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En analys av användarperceptionen av ett gränssnitt som 
möjliggör igenkännande och klassificering av avfall på en 

lina i dynamiska bilder 
 
SAMMANFATTNING 
Halvautomatiserade processer blir allt vanligare inom området avfallshantering. Det är ofta mer effektiva och förbättrar 
avfallsoperatörernas arbetsmiljö när det kommer till säkerhet- och hälsoaspekter. Det franska företaget Veolia, som arbetar med insamling 
och hantering av avfall, har på grund utav detta utvecklat Tri Télé-Opéré (TTO) – ett system där direktkontakten mellan sorterare och avfall 
har avlägsnats och avfallet istället sorteras via en pekskärm. Systemet visar för tillfället upp avfallslinan med en serie stillbilder. Denna 
explorativa studie har undersökt hur linan uppfattades med dynamiska bilder på skärmen. Diverse sekvenser med olika parametrar 
(synvinkel, riktning och hastighet) studerades för att se hur de stödde avfallsoperatörernas igenkänning och klassificering i sorteringen vid 
skärmen. Kvalitativa resultat från användartest utförda med både nybörjare och avfallsoperatörer identifierade parametrar som bör beaktas 
när en presentation av avfallslinan med dynamiska bilder används. Studien visar att ett bildspel bestående av bilder tagna med en 90° vinkel 
föredrogs. Synvinkeln bör vara tydlig och informationen bör visas i en riktning som överensstämmer med skärmens långsida, samt ha en 
storlek som tar vara på bildskärmens yta. Hastigheten på avfallslinan kan ökas om parametrar som möjliggör ett bra igenkännande används 
simultant.  
Denna studie ger en första inblick i hur användarna upplever TTO med dynamiska bilder, och vilka parametrar som skulle kunna underlätta 
arbetet. En vidareutveckling av denna informationspresentation kan förbättra den framtida arbetssituationen för avfallsoperatörer, och 
därmed också effektiviteten i sorteringsprocessen.  
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ABSTRACT 
Semi-automated processes are becoming more common within the 
field of waste management. They are often more efficient and 
improves the waste operators’ work environment in terms of 
security and health factors. The French company Veolia, engaged 
in waste management, has for these reasons developed the Tri 
Télé-Opéré (TTO) - a system where the direct contact between 
operator and waste is removed, and the waste is separated via a 
touch screen. The waste line is currently shown with a series of 
images in the system. This explorative study investigated how a 
representation of the line was perceived when using dynamic 
images on the screen. Diverse sequences with various parameters 
(viewpoint, direction and pace) were studied in order to observe 
how they supported the recognition and designation of the 
operators working with the system. Qualitative results from user 
tests performed with both novices and waste operators identified 
parameters that should be considered when using dynamic images 
of the waste line. The study shows that assembled images 
captured with an angle of 90°, shown in a slideshow mode are 
preferred. The viewpoint should furthermore be clear and detailed 
and the information should be displayed in a direction that 
corresponds to the long side of the screen, while having a size that 
make use of the screen surface. Moreover, the results suggest that 
the pace of the waste line could be increased if parameters 
allowing good recognition are used simultaneously.  

This study provides a first insight in how users perceive the TTO 
with dynamic images and which parameters that could facilitate 
the work. It is furthermore believed that a further development of 
this representation of information could ameliorate the future 
work situation for the waste operators, and thus also the efficiency 
of the sorting process.  

Keywords 
Waste management, semi-automated process, perception, visual 
search, dynamic images, human-computer interaction.  

1. INTRODUCTION  
Veolia treats 46.4 millions tons of waste in France every year. A 
considerable proportion of this consists of municipal and non-
hazardous waste, and thousands of waste operators throughout the 

country are recycling this waste into new materials or energy 
every day [1]. The circuit of the waste was laid out in a study 
done within the company: The waste; combustible cartons, paper, 
plastic bottles, PET, PEHD, and metals, are collected and sent to a 
sorting plant where they are stored. A pre-separation for large 
objects is then done followed by mechanical separations by size, 
shape and/or material, all depending on how automatized the plant 
is. The remaining waste is subsequently ready to be sorted 
manually by waste operators. Normally, two operators work 
opposite each other with the waste line in between them. To 
facilitate the sorting a so-called negative sorting technique is used; 
the waste category that is in majority pass, while other types of 
objects (often four at a time) are sorted and put in designed 
containers. The operators are allowed a maximum of 3% margin 
of error per ton of waste.  

The main reason for which manual sorting exists is to keep a high 
purity by fine-graining different waste segments. There is 
however a demand for more mechanical sorting processes, due to 
the associated improvements that would occur in the operators’ 
working situation [2].  

Several aspects of the work environment could influence the 
wellbeing and performance of the workers, for instance visual 
clutter, noises and disagreeable conditions in the physical climate 
[3]. The work situation in a sorting plant is full of risks. There is a 
high exposure to dust, microorganisms and a contributing risk of 
inhalation of bacteria and mould in the plants. Noises, odours, 
contact with hazardous substances, scratches, cuts and risks of 
infections are additional problems occurring when working in 
direct contact with waste [2]. All mentioned risks have been found 
to be closely associated with longer reaction times, less detailed 
results and a decline in work capacity [4]. The mentioned internal 
study noticed that the operators’ work assignments require an 
intense physical labour, which implies an increased risk of 
repetitive strain injuries. This is not only due to the monotonous 
workload, but is also affected by psychosocial factors, an example 
of which is the negative attitude towards the profession. The 
recurring tasks generate tiresomeness and simultaneously affect 
the mental health of the operators. Subsequently, this may lead to 
boredom, dissatisfaction or depression [2].  

A solution to minimise the above mentioned problems is an 
automation of the sorting plants, resulting in various advantages 
for the workers [2]. It reduces the physical labour while 
introducing an elevated security at the workplace.  

1.1 Tri Télé-Opére 
Veolia has developed a semi-automatized system, the Tri Télé-
Opéré (TTO), where waste operators no longer work in direct 
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contact with the waste but instead sort the waste while seated in 
front of a touch screen. 

A camera and a lighting system are used to recognise and 
characterise the waste. In order to render as many details as 
possible, the camera captures several linear images of the line 
before putting them together into an extensive image. An 
algorithm analyses the image and the waste categories in it. The 
sorting is subsequently done via a touch screen where the image 
of the waste flow appears. The category that is in majority in the 
image is displayed, and the operators’ task is to choose objects 
that differ from the presented category. The image is shown for 
four seconds and is then replaced by a new image. The last step of 
the procedure is the physical sorting of the objects. Several air 
pipes sends out air puffs at the exact moment the selected object 
reaches the end of the line. The chosen objects are launched to an 
outflow that brings them back to the line where a new process, 
separating another waste category starts. The objects that have not 
been chosen by the waste operator continue into another outflow. 
Each circuit takes approximately one minute, after which a new 
category is sorted.  

1.2 Purpose and problem statement 
TTO is currently used in a sorting plant in France. An important 
part evaluated by the company is how the new way of working is 
affecting the waste operators from an ergonomic point of view. 
This comprises the task of finding an efficient way to portray the 
information on the screen. The interface needs to show an 
comprehensible representation of the waste line, allowing the 
operators to perform the sorting properly on the screen [5]. There 
are speculations that the waste operators’ experience could be 
improved by changing the way of showing the information from 
static to dynamic images, which is more similar to the moving 
waste line and the operators’ earlier way of working. 
Consequently, this study aims to gain a first insight in how the 
users of the system perceive a representation of dynamic images 
of the waste flow and which parameters that could be used in 
these in order to ameliorate the experience. The following 
research question has been composed: 

How can the recognition and designation of waste be facilitated 
when working with dynamic images of a waste line on a touch 
screen?  

1.3 Delimitations  
The scope of this project is limited to study three categories of the 
visual representation; the viewpoint, direction and pace. Within 
these categories, investigations were limited to three viewpoints, 
two directions and two variations of pace. Qualitative methods 
were furthermore chosen to be the primary and most suitable 
approach for the project.  

