected waypoints. (5) Display this path. Afterwards, Renner et al. conduct some evaluation 

to this method. They find their method performs statistically significantly better than just 

highlighting the target object. 

As the world we perceive is complicated and changing all the time, the moment that our eyes 

can capture is relatively limited and partial, which makes displaying relative pictures a 

possible way that helps remind us of an important moment (Coltheart, 1999). Modern 

technologies give fundamental support for using pictures, especially through the internet, and 

they have gained popularity over text-based information (Walther, Slovacek and Tidwell, 

2001). The gross information each picture could carry and the extraordinary consuming 

efficiency with which humans can process pictures have increased the usage of pictures in 

various disciplines, such as learning, attention assistance and communication (Mayer and 

Sims, 1994; Mayer, 2002). 

Heun, Kapri and Maes (2012) have also researched the capabilities of our eyes. Taking the 

advantages of our eyes’ abilities of perceiving high-volume information in the foveal area and 

the movement and brightness changes in the peripheral area, Heun, et al. design their own 

display system, Perifoveal Display, to test the performances of their participants coping with 

tasks. The Perifoveal Display gives the user detailed information in the foveal area and 

abstracts the information in the peripheral area. The research suggests the participants get 

less mental stress and stay more focused on tasks when using Perifoveal Display, compared 

with detailed information being displayed everywhere. 

Antes, Penland and Metzger (1981) focus on the participants’ attention change from 

processing global information to local information. In their experiment, the participates are 

asked to pick one picture that appears in the previous scene out of three other distractors. The 
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results show they would have a rather poor choice if the one that they need to choose is an 

unusual thing until the exposure duration of the presented picture is increased to 2 seconds. 

This result indicates that they would need at least 2 seconds to start processing the more 

detailed local information. 

Even though software or hardware is capable of supporting the production and presentation 

of colour pictures, it is generally believed that a grayscale picture is carrying less information 

than a colour one (Ĉadík, 2008). However, better methods converting pictures from colour to 

grayscale keep being discussed and people are trying to come up with more efficient ways to 

keep accuracy after conversions. The usages of the grayscale picture are seen for artistic 

purpose and others. Many surveillance screens in traffic bureaus and police stations’ 

monitoring rooms are still in grayscale. A study (Bradley, et al., 2001) compares the effects of 

the presented picture in grayscale and colour. The results show some potential advantages of 

grayscale pictures being used in controlling emotional reactions and mildly guiding attention. 
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3 Problem 

In the big picture of Industry 4.0, innovation has been put on a key spot that every industry 

value it more than ever before. More and more new concepts and technologies that potentially 

reshape the world keep being proposed. As one of features in industry 4.0 (Oesterreich and 

Teuteberg, 2016), automation has played a critical role in improving production efficiency and 

pushing the fourth industrial revolution forward. Although automation has been popularized 

into almost every corner of industries, the level of automation varies dramatically from one 

situation to another. Most time the human intervention is necessary and essential while 

automated machines are working. As the human is mostly responsible for monitoring and 

handling emergencies, the job could be conducted remotely and centrally. Control rooms have 

therefore been fostered and operators can monitor the operation of machines in real time 

through the screens in front of them. However, the problem lies that they are facing numerous 

data that most likely are presented in the forms of numbers and process graphics on multiple 

screens, which results in their missing to catch some important alerts. The research goal of 

improving operators’ current working flow by guiding operators’ attention has already been 

given sustained attention and effort in previous researches at ABB which help establish the 

research direction for this thesis. The overarching goal is to improve operators’ working flow 

by assisting their work with guiding attention visual aids, so they could work more efficiently 

and with less stress when dealing with loads of data. In order to achieve the research goal and 

evaluate the visual aid system, two research questions have been put forward: 

• Does the visual aid system statistically significantly reduce operators’ noticing time to 

emergency events? 

• What are the users’ opinions of the visual aid system in comparison with the traditional 

working flow? 

As the development of the visual aid system is based on previous researches, the author of this 

thesis states the null-Hypothesis that the visual aid system doesn’t statistically significantly 

reduce operators’ noticing time to the emergency events and tries to prove it wrong through a 

carefully designed experiment. 

3.1 Method 

An experiment has been carefully designed for supporting the visual aid system which is 

developed and built on the concept of an innovative way in assisting operators’ attention. The 

experiment design principle is intentionally to emulate the operators’ working environment. 

