
Applying Cognitive Science Research in 
Graphical User Interface (GUI)

In this paper, we will discuss the usage of cognitive 
science research in graphical user interface.  In the 
area of interface design, there is a lack  of guidelines 
based on actual cognitive science research.  We intend 
to explore this area by focusing on the forestry 
industry and forestry operators, in particular, and how 
their visual cognitive workload affects their learning 
process, attention span and decision making.  We will 
examine operation interfaces, where final production 
is dependent  on an  operator’s work efficiency  and 
collaboration with  the computer interface.   Using 
information found in cognitive science research, we 
will design  a graphical user interface as an alternative 
to the existing tree harvester computer interface.  By 
aiming to lessen  the operator’s cognitive task  load, 
this paper explores the possibility  of incorporating 
cognitive science research into  the human computer 
interface (HCI) design.  
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INTRODUCTION

Many designers and researchers  have examined the complex 
world of interface design.  With  technology increasing in  the 
workplace, various industries rely on operators working in 
machineries that involve a computer graphical  user interface 
(GUI). For example, the automotive, electronic equipment, 
forestry, mining, metal machining and fabrication, printing & 
publishing, and textiles, are some industries where workload is 
placed on a machine operator to meet production  needs. Even 
with  various conceptions of design principles and guidelines, 
there still lacks a clear direction for graphical  user interface 
design in  operator interfaces. One obvious reason could be that 
different industries require specialized functions from one 
another; thereby difficult to apply any specific set of interface 
design guidelines.  

The operators are typically concerned about whether the 
machine is running  smoothly and accurately, and the 
production count.  While this may sound uncomplicated, the 
reality is far from.  With production dependence on the 
operator and machine cooperation, the operator is  inundated by 
the amount of cognitive work.  Cognitive work is work 
primarily having to do with problem solving and decision 
making.  To lessen an operator’s cognitive task load, one area 
to consider is the research of cognitive science.

FORESTRY OPERATOR’S TASK ANALYSIS
Our study focuses on the sequence where the operator fells the 
tree, de-limbs it and cuts it into logs. Although the sequence in 
itself takes less  than  30 seconds, it is repeated continually.  
Here is also where the majority of cognitive tasks are in-
demand.   During these thirty seconds the operator has  to make 
several crucial decisions. For instance these decisions involve 
estimation of species and quality selection as well as deciding 
whether the system is making correct calculations.

With overwhelming amounts of information presented to the 
operator simultaneously, this paper focuses primarily on the 
operator’s visual cognition.  The visual  sensory occupies 75% 
of human sensory input, and is undoubtedly of great 
importance for forestry operators, and operators in general.  

Sequence Run Through 
Ninety-seven percent of forestry operators in Sweden are male 
therefore our study will be based on as such.  As an operator 
enters the machine he sits in front of the GUI, logs in to  the 
system and is led to his personalized settings. These settings, 
among others, consist  of chair positioning, joystick sensitivity 
and movement, and speed of the boom – settings make the 
operator’s work  easier by making the system personalized for 
individual behavior.

Visual Cognitive Task Analysis
The operator is repeatedly faced with visual sub-tasks which 
interrupts the work flow.  Both, visually, in focus as well as 
distractions, interfere with  his  work.  When examining  the 
complexities between the operator’s  tasks and collaboration 
with  the information handling system, we categorized the 
visual cognitive task analysis into three sections.  Learning, 
attention and decision making; three subjects within cognition 
we found imperative for operator task analysis.  We point out 
hindrances within each category as areas  in  which to improve 
in our final interface design, and quick solutions for each.  [7]



Learning
The complexity of the operating system causes memory 
overload on the operators.  It is an intricate program containing 
enormous amounts  of information.   For instance, the 2 
joysticks alone, each houses over 30 functions.  An experience 
operator pointed out that it is common for inexperienced 
operators to use the trial and error technique; which is an 
inefficient [9] and potentially dangerous way to operate heavy 
machinery.  

