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ABSTRACT 

This study outlines the development process of a new touch 

screen based user interface for controlling bridge crane 

automation in industrial environments. A user study of existing 

situation (n1 = 11) was used to develop an understanding of the 

cognitive and emotional design goals for crane operation. 

Conceptualization of these goals in the context of automation 

produced a set of requirements, which were used to develop a 

map-based touch screen user interface. Two field tests (n2 = 5, n3 

= 5) revealed how bridge crane operators cognise and emotionally 

experience the increasing automation and how the user interface 

should be designed to support the operator’s spatial mental 

representation as well as their feeling of competence, trust and 

anxiety avoidance. 

CCS Concepts 

• Human-centered computing➝Graphical user interfaces 

• Human-centered computing➝ Interface design prototyping.  

Keywords 

Interface design; mobile map; automation; emotional design. 

1. INTRODUCTION 

1.1 Cognitive-affective Design of Automated 

Systems 

The increase of automation in technological artefacts is 

accompanied with a need for interface design, which helps 

operator awareness and feeling of control concerning the 

automated features of the system. In safety-critical and complex 

environments, the ability of the user to understand the relationship 

between one’s goals, the affordances of the system, the logic of 

the automation, and the behaviour of the system is a major 

concern [7]. While the standard concepts of human factors, such 

as situational awareness, mental workload, and trust in automation 

[17], are all important concepts when analysing the effect of 

increased automation on work with complex systems, less 

emphasis has been placed on the emotions of the users, who are 

faced with increasing automation in their work [18]. This article 

describes a case study, in which the development process of an 

interface for automated bridge crane operation was carried on 

from both cognitive and emotional perspectives. 

Human-computer interaction research has for some time 

acknowledged the importance of experience-related topics when 

researching people’s interactions with technological artefacts, and 

when designing for technologies for better interaction [1]. 

However, there still exists relatively little knowledge about the 

experiences of the professional users of complex systems [10]. 

Yet, it is the same human being who operates complex machinery 

at work, and smart phones at home, and the focus of the designer 

in both contexts should be on improving the life of the user. The 

best way to carry out this focus is to base the design solutions on 

psychological understanding of the users [19]. 

The increase of automation in human-machine interaction changes 

the role of the operator from manual control to supervision of 

computer control [21]. This shift in human-machine interaction 

paradigm involves emotion-related aspects of the user, such as 

trust in automation and confidence in own capabilities [13]. Thus, 

the design of interfaces for users, who supervise automation, 

should focus on emotional experience of the use. The goal of such 

design is not solely to improve user experience. Due to the 

connection between users’ experiences, their attitudes towards the 

automation, and their motivation towards the work tasks, 

emotional design has implications for work efficiency and safety 

as well as the quality of work life of the user. 

An illustrating example of the relationship between automation, 

emotional experience, motivation, and work efficiency is an 

emotional user experience factor called competence. Feeling of 

competence arises from successful task completion, but more 

specifically it is related to the user’s abilities and an awareness 

that good task performance is due to these abilities [8]. Thus, it is 

possible that an automated feature reduces the user’s feeling of 

competence even if the task efficiency increases, if the automation 

interrupts the connection between the user’s abilities and task 

efficiency. Lowered feeling of competence leads to less 

motivation towards the work, as the user is not able to make the 

connection between their actions and efficient task completion 

[8]. This means that when designing interfaces for automation 

supervision, the designer should focus on how to retain the user’s 

competence while increasing task efficiency due automation. 

Increased automation may also cause confusion in how the user 

perceives the connection between task goals and automation. The 

reasons for specific automated features are not always explicit, 

and thus the connection between the behaviour of the automated 
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system and the goals of the user may not be clear. Especially with 

safety-critical systems, this kind of confusion may lead to anxiety 

and loss of trust in the automation [13]. Thus, cognitive-affective 

design of automation supervision should focus on clarifying the 

connection between the user’s goals and understanding of the task 

environment, and the logic of the automation.  

1.2 Bridge Crane Automation 
A bridge crane is presented in Figure 1, which shows a factory 

floor with an overhead crane (another crane is being assembled at 

the floor level). Essential bridge crane components are depicted in 

Figure 2. The crane can be operated using a radio controller, 

which has two joysticks for controlling the movements of the 

bridge, the trolley, and the hoist. The radio controller is not 

physically attached to the crane, and thus the operator can freely 

move around. In addition to this manual crane operation, there is 

need to implement automated operation features for more efficient 

workflow. Two existing concepts of bridge crane automation were 

included into the design of new interface for these automated 

features. 