The set-up is two parallelly placed screens on a desk where the participants are able to sit 

comfortably and monitor screens easily. Additionally, a mouse is included for necessary input 

and interactive activities. On one of the screens, a game is available for the participant to play 

which serves a distraction to attract participants’ attention. On the other screen, an industrial 

machine’s control interface that requires operators’ attention at times is displayed. The way 

that the control interface requires attention is by having a signal light showing on, simulating 

an alarm, which could be clicked off by the operators with the mouse. However, if the light 

signal is ignored for longer than three seconds, the implementations of the visual aid system 

will then be triggered until the participant is forced to click the lights off (see the flow of the 

experiment design in Figure 1).   
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Figure 1 The flow of the experiment design 

A controlled test is introduced into the experiment. The participant will be doing either the 

experiment task first or the control task first. The order will be determined randomly before 

the experiment starts. In doing so, the purpose is to offset the errors in their noticing time 

improvements caused by participants learning from the previous test (see Figure 2). 

 

Figure 2 A crossover experiment design 
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The data collection consists of two parts, of which the first part is collected and saved in a log 

file by a built-in function from the visual aid system and the second part is contributed by a 

following-up questionnaire. The automatically collected data, which is the time the participant 

takes from the lights being turned on to clicking off the lights, will be saved into a local text 

file. With this data, we can calculate the exact reaction time that it takes them to notice and 

click off the light since the lights are on. The questionnaire consists of several questions, such 

as users’ engagement level to the game, their feeling to the implementations as well as asking 

them for any improvements to the visual aid system. With this information, the author could 

do an in-depth qualitative analysis. 

3.2 Experiment 

In a total of 29 individuals, including 6 female and 23 male participants (see the age 

distribution in Figure 3), have come to participate the experiments. They are invited from the 

ABB Corporate Research Center and are all employees with different expertise in different 

disciplines of which is not part of the information collected in this experiment. Additionally, 

100% of participants state that they are familiar with computer which is considered a basic 

requirement to participate this experiment. All the experiments are conducted in the same 

place and everyone gets the same experimental set-up and the same instruction by the author 

of this thesis (see the full instruction given to participants in the Appendix C). The author 

strictly follows the rules and guideline for research from Swedish Research Council (2019) 

from designing to conducting the experiment and considers the ethical issues that could be 

related to the perspective participants. Some of the considerations result in a series of decision 

in collecting information and keeping participants’ anonymity, such as no personal 

information would be collected in the experiment and addressed in the report. 

 

Figure 3 Participants’ age distribution 

One of the ultimate goals of this thesis is to identify if there is a statistically significant 

reduction of time noticing the lights between two test groups. Participants from the control 

group will get no notification if they fail to notice the powered lights. Whereas participants 

from experiment group will get an unreadable screen stopping them from looking where they 

are looking and a blinking cue indicating where they need to look if they fail to notice the 

13
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powered lights within three seconds. Their performance in terms of noticing time is recorded 

automatically by the visual aid system. Another goal is to explore how well participants accept 

the implementations (the blinking cue and unreadable screen) in the situation that they are 

not knowing any of these implementations beforehand. On this basis, their personal opinions 

on the improvements of these implementations are one of the focuses to be analysed. 

 

Figure 4 The experiment set-up 

On one of the screens (screen A in Figure 4), a shooting game is introduced into the experiment 

and the purpose is to quickly grab the users’ attention for a short period. The reason for 

choosing a game is taking the advantage of games that could easily attract people’s attention. 

Since each experiment is only scheduled to be done in 15 minutes, including the introduction 

part and questionnaire part, the game can quickly create an immersed environment to 

simulate the working environment where the operators are focused on their work. On the 

other screen (screen B in Figure 4), a control interface is displayed and running. The 

participant for this experiment will be given a brief introduction of the control interface and 

informed of the two spots in which the lights will be turned on and how participants can turn 

the lights off once they notice it (see the instructions in Appendix C).  

During the experiment, the participants are told to get as high score as possible in the shooting 

game. The aim for telling them this is to keep them stick with the game and simulate an 

immersed environment. The participant will switch to either experiment test or control test 

according to what they start with. After two tests are done, a questionnaire is taken place and 

all the answers are recorded on paper.  
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Figure 5  Implementations of visual aid system 

Figure 5 shows the implementations from the visual aid system. On the screen B, there is a 

light that has been ignored to turn off for longer than three seconds. On the screen A, the 

indicating cue is blinking and the screen is unreadable. It is worth to notice that even if this 

screen has been unreadable, the participants can still see what they have on the screen but 

couldn’t see very clearly. The purpose of this design is to stop them from looking at one screen 

in a mild way instead of in a rude way by just taking away what they are looking at.  