One way of providing cognitive relief in learning would be to 
adopt the idea of “what  you see is what you get”.  If relevant 
information is present without  memory recall, perhaps some 
system complexity can lessen.  

Attention
While the operator carries out his work, frequent disturbances 
emerge.  He becomes unfocused by activity switching, 
distractions and overload of visual information [6].  

Solutions  could involve giving the operator access to instant 
recall.  For instance, reminders or task-logs, where all activities 
performed are recorded and easily accessed.   Usage of color 
could be another area to consider.

Decision Making
There are simply too many decisions an operator has to make 
[10].  Not  only does he make decisions about  what  he sees, i.e. 
the chosen tree and its  characteristics, he also makes decisions 
of information to input into the system; all  this is done 
simultaneously.  Faced with so many decisions, ultimately  it is 
up to the operators which ones to choose.  

If choices and hints are easily available, it may help quicken 
the decision making process.

RELATED COGNITIVE SCIENCE RESEARCH
The three defined categories led  to the aim to reduce visual 
cognitive effort and provide memory relief.   Looking into 
cognitive science research that shows relevance to the three 
categories of learning, attention and decision making; the 
following are some of our findings which we deem helpful in 
directing our GUI design.

Learning Research
Cognitive psychology research shows that  search time was 
shorter with symbolic coding than with alphanumerical name 
coding when less than 49 objects are involved [9]. (Figure 1)

A second research of relevance to learning is the idea of 
abstract theory, which states that  human reason using a set of 
abstract, logic like rules that can be applied to any domain of 
knowledge [4].  Our interpretation of this  theory led  to the idea 
of sequencing.  Applying the idea that one event  leads to the 
occurrence of a second event. 

Figure 1: Subjects were quicker at identifying correctly 
through graphic symbols than with words.

 Figure 2: Pictograms versus alphanumeric symbols

Attention Research
Most readily available research within the three categories we 
found was  the study on attention.  Initially, reasoning that the 
most important information is usually bigger and brighter, and 
less important information is smaller and less bright.   Now we 
have learned much more about how attention can be 
manipulated.  

  

Figure 3: Visual fields

Images  Vs. Words
In a 40 millisecond words versus complex geometric or faces 
test, words are more easily reported when in  the right visual 
field and images in the left visual field [1].  (Figure 3)   This is 
a cognitive psychology research which states that words are 
identified quicker when they are in the subject’s right visual 
field; and images are identified quicker when presented in the 
left visual field.

Left-To- Right Theory
Well recognized in the western world is  the awareness that 
people tend to approach written information from the left to  the 
right.  When reading a magazine or off a monitor, for instance, 
a majority  of the population would direct  his/her gaze to the 
top left area initially then sweep to the right.  

Eventually, he/she finishes reading in the lower right-hand 
corner. This tendency is used frequently by the newspaper and 



advertisement industry when arranging lay-outs.  Location on 
the page plays a big part in determining the price.

Color Influence
The above theory can be overridden if a larger, brighter, or 
distracting image is present somewhere on the page.  That 
image would then become the main focus on the lay-out.  In 
most cultures the color red communicates warning and stop, 
whereas green  is used to communicate safety and go.  What 
about other colors we wondered?  In fact, studies show that 
color has no effect on operator performance, but serve as 
personal preferences.  

Another interesting cognitive science research explains the 
theory of “blue peripheral vision” [11].  This theory asserts that 
because the cones in our retina which identifies the color blue 
are on the outer edges of the eye, blue is a good color to use to 
grab our attention in the periphery.  For instance, in recent 
years, police car sirens have changed from red to blue.    

Decision Making Research
In accordance with the Explorer interfaces, hints can help to 
increase performance [6].  This  is not a scientific fact, but an 
example that most Explorer users would agree on.  A list of 
previously visited websites matching the beginning letters  of 
the currently wanted website appears when surfing the world-
wide-web. This  eases the decision making process as well as 
memory recall.