2. BACKGROUND 
There are studies in which one has observed an increased quality 
by emphasising the ergonomic aspect in the working place [4, 6, 
7, 8]. The International Ergonomics Association defines 
ergonomics as the discipline whose aim is to understand the 
interaction between a user and components of a system, and the 
profession that strives to improve human comfort and system 
performances with the help of principles, collected information 
and various design methods [7]. Quality could be explained as the 
capability to please, or even exceed, the needs and expectations of 
customers [4]. Eklund [4] argues that the two definitions overlap 
each other, hence why ergonomics directly influences the quality 
and it is of great interest to study it in the work environment. Lin 

et Al. [8] similarly argue that ergonomics and quality both share 
and complement each other with certain elements. Both domains 
believe in integrating humans into the system design, though 
quality is often strived for at a higher, strategical level while 
ergonomics is mostly used in a technical sense. Ergonomics is 
nevertheless not uniquely technical, and can be further divided 
into physical, cognitive and organisational ergonomics [7].  

This thesis will look into a subsection of cognitive ergonomics: 
the mental processes of the user. This will involve, among other 
aspects, the areas of human-computer-interaction and human-
system-design [7]. Cognitive ergonomics is important when 
designing complex, technical, automatized systems. A badly 
designed human-machine-interface could create great frustration 
and result in reduced production, decreased quality and accidents 
in the workplace [6]. It is therefore essential to create a 
straightforward system. To do this, an investigation into human 
cognition, the human visual system and design parameters that 
could aid the presentation of information on a screen is needed.    

2.1 Human cognition 
The cognition process involves how the human intellect perceives 
and handles information [9]. The information processing of the 
human mind is vast and affected by numerous features and many 
cognitive abilities. The theory background will be emphasised on 
features in the human perception and how it is connected to the 
human visual system.   

2.1.1 Perception 
When treating new information, one of the human brain’s biggest 
tasks is to filter the data so that only the relevant information 
reaches the consciousness. Attention, pattern recognition, 
interpretation in the memory centres as well as earlier knowledge 
and experiences all help to intuitively reduce the amount of 
information [8].  

The visual system could be said to treat information in two ways; 
bottom-up and top-down. Bottom-up uses the brain’s ability to 
take in new information and understand it. The information is then 
perceived directly from the senses. Top-down on the other hand, 
use earlier knowledge, experiences and expectations to understand 
information [10]. Bottom-up and top-down is usually used 
together to interpret information but there are high indications that 
someone who uses more top-down processing in the search, and 
thus has more background knowledge within the area, attains 
more successful results [10]. Considering that only a small part of 
the information is perceived by the human senses, it is crucial to 
understand what the observer processes pre-attentively in order to 
convey the desired information in any system design [11].  

2.2 The human visual system 
The human visual system is complex and as such, much research 
has been carried out on this subject. Many gaze activities occur 
unconsciously, but it is fundamental to understand these to know 
which details will be noticed and which could be missed by an 
observer [11].  

In the eye’s retina there is a part known as the fovea, a relatively 
small area containing a big volume of cones permitting high 
accuracy and colour sensitivity to the eye. Outside the fovea is the 
parafoveal region, covering a visual angle of circa five degrees. 
The area surrounding this region is the peripheral vision where 
rod cells, providing light sensitivity to the eye, dominate. The 
ability to recognise an object is exceedingly reduced outside of the 
central fovea. Nevertheless, certain shapes, colours, changes and  



movements are recognisable in the peripheral vision [11].  

When looking at an environment, the gaze switches between 
fixations and saccades. A fixation occurs when the eye focuses on 
a specific area and remains, normally in between 100-1000 msec. 
The rapid movements in between the fixation points are called 
saccades and during these moments, no information at all is 
perceived by the visual system [12]. This information plays a 
major role in studies concerning the visual search strategy and the 
understanding of how an object gains attention from an observer, 
as information could be perceived although not focused on, but 
missed during saccades.  

2.3 Visual search strategy 
There are several studies investigating the eye’s most efficient 
way to observe new situations. The gaze can be fixated without 
actively perceiving information (looking) or effectively taking in 
information (seeing) [13]. When seeing information on a screen, 
the human vision is normally fixated for 300ms, before continuing 
to another place in a saccade, taking circa 20ms. [11].  

Gaze patterns are highly personal and a strategy is often created to 
perceive an environment, irrespective of if the observer knows 
what to look for or not [12]. Common activities such as reading 
show distinct gaze behaviours, but different visual presentations 
imply different approaches by the observer, which in its turn 
affect the demands on the design [11]. Some features have 
however been noticed as influential on the observers’ gaze 
patterns. 

2.3.1 Gaze and motion 
As aforementioned, it is possible to fixate the gaze on an object 
and nevertheless take in information from the periphery, a strategy 
that is well used by the human visual system when perceiving new 
dynamic situations. There are some that argue that by using the 
peripheral view, humans can absorb motion information faster 
than if fixating their gaze on the moving objects [13]. When 
observing a dynamic environment, observers tend to centralise 
their gaze close to the area where new information is entering the 
screen. If something interesting enters the area, the gaze will 
follow it on the screen, independent of direction [11]. Williams et 
Al. [13] performed a study with novice and experienced football 
players fixating their gaze on diverse objects in a football video. 
They noticed that experienced players seemed to use a fixated 
location as a central reference in the videos while looking for 
other players’ positions and movements in the periphery. This 
gaze pattern is consistent with a study made by Gale et Al. [14], 
that observed airport luggage inspectors who controlled sliding 
images shown at different paces. The participants watched objects 
in their peripheral vision, causing saccades towards them so that 
they could be further investigated. A comparison of eye 
movements of observers looking at dynamic and static images 
showed that observers inspecting the dynamic images often 
followed the movements of the object. When observing static 
images, the observers instead looked around the images to find the 
most important features, making the gaze movements disjointed 
and less smooth [15]. How these different gaze patterns affects the 
final perception is however unknown.  

2.3.2 Gaze and top-down information treatment 
Williams et Al. [13] noticed that experienced football players 
could predict the outcome more successful than novice players, 
mainly by using distinct gaze patterns. Experienced participants 
fixated their gaze more recurrently than novice players. The 
fixations were shorter and, judging by the results, thus more 

efficient when watching the video. An enhanced usage of 
fixations could however lead to saccadic blindness, where more 
fixations result in more saccades and consequently increase the 
time where the human visual system does not perceive any 
information [11]. Gale et Al. [14] did however not notice any 
difference in results or eye movements between novice and more 
experienced observers. A hypothesis was that the earlier 
experience became less central since the images of luggage were 
unpredictable and had an irregular flow. This emphasises that 
earlier knowledge is more valuable in some situations and less 
important in others. Proper research in the studied area are thus 
essential in order to create a reliable user-centred design. 

2.3.2.1 Top-down information treatment in games 
Although difficult to find general gaze patterns when looking at 
top-down information treatment in diverse areas, there are many 
studies looking at how an earlier knowledge of video games 
affects the perception and usage of a new system. Video games, in 
particular action games, require players to react rapidly as well as 
noticing multiple objects located in the fovea and the peripheral 
vision at the same time [16]. Studies confirm that this is 
something that the gamers use exterior to the games as well. 
Hamel et Al. [17] studied the gaze patterns of individuals using a 
driving simulator and noticed that gamers contemplated the 
material differently than those who did not play games. The 
gamers used a broader distribution of fixations on the screen, 
while using greater saccades in a shorter time. They also 
responded faster to peripheral objects. Other studies have acquired 
consistent results [16, 18]. Some argue that gamers are more 
efficient in tracking objects in the visual field because of their 
greater attention breadth [16], and it has been shown that they are 
better in suppressing distractions while demonstrating an 
enhanced attention to some objects [18]. 

2.4 Design in an automatized system 
When developing a system for an automatized process, it is 
important to respect the design requirements imposed by the 
change [19]. To reach a good result with a human-centred-
automation, the design of the system has to support a co-existing 
human-machine relationship. The system has to cooperate with 
the workers, and fortify their knowledge rather than replacing it 
[5], making an appropriate design crucial. As mentioned, different 
gaze patterns affects how the information is perceived by the 
observer. Eye movements also influence which size the 
information should have, how efficient it is and what the 
observers think of the appearance [11]. Although dependent on 
subjective perceptions, there are features that have been 
associated with an enhanced working performance and better 
results.  