After two tests and one questionnaire, the participants were given a handful of candies as a 

reward and they are also informed to not spoil the experiment content to the next participant. 
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4 Prototype show off 

4.1 Case description 

The user-centred design (UCD) is the process that will directly or indirectly involve the user 

of the product into the development phase of the product. This approach is of such importance 

that can help Research and Development (R&D) personnel fully understand user needs during 

the initial problem research phase and enable R&D personnel to identify which approaches 

are practical and needed to be addressed. The target users could be conventionally divided 

into a primary user group, secondary user group and edge users (Abras, Maloney-Krichmar 

and Preece, 2004). The primary users are the user group that directly uses the final product. 

The secondary users are the group that uses the products from time to time. The edge users 

are often only a group of people affected by the use of the products. Depending on how closely 

the different user groups are connected to the final product, designers can weigh how much 

they contribute to the entire design process. 

This thesis is written at ABB AB. One of its competences is the control technology that helps 

integrate the automation process in industries. At the Corporate Research Center (CRC), the 

User Experience Team has a specific interest in the problem addressed above in the 

background section, namely, when operators deal with loads of data in control rooms, the 

problem facing is how to make sure the most important information is not missed out. 

Through several stages in UCD cycle (see Figure 6) from coming up with an idea to forming a 

concept, User Experience Team has done most parts of the whole process and already had a 

prototype. The author receives the code of the prototype and continues developing the 

prototype with several iterations and conducts the evaluation for the prototype through 

experiments. The parts that the author has participated have been marked with the red circles 

in Figure 6 and the User Experience Team will continue the work according to this UCD cycle. 

 

Figure 6 User-centred design process 

Considering that the real situation facing the operators is complex and hard to be thoughtfully 

simulated in the early phase while developing the prototype, an iterative approach has been 

introduced into the process of solving the problems. The author starts from a simplified case, 

namely, a first iteration that accurately exposes the essential relations and conflicts between 

operators and monitoring screens, and helps reduce the efforts put on ancillary tasks which 

don’t necessarily influence the achievement of main functionality. In this iteration, the main 

technical goal is to empower the visual aid the crucial function that could stop users looking 
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at a less important screen and give out instructions guiding their attention to shift to more 

important screens. Despite the fact that in real-life control rooms multiple screens are applied 

and the timing for triggering of the visual aid should be a situation where a user is looking at 

the wrong screen while an alarm is triggered, the simplified scenario has only two parallel 

screens and the alarms are triggered by pushing down a key rather than by real emergency 

events. 

From the success of the first iteration, the implementations have been consistently improved 

by absorbing the experience gained throughout the testing. The second iteration is more 

realistic and built on a screenshot of ABB 800xA Control System, which is one of the popular 

control systems. The visual aid system could run as a background service and start calculating 

the time when the emergency events happen, so to give implementations when the users 

ignore the emergency events longer than a certain amount of time. 

The experiment takes place with real users who are invited from the ABB Corporate Research 

Center. Their reacting time to the emergency events is collected and saved automatically as a 

side function of the visual aid system, which would then be analysed as quantitative data. A 

questionnaire following the experiment is filled contributing to the qualitative data for the 

later evaluation. 

4.2 Development of key features/elements 

The software is developed with the C# programming language and the particular type of the 

application framework is Windows Presentation Foundation (WPF). The WPF is a graphical 

subsystem by Microsoft and is chosen in this thesis because it better fits the prior anticipation 

of the visual aid system. 

The visual aid system consists of the following main functionalities. First of all, the visual aid 

system always runs as a background service silently without interrupting what the user is 

doing currently. These have been done by the User Experience Team before the author takes 

over the project.  

Secondly, the visual aid system modifies the screen to add screen effects before sending it to 

represent. This function could be used to stop what the user is looking at but in a mild way so 

they still can see what is on the screen but not exactly. Different ideas came up from ABB’s UX 

Team in terms of what the effects should look like and are further implemented in the 

application so each of them could be compared in order to choose a better one. Considering 

the terminal purpose of these effects is to mildly distract the user and to be used along with 

the indicating cue, one of effects is chosen as this effect looks more natural in a way giving 

enough warning signal but not visually blocking the user from noticing the blinking cue. 

A blinking cue is also created serving as an instruction so the user could know where to look 

at after being stopped from looking at what they are looking at. There are a couple of different 

cues with different animation that have been programmed to test out on the iterative scenarios 

in order to pick an ideal one.  