FINAL DESIGN – GUI 
After extensive analysis of all  research material, we sketched 
numerous preliminary design proposals.  The intention is to  use 
relevant research and apply them in our GUI.  Following are 
some illustrations of our design sketches.  

Proposal of GUI to Help Learning
To use the researched information which  implies that images or 
symbols  can be easier to distinguish than words examples for 
using graphic symbols instead  of alphanumeric symbols were 
done.

Figure 4 uses color, graphic symbols, as well  as the idea of 
sequence of events to help operators in his tasks.  This example 
adopts the idea that if the current action is largest in 
presentation, then the operator will  not be distracted by 
irrelevant information.  After each action passes, the 
correlating information moves over to the right and becomes 
smaller in presentation. 

Figure 4: Event sequence interface

Proposal of GUI to Help Attention
The sketch in figure 5 utilizes the study that graphic symbols 
are more easily recognized when placed in  the left visual  field 
and alphanumeric symbols in the right visual field.  Figure 6 
demonstrates the “logging” reminders, where previous 
activities are recorded in  a chronological order;  whereas figure 
7 illustrates the logging as well as the use of the blue color to 
highlight peripheral information.  Finally, figure 8, are various 
examples of how color and borders can affect attention. 

  

Figure 5: Symbols vs. text

 

Figure 6: Logging

Figure 7: Peripheral information highlighted in blue



Figure 8: Visual effect from colors and boarders

Figure 9: Multi layering

Figure 10: Most important info. on top

Figure 11: Easy access to additional info.

Sketches of GUI to Decision Making
The following sketches (Figure 10) show a GUI with the idea 
of multi-layering.  The most  important information is on the 
top-most  layer, visible at all times, whereas the less important 
or relevant information is on the second and third layer.  For 
instance, the pricelist information and machine maintenance 
information can be accessed easily when needed.  

Figure 12: Final GUI

RESULT
We combined various parts  of our research to create the final 
GUI.  First, we based our design on a previously looked-at 
research which showed color had no effect on operator 
performance.  For this reason we decide not to let color deter 
from our intentions, therefore a monochromatic neutral  color is 
chosen.  Please see figure 12 below to see our final GUI.

CONCLUSION
When giving shape to  our GUI we used our findings of 
placement, color, size etc. to create a rough outline of content 
designated areas within the GUI.  We then organized the rest of 
our research ideas by first creating separate design concepts, 
then combining them in  the end.  Structuring our initial design 
work in this  way, gave us the opportunity  of trying out different 
combinations of various  findings. Keeping in mind that not all 
researched theories  and materials can be applied 
simultaneously; always striving for the most promising 
solution while making compromises  amongst gathered 
materials.  

To know which set of information from research to use and 
where to  use them are the biggest dilemmas in this type of 
project. Even while experimenting  on ourselves, we discovered 
some contradictions in the GUI.  We are led to believe that 
much more project specific work is needed in the field of 
interaction design.   To help designers make better use of 
cognitive science research in particular, more guidelines are 
needed.   Although each case study looked at within this project 
is  based on scientific methods, we need to keep in mind the 
results are project specific.  As in any type of research, it is 
essential to always bear-in-mind to  take the information 
presented with a grain of salt.  

DISCUSSION AND FUTURE WORK
More work is needed for us  to reach an explicit conclusion.  
Due to  the shortage of time, we were unable to carry out user 
testing.  We want to point out our awareness that  user testing is 
crucial in  any GUI development and design, in order to 
determine the validity of the design.  Without proper user 
studies and tests, we cannot reach conclusive results.

When the time comes for user tests, some questions of 
relevance to keep in mind are for instance “is  this user 
reliable?”, “will this test give relevant feedback to the project?” 
and “how should this test be performed so that we don’t 
influence the user and thereby the test result?”

In addition, the importance and value of operator expertise, 
opinions  and comments can not be emphasized enough.  The 
ideal situation would be to eventually perform user tests  with 
actual users.  Something to keep in mind is that the level of 
expertise in users may lead to changes in the design criteria.  In 
our case, this can potentially make some of our design concepts 
invalid.  
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