2.4.1 Recognition and sensibility 
Wickens [10] has developed several design principles attempting 
to create clear, informative displays. Attributes on the screen 
should for instance look like the objects that they are representing 
in reality, and agile parts on the screen should be moving in the 
same pattern as in the user’s mental models. Aside from designing 
the visualisation of the information in a recognisable way, there 
are approaches to accentuate objects. The work performance of 
operators along a line has for example been increased by teaching 
the observers what the objects look like, and by making the 
representation more dynamic (and thus increasing the sensitivity 
of detection) [10]. Flicker and motion patterns are known to 
attract the human vision [20]. This is shown in a study [21], where 
spatial and temporal movements were added to medical images, 



and so made into video sequences. The margin of error was 
reduced and the detection of defects in x-ray images increased 
when showing video sequences instead of the previously used 
images. Lum et Al. [22] applied a moving surface to static images 
in order to create a better representation of 3D-objects and 
subsequently gain a more detailed structure from motion. 
Movement was shown to aid the outcomes when studying the 
details of an object where the location of the object in relationship 
to the surroundings was less important.  

2.4.2 Pace 
Mardell et Al. [23] noticed that the observer’s gaze was centred 
on the area where new information entered the screen for most of 
the time during rapid video representations. When a less rapid 
video was shown, the fixations increased throughout the screen. 
When watching videos with a quicker pace, the gaze changes and 
does not use as many fixations as it does in a slower video, but 
instead uses the peripheral view to perceive the environment [11, 
23]. As aforementioned, motion information can be perceived 
faster when using the peripheral view [13]. Lin et Al. [8] noticed 
that the amount of errors increased when the given time for a 
specific task was increased. There are however assertions that 
reason that observers have difficulties in achieving efficient 
results when performing repetitive tasks during a rapid pace, and 
argue that the longer the time for the tasks, the better the results 
[4].  

2.4.3 Dimension and direction 
When observing the eye movements of participants playing Tetris, 
Li et Al. [12] saw that a representation of the game at smaller 
screens gave better results than showing it in a bigger size. The 
gaze is obliged to fixate at many different places when looking at 
a big area. For smaller areas, it is possible to fixate the gaze for 
longer periods and see the surrounding things in the periphery 
[13]. Mardell et Al. [23] wanted to see if it was possible to 
categorise eye-gaze behaviours during a search in aerial images. 
They hypothesised that the direction of a video representation 
from left to right would be preferred to a top down direction due 
to reading habits, but the results did not show any difference in 
efficiency or preference between the directions. No distinct visual 
strategies were thus detected amongst the participants.   

2.4.4 Subjective preferences 
Besides features such as the portrayal, pace and dimension of the 
information, subjective preferences also affect the perception of 
objects among observers. Mardell et Al. [23] compared 
participants’ impressions when watching video sequences versus a 
slideshow of aerial images and it was found that participants liked 
the slideshow slightly more than the video sequences. 

Searching for objects could be demanding for the human visual 
system. Badly designed systems could increase fatigue, stress and 
both muscle and vision related problems [24]. Additional gaze 
travel results in less recognisability and more tiredness [11]. It is 
further known that poor lighting, insufficient colour reproduction, 
reflections and luminosity on a screen could increase the 
occurrence of inappropriate decisions and monitoring problems 
[4]. This underlines the importance of an efficient human-
machine-interaction and proper studies concerning the preferences 
of the appropriate target group. 

3. METHOD 
Research regarding observers’ perception of videos and dynamic 
images has generated various results and although there are 

general principles suggested for use, an exploration of the 
participants’ cognitive aspects is vital in the design process [25]. 
This is the reason for which user tests applied to the TTO were 
executed. Since no former research regarding a dynamic 
presentation in the TTO has been conducted, the study focused on 
the users’ perspectives to gain a first impression of how the 
information is perceived. The tests consisted of tasks where 
participants used a negative sorting technique in eight dynamic 
sequences on a screen.  

3.1 Participants and location 
Two test procedures using the same set-up but different user 
groups were performed in order to gain an adequate number of 
participants, but also to study the differences between the two 
groups. The user groups had different backgrounds and 
experiences making for an interesting comparison of the results.  

The first user test group, group 1, consisted of participants 
working within various fields at the company, such as IT and 
cognitive sciences. Internal personnel are good experimental 
participants in the early exploratory research as long as they are 
not familiar with the tested product [25]. Some had tried the TTO 
with static images, but these previous experiences were 
determined as playing a negligible role since the participants had 
not worked consistently with the system and were not asked any 
questions that allowed them to compare the representation of 
information. Seeing that the aim of the study was to discover the 
participants’ perceptual thought process, which is mainly 
individual, using internal personnel was not considered to be a 
problem in the study. A second test procedure was performed at a 
sorting plant with group 2, waste operators, seeing that they are 
the final target group. TTO was not installed at the plant and no 
one at the location had previous experience of the system. All 
participants had however an extensive knowledge of sorting.  

When looking at qualitative studies, some argue that five 
participants from each target group is sufficient [26]. However, 
the number of participants in this study was increased in order to 
see similarities amongst the results. Group 1 consisted of 11 
participants, but as one test led to incomplete results and was 
declared as invalid for the study, the total number of participants 
was 10. There were 4 waste operators participating in group 2. 
The reason to why the numbers of participants were uneven was 
due to accessibility. The participants in group 1 had a greater 
possibility to partake in the tests while the operators, working in 
relays, were bound to daily routines. 

Due to a limited mobility of the participants, the tests were 
performed at their individual workplaces, making the location of 
the two tests different. The test environments were however 
designed to resemble each other as much as possible to avoid the 
change in location from impacting the results. All tests were 
performed in a controlled setting in a secluded room with one 
participant and one observer. The test with group 2 had two 
observers to ensure that no information was missed during the 
visit at the sorting plant. All participants were working on the 
same portable touch screen.  

3.2 Parameters  
The tests were designed to evaluate the viewpoint, direction and 
pace of the dynamic presentation. Seven parameters were chosen 
and examined in the study, shown in figure 1. 



Figure 1. Examined parameters in the study. 
A view with an angle of 45° was chosen based on the idea that it 
would allow the observer to see further along the line and 
resemble the manual way of sorting. The view with an angle of 
90° was chosen based on the assumption that it provides the most 
thorough view of the waste line. Both views were shown with a 
video presentation. Images from the TTO were taken at 90° and 
assembled into scrolling sequences, providing a different view 
due to the linear camera system. 

Earlier work [23] established that the direction of a dynamic 
representation does not make any impact on the results. This led 
to the decision to look at how the sequence is perceived when 
shown horizontally, left to right (LR), and vertically, top down 
(TD). Since the horizontal screen was not altered during the test 
and the same material was shown in two directions, the size of the 
sequences on the screen differed. This technical constraint 
provided the study with two additional parameters, explained in 
figure 2. The videos with a 45° and 90° angle were widely 
displayed in a TD-direction, and displayed with a thinner size in a 
LR-direction. The reversed relationship applied to the assembled 
TTO images. 

 

Figure 2. Sizes of the video sequences on the screen.  
There are different arguments about how the pace of a dynamic 
representation affects the observer. Some say that the observer 
becomes unproductive when the pace is slow, while others say 
that the slower the pace, the better the results [4]. The actual pace 
of the waste line (100%) was used and compared to videos with a 
30% greater pace (130%). The assembled TTO images were 
likewise shown with the pace of 100% and 130%. 

3.3 Material 
Video material of the waste line was gathered at the sorting plant 
where the TTO is currently in use in order to create a simple 
prototype. Three GoPro Hero 3+ were used to shoot seven videos, 
each 30 minutes long in order to yield enough material. Images 
taken by the camera system of the TTO were also collected. The 
plan of the sorting plant, the height of the frame that was used to 
hold the cameras above the waste line and the lighting contributed 
to constraints on how the sequences could be recorded. The seven 
videos that were shot are listed in table 1. The sequences were 
captured with the respective chosen viewpoints and the waste line 
was filmed both in a horizontal and vertical direction. A distortion 

effect was used in some videos in order to gain a broader view of 
the waste line.  