Thirdly, a simulation of the operator’s real working environment is created, which could 

construct an atmosphere that brings participants into the real working environment (see (b) 

in Figure 7). A simulation based on a screenshot of ABB’s control system is showing on (b) in 

Figure 7. One of two lights in this picture will be randomly lit up and if the user clicks them off 
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within three seconds, nothing will happen, but if the user fails to click them off, the two 

implementations are activated and would disappear once user clicks the lights off. However, 

before settling down with this scenario, a couple of iterations were carried out (see (a) in 

Figure 7). A bulb would be triggered to light up after a few seconds and the user needs to click 

it off within certain seconds before it triggers the same implementations (blinking cue and 

screen effect) stated above. Considering that users might be able to learn to react to the light 

bulb during the experiment, a more realistic simulation, (b) in Figure 7, was designed and used 

in this experiment, in which two lights would be turned from dark green to light green 

indicating an alarm that requires the clicking off action from the user.   

 

(a) The first iteration of scenarios (b) The final iteration of scenarios 

Figure 7 Iterations of scenarios 
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5 Analysis 

5.1 Quantitative analysis 

As a matter of fact, each person has done two tests so they have two lines of data recorded in 

the local text file (see in Table 1, the full record has been attached in Appendix A). In a total of 

58 lines of data from 29 individuals are recorded. The experiment intentionally doesn’t gather 

any personal information such as name and address because this information won’t be 

relevant to analyze the data. Therefore, each individual would be addressed according to the 

index of their first line of data (1,3,5…57) in the following analysis process.  

Table 1 Noticing time of each individual (partially) 

Index 
The reaction time that every individual takes each time to notice the alarm in the experiments 
(milliseconds).  

1 6888 2856 2054 7209 4610 1957     

2 2370 17643 28180        

3 4091 4086 12165 7413 1569 5133     

4 1096 1923 9209 7031 4642 5914 2626 2516 6824  

5 23064 2499 2800 2158 4814 5527 7176 6747 2589 5042 

6 18223 13135 13866 16256       

7 4712 35252 4970 7599 8068 3684 4369    

8 8813 7223 7575 6443 6377 6854     

9 2994 1757 2198 2758 4899 2353 13525 2812 5340 7870 

10 6714 10579 1652 4351 2137      

11 2076 1885 8275 9638 1639      

 

Previously, a null-Hypothesis is formulated for approaching the first research question. The 

null-Hypothesis argues that there is no statistically significant change in noticing time in 

experiment tests in comparison with control tests. 

H0= there is no statistically significant change in noticing time in experiment tests in 

comparison with control tests 

In our data, 29 participates have contributed 29 sets of test data and 29 sets of experiment 

data. The degree of freedom (Df) has therefore been set to 29 - 1 = 28. With the equation for 

chi-square: 

X2 = Σ((o-e)2/e) 

Where the “o” is the value of each individual’s average noticing time in the experiment test 

and “e” is the value of each individual’s average noticing time in the control test (see in Table 

2). According to the values of the Chi-squared distribution and calculated X2 value, the 

approximate p-value could be found. However, in this experiment, the author uses Excel to 

help calculate the p-value and the result shows an approximate 0 value, meaning a very high 

X2 value.  

Things needed to be noticed in Table 2 are the numbers 1,3,5…57 indicating the 29 

participants and the values under each individual is the average noticing time respectively in 
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their control test and their experiment test. The average improvements are also being listed. 

If the value of average improvement is greater than zero, it indicates the user gets this much 

faster in noticing time in their experiment test compared to control test. If the value of 

average improvement is less than zero, it indicates the user is this much slower in noticing 

time in their experiment test compared to control test. 76% (22 out of 29) of participants 

take less time to notice the emergencies in their experiment tests. 

Table 2 Average performance of each individual 

Participants’  
Index 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 

Average 
reaction time  
in control test 16064 5742 15370 9807 5086 4438 4742 5201 4763 16326 3627 8845 9861 6034 13035 

Average 
reaction time  
in experiment 
test 4262 4642 6241 7214 4650 4702 3292 3572 5619 6099 4169 6575 11229 4761 5076 

Average 
improvement 11802 1100 9129 2593 436 -264 1450 1629 -856 10227 -542 2270 -1368 1273 7959 

Participants’  
Index 31 33 35 37 39 41 43 45 47 49 51 53 55 57  
Average 
reaction time  
in control test 11422 46337 17106 14172 13232 5056 2932 13409 3220 5741 2061 6562 3897 4315  
Average 
reaction time  
in experiment 
test 9047 8861 5732 7688 5783 5111 5255 6981 2451 5471 2305 2536 3308 4297  
Average 
improvement 2375 37476 11374 6484 7499 -55 -2323 6428 769 270 -244 4026 589 18  

 

By calculating the p-value, the result is zero which means it is very unlikely our null-

Hypothesis H0 is correct. We can hereby reject our Hypothesis H0. In other words, it has been 

proven that there is a statistically significant improvement of the individual’s noticing time in 

the experiment test in comparison with the control test. 