Target positioning offers a way to drive the crane automatically to 

pre-set positions. The driving is done automatically by choosing 

the target position and pressing the automation button, which 

works as an operator presence control (‘a dead man switch’). 

Working limits are temporary limits to the operating area of the 

crane. A limit is either a horizontal or a vertical line. When the 

crane approaches the limit, it slows down and stops, unless a 

bypass function is chosen by the operator. Working limits are set 

by the operator. One use is to create a ‘work corner’ out of two 

limits. The corner can be approached manually with full operating 

speed, and the crane slows down and stops automatically at 

arrival.  

These automated features are designed to make the workflow 

more efficient and safer, but they also entail challenges for 

interface design. How, for example, would the operator choose the 

correct target location so that when the crane starts moving 

automatically, the operator can trust that the crane moves as 

planned? Moreover, how are working limits represented so that 

the operator can plan the workflow, and in a case of working limit 

activation is aware that the crane is stopping due to an automated 

feature and not due to an unknown problem? 

Current research on crane automation focuses heavily on the 

implementation of automated features [20] or control strategies 

[25], while the impact of automation on crane users’ experiences 

have received little attention. However, as long as the workflow is 

not completely automated, that is, as long as there is operator 

presence and control, user experience of automation needs to be 

considered. This article outlines a design process, in which a map-

based interface for controlling bridge crane automation is 

conceptualised, prototyped, and tested. The first study was 

designed to derive usability and experiential goals, based on 

which the interface was designed. A prototype of the design is 

tested in the second study reported here. The third study outlines 

further testing related to how the crane operators spatially 

represent environments. 

2. STUDY 1: USER-CENTRED DESIGN 
The goal of the first study was to formulate a set of usability and 

experiential goals of crane operators and to connect these to the 

fact of increasing automation. This information was then used to 

design an interface for controlling the two automated features 

presented above, target positioning and working limits. 

 

Figure 1. A factory hall with an overhead bridge crane. 

Another crane is being assembled on the floor. 

 

 

Figure 2. An illustration of bridge crane components and the 

radio controller. 

2.1 Method 
Eleven bridge crane operators were interviewed at different 

Finnish industry sites. The interviewees’ work experience with 

bridge cranes ranged from a bit less than five years to 36 years. 

The interview questions concerned the specifics of the tasks of the 

crane operators with an emphasis on the experiential aspects of 

the use. The interview questions were e.g., "What are your 

experience goal in daily work?", "What are your daily tasks and 

activities?", "How do you achieve your daily goals?". Interviews 

were transcribed from video material and the transcripts encoded 

using content analysis [24]. For the analysis, a recording unit (one 

observation) was considered any thematically coherent account. 

For example, the following crane operator quote, related to 

automation, would be considered a thematically coherent 

recording unit: 

In the other department they have more automation than us. 

It’s completely different world. Here we do things ourselves, 

there’s no automation. If there were, no one would know 

what’s happening and where. I follow my tasks through and 

do it myself and see that it’s well done. 



The observations from the interviews were analysed in a relation 

to the two automation-related factors of emotional user 

experience, feeling of competence and anxiety. This description of 

the emotional experience of a crane operator in the face of 

increasing automation was used in the design of a new interface 

for automation control and supervision. 

The content codes used in analysing the interviews focused on the 

following references by the interviewees: being attentive of 

surroundings, having a clear goal in mind, being able to make 

own decisions, being motivated, having positive or negative 

experiences during the work day, conceiving certain actions 

useless but necessary, and being able to work comfortably. 

2.2 Results 
Feeling of competence results from being successful in work tasks 

and being able to see the connection between own abilities and 

efficient task completion [8]. According to the interviewees’ 

accounts, competence in crane operation can be described in terms 

of clear task goals, being able to make own decisions about 

preferred route of action and follow them, conceiving that each 

subtask is essential and meaningful, and having an incentive to 

complete each subtask. For example, the following observation 

relates to these aspects: 

I try to avoid driving the crane empty so that there is always 

a reason for driving, and pointless running around is 

minimised. We don’t drive around just for the fun of it. 

For the design of crane automation, this means that the operators 

should be able to connect their task goals with the automated 

features. Further, the operator should understand, how each 

automation-related subtask, and each action of the automation, is 

related to the end goal. If they do not, there is a risk of anxiety, as 

the operator is not able to mentally represent the automation 

within the actual task environment. 

