
          
        

   
      

 
        

          
           

          
          

           
          

            
             

        
         
           

          
        

         
          

  

  
       

 
      

   
             

          
           
            

   

  
      

          
            

           
          

         
          
          

                 
              

               
               

             
              

       
       

            
   

 

  
      

        
          

            
             
            

           
           

        
            

          
            
          

           
 

          
           
          
            

            
            

          
          

          
              

           
         

        
          

         
      

           
          

           
           

             
           

            
       

           
           
         

           
            

            
           
           

  
           

          

          
        

   
      

 
        

          
           

          
          

           
          

            
             

        
         
           

          
        

         
          

  

  
       

 
      

   
             

          
           
            

   

  
      

          
            

           
          

         
          
          

                 
              

               
               

             
              

       
       

            
   

 

  
      

        
          

            
             
            

           
           

        
            

          
            
          

           
 

          
           
          
            

            
            

          
          

          
              

           
         

        
          

         
      

           
          

           
           

             
           

            
       

           
           
         

           
            

            
           
           

  
           

          

          
        

   
      

 
        

          
           

          
          

           
          

            
             

        
         
           

          
        

         
          

  

  
       

 
      

   
             

          
           
            

   

  
      

          
            

           
          

         
          
          

                 
              

               
               

             
              

       
       

            
   

 

  
      

        
          

            
             
            

           
           

        
            

          
            
          

           
 

          
           
          
            

            
            

          
          

          
              

           
         

        
          

         
      

           
          

           
           

             
           

            
       

           
           
         

           
            

            
           
           

  
           

          

The Image of the Interface: How People Use Landmarks to 
Develop Spatial Memory of Commands in Graphical Interfaces 
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ABSTRACT 
Graphical User Interfaces present commands at particular locations, 
arranged in menus, toolbars, and ribbons. One hallmark of expertise 
with a GUI is that experts know the locations of commonly-used 
commands, such that they can fnd them quickly and without search-
ing. Although GUIs have been studied for many years, however, 
there is still little known about how this spatial location memory de-
velops, or how designers can make interfaces more memorable. One 
of the main ways that people remember locations in the real world 
is landmarks – so we carried out a study to investigate how users 
remember commands and navigate in four common applications 
(Word, Facebook, Reader, and Photoshop). Our study revealed that 
people strongly rely on landmarks that are readily available in the 
interface (e.g., layout, corners, and edges) to orient themselves and 
remember commands. We provide new evidence that landmarks 
can aid spatial memory and expertise development with an inter-
face, and guidelines for designers to improve the memorability of 
future GUIs. 
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1 INTRODUCTION 
Graphical interfaces provide a visual two-dimensional representa-
tion of commands arranged in menus, toolbars, and ribbons, where 
each command appears at a specifc location in the interface [42, 57]. 
In order to locate commands, novice users of those GUIs must per-
form a slow visual search among the icon-based commands [61], 
primarily because they have not memorized their locations. In con-
trast, frequent users of an application can easily fnd commands 
from memory without relying on visual search, even though many 
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commercial applications such as Adobe’s Photoshop or Microsoft’s 
Ofce suite have hundreds of commands in their interfaces [11]. 
For example, a frequent MS Word user knows that ‘Paste’ is located 
near the top-left corner of the interface, and that it is the leftmost 
item in the Home ribbon. Spatial memory is a powerful way to 
enable expert performance with GUIs [14, 28, 58]. One beneft of 
human memory with spatial locations is that people can quickly and 
accurately retrieve the locations of frequently-visited items from 
memory [53]. Even with a blank ribbon, Scarr et al. [57] showed 
that people could accurately recall ∼30 commands (50% of the com-
mands they used in MS Word) – indicating that users had developed 
strong spatial memory of those commands [61]. However, we do 
not precisely know how this spatial location memory is formed in 
GUIs. 

One mechanism that helps people learn spatial locations in real 
life is the landmarks in an environment [17, 53, 63]. Landmarks 
help people to remember the places and locations they have vis-
ited earlier [45]. They also play a critical role in helping people 
move towards “survey knowledge” [63, 70] – that is, a mental map 
of an area (also called a cognitive image [35, 45, 72]). Landmarks 
provide spatial anchors in the mental map that help people remem-
ber object locations. Upon studying the cognitive images of three 
American cities back in 1960, Lynch [45] suggested that the citi-
zens of a city develop a “mental image” of the city because of their 
spatial knowledge. He also identifed fve features of cities that can 
be considered landmarks [45, 78]: paths (obvious routes between 
places), edges (physical boundaries such as rivers), districts (ob-
vious regions within the city), nodes (strategic points of interest 
such as intersections), and point landmarks (specifc objects such 
as natural features, buildings, or monuments). 

Landmarks are also present in GUI systems and can aid spatial 
learning [61]. Researchers have designed several GUIs [24, 30, 43, 
62] that leverage the outer corners and bezels of small devices 
(e.g., tablets) as landmarks. Even a user’s own hands and fngers 
[27, 33, 34, 77, 79] have been used as landmarks to beneft spatial 
learning. However, there are only a few natural locations that can 
be used as landmarks in GUIs; in the absence of natural landmarks, 
artifcially-created landmarks can also improve the performance 
of spatial tasks [23, 47, 68, 75, 76]. Artifcial landmarking features 
are uncommon in GUIs, perhaps because of the risk of distraction 
[54, 64]. Still, frequent users are fuent in performing memory-
based actions [57] – indicating that, over time, they have developed 
spatial images (i.e., mental maps) of the GUIs. It would be useful 
for designers to understand how this kind of expertise works – to 
know what landmarks are present in these GUIs that help develop 
spatial memory, and what designers can do to make GUIs more 
easily memorable. 

In order to identify the role that landmarks play in building 
spatial memory of commands in current GUIs, we explored the 
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mental images that frequent users develop of the interfaces they 
use. Lynch [45] successfully demonstrated a method to elicit the 
cognitive images of a city from its inhabitants; to determine the 
images of GUIs that are in expert users’ minds, we carried out a 
study adapting Lynch’s [45] method to explore four conventional 
GUIs: Microsoft Word, Facebook, Adobe Acrobat Reader, and Adobe 
Photoshop. 

Our study showed that frequent users of the four applications do 
have strong images of the GUIs in their minds, and they could easily 
recall the locations of commands using several types of landmarks. 
We found that, among the four GUIs, Word and Facebook were 
relatively more memorable (over 76% accuracy in verbal descrip-
tions) than Reader and Photoshop (below 44% accuracy). Accuracy 
was even higher when participants carried out location pointing 
tasks on a sketch or a “washed-out” version of the UI (73% accuracy 
overall). We also found that people relied heavily on landmarks (e.g., 
GUI layout, command groups, internal and external corners, and 
icon visuals) to orient themselves to the GUIs and remember com-
mand locations – indicating that landmarks can aid in developing 
spatial memory of commands in GUIs. 