5.2 Qualitative analysis 

A questionnaire (see sample in Appendix B) following the two tests is put to all participants. 

A series of basic information is collected and four questions are asked from four different 

aspects. All the participants are invited from ABB Corporate Research Center with different 

age and gender distribution (see in Table 3). 

Table 3 Participants age and gender distribution 

Participants’  
Index 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 

Gender Male Male Male Male Male Male Male Male Male Female Female Male Male Female Male 

Age 23 27 24 25 28 25 26 26 24 31 29 26 33 24 26 

Participants’  
Index 31 33 35 37 39 41 43 45 47 49 51 53 55 57  

Gender Male Female Male Male Male Male Female Male Male Male Female Male Male Male  

Age 39 28 24 25 32 25 48 36 38 23 29 25 24 25  
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Clearly, most of the participates are young people. 76% of them have an age below 30 years 

old. Additionally, only 20.6% of them are being female even though participants are invited 

randomly.  

The first question that is asked to the participants is about their engagement during the whole 

test but particularly during the game that we provide them to play. The purpose of this 

question is to determine whether their attention is fully focused on what we expect them to 

focus, namely, the game instead of what they are also monitoring, namely, the digital control 

interface. The results are shown in Figure 8. Similar words were collected into the same 

category instead of exact same answers going in the same category. This experiment chooses 

using a game to attract participants’ attention. Presumably, people with different age show 

different level of interest to the game which could potentially affects the results. The age 

information has therefore been provided in the diagram. All participants are divided into two 

groups, one with age higher than 30 and the other one with age lower than 30. Choosing 30 

years old as a boundary is only because 30 is an idiomatically used number which makes 

dividing participants to two group easier in this experiment. It appears there isn’t much of a 

division of participants’ engagement level by age. There are other factors that could be used to 

divide participants into different categories such as gender, but of which are not the focuses of 

this experiment.  

 

Figure 8 The engagement level of participants  

From Figure 8, a majority state that they are engaged in the game, which indicates that the 

game has successfully achieved its attention-grabbing purpose. By doing so, a working 

environment where the user is not directly looking at the screen with the upcoming event has 

been recreated. One out of 29 participants, the participant with index 53 has reacted stressed 
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due to the fact that this participant is required to deal with clicking lights off and shooting 

arrows simultaneously. Compared to their own noticing time in both control test and 

experiment test, participants with indexes 11, 47, 49 who state they were not fully focused on 

the game have nearly same performance in terms of noticing time in both their experiment 

test and control test. This could indicate that their attention always lays on the digital control 

interface and the game has failed to grasp their attention. Participant 11 even clearly states 

that his attention always retains on the digital control interface. This is because this 

participant is not attracted by the game. A suggestion could be to eliminate these failed data 

from the above quantitative analysis and, predictively, the p-value should be even lower. Since 

the p-value has been nearly zero, this suggestion isn’t carried out. 

The second question that is asked to all participants, after they finish two tests, is how effective 

this visual aid would be if it’s put into a real working environment. Most people were positive 

to the visual aid system and some of them even give a very strong statement to support the 

potential of this visual aid system (see in Figure 9). 6 participants have not given their opinions 

on its efficiency because they avoid a straight-forward answer to the question. 

 

Figure 9 Participants’ opinions on efficiency 

However, further analysis discovers more underlying thinking from the participants. 

Participants with indexes 13 and 41 both point out that if something important and critical 

happens and urgently requires attention, this visual aid system would be a great help to have. 

They both think this visual aid system can indeed stop users from doing the current task and 

pick up their attention. Participants with indexes 9 and 29 mention that this visual aid is a 

solid guarantee to them to not miss important information on other screens so they could truly 

focus on the screen that they are working on. Participant with index 27 emphasizes the 

importance of this visual aid in a long-term running period, because she believes that in this 
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experiment in such a short time, people would still check the digital control interface from 

time to time to ensure no emergency events happening. But in reality, people would not be 

able to do it all the time for a longer period and this is where this visual aid system could come 

in handy.    

The third question is about the first impression and feeling towards the solution (see in Figure 

10). A fair number of participants doesn’t get the meaning of the implementations (unreadable 

screen and blinking cue) from the visual aid system in the first place. One possible 

interpretation of this confusion is that no participant is informed about these implementations 

(unreadable effects and blinking cue) at the beginning of the experiment. However, the 

operators, in reality, would definitely have certain training and be aware of what could be 

happing on their screens. The reason that the author chooses to not spoil the implementations 

is to prevent participants from triggering these implementations intentionally in their 

experiments. In the same regard, participants with indexes 11, 15 and 23 mentioned that 

participants should get to know more about the implementations before the tests in order to 

better adjust themselves in reacting with these implementations. After knowing the author’s 

concern, they express a sense of understanding to the design of this experiment. 