Video 4 (from now on called GoPro45°) and video 7 (from now 
on called GoPro90°) were chosen to be a part of the prototype. As 
seen, GoPro45° is captured with a 45° angle and GoPro90° is shot 
straight from above the line. The reason for which the other 
sequences were rejected from the experiment was because of a 
reduction in quality due to poor lighting, optical over-distortion or 
a defective view of the waste line.  

Table 1. Captured video sequences. 
 

 

 

 

 

 

 

 

 

The chosen videos were edited to five minutes and eight video 
sequences were developed according to the selected parameters. 
The assembled images from the TTO were developed into four 
sequences using the same parameters. The sequences contained 
the following waste categories: PEHD, bright PET, opaque PET, 
Tetra packaging, carton/paper and PP/PS/PVC.  

The prototype was designed to show enough functionality to 
address the objectives of the tasks. A portable screen identical to 
the screen in the TTO was used. To resemble the interface of the 
system, which displays the waste category that should be sorted, 
post-it’s were placed on the screen and changed with verbal 
instructions from the test observer. See figure 3.  

 
 
 
 
 
 
 
 
Figure 3. GoPro45° sequence played in the prototype. 

3.4 Test design 
Qualitative methods were the main assessment in the tests and 
consisted of observations (voice and video recordings as well as 
notes), the think-aloud method and a semi-structured interview. 
The think-aloud method allowed the observer to apprehend 
actions and reactions during the test. The data gathering was 
however not dependent on the information retrieved by this 
method seeing that the design of the test implied that the 
participants put their focus on the screen.  

In order to find potential patterns, some quantitative methods were 
used in the study. A background questionnaire and scales were 

No. Angle Direction Distortion 

1 90° Vertical No 

2 45° Vertical No 

3 90° Vertical Yes 

4 45° Vertical Yes 

5 90° Horizontal Yes 

6 90° Horizontal No 

7 90° Vertical No 

Viewpoint	  

• 	  GoPro	  video	  45°	  
• 	  GoPro	  video	  90°	  
• 	  TTO	  images	  

Direc=on	  

• 	  Le?	  right	  (LR)	  
• 	  Top	  down	  (TD)	  

Pace	  

• 100	  %	  
• 130	  %	  



used in the test in order to gather data that could not be collected 
via observations or at the end of the tests.  

3.4.1 Task development 
The test was based on an independent group design [26] where 
some attributes were tested by distinctive users in different 
groups. This design prevented the duration of the test from 
becoming too long and reduced the amount of tested sequences in 
each test from 12 to 8. The order of the tasks was randomised for 
each participant to minimise the learning effect and avoid the 
order from influencing the final results. Each user group was 
further divided into a group A and a group B. All participants saw 
the sequences made out of TTO images with altered parameters. 
The four additional tasks contained the same parameters in terms 
of direction and pace, but 50% of the participants (group A) saw 
the GoPro45°, and 50% (group B) the GoPro90° viewpoint. See 
table 2.  

Table 2. Division of sequences per group 

3.4.2 Procedure 
A test session endured 90 minutes and was designed as follows: 
After an introduction, a background questionnaire concerning 
earlier knowledge was filled in. A presentation of waste categories 
was then done in order to prepare the participants for the sorting. 
The participant was placed in front of the screen, with the 
observer alongside observing the interaction with the screen. The 
test was performed on the previously mentioned prototype and 
revolved around tasks where the participant was to sort different 
types of waste categories in eight sequences with various 
parameters. The participant was told to use a negative sorting 
technique and tap all objects that did not belong to the displayed 
waste category. To create the feeling of using the real TTO, the 
participant was asked to touch the screen to sort the waste during 
the tasks. No feedback or quantitative information connected to 
the performance could be captured as there was no developed 
technique for the prototype, but these were not crucial features in 
order to gain an impression of the participant’s perception. After 
each sequence, the participant received a scale to rate direct 
sentiments connected to several categories, for example demanded 

mental effort or perceived stress (see Appendix A). When 
performing a test longer than one hour, it is advised to separate 
the test into several phases [26]. The scales allowed the 
participant to document thoughts after each specific task, while 
creating a variety in the test. It was also a way to gain a general 
insight of similarities, patterns and differences between 
participants. All scales were graded from 1 to 20, where 20 was 
the maximum effort in all categories. The scale was inspired by 
the scales used in the NASA Tax Load Index1. Some attributes 
were however altered and additional attributes were added to gain 
desired results for the current study. The test ended with a semi-
structured interview, allowing the observer to inquire already 
decided questions and a possibility to further explore occurrences 
from the performed test.  

The background questionnaire, the scale and the interview were 
assessed in a pilot test, where feedback regarding the parameters 
and questions was received. It provided useful feedback of the test 
design, possible cultural differences and the language usage (seen 
that the tests were performed in French). 

3.5 Data analysis 
The data from the think-aloud method and the interviews were 
analysed for each sequence. The observations from the test and 
the video recordings resulted in a chart where information about 
movements and hand gestures was gathered. Similarities, 
differences and quotes were subsequently found and divided into 
main categories. The results from the questionnaire were put 
together in charts in order to study background information about 
the participants. The scales consisted of qualitative variables. In 
order to quantify them, the variables were ranked from 1-20 and 
used in box charts to visualise the median and the range of the 
results for each test group.  

4. RESULTS  
An over-all idea of which features were preferred, an indication of 
how participants interacted with the sequences and an 
examination of the cognitive differences between experienced and 
less experienced participants will be explained below. 

Group 1, from now on called novices because of their reduced 
experience of sorting by a waste line, consisted of 5 men and 5 
women. The majority were between 31-40 years old. 70 % graded 
their knowledge of waste management as very good or good, 
while the experience of the waste management industry varied; 
from less than a year to more than ten years of experience. All 
participants had heard of the TTO, but only five had tried the 
interface before participating in the test. All participants were 
accustomed to daily contact with a touch screen, either via a 
mobile phone or a tablet. Four participants had the habit of 
playing games of various genres on their telephones, whereas one 
participant played action games.  

Group 2, henceforth called experts, consisted of 2 men and 2 
women within the age range of 31-50. All participants graded 
their knowledge of waste management as good and had more than 
five years of experience. No participant from the group had heard 
of the TTO before conducting the test. All of them had however a 
regular contact with a touch screen. Two of the participants 
played games on a telephone or tablet, one of them action games.  

4.1 Video characteristics 
The results regarding the characteristics of the sequences have 
                                                                    
1 http://humansystems.arc.nasa.gov/groups/tlx/ 

Group	  A	  +	  Group	  B	  

No. Sequence Direction Pace 

1 TTO images TD 100 % 

2 TTO images TD 130 % 

3 TTO images LR 100 % 

4 TTO images LR 130 % 
Group A 

5 GoPro45° TD 100 % 

6 GoPro45° TD 130 % 

7 GoPro45° LR 100 % 

8 GoPro45° LR 130 % 

Group B 

9 GoPro90° TD 100 % 

10 GoPro90° TD 130 % 

11 GoPro90° LR 100 % 

12 GoPro90° LR 130 % 



been divided in to three subsections corresponding to the used 
parameters. They are based on the data gained from observations, 
comments and interviews during the tests. 

4.1.1 Viewpoint  
As explained in 3.4.1, all participants tested the TTO images. 50% 
of the participants subsequently watched the GoPro45°-video and 
the remaining part watched the GoPro90°-video, see figure 4.  

Figure 4. Viewpoints: TTO images, GoPro45°, GoPro90°. 

When analysing the qualitative results from the tests, it is clear 
that the majority disliked the viewpoint of the GoPro45° and 
thought that the perspective influenced the perception. The angle 
made objects undetectable from afar and participants perceived 
the size of the objects as different when reaching the end of the 
screen. The area of detection and the detection time was perceived 
as reduced compared to the other sequences. One expert did 
however like the viewpoint and stated: “It is the same position as 
at the waste line”.  