Feeling of competence in bridge crane operation relates also to the 

internalisation of the control of the crane via experience, as 

evident in the following observations. 

You can always check the next work phase from the 

instructions, but you learn to see it. It comes naturally to you. 

In the beginning, the operation didn’t feel natural, it was 

jerky. But then you get the touch of the controller, and you 

know it in your fingers. 

When referring to the skills of crane operation, the interviewees 

speak about knowing ‘naturally’ or ‘just knowing’. They 

experience competence tacitly, that is, they are not necessarily 

able to explicate their skills. It is hence preferable that the 

operators internalise the automated features as well, which means 

that the main goal of the design should be to represent the 

automation in a relation to the task environment and the user’s 

goals.  

The understanding of crane automation in terms of feeling of 

competence and frustration were used similarly to heuristics for 

developing interface for controlling the automation. The main 

competence and anxiety-related goal was to design an interface, 

which relates the logic of the automation to the goals of the user 

(competence) and the physical behaviour of the crane (anxiety). A 

map-based interface was considered to serve as a design solution 

due to the spatial nature of the automated features. An overhead 

crane is used to lift heavy objects in a task environment, and thus 

all crane-related task goals have a spatial component. Further, 

most safety-related aspects of crane operation have a spatial 

component (e.g., if there are people in the crane’s path). 

The first iteration of the interface is shown in Figures 3 and 4. 

Target positions can be chosen by pressing the corresponding 

target on the touch screen. A target is represented either by a 

target symbol or a home symbol. Targets are pre-programmed to 

represent frequently visited locations in the work environment, 

and home represents the place where the crane is not in use. Both 

symbols were chosen to match the current radio controller 

symbols for the same functions. Further, while most of the targets 

are statically pre-programmed, one can be changed quickly on the 

fly, which allows a more dynamic workflow. This ‘quick home’ 

can be set to the current location of the crane by pressing the hook 

and choosing the function from the appearing menu. 

  

 

Figure 3. Partial screenshot of the interface demonstrating 

target position and quick home representation. 

 

 

Figure 4. Partial screenshot of the interface demonstrating 

working limits representation. 

After the operator has pressed a target, a home, or a quick home, 

an arrow from the hook to the highlighted target shows that the 

crane is ready to drive automatically to the target when the 

automation button is pressed. In order to actually drive the crane 

to the chosen target, the operator presses down an automation 

button (operator presence control). In the old controller, the 

automation buttons for driving to a home and a target were 

different, but in the map-based implementation, one operator 

presence button takes care of driving. This reduces redundancy, as 

the operator must in any case choose either home or a target using 

the touch screen. During driving, the interface shows a static 

driving symbol so that the operator’s attention is fully on the 

physical crane. 



The implementation of working limits is shown as red lines on the 

map screen. Because a working limit is one-directional, dashes 

alongside the red line indicate the direction of the limit. A 

working limit can be set to the current position of the crane, 

allowing, for example, efficient loading and unloading without 

having to worry about the work environment behind the limits. 

When the crane approaches the limit under manual drive, a 

symbol indicates that working limit is close. Touching the screen 

at this point bypasses the working limit. Further, restricted or 

‘protected’ areas can be pre-programmed, for example if the 

environment contains constant barriers. Such a restriction can be 

seen in the sector 1c in Figure 3, with a number indicating the 

minimum height that the crane is allowed to pass the protected 

area. 

Because the map is displayed from a birds eye view in a two 

dimensional plane, it does not represent the height of the crane 

hook. This is not a problem, as the operator should anyway 

always have a visual contact with the crane, and thus the 

awareness of its height should come from visual inspection. 

Further, the height of the hook is only of secondary importance 

when driving under load, as the dimensions of the payload matter 

more (e.g., how far from the floor the payload is). In any case, 

target positioning automation involves a task-specific height, 

which is attained before the crane starts to move to the target. This 

setting can be implemented to, for example, a menu which can be 

called by pressing the hook symbol on the map. However, this 

feature was not implemented and tested here. Instead, a default 

height was set and all evaluations were conducted on that height. 