Our work provides three contributions. First, to the best of our 
knowledge, we are frst to show that frequent users of GUIs can 
develop vivid spatial images of GUIs, and we provide new evidence 
that landmarks readily available in GUIs can aid spatial memory and 
expertise development. Second, we identify four types of landmarks 
in GUIs that users can rely on to remember command locations 
correctly. Last, we provide guidelines for designers who want to 
make future GUIs more easily memorable. 

2 BACKGROUND AND RELATED WORK 
In the following sections, we review the psychological aspects of 
spatial memory and landmarks, then report how spatial memory 
and landmarks have been leveraged in GUIs. 

2.1 Spatial Memory, Landmarks, and Cognitive 
Images 

Spatial memory is a crucial human cognitive ability that allows 
learning and recalling the locations of objects and places in daily life 
[40, 53]. Human memory has long been studied in psychology [3, 
4, 9, 17, 18], where researchers have looked at how spatial memory 
is developed [53, 69] and suggested that spatial learning in the 
real world greatly benefts from the landmarks in the environment 
[45, 63]. Landmarks are readily identifable and stable features or 
objects in a space that are easily separable from their surroundings 
and that can provide a frame of reference for other locations [45]. 
Landmarks can be both natural and human-made: for example, 
in a city area, a park or a prominent building can be a landmark, 
allowing people to remember nearby locations. Landmarks can be 
divided into two categories based on their visibility: global and local 
[44, 67]. Global landmarks mainly provide orientation knowledge 
as they are visible from almost all regions of an environment, while 
due to limited visibility, local landmarks aid object locations recall 
in a specifc area [36, 44]. 

Siegel et al. [63] suggested a model that described spatial mem-
ory as a combination of landmark, route, and survey knowledge. 

Md. Sami Uddin and Carl Gutwin 

After entering a new area, people naturally start learning the lo-
cations of objects with reference to other prominent objects (i.e., 
landmarks) [20, 25, 31] – which forms landmark knowledge [20]. 
Once people are familiar with the area, they begin to navigate be-
tween known landmarks and obtain route knowledge [70]. With 
further experience, people attain survey knowledge, where they 
have a complete understanding of the area along with its landmarks. 
Survey knowledge serves as a mental mapping of the items present 
in an environment – i.e., a cognitive image [35, 72]. This cognitive 
image provides people with the spatial information required to 
recall an item or perform navigation in that area. 

Lynch [45], in his seminal work ‘The Image of the City’ inves-
tigated the cognitive images of three cities. He argued that the 
dwellers of a city collect and store distinct objects they come across 
during their daily lives in their memory, forming a coherent mental 
image of the city. He identifed fve categories of objects that make 
an urban area memorable [45]: paths, channels where a naviga-
tor can move; edges, channels denoting the boundary of a district; 
districts, 2D areas traceable from inside; nodes, crucial points of 
interest; and point landmarks, external elements that can be seen 
from a distance. In this paper, we follow Lynch’s [45] methods to 
explore the cognitive images of four GUIs and determine what land-
marks are present in GUIs and how they aid spatial users’ memory 
development. 

2.2 Leveraging Spatial Memory in GUIs 
Spatial memory has long been exploited in GUIs to enable memory-
based user actions [19, 55, 61] and to support users’ transition 
from novice to expert [12, 41, 83]. For example, Scarr et al.’s Com-
mandMap [57, 59] showed that spatially constant command place-
ment in desktop UIs facilitated better command retrieval rate, even 
for real-world tasks [58]. The advantage arose because users could 
leverage spatial knowledge to recall the locations of commands 
from memory [13, 57, 75]. Other researchers have similarly shown 
that spatially-stable organizations that fatten command hierarchies 
to show all commands at once can improve revisitation efciency 
compared to linear lists and menus [10, 28]. Research has also indi-
cated that learning and recall performance can increase if command 
interfaces use meaningful icons [8]. 

Spatial memory can beneft touch and multi-touch interactions 
as well. For example, spatially stable command structures (i.e., each 
item in a cell) can improve selection speed in tablets [24, 29, 30, 74], 
in smartwatches [43], in smartphones [81, 82], and digital tables 
[77]. Even in large environments, spatial memory has been found to 
be useful (e.g., in VR [22], with wall displays [38], and large tables 
[39]). However, one basic question remains unanswered – what 
contributes to spatial memory development in standard GUIs that 
people commonly use. 

2.3 Landmarks in Graphical Interfaces 
There are two main categories of landmarks that researchers have 
exploited to aid spatial memory: natural and artifcial. Natural land-
marks in a GUI setting (e.g., screen corners) can ofer support for 
spatial development [30, 75], and researchers have already lever-
aged the corners and bezels of small touch devices to place com-
mands [30, 43, 62]. In larger settings, however, these real landmarks 
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become weaker, as locations are often far from the landmarks. In 
such cases, natural elements such as the users’ own hands and 
fngers can ofer spatial support. For example, systems by Hinckley 
et al. [33, 34], Gustafson et al.’s [27] Imaginary UIs, and Uddin et 
al.’s [74, 77] HandMark Menus use the non-dominant hand as a ref-
erence frame [79] for another hand to perform tasks efciently. Yan 
et al. [80] showed that even the user’s body could be a landmark. 

In the absence of natural landmarks, digitally created visual 
objects can act as landmarks [75]. Vinson [78] and Sorrow et al. 
[65] suggested guidelines to design such landmarks, particularly for 
large environments. Mou et al. [48] leveraged the inter-object tie as 
a landmark in tabletops. Researchers used colour marks [1, 64], and 
random icons [76] in the scrollbar of a document reader to show 
that landmarks could improve within-document revisitation, even 
in very long documents [47]. Also, artifcial landmarks have been 
found to be useful in VR [22, 23] and touch typing [68]. However, 
research suggested that overuse of landmarks might be distracting 
and can hamper performance [54, 64]. 

Surprisingly, standard GUIs do not explicitly use artifcial land-
marks, but even so, experts with a GUI can locate commands ac-
curately from memory [57]. Therefore, we carried out a study to 
explore what landmarks exist in current GUIs. 

3 STUDY: THE IMAGE OF THE INTERFACE 
To understand the role of landmarks in developing spatial memory 
of commands in regular GUIs, we carried out an interview study 
with users of four interfaces. The following sections present the 
GUIs used and methods followed in the study. 