 

 

Figure 10 Participants’ first impression 

The fourth question is aiming to explore participants’ contribution for improvement after two 

tests and, subsequently, some feedback has been successfully collected. With guideline from 

the questionnaire, many possible changes in different aspects have been discussed. Generally, 

participants give positive reviews on what has been used in the implementations such as the 

blinking cue and the unreadable screen. Participants with indexes 13, 15 and 31 talk about 
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adding some other animation to the cue to prioritize the cue in addition to the blinking 

animation that is currently implemented. They suggest a cue moving from the centre of the 

screen to the side of the screen to make the cue more understandable. Participants with 

indexes 23, 39, 51 and 53 think the colour on the cue could be red giving a catchy impulse. 

Though other participants think green colour is a very wise choice among other colours. 

Participants with indexes 21 and 23 think a big warning sign such as a big “X” would be a better 

fit than the unreadable screen. Several participants talk about adding a sound effect to better 

remind the user. Nevertheless, all sounds are conventionally muted in the control room in 

reality to prevent sound notifications messing up the whole working environment. 

The thorough analysis of the qualitative data collected from the questionnaire helps gain a 

better understanding of how the visual aid system is perceived from the users’ perspective. In 

combination with quantitative data, the whole analysis fully reveals the overall performance 

of the visual aid system and reaches the research purpose of the designed experiment. 

In conclusion, the calculation results from the quantitative data show a statistically significant 

change in terms of noticing time reduction in the experiment test compared to the control test. 

The analysis results from the qualitative data also show a very positive perception of the visual 

aid system from participants. 69% participants hold a positive point of view to the visual aid 

system’s efficiency and 45% participants think the implementations (unreadable screen and 

blinking cue) from the visual aid system are easily to comprehend although they are not 

informed of any prior knowledge about the implementations beforehand. Many 

improvements suggested from the participants have also been collected for future references. 

The experiment has achieved its earlier purpose of gathering evidence to support the visual 

aid system and giving a fair judgement. 



 
23 

6 Conclusions 

6.1 Summary 

The initial problem is that too many screens in the control room makes it impossible for the 

operators to focus on every screen and there is a risk of missing important alerts. This thesis 

recreates an operators’ working environment and explores the possibilities in using a visual 

aid to help guide operators’ attention in the modern industrial control room. Relevant 

literatures in human-computer interaction, guiding attention and such, have been reviewed 

and taken into consideration at the visual aid system’s developing phase as well as the 

experiment design phase. An iterative approach has been taken and constant refinement has 

been made at both phases. With the clear research purpose of improving operators’ current 

working flow by guiding their attention, two research questions have been designed: 

• Does the visual aid system statistically significantly reduce operators’ noticing time to 

emergency events? 

• What are the users’ opinions of the visual aid system in comparison with the traditional 

working flow? 

And the below efforts have been made in order to answer the research questions and achieve 

this research purpose: 

• Reading relevant literature that supports the development and the design of the visual 

aid system and the experiment. 

• Developing a visual aid system that recreates operators’ working flow (the digital 

control interface) and implements the guiding methods (unreadable screen and 

blinking cue). 

• Conducting experiments with participants and analysing their data. 

From the analysis, the results strongly suggest the potential benefits in using such visual aid 

to help guide operates’ attention. The result does show a statistically significant reduction of 

participants’ noticing time in comparison with the control test which indisputably answers the 

first research question. The analysis also reflects participants’ opinions and thinking about the 

visual aid, and provides a series of fair judgments from the users’ perspective which answer 

the second research question. Since every participant has experienced both the experiment 

test and the control test, they would be able to compare both the traditional way and the way 

the visual aid provides and conclude a relatively rational viewpoint. 69% participants hold a 

positive point of view to the developed visual aid’s efficiency and many improvements have 

been suggested and recorded. 

6.2 Discussion 

There are issues exposed from the experiment and might have effects on the results. During 

the experiment, some participants notice the alarms while aiming the target, but a few of them 

choose to keep shooting instead of closing alarms. This is because participants are worried 

about losing the shooting game. Other games or some game-play that automatically pauses 

the game when needed would help prevent such issue. As a matter of fact, this issue can exist 

in both experiment test and control test so its impact on the results is relatively impartial. 
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The design of the visual aid of my experiment is similar to the prototype from the research of 

Heun, et al. (2012). Heun, et al., however, focus on evaluating their display system, which gives 

participants detailed information in the foveal area and abstracted information in the 

peripheral area. The suggestions from Heun, et al. are their display system giving less mental 

stress to the participants and making them concentrated longer, compared with detailed 

information being displayed everywhere. The visual aid of my experiment has similar display 

setup that participants have their focuses on the shooting game and only use peripheral vision 

to check the alarms. All participants from my experiment have stayed till the end of their 

section and only participant with index 53 has reacted stressed in dealing with multiple tasks. 