In future, it is possible that the old joystick radio controller can be 

replaced with a lightweight touch screen device but currently it is 

easier to combine these two concepts and attach the touch screen 

to the radio controller. The current controller allows the operator 

to move freely around the environment, and thus the new concept 

can be regarded as a mobile map. Hence, the design was also 

conducted in terms of mobile map design heuristics [11]. Namely, 

the heuristic that “map application should always keep the user 

informed about what is going on, through appropriate feedback 

within a reasonable time”, was accomplished by having both 

automated features visualised on the map screen. Also, the 

heuristic “the map application should show clear indication of the 

user’s current location on the map and of the possible target 

location” was accomplished by having a green crane hook display 

the physical location of the crane at all times. 

Further, all possible automation-related affordances were 

accessible from the representations of the automated features: 

pressing a target icon allows setting it as a target, and pressing a 

working limit allowed removing it, in accordance to the heuristic 

“Make sure that the main functions of the map application (e.g. 

search, route guidance, zooming, panning) are easily accessible.” 

Further, setting up a working limit or a temporary target was 

always related to the current position of the crane, so these 

functions were accessed by pressing the green hook menu. 

2.3 Discussion 
The interviews of crane operators resulted in emotional design 

goals related to feeling of competence and anxiety in the face of 

increasing automation. To answer the emotional challenges, a 

map-based interface was designed for controlling automatic crane 

positioning and working limits. The concept is based on the idea, 

that a spatial representation of the automation allows the user to 

have a coherent mental model, which integrates the goals of the 

workflow with the automated features and the physical task 

environment. All automation-related affordances in the interface 

were associated to the spatial location of these functions. Thus, 

the operator’s feeling of competence should be retained, as he is 

able to understand how the automation supports his abilities in 

spatial task completion. Further, the concept should avoid anxiety, 

because the operator can predict the direction of automated 

movement and stops. 

3. STUDY 2: FIELD EVALUATIONS 

3.1 Method 
The next task of the design process of a user interface for bridge 

crane automation was to investigate the plausibility and 

acceptability of the concept with an actual prototype in a real-life 

setting. The evaluations were conducted at a research and testing 

site of a crane manufacturing company with five experienced 

crane operators without experience on crane automation. The 

testing machinery was a bridge crane, which was situated in an 

otherwise empty industry hall. The crane had automated features 

for target positions and working limits. The operating area of the 

crane during the tests was limited to one end of the much larger 

hall. Markers were placed on the test area to represent different 

sites to which the operator would need to drive the crane. 

The map-based interface was tested on a touch screen controller, 

which was physically attached to an ordinary radio controller 

(Figure 5). The touch screen panel was resistive, and its 

dimensions were 54mm x 95mm. The functionality of the 

prototype controller was limited to displaying figures and 

receiving presses on certain areas of the figures. The controller 

was link-based: by pressing appropriate areas of a figure, a new, 

pre-programmed figure was brought onto the display. The 

researchers had pre-set the crane automation for the tasks that the 

participants thought they would be conducting using the touch 

screen interface. The automation button on the existing radio 

controller was connected to the crane automation, so the operator 

was in control of the crane while pressing it. 

Before the actual testing, the participants were introduced to the 

two features of crane automation by showing printouts of the new 

interface layout. They were explained how the automated features 

function and how they can be accessed using the touch screen 

interface. The participants were also given a short think aloud 

exercise. Level two think aloud protocols were desired [3], which 

means that participants were told that they should not explain their 

actions and thoughts to the researcher, but only speak what they 

were currently thinking and doing. The think aloud protocols were 

recorded using a digital dictation machine. Protocol analysis was 

applied to the transcripts [3], and emphasis placed on usability, 

and more specifically on errors either in thinking or in behaviour.  

 

Figure 5. The touch screen prototype attached to an existing 

radio controller. 



In addition to the protocols during the tasks, the data consisted of 

interviews, which were conducted after the tasks. Each participant 

was asked to give feedback on the interface, and the interview 

questions focused on the emotional experience of the use, 

specifically the findings of the first study concerning competence 

and anxiety. 

All participants conducted eight tasks, four related to target 

positioning and four to working limits. The first set involved 

setting a new temporary target, choosing a target, and using the 

automation to drive the crane to the target (by pressing the 

operator presence button). The latter set involved effecting work 

limits, bypassing them, and utilising them for operation that is 

more efficient. 

3.2 Results 
Overall, the participants received the new concept well. Four of 

the participants had only little difficulties in accomplishing the 

tasks correctly, and based on the post-test interview, they could 

understand well the elements of the layout. The fifth participant 

had greater difficulties, and himself accounted them on his poor 

memory. All participants reported that their attention was not 

diverted by the interface in safety-critical task phases, when the 

attention should be on the physical crane. They also reported that 

at no point a disruptive aspect of the user interface had made 

concentration on the general task difficult. Two of the participants 

reported that they were alarmed by the fast speed of the crane 

when driving automatically to a target position for the first time. 