3.1 Study Interfaces 
The study concerned learning and recalling locations of commands 
in standard GUIs. We chose the interfaces of four popular desk-
top applications for our study: Microsoft Word, Facebook, Adobe 
Acrobat Reader, and Adobe Photoshop. We chose these four not 
only because many people use them frequently, but also because 
they provide variation in terms of the type of tasks carried out with 
the UI (e.g., photo editing, document processing, and social media), 
the number of commands (from a few to a few hundred), and the 
primary command arrangement (e.g., ribbons, menus, and toolbars). 
The versions of the applications that we studied are those from 
August 2018. 

Word [84], a popular and well-known document processing ap-
plication, arranges hundreds of commands in tab-based ribbon 
menus that usually appear at the top of the GUI. A large number 
of commands and the multiplexed ribbon menus create a unique 
challenge to remember command locations and navigate in the 
interface. Facebook [85], a popular social media platform, is a repre-
sentative of complex web-based applications. Although it seems to 
have relatively few commands, Facebook utilizes the whole window 
to arrange its commands, which may make it more difcult to recall 
command locations. Reader [86], a well-known document viewing 
application, is the simplest interface among the four in terms of 
command number and arrangement. We were interested to see how 
people form location memory in a simple interface. Last, Photoshop 
[87], a popular photo editing and design application, uses a slightly 

Figure 1: Part of the washed-out image of the Home ribbon 
of Word interface used in the study. 

diferent layout than the other systems – a canvas for editing pho-
tos in the middle and commands around the left, top, and right of 
the UI. A large number of commands are visible in the UI, possibly 
making it difcult for users to learn and remember their locations. 

3.2 Study Method 
Previous literature suggests that expert users of an interface can 
recall command locations from memory (without visual search) 
[30, 57] – indicating they may have developed a cognitive mapping 
[9] of those commands. As a result, they can easily visualize an 
image of the interface in their mind. We therefore planned to elicit 
and analyze users’ interface-images to explore what helps people 
remember commands and navigate in GUIs. Kevin Lynch, in his 
seminal work ‘The Image of the City’ [45], successfully elicited 
images of a city from its inhabitants’ minds and revealed how people 
develop spatial memory of a city. Even after 60 years, architects and 
urban planners rely on this method to evaluate the visual perception 
of urban spaces. Therefore, to explore users’ mental images of GUIs, 
we designed an interview study that adapted the methods used by 
Lynch. 

In preparation for the study, we conducted an initial inspection of 
the four interfaces to understand their layouts. The aim was to check 
the structures and the arrangements of the available commands and 
also to identify their appearance, perceptibility, and the available 
landmarks in the GUIs so that later we could validate participants’ 
responses. The main study consisted of semi-structured interviews 
with a small sample of people who use the four interfaces frequently. 
We aimed to elicit the images of the GUIs from users’ memory, so 
the interview involved users describing the interface layout, the 
available commands, and the locations of commands they frequently 
use, along with nearby commands. It also included tasks such as 
drawing sketches of the GUIs, and identifying command locations 
on the sketches and on washed-out images (see Figure 1). The 
study ended with users carrying out walkthroughs (i.e., step by 
step instructions) to locate commands. 

3.2.1 Interview Qestionnaire and Tasks. Our semi-structured in-
terview included the following questions (adapted from Lynch [45]) 
and tasks: 
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Table 1: Tasks used in walkthrough generation 

Word Facebook Reader Photoshop 

From Home ribbon, From Home page, open friend Highlight texts in the document Select brush and yellow colour 
select insert an equation list of a friend 
Change line spacing Post a photo to own timeline Add a signature to the document Turn on the 2nd layer 
Insert a table Delete that post Fit a full page to the window Add text in blue colour 
Change the zoom level Write a comment to a post Go to a specifc section Select all items, then use 
of the text. in the News Feed of the document ‘left alignment’ 

1. What image comes to your mind frst when you think of or 
visualize the interface of ___? 

2. Describe the interface of ___. What are the commands or 
tools available, and where are they located in the interface? 
[We asked for details when needed.] 

3. Draw a sketch of the ___ interface, as if you are describing 
it to a person who has never seen it before. Try to cover the 
main features of the interface. [We took notes of the drawing 
sequence.] 

4. Name 5 commands from this application that you frequently 
use or that you fnd most distinctive. They may be small or 
large, but should be commands that you can easily identify 
and remember. 

5. (The following questions are repeated for each of the 5 com-
mands that the participant provided) 
a. Describe the location of __ command in the interface. Pic-

ture yourself locating it and describe the path you would 
take and the items you would see to locate it. 

b. How did you remember the location of the command? Did 
you use any landmarks for it? Also, if you were uncertain 
about the command’s exact location, what strategy would 
you use to locate it? 

c. Name the commands around <the chosen command>. You 
can describe the colour or shape of these items if you 
cannot recall exact names. 

6. (Location pointing task: also repeated for the 5 commands 
that the participant provided) 
a. Show the command’s location in your sketch. 
b. Point to the command’s location in the washed-out image. 

7. Walkthroughs for four imaginary tasks (Table 1) using real 
snapshots of the interfaces. 

As in Figure 1, washed-out images of the GUIs were created by 
removing the commands from a screen snapshot, keeping the out-
line and boundaries intact. This was done to see whether people use 
structural features as landmarks to locate commands. For the walk-
through tasks, we showed participants actual snapshots (printed 
on A4 paper) of the GUI. For each system, we came up with four 
tasks (see Table 1) and asked the users to generate step-by-step in-
structions to locate the required commands to perform those tasks. 
In the Word interface, for example, one task was “Insert a table.” 
We analyzed the answers to look for any mention of landmarks, 
spatial locations, or frames of reference, in order to determine what 
landmarks were used for locating commands and navigating within 
the interface. 

Table 2: Experience of participants per interface 

Interface <1 1-3 4-6 7-9 9+ 
year years years years years 

Word 0 0 0 2 3 
Facebook 0 1 0 3 1 
Reader 0 0 2 1 2 
Photoshop 1 2 2 0 0 

3.2.2 Participants and Apparatus. We recruited 20 people (5 
women), 5 for each interface, ages 18-43 (mean 27.2) from a lo-
cal university. Most of the participants were students (18), and two 
were working professionals. All were self-reported frequent users 
of the respective GUIs (daily or almost daily usage: 16; several times 
a week: 3), except for one who was only somewhat familiar with 
the Photoshop interface and used it about once a week. Table 2 
summarizes their experience per interface: sixteen participants had 
been using these interfaces for over three years and one had less 
than one year of experience. Participants used these GUIs either 
on laptop or desktop computers (only one used Facebook on a 
smartphone). The study lasted about 60 minutes, and participants 
received a $10 honorarium. 