The GoPro90°-videos gave the impression of more objects on the 
waste line compared to other sequences. A few novices 
experienced the view as distorted and one participant expressed a 
feeling of “falling onto the line” when seeing the videos.    

All participants preferred the perspective in the sequences made 
out of TTO images. One novice perceived the objects as more 
detailed and many participants had the impression of noticing all 
objects on the waste line when sorting with the sequences. 

4.1.2 Size and direction  
The results concerning the direction were directly connected to 
the size of the sequence, due to the technical constraint described 
in figure 3. These parameters were therefore analysed together.  

The GoPro-videos were generally preferred in a TD-direction, as 
these sequences covered a bigger part of the screen. One expert 
mentioned that all sequences that were displayed on a big area 
facilitated the recognition of different waste objects, partly 
because the objects were bigger in those videos. Certain novices 
did however disagree, and found the display of GoPro90° in a TD-
direction too big. They reacted by taking a step back from the 
screen in order to gain a better view. One participant mentioned 
that there were too many objects in too small a space, contributing 
to an elevated frustration in not being able to sort them all. The 
GoPro-videos in a LR-direction, in particular the GoPro45° 
sequences, similarly caused frustration. The first impression of 
one novice was: “Who had this crazy idea?” Some participants 
furthermore mentioned that it was impossible to obtain a good 
view, as the video was played in LR but the image on the screen 
was shown in a thin and tall size. Novices wanted to turn their 
head 90° to see the videos in another direction, and some wanted 
to change position and stand along the shorter side of the screen. 
All participants mentioned a visual fatigue and many seemed 
disoriented, declaring a higher concentration and a feeling of a 
decreased performance.  

The sequences with TTO images were preferred in both directions 
by both user groups. Participants preferring the LR-direction 
thought that it was well adapted to the screen position as it 

allowed them to discover the objects before sorting them. One 
novice and one expert compared it to working with a manual 
waste line. Another novice thought that the presentation on the 
screen was too large and took a few steps back from the screen. 
Several participants preferred the TD-direction. Many mentioned 
that the size of the waste line allowed them to both discover and 
designate the objects, resulting in an increased assuredness. 
Although not disturbed by it, a few novices suggested using the 
same direction on a screen with a vertical position in order to 
enlarge the objects on the screen.  

4.1.3 Pace 
The sequences were played in 100% (the real time pace of the 
waste line) and the increased pace of 130%. The majority of the 
participants had a similar impression to one another of the pace 
used in the sequences, listed in table 3. 

Table 3. General opinions about the pace of the sequences. 

 

All GoPro-videos were considered rapid, regardless of their pace. 
The majority of the participants had the impression of sorting 
outside the video, as their reaction time was insufficient. If they 
had the time to see the objects in the sequences, they rarely had 
the time to sort them. It was considered visually strenuous and one 
novice expressed a loss of motivation to sort since she could not 
fulfil the task. Another novice emphasised this: “I would go on 
strike if I had to work with this video everyday”. A great 
frustration developed among many participants, as they knew that 
they made mistakes but did not have the time to change them. The 
LR-direction was often perceived as more rapid than the TD-
direction, although the feeling of sorting too slowly was recurrent 
in both directions. The real-time pace of the TD-direction of both 
GoPro-videos was nevertheless preferred by two participants.  

The majority of the participants considered the TTO images to 
have a normal pace, both in 100% and 130%. When the pace was 
perceived as good, many mentioned that they had time to find 
most objects and that their assuredness increased. A few 
participants from both user groups did however perceive the 
130% pace as too rapid. This opinion was shown to vary with the 
experience of sorting, as many changed their opinion after a 
while. The majority of experts liked the more rapid pace and one 
participant mentioned: “If the work is this, I will have plenty of 
energy to do other things when I get home!” 

Some participants experienced the TTO images with the real time 
pace as too slow. Several participants from both groups mentioned 
that they would become disinterested if they were to work with 
the sequence every day. It was furthermore found that a few 
participants experienced the sequences with the 130% pace as 
slower than a GoPro-video with the same pace, and sometimes 
also slower than a GoPro-video with a 100% pace.  

4.2 Recognition  
Interview outcomes revealed that the recognition of objects was 
based on earlier knowledge of how the categories should appear in 
terms of form, size, colour and brand. The category and amount of 
waste were also affecting recognition in all sequences. When a 
category considered more difficult appeared the participants felt 
unsure of which objects to pick and needed more time. Four 

Pace	   100	  %	   130	  %	  

Videos	   Rapid	   Rapid	  

TTO	  images	   Normal	  /	  Too	  slow	   Normal	  /	  Too	  rapid	  



categories were generally found to be more difficult to identify 
than the others and evoked doubt; PP/PS/PVC, carton/paper, Tetra 
packaging and opaque PET. The main reason was said to be the 
lack of uniformity. An increased amount of objects on the waste 
line was in general perceived as frustrating and lead to a 
decreased assuredness amongst all participants. This was 
consistent amongst the experts. Two of them mentioned that it 
was more difficult to recognise the objects on the screen as they 
are used to being able to touch and rotate objects if they are 
unsure. 

Recognition was however not only connected to knowledge of the 
waste but also to the visualisation of the waste line. Participants in 
both user groups remarked that the sequences contained glitches 
(mainly the TTO images) and were blurry (mainly the GoPro-
videos) at times, making the pace of the sequences change and the 
details of the waste line less clear. This affected the recognition of 
the waste and did to some extent cause a feeling of stress. 
Insufficient lighting and reflections in sequences enlarged the 
difficulty of perceiving details, as well as a lack of colour (mainly 
in the TTO images). There were mixed opinions regarding the 
size of the objects in the sequences. Some participants found them 
small, while others found them big enough if the reproduction of 
details was decent at the same time.  

4.3 Strategies and physical effort   
The majority of participants did not actively reflect on strategies 
but observations and comments during the tests showed that most 
of the participants worked in a similar way. One novice 
mentioned that a strategy was created after having watched two 
sequences; where she understood that the gaze had to be in a 
different place from the hands in order to have time for a reaction. 
An expert said: “The less gaze travel, the less fatigue”, which 
supports the two general strategies that were described during the 
tests. Participants mentioned that they placed their gaze at the 
location where new information entered the screen. If a TD-
direction was played, the hands worked parallel below. If a LR-
direction was played, the hands instead worked above each other 
at the right end of the screen. Figure 5 shows an illustration of the 
strategies in the sequences.   

Many novices preferred the strategy used in the TD-direction and 
compared it to their every day computer work. Some participants 
mentioned that they started sorting with only one hand when they 
felt comfortable with the pace of the sequence. The sorting was 
then done closer to where the information entered the screen. 
Experts sorted with one hand more often than novices. 
Nonetheless, many participants mentioned that they had to sort 
with both hands at the end of the sequence when they experienced 
a higher temporal demand. 

The strategies were directly connected to the direction and size of 
the sequences. Many participants struggled when sorting in the 
LR-direction of the GoPro-videos, as there was no space for both 
hands to work. Furthermore, there were sequences that implied 
more physical effort. Increased head and neck gestures were 
noticed among some participants while sorting in the TD-direction 
in the GoPro-videos. One expert moved his arms when sorting, 
causing increased movements in his shoulders. The LR-direction 
caused novices to tilt their head from times to times. One 
participant expressed an increased pain in her neck. Another 
participant turned his right arm horizontally in order to work with 
all fingers at the end of the screen, causing an unusual position for 
shoulders and back. The same position was used by another 

novice when working with the LR-direction in the TTO image 
sequence.  

The majority of the novices mentioned that standing up during the 
test was physically demanding. None of the experts mentioned a 
physical effort during the tests.  

 

Figure 5. Strategies used in the sequences. 

4.4 Learning effect  
None of the participants had sorted in dynamic sequences before 
the tests, but comments made during the experiments revealed that 
most participants felt more comfortable with recognising and 
sorting the waste on the screen the further into the tasks they 
were. Some participants mentioned a decreased temporal demand 
after just the first minute of a sequence, and that the assuredness is 
connected to the knowledge of the objects and to which category 
they belong.  