The participants were unanimous in that the map-based concept 

for bridge crane automation in general did not decrease their 

capabilities as crane operators. They pointed out that the 

responsibility was still the operator’s, and that they could feel so, 

as long as it was their physical act, which produced the movement 

of the crane. One participant explicated this experience by 

referring to the automation buttons on the radio controller: ‘as 

long as there is at least some kind of a physical control 

mechanism, I can feel responsible.’ 

However, each of the participants had some problems during the 

tasks, and a total number of 29 problems were recorded. The 

problems were evenly distributed among target positioning and 

working limits tasks. The main common denominator of the 

problems was that some of the automation-related affordances 

were not explicitly available. For example, it was not clear that a 

working limit could be removed by pressing it, and bypassed by 

just driving towards it and pressing the bypass function, which 

does not appear before the crane is close to the limit. Following 

protocol is from a participant, who was asked to drive the crane to 

a location that was beyond a working limit (numbers in 

parentheses are recording timestamps, minutes: seconds). 

(13:21) So I can drive and trust the working limits [starts driving]. 

(13:35) Now I’m close, yes. 

(13:37) But there’s a working limit between us [stops the crane before 

arriving to the working limit]. 

(13:45) So I should be able to configure the working limits. 

(13:48) Let’s try here [presses the red protected area on 1c, see Figure 4]. 

(13:50) Nothing happens. 

(13:55) Maybe it asks me when I’m close enough [starts driving again]. 

(13:58) Ah, so now here I think [presses correctly the bypass button]. 

The participant was confused, as he did not remember that the 

bypass function does not appear before the crane is close to the 

limit. Conversely, removing a limit does not require that the crane 

is close to it. Following protocol is from a different participant, 

who was tasked with removing a working limit, which was not 

next to the crane. He did succeed in removing the limit, but 

unnecessarily drove the crane next to it before removing it. 

(15:18) I must drive to the limit first, I guess, hmm [drives to the limit 
manually]. 

(15:35) What do I do then, maybe at the crane [presses the hook symbol]. 

(15:37) Working limits button. 

(15:38) Direction, it’s this, I think, and remove [correctly removes the 

limit]. 

These problems have implications for feeling of competence and 

anxiety, and a well-designed interface for automation should have 

no implicit affordances, even if sometimes the automation itself is 

not easily represented with an interface. 

The results also suggest that the evaluated interface concept did 

not introduce causes for operator anxiety. However, previous 

research shows that this emotional experience is associated with 

work tasks, and as the tested tasks were very easy, this result is 

not conclusive. Further thinking should go to the fact that if a 

work task becomes more complex, the usage of automated 

features might introduce elements of anxiety. 

The participants also reported discrepancies in the symbols 

between the old physical controller and the new interface, and this 

caused some confusion in the tasks. The old controller has a home 

symbol, but the new interface has two homes, the old one and a 

new quick home. The participants also noted that the distinction 

between working limits and protected areas was not clear, because 

both have same colouring and involve similar crane functionality. 

Further, the participants did not use gloves, but many noted that 

they often do have gloves in their hands during work tasks. Thus, 

touch-screen based displays should be designed so that even while 

wearing gloves, misclicks (such as choosing wrong target) are 

very improbable. The number of accessible functions on the touch 

screen should thus be kept at minimum. 

3.3 Discussion 
The field study of the touch-screen map-based user interface for 

controlling crane automation resulted in preliminary validation of 

the concept. The spatial representation of automated features 

supported operator competence and avoided anxiety in line with 

the emotional design goals set in the first study reported here. The 

participants were able to connect their goals with the automation 

and the task environment, and were thus able to retain their 

feeling of competence as able crane operators. Some initial 

anxiety was observed with the first automated movements of the 

heavy crane, but with the interface visualising the direction of the 

crane movement, further anxiety was avoided. 

Although participants reported some confusion with the symbols, 

the complete icon set should not cause problems after the users 

have familiarised themselves with the icons. For example, the new 

quick home symbol was designed so that the icon set was 

consistent, following the same visual design and utilising the 

familiar home symbol [15]. As in any complex systems there are 

multiple interfaces, which are used to operate on the same 

physical environment, one should design a coherent symbol 

system across the interfaces. 