The visuals of the interfaces used in the study were snapshots 
captured from the versions available in August 2018, using a Win-
dows 10 PC with a 21.5-inch monitor. Participants drew sketches 
of the interfaces using pencil and paper. The study was approved 
by our local Ethics Review Board. 

3.2.3 Procedure and Data Analysis. Before the study, we carried 
out an initial inspection of the four GUIs, where we saw that the 
layouts of Word, Facebook, and Photoshop difered from each other 
– often having multiple tabs or pages. Therefore, we decided to 
examine commonly used tabs and commands in our interviews. 
For example, there were 11 tabs in the Word interface, each with a 
slightly diferent layout. Therefore, we limited our study in Word to 
the Home and Insert tabs only. Similarly, from Facebook, we chose 
the Home and Profle pages, and in Photoshop, we used Options 
bars (displaying additional tools for a tool selected in the left-side 
toolbar) for the Move and Text tools. 

We ran a pilot study with four volunteers before the actual study 
to refne the questionnaires and tasks. During the study (carried 
out in a lab), participants frst flled out a demographic question-
naire then proceeded to the interview. Each participant completed 
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the study for only one interface, and all the sessions were audio-
recorded. Later, we collected images of the actual interfaces used 
by participants in their workspace to cross-check their descriptions 
(this step was optional for the participants). We set out to answer 
three main questions: 

1. Do users develop images of an interface: that is, do they 
develop spatial memory of commands and interface features, 
and remember their locations? 

2. How strong and accurate are the images of an interface: 
that is, how accurately can users remember the locations of 
commands? 

3. How do people use landmarks to remember commands and 
navigate in an interface, and what are those landmarks? 

Our analysis began by transcribing the recorded interview ses-
sions. We carried out a refexive thematic analysis [6, 7] in our study, 
particularly for the verbal descriptions and walkthrough tasks. Our 
study had several a priori goals, but we also wanted to be open to 
new ideas, so we coded the transcribed data using both deductive 
and open coding methods. While coding, we had some obvious a 
priori categories in mind – spatial references, landmark references, 
relative/absolute positioning, use of the overall frame of reference, 
difculty in remembering a location, or ease of recalling a location. 
Then we generated potential themes for each of the four interfaces. 
For example, in Reader, we had codes, e.g., ‘abstract reference to the 
top’ and ‘vaguely pointing towards left;’ this resulted in ‘abstract 
direction’ as a potential theme. Additionally, we had ‘menu bar,’ 
‘toolbar’ and ‘side panel’ as initial themes. Next, the frst author 
used axial coding [15] to further refne the themes by checking 
their relations with the codes and discussed results regularly with 
other authors. The aforementioned potential themes, for instance, 
were merged into one theme, ‘interface layout’ for Reader. We re-
peated this hybrid deductive-inductive thematic analysis for the 
four interfaces to develop spatial images of the interfaces. 

We also analyzed the sketches to check the sequences in which 
participants drew diferent elements and features of the interfaces. 
Furthermore, we analyzed and validated the accuracy of the verbal 
descriptions and pointing tasks by comparing them with actual 
interfaces (reported in Table 3). 

4 FINDINGS 
The following sections present an overview of the mental images of 
the four interfaces, review their clarity, and report on the landmarks 
that contributed to building the images. 

4.1 Cognitive Images of the Four Interfaces 
We assessed the accuracy and coverage of participants’ memory of 
the interfaces, using their verbal descriptions, their sketches of the 
interface, and their task walkthroughs. We found that people do 
develop images of the interfaces in their memory. The images we 
found are from a small population (although still reasonable [26]), 
and involve subjective responses; nevertheless, the data gathered 
from the study were rich and consistent enough to elicit meaningful, 
stable images of the four GUIs. 

4.1.1 Image of the Microsof Word Interface. The mental image 
of the Word interface contained both distinctive colour and struc-
ture: the “blue colour menu” at the top with a horizontal ribbon 
underneath and a “white [coloured] page in the middle” were two 
features everyone instantly remembered. To users, Word had “lots 
of options [commands],” yet was “clean” and “organized” because of 
its well-structured layout. 

As shown in Figures 2 and 3, despite ambiguity in the name 
and order of tabs, everyone cited and drew a tabbed ribbon bar at 
the upper left corner. Although all interviewees knew the leftmost 
tabs (i.e., File, Home) and the rightmost (i.e., Help), surprisingly, 
none could recall the tabs from the middle (perhaps due to the 
serial-position efect [49]; further clarifed in Discussion). 

The most consistent element in the images was the ribbon, show-
ing commands of a tab in groups isolated by vertical lines. However, 
we found contrasting images of the two ribbons: Home and Insert. 
The Home ribbon was the most striking of the two images. Every-
one understood the two separate areas of this ribbon: the left half 
crowded with three groups of commands, and a large rectangular 
area, ‘Styles’ covering almost all the right half (see Figure 2). As 
one Word user described: 

“All the tabs are at the top. In Home [ribbon], there 
are type of fonts [. . .]. Then to the right of it, there 
are bullet points options. [. . .] After that, there is a 
large box, styles.” 

Figure 2: Images of MS Word’s Home interface. Left: image reconstructed combining all participants’ descriptions and sketches, 
right: a snapshot of the actual interface. 
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Figure 3: Image of MS Word’s Insert ribbon interface recon-
structed from all interviews (description and sketch). 

Users also remembered the edges and boundaries of these groups, 
including their uniquely shaped icons (e.g., 4 out of 5 people de-
scribed “a box for the Font Name at the left”). They correctly recalled 
at least 20 of the 38 items from Home. Interestingly, we observed 
that participants frst visualized the meaning of a command in their 
minds as they referred to the visual appearances (e.g., shape, or 
colour) of the corresponding icon while describing any command’s 
location. For example, “a painting brush” was mentioned for the 
‘Format painter’ command. 

The Insert ribbon (see Figure 3), in contrast, had a slightly unclear 
image to the users, primarily because of the similarity in appearance 
among its commands and layout. This tab arranges nearly 32 icons, 
each with an upright rectangle icon, into ten groups, making it hard 
for users to identify the edges and boundaries of each group. As 
a result, users could name only 11 commands in this ribbon and 
were uncertain about their locations. However, 4/5 users correctly 
remembered the “Equation and Symbol [commands] at far-right.” 

Besides the ribbon, several items also consistently appeared in 
the cognitive images. For example, 3/5 people drew the ‘Quick 
Access Toolbar’ at the top-left corner; and everyone cited the correct 
locations of Pages, Word Count, and Zoom Level at the bottom (see 
Figure 2). 

Overall, it appeared that the easy-to-recognize boundaries of 
command groups, uniqueness of the icon appearance, and icons’ 
meaning helped users to construct the cognitive image of the Word 
interface. 