Compared with the recent study from Renner and Pfeiffer (2017) who similarly use arrows as 

guiding cues to help shift users’ attention, this thesis has considered more of the visual effect 

to the users based on related literature. An animated blinking cue employed in this thesis is 

more visible and considerable to Renner and Pfeiffer’s. However, Renner and Pfeiffer 

introduce an arrow that could dynamically indicate the next target when the first target is 

finished. This function has also been brought up and demanded by one of participants in the 

experiment in this thesis and is something worthwhile to consider in the future work.  

The potential contribution of this thesis to the industries is mainly to highlight related issues 

existing in the control room and explore a visual aid system as solution. 

6.3 Limitation 

In the effort of recreating an operators’ working flow where their prior attention should be 

focused on somewhere rather than the monitored screen, a game is introduced to this 

experiment. The purpose of choosing this game is to grab the participants’ attention in a short 

period. Given the fact that usually games are able to rapidly motivate the players’ interest 

psychologically (Ryan, Rigby and Przybylski, 2006), a game would presumably be more 

efficient and suitable than other methods, such as reading a newspaper, or working on a 

project. However, there has been researches criticizing the usage of games in scientific studies. 

Lukosch, et al. (2018) point out the limitations and possible pitfalls on the design and use of 

games as valid research tools. 

By reason of limited access at this stage, the participants in this experiment are not operators. 

The ideal participants could be people who are currently working on the similar job and their 

inputs would be even more valuable. If possible, conducting the experiment in the real control 

room would be a plus. 

6.4 Future work 

There is much more space for improving the prototype as well as the experiment in the future 

version. The code behind the prototype could be refined and run faster than it does now so the 

visual aid system could function even on very old computers. This experiment at the present 

time only has two screens. One of the improvements could be setting up even more screens 

with more upcoming events to be handled for participants.  

The thesis has also investigated the possibilities of using an eye-tracking device. However, this 

isn’t carried through due to its low reliability. The initial idea is to calculate the time between 

the alarms are turned on and the user starts moving their attention away to look for the lights 

as their noticing time. In order to achieve it, this requires their heads to be fixed at a certain 



 
25 

position which is impossible during the experiment. However, the technology is developing 

rapidly in modern time. High-performance eye-tracking devices might be coming out 

consistently. The idea could be possible to achieve within years to come. 
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Appendix A -  Noticing time of each individual 

The first column is the index of each individual’s data. Every two indexes belong to one 

individual, indicating the data from experiment test and control test. The numbers following 

the index are the noticing time for each individual, with the units of milliseconds. 

Index The reaction time that every individual takes to notice every alarm in the experiments.  