The confusion between working limits and protected areas can be 

alleviated by colouring scheme, for example by colouring the 

static protected area grey, which is a conventional colour indicator 

that a function, or in the current study, an area, is not available 

[22]. While working limits and protected areas function similarly 

as they both limit the movement of the crane, their purpose is 

different: whereas protected areas are constant no-go zones, 

working limits are set by the user to aid the workflow. Thus, a 

clear difference should be made between them. 

One problem raised by the participants, and already discussed in 

the conceptualisation of the interface, is the use of touch screen 

device while wearing gloves. Although the interface is resistive, 

and not capacitive, and thus works with gloves, pointing accuracy 

could weaken with gloves. However, it is possible that this is only 

an intuitive impression, as empirical testing has suggested that 

although glove wearing users of touch screens feel that their 

accuracy is bad, in reality gloves do not have a large impact on 

touch screen performance [23]. 

Although the field evaluation resulted in accepting the map-based 

concept, there was at least one further possible source of 

confusion and anxiety related to the spatial nature of the interface. 

In the study, the participants were fixed to stand towards the 

crane, but in reality, they move around the working area with the 

controller. This is possibly a huge source of safety-related 

problems, and thus before accepting the map-based concept for 

controlling bridge-crane automation, one further design iteration 

and field test was required. 

4. STUDY 3: ORIENTATION AIDS 
In addition to the field test of the interface functionalities, another 

user evaluation was designed to focus on the problem of 

misaligned frames of reference associated with mobile map use 

[9]. The problem arises from the fact that users of mobile devices 

can rotate around in the environment, which changes the 

egocentric frame of reference, that is, how the environment is 

spatially represented in the mind of the user [4]. However, if the 

mobile map does not automatically rotate accordingly, its 

exocentric representation becomes unaligned with the 

environment as the user turns around [5].  

To help the user mentally rotate the map to match the frames of 

reference, different ‘orientation aids’ can be designed. For 

example, a ‘you are here’ marker, landmark highlighting, and 

cardinal direction markers have been noted to help users in mobile 

map use [2]. Thus, in order to give validity of the map-based 

bridge crane automation interface concept, a new field test was 

required. 

4.1 Method 
Five experienced male crane operators were recruited to 

participate in the orientation tests. The participants had good 

knowledge and working experience of the factory hall, which was 

used as the testing site. This guaranteed that the participants had 

no need to study the environment while conducting the tasks. The 

interface concept tested in the previous field study was toned 

down to include only the essentials: targets, the hook (serving as a 

‘you are here’ marker), a limited working area (serving as a 

landmark highlighting), and canonical direction symbols, 

corresponding to the symbol directions of the crane controller. 

The layout is shown in Figure 6, but contrary to this image, none 

of the actual layout pictures involved all three orientation aids. 

The stimuli consisted of 24 map pictures, which depicted the 

factory hall in which the tests were conducted. The hall was about 

30 metres long, and 10 metres wide and relatively full of 

construction materials and working stations, which changed 

positions daily as different manufacturing tasks proceeded. Before 

the tests, the testing site had been surveyed and important 

locations written down to be represented on the map. The map 

pictures consisted of either four or six targets, which were chosen 

by the researchers to represent important locations on the site. 

Next to each target symbol was a letter (one of the vocals: a, e, i, 

o, u, y), which could be used to identify the target. 

The green hook symbol was used as the ‘you are here’ marker. It 

was chosen as a baseline for the study: all maps had it. However, 

it may not be sufficient orientation aid in itself, and thus in 

addition to it, eight maps included a red landmark, highlighting a 

very noticeable tower at the corner of the hall. Other eight maps 

included four direction symbols at the corners of the map. The 

symbols corresponded to the four canonical directions of the crane 

travelling overhead the factory hall. These canonical directions 

are often used to help the operators mind the directions of the 

crane. For example, a circle is always known to correspond to a 

certain wall of the hall, and hence the crane can be moved towards 

the right wall by using the circle symbol on the crane controller. 

The 24 tasks (one map picture for each) were conducted in four 

positions within the factory hall, six tasks in each position. Within 

these six tasks, two had only the ‘you are here’ marker, two had 

the landmark highlighting, and two had the symbolic aid. The 

number of the six tasks within the four positions was 

counterbalanced between the participants. The positions were 

chosen so that the misalignment between the map and the 

environment was always 90°. The participants were not allowed to 

rotate the map in their hands or rotate their bodies during the 

tasks. 