Md. Sami Uddin and Carl Gutwin 

4.1.2 Image of the Facebook Interface. A large number of com-
mands in the Facebook UI and their distributed placement (often 
repeated – for example, the Messenger icon appears at three loca-
tions) contribute to a less clear image; participants visualized this 
UI it in several diferent ways (e.g., a “blue and white” GUI, “lots 
of images,” “News Feeds,” or “notifcations”). However, participants 
also recognized the structured layout with clear sections and mean-
ingful commands that allowed them to form vivid spatial images of 
the Home and Profle pages (see Figures 4 and 5). 

We found that the three separate areas of the Home page ap-
peared in all sketches and descriptions with clear boundaries (see 
Figure 4). The News Feed (NF), the widest among the three, sat 
in the middle, showing ‘posts’ in a scrollable stack, each with “a 
unique box [a rectangular card showing all the elements of a post].” 
All users identifed the very frst box as an “area to create a new 
post with texts, photos, and videos.” Two users even quoted the text, 
“What’s on your mind?” that usually appears inside that box. The 
rest of the boxes, displaying posts, had around 12 items in the lay-
out, and everyone recalled (i.e., described and drew) at least 8 items 
at the correct locations. All stated that the left side’s area held links 
to Groups and Apps; however, 3 out of the 5 users only vaguely 
recalled the contents as they seemed similar and lacked clear bound-
aries. The area at right, in contrast, held the “Events, News, and Ads” 
in vertically isolated areas that all participants identifed correctly. 
Also, everyone mentioned the “chat area at the bottom-right” with 
correct details. One participant reported: 

“Chat option is in the right-hand side of the screen. 
Normally it is hidden [collapsible menu] at the bottom, 
but clicking on it will show a list of people with green 
dots [availability] beside them.” 

The mental images of the Profle page, on the contrary, had a 
large Cover Photo (CP) at the top, including a square Profle Photo 
(PP) at its bottom left (interestingly, one drew it as a circle), and a 
tabbed menu underneath the CP (see Figure 5). Though all reported 
these elements correctly, surprisingly, none recalled the fve tabs 
correctly. The rest of the space was divided into two vertical areas, 
and almost all (4/5) noted that the large area at the right showed 
“posts in boxes,” similar to NF. We found that only two out of fve 
users correctly recalled the sections for biographical information, 
photos, and friends located at the left, possibly because of their 
similar appearance (all appear in equal-sized rectangles). 

Figure 4: Images of Facebook’s Home page. Left: image reconstructed combining all participants’ descriptions and sketches, 
right: a snapshot of the actual interface. 
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Figure 5: Images of Facebook’s Profle page. Left: image reconstructed combining all participants’ descriptions and sketches, 
right: a snapshot of the actual interface. 

Figure 6: Images of Adobe Acrobat Reader interface. Left: image reconstructed combining all participants’ descriptions and 
sketches, right: a snapshot of the actual interface. 

There was, however, a vivid area in the topmost part of the two 
pages: the blue menu bar. As expected, all fve users recognized a 
horizontal bar with two unique areas: a search box at the left and 
a few items at the right. The mental images were accurate: four 
users recalled at least 8 of the 10 items with the proper shape and 
order. Again, we observed a tendency among the users to describe 
the visual appearances of the command-icons along with their 
locations, similar to Word. One stated, “There is a bubble [icon for 
Messenger] at the left to the bell [icon for Notifcations].” Another 
user said, “a thumbs-up at the bottom left corner,” when describing 
the ‘Like’ command. 

4.1.3 Image of the Abode Acrobat Reader Interface. The task of 
‘reading a PDF’ is so prominent in Reader that everyone remem-
bered it frst, even before recalling other items: the “red logo,” “colour-
ful,” yet “annoying sidebar.” We found consistency in the mental 
images that included a PDF document pane in the middle and com-
mands around its three sides, a toolbar above the PDF document, 
and two side panels. Surprisingly, despite being the simplest GUI 
among the four, participants struggled more to recall command 
locations in Reader, possibly because of the linear placement of 
commands in the toolbar (see Figure 6) without clear grouping. 

As seen in Figure 6, all users mentioned the tabbed menu at the 
top, but similar to Word and Facebook, none could exactly recall 
exact names and order. They were, however, unanimous that a hori-
zontal toolbar was present just above the PDF. Interestingly, though 
nearly all (4/5) users could name at least 12 of the 19 commands 

linearly placed in the toolbar, they could not precisely remember 
their locations. Also, despite uncertainty in the direction (i.e., verti-
cal or horizontal), all knew the “two arrows [icons for Next page and 
Previous page]” to navigate pages, and three people were confdent 
that a “small square for page number” was beside those arrows. 
However, four of fve users recalled the Highlight tool precisely 
at “far down the right” and described the visual appearance of its 
icon, portraying a “pen slightly tilted with colour below it, usually 
yellow.” 

Apart from the toolbar, two side panels always appeared in all 
the images, but most users (3/5) kept those hidden to make room 
for the PDF. Though users could imagine the “Table of Contents” in 
the panel at the left, none recalled the “colourful” tools accurately 
from the panel at the right. 

4.1.4 Image of the Adobe Photoshop Interface. Participants visual-
ized Photoshop as a “black-themed” GUI consisting of “lots of tools.” 
Similar to Reader and Word, a large canvas at the middle occupied 
a signifcant part of all images, providing a strong anchor for three 
nearby areas: the Tool Panel at left, the Options Bar at the top, and 
a Side Panel at right (see Figure 7). Overall, it was evident that ev-
eryone remembered the overall layout of Photoshop; however, the 
linear presentation of commands without a clear sense of division 
made the interface less memorable. 

The Tool Panel was strongly visible in all the cognitive images; 
however, we found ambiguity in the name and order of commands. 
Though all recognized this vertical panel, participants could only 



             

                
      

            
          

          
         

          
           

        
 

           
           

            
         

          
           
             

          
 

           
          

          
          

           
           

            
         

      

      
           
          

         
         

            
            

              
        

             
           
          
     
           

          
           

           
           

          
           

         
          

       
          
        

        
          

            

                 

      
  

           

           
           

           
           

            

             

                
      

            
          

          
         

          
           

        
 

           
           

            
         

          
           
             

          
 

           
          

          
          

           
           

            
         

      

      
           
          

         
         

            
            

              
        

             
           
          
     
           

          
           

           
           

          
           

         
          

       
          
        

        
          

            

                 

      
  

           

           
           

           
           

            

             

                
      

            
          

          
         

          
           

        
 

           
           

            
         

          
           
             

          
 

           
          

          
          

           
           

            
         

      

      
           
          

         
         

            
            

              
        

             
           
          
     
           

          
           

           
           

          
           

         
          

       
          
        

        
          

            

                 

      
  

           

           
           

           
           

            

CHI ’21, May 08–13, 2021, Yokohama, Japan Md. Sami Uddin and Carl Gutwin 

Figure 7: Images of Adobe Photoshop interface. Left: reconstructed combining all participants’ descriptions and sketches, right: 
a snapshot of the actual interface. 

name about 10 of the 23 tools, and only vaguely recalled their loca-
tions. However, similar to the previous three GUIs, users referred 
to the visual appearances of commands while attempting to recall 
their locations. As one said regarding the ‘eraser’ tool: 

“It [the eraser command] is at the left side panel, 
kind of in the middle and looks like a physical eraser, 
[placed] in angle [slightly tilted] with a shadow [un-
derneath].” 