No connection between video game players and the results was 
found for any of the user groups. 

4.5 Preferences  
A few novices that had tried the TTO brought up a comparison 
between the static and dynamic image representation during the 
interview. They all agreed that a dynamic representation gave the 
impression of seeing the information for a longer time.  

An expert mentioned that he was more concentrated when 
working on the screen. When working on the line, there are 
colleagues working further down the line that can help him catch 
missed objects, while working on the screen requires a high 
performance at all times as the work is unaided. All experts were 
however positive towards the system throughout the tests and 
preferred it, mainly because of the decreased physical activity it 
implies. One expert mentioned that the visual effort also declined 
when sorting on the screen. At the waste line she sometimes 
follows the objects with her gaze, implying a sensation of vertigo. 

During the interviews, all experts said that they could imagine 
working with their preferred sequence(s) for a longer time. One 
participant said: “If this would be my task, I could work all day 
without getting tired”. Some novices mentioned that an option of 
changing the pace could be appropriate to avoid visual fatigue. 
However, all novices agreed that longer tests would be needed to 
examine how the sorting would be experienced when working 
with it during a longer amount of time.  

4.5.1 Scales 
In order to quantify the results from the scales, they were put 
together into box charts (see Appendix B). The sequences will 
from here on be referred to as sequence 1-12. For further details 



see table 2 in 3.4.1. All results can be found in Appendix B, but 
the results of some scales are displayed in figure 6. Each sequence 
is displayed on the horizontal axis, and the grades 1-20 are 
displayed on the vertical axis. The results from the novices are 
displayed in the first row, and the experts’ results in the second 
row. The categories of performance and assuredness were created 
so that a high number in the scale signified a poor grade. Low 
scores are thus to be preferred in all scales. It is however 
important to keep in mind that sequences 1-4 are based on results 
from 14 and 4 participants respectively, while sequences 5-12 are 
based on results from 7 and 2 participants respectively.  

The charts for mental, physical and temporal demand correspond 
well to the chart for effort for both user groups. Although a 
fluctuation occurs among the responses, it is noticeable that 
sequences 1-4 (TTO images) achieved the lowest scores in the 
categories amongst the novices. It is furthermore possible to see 
that sequences 5-12 gained a higher score in the temporal demand 
category (Appendix B). Although having a high median, video 
5,7,9 and 11 (thus the ones with a less rapid pace) have lower 
scores. The scales for assuredness and performance are similar 
and show better scores in the first four sequences. The same 
sequences were furthermore shown to invoke the least frustration, 
stress, queasiness and fatigue among the novices. Fatigue and 
frustration are closely connected and have similar results. 
Sequence 7 and 8 (the GoPro45° in a LR-direction) is frequently 
high in both scales, and sequence 9 and 11 (with a less rapid pace) 
are somewhat lower than 10 and 12 (with the 130% pace).  

The experts’ scales fluctuate from the results above. The scores 
differ considerably in mental demand, where the range is large for 
the first four sequences, and sequences 9-12 demanded a high 
amount of concentration. This is furthermore shown in the 
physical and temporal demand, where sequences 1-8 are slightly 
lower than the subsequent sequences. All of these scales are 
shown in Appendix B. The TTO images and sequence 9 (the 
GoPro90° in a TD-direction with the real time pace) gained a 
lower score in performance, whilst the medians are rather equal in 
terms of assuredness. A lower score for sequences 1-9 is also 
detectable when looking at the chart for frustration and stress. The 
scores for queasiness and fatigue are however uniform and low for 
all sequences.  

5. DISCUSSION 
The aim of the study was to examine how users sorting on a touch 
screen perceived a dynamic representation of the waste line and 
how various parameters could facilitate the perception. 

5.1 The results 
Wickens [10] argues that moving objects on the screen should 
have the same movements as in the user’s mental models and that 
attributes should look like the objects that they are representing. 
The majority did however dislike the GoPro45°-videos as they 
reduced the area and time of detection. The speculation that a 45° 
angle would allow the observer to see further along the line and 
thus be preferred was not accurate, although one expert thought it 
resembled the view of the waste line. A view straight from above 
was favoured and all participants liked the sequences made out of 
TTO images. This is furthermore visible in the scales, as they 
achieved the lowest scores in most of the charts. This could be 
compared to the study of Mardell et Al. [23], where a slideshow 
mode also was preferred by the participants.  
It is believed that the preferences also were affected by the quality 
of the sequences. It is known that insufficient representations in 
terms of colour, lighting and reflections increases poor decisions 
[4]. The TTO images consisted of images captured by the linear 
camera system and were illuminated by advanced lighting. 
Participants had an impression of noticing all objects in the 
sequences, and one participant expressed a direct feeling of seeing 
more details in the assembled images. It is thus indicated that the 
sequences made out of TTO images were preferred because of 
their distinctive resolution, giving the participants an increased 
feeling of assuredness. 

The direction of a sequence was connected to its size on the 
screen. As mentioned by some participants, the size and direction 
of the GoPro-videos were contradictory, as a vertical video was 
shown in a horizontal size and a horizontal video was shown in a 
size better suited for a vertical video. The reduced size was one 
reason for which participants felt an increased frustration in the 
GoPro-videos with the LR-direction, but the physical effort was 
likewise important. As the size did not permit both hands to work, 
abnormal rotations of head and shoulders developed. An increased 
frustration and physical effort among these sequences are 
similarly observable in the scales. The chart shows high scores for 
the TD-direction as well, and participants saying that it was 
shown in a too big size on the screen, accentuated this. Some 
participants also mentioned that the LR-direction of the TTO 
images was shown in too big a size. It is known that bigger sizes 
of display increase eye movements, as the gaze has to fixate in 
more places [13]. Additional gaze travel results in inferior 
recognition and a higher visual effort [11, 12], which could 
explain why some participants stepped away from the screen to 

Figure 6. Box charts displaying results from scales 



gain a better view when watching sequences that covered the 
entire screen. A smaller area allows the observer to fixate their 
gaze on a point and use their peripheral vision for surrounding 
objects [13].  

The study did not measure any quantitative data and it is not 
possible to draw any conclusions regarding performance in the 
sequences. The comments concerning the pace in the sequences 
do nevertheless relate to the study made by Eklund [4], which 
argues that it is difficult to obtain effective results when 
performing repetitive work during a rapid pace. Participants were 
commonly demotivated and frustrated when they felt that they did 
not have the time to sort seen objects.  

The TTO images were considered to have a normal pace, which is 
also visible in the scales of temporal demand, as they have 
received the lowest scores. It is furthermore noticeable that 
sequences with the 100% pace generally have a slightly lower 
score than sequences with the 130% pace. The change of pace in 
the sequences was hence noticed. It is however clear that, in terms 
of pace, the sequences made out of assembled images were 
perceived differently than the videos. The same pace was often 
perceived as slower in the TTO images, and some participants 
also got the impression that the 130% pace was slower than a 
GoPro-video played in the 100% pace. Consequently, there is a 
connection between the pace of the sequence and the perceived 
recognition. When the pace was considered too rapid, the 
recognition immediately decreased and many participants lost 
their motivation. When the recognition was perceived as 
enhanced, as in the TTO images, the temporal demand was no 
longer evident.  

The background studies showed that it is possible to fixate gaze 
while taking in new information from the peripheral vision [13]. 
This strategy is especially used when observing a video with more 
rapid pace, as gaze fixations decrease and the peripheral view is 
used [11, 23]. This was brought up by the participants, saying that 
they centred their gaze where new information entered the screen 
and tried to keep it there. When they felt that they had more time, 
their gaze followed the objects into the screen. The experiment 
did however not analyse any gaze movements, making it 
impossible to draw any final conclusions about the visual 
strategies.  