As a preparation for each of the 24 tasks, the researcher changed 

the map on the mobile display to the correct task and gave it to the 

participant. A paper sheet was used to hide the map from the 

participant. After the participant had acknowledged the target 

given to him by the researcher, the paper sheet obscuring the map 

was removed. The participant searched the map for corresponding 

target, and identified the correct answer by vocalising the letter 

next to the correct target. The reaction time (RT) between 

revealing the map and vocalising the target was recorded. After 

conducting the tasks, the participants were interviewed shortly 

and asked what they thought about the orientation aids and which 

they would prefer to use. 

 

Figure 6. The minimalistic interface for studying orientation 

aids. Shown are the green ‘you are here’ marker, the red 

landmark highlighting, and the four canonical direction 

symbols, in addition to targets set in the environment. 



 

Figure 7. Mean normalised RTs between the conditions, by 

the number of targets on the map. The error bars indicate 

95% confidence interval. 

In data analysis, the recorded RTs were normalised by dividing 

each RT by the mean RT of the participant. Non-parametric 

Wilcoxon rank test was conducted to the normalised RTs to test if 

the number of targets affected RT. Non-parametric Friedman’s 

rank test was conducted to test how the orientation aids changed 

the RT. 

4.2 Results 
On average, the participants made 3.2 incorrect responses during 

the 24 tasks. Incorrect responses were deleted from the dataset, 

which resulted in 104 individual RT responses from the five 

participants. The mean task RT of the fastest participant was 1.53 

s., and the 3.0 s. for the slowest participant. The mean of the 

average RT of the five participants was 2.1 s., SD = 1.1. The mean 

normalised RTs between the number of targets and orientation 

aids are displayed in Figure 7. The difference in the mean 

normalised RT for four and six targets was statistically significant, 

Z = 2.0, p = .043. Having six objects instead of four increased 

RTs for all orientation aids. 

The difference in the mean normalised RTs for the orientation 

aids was also statistically significant, χ2(2) = 8.4, p = .015. Mean 

rank of baseline was 1.2, landmark = 1.8, and symbols = 3.0. In 

other words, compared to the baseline, landmark highlighting had 

a slight effect of increase in RTs, and direction symbols had a 

large increasing effect for RTs. 

In the post-test interviews, all five participants regarded landmark 

highlighting as a good concept and reported that having the 

landmark helped them in the orientation tasks. Two of the five 

participants responded that the direction symbols were helpful; the 

other three said they did not benefit from them and did not even 

try to use them. Interestingly, only one participant commented on 

the ‘you are here’ marker, saying that it was actually most useful 

item on the map. 

4.3 Discussion 
The results suggest that adding more than one orientation aid is 

not necessary: having landmark highlighting on a map with an 

existing ‘you are here’ marker does not actually make the map use 

any easier. This is probably due to the redundancy involved in 

having more than one aid: while both solutions aid the user in 

mental rotation of the map, only one process can be completed at 

a time, making the other aid and the rotation process involved 

with it redundant. 

However, although the participants did not benefit from the 

landmark highlighting as measured in RTs, they did feel that it 

was helpful, which may have implications regarding competence 

and anxiety. As landmark highlighting did not decrease RTs, the 

study found no reason not to include landmark highlighting to 

improve the feeling of increased control on a mobile map even if 

this does not increase efficiency of the map based judgments. It is 

also possible that an efficient use of orientation aids needs to be 

learned. Further, there may be cases in which ‘you are here’ 

marker becomes inefficient orientation aid, such as if the crane or 

the operator are in symmetrical or non-distinguishable locations. 

As can be seen in figure 7, landmark highlighting may begin to be 

helpful with larger number of targets, as both the mean and the 

variance are smaller for highlighting versus only ‘you are here 

marker’ (although these comparisons are not statistically 

significant). This possibility has also been suggested before [9]. 

Direction symbols, on the other hand, not only proved to be 

unhelpful, but actually increased the RTs. It is possible that the 

participants were distracted by the symbols: adding symbols to the 

already small map area of the tablet computer seems to have been 

more confusing than helpful (although this was not the case with 

landmark highlighting, which also was a new item on the map). 

As the participants were not unanimously satisfied with direction 

symbols, they cannot be suggested as an orientation aid for mobile 

map- based crane bridge operation on a basis of this study. 