We found the Options Bar located above the canvas even less 
memorable, as its tools (and layout) change based on the item 
selected in the left panel. Only two people mentioned that “it shows 
additional tools,” and surprisingly, none correctly recalled any tool 
from that panel. The right-hand panel, however, was more vivid 
because of the three clear sections. Almost all (4/5) users correctly 
recalled the two sections: Colors at the top and Layers at the bottom. 
One user correctly remembered the History tool beside the right 
panel. 

In summary, we found that users developed images of all the 
interfaces in their minds, but the memorability of the interfaces 
varied: people could recall the locations of commands more reliably 
in Word and Facebook than Reader and Photoshop (reported in 
Table 3). Despite the diferences, it was evident that users developed 
spatial memory of commands in all the four GUIs, especially in 
areas having clear frames of reference such as corners and edges in 
the GUI environment, and command groups with easily identifable 
boundaries – i.e., areas with landmarks. 

4.2 Accuracy of the Cognitive Images 
We analyzed the location data collected from the study to assess 
the images’ accuracy (Table 3). Participants were asked to verbally 
describe locations and nearby commands of fve commands they 
frequently used. For the verbal description and nearby commands, 
when users accurately described an item’s location in a GUI and at 
least one adjacent item respectively, we treated it as correct (e.g., in 
Word, “Symbol is at the right edge of the list, in the Insert ribbon” ), 
otherwise incorrect. However, when they misdescribed a location 
but were close or used a general direction (e.g., “at the top” ), we 
noted it as partially correct. For the sketch and washed-out images, 
correct indicates that the pointing gesture was within 10mm, with 
larger errors marked as incorrect. 

We report the number of events (e.g., correct, partly correct, or 
incorrect) for the four tasks across all the participants (percentages 
denoted in brackets) in Table 3. Overall, locations for both Facebook 
and Word were more accurate (at least 76%) than Reader and Photo-
shop (less than 64%). In participants’ verbal descriptions, 90 of the 
100 locations were nearly correct or correct. For Word and Face-
book, people were more accurate (over 76%) than for Reader and 
Photoshop (below 44%). For nearby commands, among 100 cases, 
over 57 were correctly recalled. Again, Reader and Photoshop had 
lower accuracy (less than 36% correct responses). 

However, total accuracy improved in both the sketch and the 
washed-out interfaces (over 73% accuracy), because the available 
layout outlines, group borders, and shapes provided better land-
marks to recall commands. The accuracy of pointing to command 
locations in Word and Facebook was at or above 84% correct, while 

Table 3: Results (in frequencies; percentages denoted in brackets) of the four tasks used in the study 

Verbal Descriptions Nearby Commands Sketch Washed-out 
Partly No 

GUIs Correct Correct Incorrect Correct Incorrect Reply Correct Incorrect Correct Incorrect 
Word 19(76%) 5(20%) 1(4%) 19(76%) 6(24%) 0(0) 21(84%) 4(16%) 21(84%) 4(16%) 
Facebook 23(92%) 1(4%) 1(4%) 21(84%) 4(16%) 0(0) 24(96%) 1(4%) 24(96%) 1(4%) 
Reader 10(40%) 12(48%) 3(12%) 8(32%) 14(56%) 3(12%) 13(52%) 12(48%) 13(52%) 12(48%) 
Photoshop 11(44%) 9(36%) 5(20%) 9(36%) 13(52%) 3(12%) 15(60%) 10(40%) 16(64%) 9(36%) 
Total 63(63%) 27(27%) 10(10%) 57(57%) 37 (37%) 6(6%) 73(73%) 27(27%) 74(74%) 26(26%) 
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Table 4: Types of landmarks present in the interfaces and their functions 

Type of landmark Example Function 

Interface Layout Structure of a GUI containing 
commands and other elements: 

Provides an abstract location information of 
commands and other elements. 

Command Group 
toolbar, ribbon, side panels, etc. 
Font and paragraph groups in Word’s 
Home tab. A card displaying a post in 
Facebook’s News Feed. 

Provides an absolute location information of a 
command relative to other commands of the group. 

Corner and Edge 

Icon Visual Appearance 

Corners and edges of a GUI window, 
or a group (Facebook’s card). 
Format painter icon looks like a 
“painting brush”. 

Provide a clear frame of reference for the location of a 
command. 
Create memory anchors for a command by encoding 
its location information to its visual appearance. 

Reader and Photoshop had below 64% accuracy, suggesting their 
weaker support in developing spatial memory of commands (dis-
cussed further below). Overall, these results are an indication that 
we successfully elicited the GUI images from users’ minds. 

4.3 Landmarks in the Graphical Interfaces 
Although the individual spatial images of the four interfaces seemed 
sparse and varied in layout and number of commands, clear patterns 
emerged when we analyzed them together. Based on Lynch’s no-
tion of landmarks [45], we looked for unique, stable, always-visible 
features and structural elements (e.g., layout) in GUIs, including 
elements from both inside (e.g., groups) and outside (e.g., device 
corners) the interfaces that participants used as landmarks to re-
member the locations of commands in the four GUIs. There are, of 
course, other factors (e.g., subjective cognitive ability) that can in-
fuence the formation of interfaces’ spatial images; here, we mainly 
focus on the role that landmarks play. 

We identifed four diferent landmark types from our data (see 
Table 4). Although these landmarks acted together to form the 
spatial images, for simplicity, we present them separately. The 
following sections present these landmarks and report how users 
employed them to recall commands. 