Various visual presentations imply distinctive approaches, which 
in turn affect how the information is seen [11]. This was noticed 
in the results as different strategies were generated for different 
sequences. It was furthermore visible that the strategies change as 
soon as the parameters do. A sequence with the same direction 
and pace, but with a different viewpoint, implied for instance a 
new position of the hands. The parameters used in the TTO 
images; mainly the size and direction of display, best supported 
the sorting strategies as it allowed more space for the hands. One 
participant turned his shoulder in an abnormal way when sorting 
in the LR-direction, which might imply that the strategy of the 
TD-direction is preferred. Other participants did however not 
show any signs of an increased physical effort in the LR-
sequences. 

Insufficient visual representation in a dynamic sequence affects 
the decisions made by the observer [4]. A lack of uniformity and 
an increased amount of objects influenced recognition of the 
waste line, and was mentioned as increasing visual fatigue. An 
explanation for this could be that more objects with less 
uniformity imply more gaze fixations in the image, increasing the 
visual demand. The qualitative results further imply that the 

recognition of the waste line impacts the perception of the pace. 
More objects made the pace feel more rapid. The objects shown in 
the TTO arrive to the waste line from a different line in the sorting 
plant. By increasing the pace of the waste line used in the TTO, it 
might be possible to enhance the recognition of the waste flow, as 
the objects would be further separated from each other. This could 
also be connected to the wishes of being able to vary the pace of 
the sequences in order to avoid a visual fatigue, as stated by some 
participants.  

No participant had any experience of sorting with a dynamic 
representation, implying a new way of working for all 
participants. All participants were accustomed to daily contact 
with a touch screen, making solely the background and previous 
experiences the differentiating factor between the two groups. The 
qualitative results did not show any major differences between 
novices and experts, highlighting that perception is mainly 
individual and that previous knowledge might be less influential. 
This is however inconsistent with the quantitative results that 
shows differences between the user groups. The scales show that 
novices generally felt more queasiness and fatigue in the 
sequences, whereas the experts gave all sequences low scores in 
both categories. Furthermore, experts experienced less frustration 
and stress in most sequences. The experts graded their assuredness 
and performance as good in all sequences, while the grades from 
the novices are directly correlated with their preferred sequences. 
When perceiving new information, the human visual system uses 
a mixture of bottom-up and top-down processing, and someone 
using more top-down information processing could achieve more 
successful results [10]. All participants mentioned that in order to 
designate the objects, they used earlier knowledge of how the 
categories should appear in terms of form, size, colour and brand. 
Using their extensive knowledge (and thus using a greater top-
down processing) seems to have helped the experts in their search 
for objects. This increased their assuredness, and thus decreased 
stress and frustration. A lack of uniformity and variations on the 
waste line did however affect the perception, making previous 
knowledge occasionally less essential. This could be compared to 
the study where unpredictable luggage images with an irregular 
flow made earlier experiences subordinate [14].  

It was clear that the participants compared the tasks with their 
current working situations. Novices mentioned some kind of 
physical effort (either when observing a sequence or standing up 
during the tests) whereas experts never did. This is also visible in 
the scales and can be explained by different habits and working 
approaches. The experts are accustomed to physical work using 
their entire bodies, and are therefore believed not to have reacted 
considerably to the possible physical strains appearing when 
working on the screen.  

No connection between game players and the results was found. It 
is however believed that a possible association between gamers 
and the sorting could be detected when measuring quantitative 
performance data, as previous research have found connections by 
studying gaze patterns and reaction times.  

5.2 Suggestions for further design 
Some suggestions of which parameters to use in a further 
development could be retrieved from the outcomes of the study.  

The comparisons made in this study showed that the assembled 
TTO images with an angle of 90° were the most preferred, and 
furthermore supported the work of the participants in the best 
way. In order to avoid an excessive gaze travel and reduce visual 
fatigue, the size of the sequence should be restricted and not cover 



the entire surface of the screen. In order to display adequate 
details in the sequence while preventing too big an enlargement of 
the image on the screen, a proposal is to play the sequence in the 
same direction and have the same size as the longer side of the 
screen, see figure 7. This makes the most out of the screen surface 
while most likely reducing eye and hand movements.  

 

The results show that the temporal demand was less essential 
when the recognition was perceived as good. It is therefore 
possible to use a more rapid pace, with the condition that the 
recognition is reliable in the sequence. This should be done by 
increasing the pace of the waste line.  

The results of the study furthermore shows indications that the 
cognitive ergonomics could be connected to physical ergonomics 
as some sequences evoked an increased physical effort and 
particular hand strategies. Seeing that the design of the interface 
affects physical movements, it is essential to design a solution that 
supports both aspects. In order to encourage the workers’ physical 
health and at the same time vary the work on the screen, one 
proposal is to install an alterable workstation. A vertically 
adjustable seat and screen permits the operator to work either 
seated or standing up. Using a rotatable screen could alter 
physical and visual strategies. The direction of the sequence could 
then be varied according to the working operator’s preference, see 
figure 7. 

5.3 The method  
Seeing that the study was explorative and initial insights and 
opinions were investigated, qualitative methods were considered 
to be the best suited for the project. The questionnaire and scales 
provided quantified results and are believed to have 
complemented the qualitative methods in a good way. The scales 
did help gather similarities amongst the results and provided the 
analysis of the results with an advantageous component. Using 
only one type of method would not have been sufficient for the 
study. Questionnaires and scales do not further explain any of the 
results, which is why the qualitative methods were needed. They 
permitted a clarification of the outcomes and a more thorough 
comprehension of the participants’ insights of the examined 
material, which had a substantial role in the explorative study. The 
methods provided the study with the desired information and the 
validity of the project’s methods is thus considered to be 
sufficient.   

The participants of the tests came from two groups with various 
experience of waste management. It could be debated as to 
whether this was the right way to perform a study when the final 
target group is waste operators. One thought when creating the 
two groups was that because of their various background 
experiences, they would reveal different aspects of the sequences 
and that the results would differ between the groups. This is 
furthermore detectable in the outcomes, as the perception of the 
sequences differed and many participants compared the sorting to 

their current working situation. This is believed to have provided 
a broader range of results, making the conclusion of the study 
more certain. The TTO implies a new way of working for all 
participants. The experience and previous knowledge of the users 
of the system will gradually change, as new waste operators will 
work decreasingly in direct contact with the physical waste and 
thus get different experiences than the participants in this study. It 
is thus important to think of further aspects in the visual 
presentation, something that was made possible in this study by 
observing both novices and experts. 

Whether the reliability of the study is high or not is however 
debatable. The uneven number of participants in the two groups, 
ten novices and four experts, decreases the reliability of the 
quantified results. It was not possible to draw any conclusions 
from the experts’ scales, as four participants were not enough to 
display a general pattern. The fluctuation in the scales was too 
big, making the validation of the quantitative method used for the 
second group decline. Qualitative results were however also used, 
and could thus provide the study with information from both 
groups. A good validity and reliability are prerequisites in order to 
generalise results. The study is however centralised around 
qualitative results, making the results highly personal and the 
reliability less essential. A more equal amount of participants 
would however have been desired, as it would have made a 
comparison of the quantified results between the two groups 
possible.  

It is clear that a learning effect appeared after the first few 
sequences. This was prevented from directly affecting the results 
by randomising the order of the sequences for each session. An 
introduction to provide the learning effect before the tests was 
considered but abandoned, because of the difficulty in deciding 
which parameters to use in a possible introduction. One thought 
was that the participants would base their opinions on former 
played sequences, which also was emphasised in the results. The 
parameters being used in an introduction to the system could have 
yielded an advantage (because of habit) and the idea of a session 
prior to the tests was therefore abandoned. 

The study was based on the explorative tests and their results. 
This implies a big focus on the test design and weather or not it 
affected the final result. The measurements are considered to have 
been done in a consistent way, but there are some parts of the test 
where the reliability can be questioned. The scales used in the test 
were inspired by the NASA Tax Load Index, but modified to 
evaluate additional categories. This is believed to have brought 
both advantages and disadvantages to the analysis. The complete 
index allows the participants to balance the categories against 
each other, for example valuing a low physical demand higher 
than a low mental demand. Using this evaluation would have 
facilitated the analysis of the results. The modified scales were 
however still valuable since they measured additional categories, 
and without the last part of the index also minimised the amount 
of tasks and reduced the time of the test.  