Further, the results demonstrate the already established finding, 

that on small displays already a small number of objects starts to 

slow down processing [12]. The increase of four to six objects 

caused a small, but statistically significant increase in the RTs. 

While a more detailed experiment should be conducted to study 

the maximum number of objects on the screen, based on previous 

studies [9], this number is probably somewhere below ten. 

5. THE FINAL CONCEPT 
The results of the two field evaluations were used to design the 

final concept for a touchscreen map-based crane controller. Based 

on the results of the first evaluation, the participants were not able 

to make a mental connection to all with automated features and 

the affordances for controlling them. This was partly because the 

affordances were scattered and inconsistent. For example, 

working limits were set from the hook menu by pressing the green 

hook and navigating the menu path, but then removed by pressing 

the limit itself. 

The solution is to minimise the number of affordances on the map, 

and bundle most of the automation control under the hook menu. 

Thus, working limits are set as well as removed from the hook 

menu. Setting a limit is accomplished by pressing any of the four 

arrows that appear around the crane: the limit is set as a straight 

line to that side of the current position of the crane. A limit is then 

removed by pressing that arrow, now indicated as being active, 

again. While this reduces the amount of limits one can set, it is not 

probable that the user would want to set more than two limits, one 

horizontal and one vertical at any given time. 

The targets worked as planned in the first evaluation, and their 

affordances do not need reconceptualising. Most of the targets are 

pre-programmed, but the user can use the hook menu to set a 

quick home. However, as the relationship between the stationary 

home and a target is somewhat arbitrary and was a source of some 

confusion, and as the two home symbols were also confusing, the 

stationary home is replaced with a normal target symbol in the 

final concept (Figure 8).  

 



 

Figure 8. The final concept. 

However, if it is necessary to highlight one of the pre-

programmed targets, it is possible to do this by colour coding. The 

dynamic quick home is still represented as the home icon to make 

a clear distinction to static targets. 

Another source of confusion revealed by the first evaluation was 

the similarity of protected areas and working limits. The solution 

to this is to change the colouring of protected areas to a more 

neutral colour, grey. In order to indicate that the area is not 

available, and also to avoid visual clutter, the height of the 

protection is not displayed. However, the user can press the 

protected area to bring out this number for a short duration. 

The results of the second evaluation, focusing on orientation aids, 

are taken into account in the final design with a dynamic 

optimisation of the screen. The results suggested that an increase 

in the number of targets starts to quickly affect the operator’s 

ability to make map-based judgments, and thus as a principle, this 

number should be kept small. However, if a larger number of 

targets is required, the system adds an orientation aid. The results 

indicated that for larger number of targets, additional orientation 

aids, such as the landmark highlighting, could be useful. Thus, the 

interface can be pre-programmed with a landmark, but this 

highlighting is not activated until certain conditions, such as the 

number of objects on the screen, are met. 

6. CONCLUSION 
The three-study iterative design and evaluation process reported 

here illustrates the use of user-centred design for conceptualising 

user interfaces for supervising and controlling automation in 

complex systems. While emotion-based approaches have been 

used extensively in consumer-markets, less emphasis has been 

placed on work environments [18]. However, as demonstrated 

here, automation in complex systems does involve dimensions of 

emotional user experience in addition to aspects related to 

traditional usability. A cognitive-affective design process, guided 

by these considerations, produces both emotionally usable and 

more cognitively effective usable designs for controlling 

automation. 

Emotional experience of bridge crane operators in the face of 

increasing automation was conceptualised in terms of competence 

and anxiety. Feeling of competence – the ability of the user to 

experience own abilities in a relation to efficient task completion, 

was observed to be related to the loss of agency and purpose in 

the face of automation. Feeling of anxiety was observed to be 

related to obscure functioning logic of automation. To take these 

emotionally detrimental factors into account, a map-based user 

interface was designed. 

The design answers the emotional factors of competence and 

anxiety by helping the crane operator form a spatial 

representation, which combines the operator’s task goals, the 

automated features of the crane, and the physical task 

environment into a coherent whole. Further, the interface has a 

touch-screen, which allows an association between affordances 

for controlling the automation and the spatial representations of 

the automated features. In addition, two orientation aids for 

mobile map use (‘you are here’ marker and landmark 

highlighting) were observed to be sufficient for reliable use, at 

least as long as the number of objects on the screen stays 

relatively low. The final concept involves optimisation for adding 

or removing orientation aids depending on the number of 

elements on the screen at given time. 
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