4.3.1 Interface Layout. The layout is the overall structure of an 
interface that arranges commands in menus, toolbars, and panels, 
placing them around the main work area. Users traverse through dif-
ferent parts of a GUI’s layout in order to interact with its commands. 
It allows users to form a birds-eye-view image of the interface, help-
ing users remember the locations of commands and navigate to 
them. Therefore, an interface’s layout can act as a “reference frame” 
type of landmark. However, layouts do not reveal too many details 
about the locations of commands and other elements, because each 
region of a layout usually contains several commands. We found 
that all participants understood the unique layouts of the four GUIs 
and used them as general a reference frame for remembering rela-
tive locations of commands. As a result, even participants who were 
uncertain about the location of some commands had a clear idea of 
how the elements were laid out in the interfaces. For example, one 
Word user said: 

“All the tools [commands] are located at the top and 
grouped into several tabs such as File, Home based 

on item category [the ribbon toolbar]. Items related 
to texts [editing] are in the left [Home tab].” 

From our analyses of the sketches and interviews, it was evident 
that the layout of an interface came to users’ minds frst when 
they tried to visualize any command. Similar to the paths described 
by Lynch [45, 78], the layout connected diferent regions of an 
interface, providing routes for users to navigate through the GUI 
easily. During the sketch task, 17 out of the 20 users drew the layout 
frst and then they placed commands in diferent parts of the layout, 
allowing users to visualize the complete picture of an interface. A 
Facebook user described the Home page: 

“It has three separate areas with the ratio 20:60:20. 
The left area shows the ‘Groups’ [. . .], middle one 
displays the posts, images, and videos; and the right 
side is for events and news updates.” 

Computer applications are primarily designed for specifc tasks 
(e.g., Word for writing documents, Photoshop for editing images). 
Users observe and interact with the commands of an interface 
while performing the task at a specifc area in its layout – the main 
workspace. We found this large area of an interface’s layout (e.g., “a 
blank white page” for Word) serving as the primary point of focus 
in our four GUIs, forming a vital landmark [65] that all participants 
referred to remember commands and others areas of the interfaces. 
One user recalled various parts of the Photoshop interface using 
the main workspace as a landmark: 

“There is a big canvas in the middle, where we can 
draw or edit. On its left, there are some useful tools 
for the work. It has some tools in a menu at the top 
as well. In the right, there is a panel of colours and 
layers.” 

We also found that in the walkthrough task, 15 of the 20 users 
relied heavily on this central area of an interface’s layout to describe 
locations of commands and other areas, and interestingly, it was 
the starting point of their narration. For example, when we asked 
people to describe step by step how to search for something on 
Facebook, a user replied: 

“You see the large area in the middle [News Feed] 
with lots of posts and pictures? Right above it, there 
is a blue bar with a white box in its middle. You can 
type there whatever you want to fnd.” 
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Our analyses further revealed that people used general spatial 
directions – a widely used real-life reference frame – inside an 
interface’s layout to provide coarse location knowledge of com-
mands. For example, one Word user said, “The Bulleted List com-
mand is located at the top [of the layout].” This answer, although 
under-specifed, is not incorrect – it pointed to the vicinity of the 
actual location and eventually helped the user to fnd the command. 
The majority (14/20) of the users (across all interfaces) used terms 
like “towards the left” or “to the bottom” area of the layouts in their 
responses to recall the locations of a few commands vaguely (partly-
correct responses in Table 3), mostly for interfaces (e.g., Reader and 
Photoshop) and particular areas of Word (e.g., the Insert ribbon) 
that lacked adequate landmarks. One Photoshop user even men-
tally divided the Tool Panel into four quarters and used them as 
references: “a quarter down from the top” and “3 quarters down.” 

4.3.2 Command Group. Graphical interfaces usually arrange com-
mands into several tabs or sections based on utility or similarity 
[71, 88], and even within an individual tab/section, sub-groupings 
of commands with specifc areas are evident. These semantically 
divided groups can help users fnd commands, particularly when 
they are novices. However, expert users can recall the locations 
of commands using the visual representations of the grouping as 
landmarks (rather than the semantics). We found that the users in 
our study relied on the visual command groups when visualizing 
an interface. One Word user described the Home ribbon using the 
grouping feature as a landmark: 

“In the Home [ribbon], there are types of fonts, change 
size and B, I, U [icons for Bold, Italic and Underline]. 
Then right to it [that group], there are bullet-point 
and alignment options. After that, there is a large box 
for styles [another group].” 

Usually, UI groups are denoted with clear borders (e.g., vertical 
lines in Word and boxes in Facebook) that most users (15/20) drew in 
the sketches. Similar to Lynch’s concept of a district [45, 78], users 
could even cognitively go inside a group having distinct features 
and layouts, and visualize its commands accurately. For example, 
each post on Facebook appeared as a group in a rectangular box 
that everyone recalled clearly. As one user said: 

“It [each card/box in the News Feed] shows an image 
in a circle and [post creator’s] name at the top left. 
[. . .] Below, there are buttons for Like, Comment and 
Share. After that, it has other people’s comments.” 

Our analyses showed that in at least 76% of cases, users correctly 
recalled nearby commands for both Word and Facebook, compared 
to less than 36% for both Reader and Photoshop (see Table 3). These 
diferences are not due to diferent experiences with the UIs, as 
all of our users were highly experienced (see Table 2). One reason 
specifc to Reader could be that people do not use commands as 
often in Reader as they do in Word – people mostly just scroll 
and read, so they might have less familiarity with the commands 
(this is certainly not the case for Photoshop). A further reason that 
is related to the design of the GUIs is that the linear placement 
of commands with no group-based arrangement in Reader and 
Photoshop reduced memorability. Our results indicate that the 
clear and easily separable command grouping served as a reliable 
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landmark in painting vivid spatial images of the interfaces, and 
the absence of landmarks made GUIs (at least parts of them) less 
memorable. 

Interestingly, we further noticed that when users identifed a 
command from a group, they could quickly recall its nearby com-
mands. Also, 17 of the 20 people used the relative association among 
the commands to devise informal groups and used the location of a 
distinctive command as an anchor to recall the locations of adja-
cent commands. One Facebook user said, “[. . .] a bubble [icon for 
Messenger] at the left to the bell [icon for notifcation].” Similarly, to 
describe the location of the page navigation arrows in Reader, one 
user relied on relative position: 

“In the menu, there is a small box with a number on it 
[page number]. The two arrows [for navigating pages: 
previous and next] are right next to it.” 

In both cases, the references were accurate, but to fnd the actual 
locations, users must locate those anchor commands frst, or else 
the landmarks become invalid. 

4.3.3 Corners and Edges. The corners and edges available both 
outside and inside digital interfaces are an obvious set of landmarks 
[30, 75] that we found people explicitly brought up in the study. 