1 6888 2856 2054 7209 4610 1957        

2 2370 17643 28180           

3 4091 4086 12165 7413 1569 5133        

4 1096 1923 9209 7031 4642 5914 2626 2516 6824     

5 23064 2499 2800 2158 4814 5527 7176 6747 2589 5042    

6 18223 13135 13866 16256          

7 4712 35252 4970 7599 8068 3684 4369       

8 8813 7223 7575 6443 6377 6854        

9 2994 1757 2198 2758 4899 2353 13525 2812 5340 7870    

10 6714 10579 1652 4351 2137         

11 2076 1885 8275 9638 1639         

12 5678 1648 5603 3503 5759         

13 1758 1563 17165 3674 1558 4660 2822       

14 5248 1979 1427 2484 8367 4600 1368 1631 4578 1246    

15 15834 1627 4002 7058 2174 5232 5834 2379 2677     

16 6594 1997 1960 1697 7202 7953 2645 4691 1747 4671 1937 2148 4614 

17 6143 8719 7674 2658 2905         

18 6349 2509 12293 1915 2115 1865 5513 8224 2085     

19 47393 6145 4183 7584          

20 9113 6953 1819 7088 7099 4523        

21 23275 2042 4532 1970 1740 4327 4340 2076 1745 1751 1876 2468 2063 

22 1856 2664 4883 2008 6726         

23 15546 10571 3440 14115 4191 5208        

24 1841 5770 6190 8329 7053 5105 5455 7946 9541 8522    

25 19855 13928 8030 9143 5192         

26 8930 43810 2220 3632 4224 6668 5512 3892      

27 12968 6220 7042 1355 2032 1359 1385 5729      

28 2624 1579 13403 8367 1666 10614 3766 6259      

29 51078 14894 3353 8508 5844 4799 2775       

30 5019 9409 7340 5039 4426 1795 2317 4451 5894     

31 14263 2615 6574 3029 18754         

32 27676 13959 4903 8494 2078         

33 96457 37986 4570           

34 11519 10347 9970 4414 8561 8360        

35 55334 4453 2763 5545 15538 19005        

36 11190 2422 6421 6406 4970 6890 1828       

37 9462 13487 5709 7548 6018 6917 4679       

38 11629 5205 37640 2215          

39 2021 15584 9180 23174 28148 5876 8646       



 II 

40 12070 2876 6937 4700 2458 4481 5568 7180      

41 2941 5764 8473 5368 2044 4424 6765       

42 4596 4941 5846 4822 5556 2265 7504 4921      

43 2932             

44 9883 2847 2173 7177 4702 2944 7059       

45 20303 11337 7551 2168 2317 7241 1806 2809 7305     

46 23829 28252 10344 7514 8636 11326 3968       

47 2973 5431 1673 2405 2374 1743 2335 2008 1559 2012    

48 6638 2049 1424 1929 5351 4498 1624 1780 1425 2808 2568 2909 1867 

49 9487 5267 2239 2196 4781 4785 2448 7980 4201 2751 1564 24392 2543 

50 2236 5840 2052 1574 4398 7916 7349 7690 8120 4818 6786 6884  

51 2836 1447 1356 1839 1468 1587 4981 1510 1504 2524 2120 1570  

52 2051 2737 1601 7884 1809 1365 1518 1675 2131 1021 2811 1495 1887 

53 20790 1915 2629 5693 10207 4549 2258 4456      

54 3136 2085 3186 1567 2100 3003 3222 2021 2675 2366    

55 6850 2197 2065 2585 1508 2302 7231 1697 1882 5668 2405   

56 4743 1501 1798 1523 1697 8166 1681 6698 4501 6663    

57 3463 7698 2901 1683 1409 8739 1421 5231 6298     

58 6232 9066 1568 7082 1309 2533 2290       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 III 

Appendix B -  The questionnaire 

A questionnaire sample that has been used for collecting qualitative data is displayed below. 

 

Questionnaire 
 

 

Age: __________            Gender: __________      Experienced PC user              

How engaged were you while playing the game?   (e.g. game was exciting, game was okay, I 

dislike it) 

 

 

 

Was the approach (breaking the view + arrow) helpful to navigate your attention?  (e.g. very 

efficient, it’s okay, not at all) 

 

 

 

 

How did you feel about the approach? (e.g. did you feel comfortable with the new method, 

did you get shocked, what was the first impression) 

 

 

 

 

Do you have any feedback for improvements? (e.g. the shape of arrows, the color of errors, 

the ways of broken screen, the distractions, the process of the experiment) 

 

 

 

 

                                               

Experiment first 

Data index for experiment: ____ 

Data index for control: ____ 
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Appendix C -  Instruction 

This form includes the instructions that the author uses in conducting every experiment. 

 

Instruction 
 

From the very beginning: 

Hey XX (the author addresses the name of the participant), thank you for taking the time to 

participate in this experiment. I’ll give you a brief introduction before you start. Please take a sit 

in front of these two screens first and adjust everything as comfortable as you like. 

On the right screen, this is an 800xA ABB control system that is currently displaying a digital 

twin of an electric generator. Image yourself as an operator sitting in a control room right now. 

Your task is to monitor this digital machine. Whenever these two lights (the author points to 

these two places) change colour from dark green to light green which means they are turned 

on, you should click them off (the author explains more if they don’t understand). 

On the left screen, this is a shooting game that you need to play and try to get as high scores as 

possible (the author explains how to play the game). In the meantime, you also need to keep an 

eye on the right screen. Please do click these lights off if you notice while playing the game. 

 

After the first test (it could be either an experiment test or control test): 

Could you please continue playing for two more minutes? You’ve done a good job and please 

just keep on doing what you are doing (the author switches to control test if the participant did 

the experiment test first or the author switches to experiment test if the participant did the 

control test first).  

 

After both two tests:  

Thank you very much for finishing both tests. We are going to process a questionnaire designed 

for this experiment if you feel like continuing. Please bear in mind, any of your personal 

information will not be collected, such as your name and your address. And please do skip any 

question if you feel reluctant to answer. 

 

After questionnaire: 

Thank you for your contribution. Your inputs are invaluable to our project and ABB. Please take 

some candies that we prepared for you here (the author points at the candies on the table). 

Please let me walk you out this place. 