An important issue regarding the test design is whether the video 
sequences were comparable with the assembled images shown in 
a slideshow mode, as they are two different dynamic 
representations. The study did indirect compare the two ways of 
representations seen that both were used as parameters in the test. 
In hindsight, it is believed that this comparison should have been 
further highlighted in the study to detect what caused the 
participants to prefer the slideshow mode.  

Figure 7. Proposal of display on screen. 



The technical constraint regarding the sizes of the sequences when 
the directions were changed is furthermore a limitation in this 
study as it implied that not all parameters were tested with each 
other. The sizes that appeared when changing the directions were 
not tested with all combinations of viewpoints and directions (see 
figure 3). Although the size directly affected the results, it is 
nevertheless believed that valuable information was gained from 
the comparison between the sequences. It might however have 
provided a convenience to the TTO images, as they were 
considered to have the most advantageous sizes.  

Another difficulty during the tests was the quality of the 
sequences. This was something that was stated by the test 
observer at the beginning of each session. Glitches and blurriness, 
inadequate lighting and reflections in sequences were however 
mentioned during the tests. The constraints when filming the 
sequences have already been explained, and although the test was 
designed in order for the participants to primarily focus on the 
waste line, the quality of the different sequences are believed to 
have affected the results. The TTO images contained glitches, 
which led to a change in the position of the objects on the screen 
and disturbed the focus of the participants. Nonetheless, these 
sequences were preferred, suggesting that the quality of the image 
was not the most important factor, and that other parameters 
influenced the perception of the sequences as well. Even so, a 
quality that permits a good recognition is crucial and brings up the 
question of if the TTO images still would have been preferred if 
another viewpoint with better quality had been tested. 

An aspect that affected the physical effort of some participants 
was that the tests were done standing up. This was an issue that 
was not considerably reflected upon during the test design, as the 
main focus was the cognitive ergonomics. It was thus not believed 
that the position would perturb as much as it did, but the majority 
of the novices mentioned this during the tests, implying that the 
test should have been performed sitting down to avoid the 
physical liability to influence the results.  

5.4 Impact on the work situation  
The retrieved results are consistent with earlier mentioned 
research concerning ergonomics and quality in many aspects. The 
outcomes of the study could be generalised to other research areas 
aiming to use a dynamic representation of a production line, as the 
parameters used in the sequences treat recognition and cognitive 
ergonomics. Nonetheless, there is a direct connection to waste 
management, concerning the recognition of the objects and which 
parameters could be established when working with these. The 
presented background research lacks a connection to the area of 
waste management, which is the reason for which this study is 
important for an understanding of this particular case and a further 
development of the TTO. 

It is clear that the outcomes of this study have provided an 
understanding of the interaction between the system and its users. 
The aim of the project was to discover if a dynamic representation 
of the waste line could support the users’ way of working and how 
various parameters were perceived. The results show good 
indications that a dynamic presentation of the information can be 
an appropriate option, as it appears both visually satisfying and 
represents the information in a convenient way. The outcome of 
the study implies that the visual ergonomics on the screen is 
closely related to the efficiency of the operators. If a proper 
visualisation with suitable parameters is shown on the screen, the 
perception will be elevated and doubtless also affect the end 

result. The design is thus essential and is believed to ameliorate 
both the operators’ task and the work chain as a whole.  

5.5 Future work 
This study displayed how various parameters are perceived by 
observers, and thus also suggests which ones could be used in a 
further development. It is however encouraged to conduct further 
research within the area. An establishment of how the information 
representation is perceived after a longer amount of time is 
required in order to see how the everyday work in the sorting 
plant could be developed. As mentioned above, a more rapid pace 
could be used, but a future study should explore the recognition 
and the performance when increasing the pace of the waste line. 

Although some novices mentioned that they prefer a dynamic 
representation in the system, it is important to perform a 
comparison with static images. There are many factors that could 
be perceived differently in the presentations.  The accuracy could 
for instance be affected while designating in a dynamic sequence 
in which objects are moving on the screen. Consequently, a 
comparative study with static and dynamic images has to be 
executed in order to decide which approach is best suited for both 
the operators and the sorting process.  

General thoughts and qualitative data from the operators are 
important, but there are many processes that happen intuitively 
when observing something, implying that a study looking at the 
gaze travel of the observer would be appropriate. Eye tracking is 
an efficient technique that could provide useful results concerning 
which screen areas gain the most attention and how the design 
could support this. It is furthermore suggested to study the 
efficiency of the sorting using quantitative data, such as sorting 
success rate, to see which parameters provide the best results.  

Although the participants were considered appropriate for an 
explorative study like this one, further studies should be restricted 
to waste operators in order to develop a reliable final design. 

6. CONCLUSION  
This study aimed to answer the following question: 

How can the recognition and designation of waste be facilitated 
when working with dynamic images of a waste line on a touch 
screen?  

The perception of the waste line could be supported by 
establishing some visual parameters in a dynamic sequence.  

The most favoured viewpoint was found to be a 90° angle 
captured straight above the waste line shown with assembled 
images. In order to avoid large gaze travels and reduce possible 
physical efforts, the size of the displayed sequence should be 
restrained to not cover the entire screen. The direction of the 
sequence should be in the same direction as the long side of the 
screen to make use of the screen space. It is furthermore possible 
to increase the pace of the waste line, provided that appropriate 
parameters allowing a good recognition are used simultaneously. 
All mentioned parameters are connected to the quality of the 
dynamic images. A lack of glitches disturbing the gaze pattern of 
the observers as well as sufficient lighting, colour and contrast in 
the images are important factors in order to convey the details of 
the waste line properly. An adjustable workstation with a rotatable 
screen is moreover suggested in order to support the work of the 
operators.  

This study has provided a first insight in how users perceive the 
TTO with dynamic images. The above-mentioned parameters 



could facilitate the work of the operators when working with the 
system, and it is believed that a further development of this 
representation of information could ameliorate the future work 
situation for the waste operators.  
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APPENDIX [English translation in square brackets] 
A. Scales 
Exigence mentale [Mental demand] 
A quelle point avez-vous du vous concentrer pour accomplir la tâche ? [How much mental activity was required?] 

                    

Très peu [Very low]        Beaucoup [Very high] 
Exigence physique [Physical demand] 
Comment étiez-vous physiquement impliqué dans l’activité ? [How much physical activity was required?] 

                    

Très peu           Beaucoup 
Demande temporel [Temporal demand] 
Comment avez-vous ressenti la pression temporelle due au rythme de la tâche ? [How was the pace of the task?] 

                    

Très peu           Beaucoup 
Performance [Performance] 
Êtes-vous satisfait de votre performance au vu des objectifs de la tâche ? [How did you accomplish the goals of the task?] 

                    

Parfait [Perfect]          Échec [Failure] 
Certitude [Assuredness] 
Avec quelle certitude avez-vous accompli la tâche ? [How much certainty did you have when performing the task?] 

                    

Beaucoup           Très peu 
Effort [Effort] 
Avec quelle exigence (mentalement et physiquement) avez-vous travaillé pour atteindre votre niveau de performance ?  
[How hard did you have to work (mentally and physically) to accomplish your level of performance?] 

                    

Très peu           Beaucoup 
Frustration [Frustration] 
Quelle quantité de frustration avez-vous senti pendant la tâche ? [How frustrated were you during the task?] 

                    

Très peu           Beaucoup 
Stress [Stress] 
Quelle quantité de stress avez-vous senti pendant la tâche ? [How stressed were you during the task?] 

                    

Très peu           Beaucoup 
Malaise [Queasiness] 
Quelle quantité de malaise avez-vous senti pendant la tâche ? [How nauseous did you feel during the task?] 

                    

Très peu           Beaucoup 
Fatigue [Fatigue] 
Avez-vous senti une fatigue particulière après avoir accompli la tâche ? [How tiresome was the task?] 

                    

Très peu           Beaucoup 



 
B. Results of scales 
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