Corners. GUIs usually appear inside physical screens having four 
clear corners. These external corners are always visible to computer 
users and can substantially aid spatial learning and navigation for 
the commands appearing near those locations [69, 75] (though only 
useful when a GUI is maximized on the screen), similar to Lynch’s 
[45] point landmarks in cities. Also, the corners of a GUI window 
can provide a strong landmarking facility. In our study, we saw 
users strongly relying on these landmarks to recall commands cor-
rectly in all four interfaces. For example, everyone drew the ‘Close,’ 
‘Maximize,’ and ‘Minimize’ commands at the top-right corner of all 
the sketches. All of the Word users recalled that “zoom level is at 
the bottom-right corner,” and the “number of pages is at the bottom-
left [corner].” All the Facebook users mentioned that “Messenger is 
at the bottom right corner.” Even in Photoshop, where the mental 
images were less accurate, almost all (4/5) users correctly recalled 
the ‘Magnifcation status’ in the bottom-left corner of the window 
(see Figure 7). 

Corners, on the other hand, are also available inside GUIs. These 
internal corners, however, are not as prominent as external cor-
ners, but exist within the layout of an interface as well as in clearly 
marked command groups. Similar to external corners, internal cor-
ners can provide stable anchors for commands located near them. 
In the study, 13 of 20 users explicitly referred to these landmarks 
while remembering commands. For example, a Facebook user said, 
“The Like [button] is at the bottom-left part of the box [displaying 
the post (see Figures 4 and 5)].” Another user made use of internal 
corners in the walkthrough task while describing the way to delete 
a post: 

“Look at the middle [in News Feed]; a box is showing 
the post [you want to delete]. Go to the top right cor-
ner of the box; there are three dots [icon for options].” 

Edges. Similar to corners, external screen bezels and edges have 
spatial features (i.e., they are stable and easily visible) that help users 
in developing memory of commands [62, 75]. Following Lynch’s 
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Figure 8: A snapshot of MS Word’s Insert ribbon. 

[45] defnition of edges in physical spaces, we found that the four ex-
ternal bezels (when a window was maximized), as well as the edges 
of the GUI window, provided spatial anchors for the commands 
located near them, at least at an abstract level. However, in our 
study, users did not diferentiate between the bezels of the actual 
screen and the window of a GUI. References to these landmarks, 
e.g., “near the right-side” or “at the top-side,” repeatedly appeared 
in our analyses, especially for the Photoshop and Reader interfaces. 
These landmarks, however, did not refer to a specifc command 
or an absolute location; instead, they pointed to a command group 
of a particular GUI region. In other words, these edges served as 
“signposts,” providing abstract directional information for other ele-
ments in GUIs. For example, one Reader user said: “There are some 
commands at the right [near the bezel].” Another Photoshop user 
relied on this landmark to correctly visualize the Tool Panel: 

“[The] most important items are at the left side [near 
the left bezel] of the screen.” 

Internal edges, in contrast, provided explicit references to the 
specifc locations of commands. The internal edges refer to the 
boundary of a command group, or the starting and ending points of 
a linear command group. Strong dependence on the internal edges 
was apparent among users in our analyses. For example, as seen in 
Figure 8, one Word user said, 

“The ‘Insert Symbol’ is at the right end of the Insert 
Tab. Not to the far right, but at the end of that list.” 

Although participants used internal edges less frequently than 
corners, they made use of these landmarks to visualize at least part 
of the horizontal tabbed menu bar correctly in all GUIs. We also 
found that participants faced more difculty recalling locations, 
particularly in the middle of the menu bars where edges were 
weakly marked. For instance, while sketching the Reader interface, 
most of the users (3/5) drew the menu bar with 4-5 blank tabs, but 
only wrote ‘File’ in the frst tab and ‘Help’ in the last (see Figure 6). 

4.3.4 Icon Visual Appearance. Graphical interfaces use two-
dimensional icons to portray the underlying meaning of the corre-
sponding commands visually. Shape, size, and colour are three vi-
sual attributes that make icons meaningful [50], and usually, novice 
users rely on these features to fnd an icon (i.e., a command) in a 
GUI [11, 61]. Although these visual features do not provide any 
information about a command’s location, interestingly, we found 
that participants frequently referred to them while recalling any 
command’s location. In most cases, participants imagined the visual 
appearance of an icon frst before describing its location – indicat-
ing, people might have encoded icons’ spatial information into its 
visual features. For example, one Word user recalled ‘Insert table’ 
as “a square icon with a couple of rows and columns located in the left 
part of the Insert [ribbon].” Another cited ‘Line spacing’ command 
using the visual features and meaning of its icon as a referencing 
mechanism – landmark: 

“[. . .] two up and down arrows with two/three lines 
[icon for Line spacing], near the centre of the Home 
ribbon, beside the Alignment [commands].” 

We also observed that all participants could clearly visualize the 
shape of an icon while recalling it. The shapes were clear enough in 
users’ minds that they drew those shapes accurately in the sketches, 
even though they were often incorrect about their locations. For 
example, although people rarely recalled tools from the Insert rib-
bon in Word, nearly all users (4/5) identifed the exact location of 
the ‘Insert Symbol’ as a “round Greek letter at the end.” Also, a user 
drew a hand to represent the ‘Pan’ tool of Reader (see Figure 6). All 
Facebook users drew a thumbs-up for the ‘Like’ button and a circle 
at the top-left corner of a post that usually shows the image of the 
post creator (see Figure 4). Often these shapes resemble real-life ob-
jects that people recognized and exploited to remember commands. 
For example, one Photoshop user mentioned the “dropper we use in 
the chemistry lab” while recalling the ‘Colour Picker.’ 

In addition to shape, we found that the colour of a command 
was another prominent feature that users often used a landmark. 
Colour has a unique ability to make one icon easily separable from 
others [46, 65], and we saw that people recognized it and used it as 
a reference point to recall those items, along with other features. 
All the Facebook users, for instance, mentioned: 

“[There is] a blue bar at the top [of the interface]. [It 
has] a long and white colour rectangular box [search 
bar] with a magnifying tool.” 

Three of them also mentioned changes in the icons – e.g., one 
user remembered “a number in a little red box” when a notifcation is 
received (see Figure 4). Sometimes two visual features act together 
to make the images more vivid. One participant described the ‘Font 
Color’ command in Word as “a big ‘A’ and a red colour line under 
it.” 

Our analyses indicated that the size of commands in an interface 
also provided clues for spatial memory. We saw that users recog-
nized the size diferences in some commands, and later that helped 
them to identify commands correctly. For example, in the Home 
ribbon of Word, there were two small but diferently-sized boxes in 
the Font group, and almost all users (4/5) correctly identifed the 
relatively large one as the ‘Font Name’ command because of its 
size. 

Overall, we found that the frequent users of these four GUIs 
developed spatial memory of commands by exploiting the available 
landmarks in the interfaces, and that they heavily relied on those 
landmarks to retrieve the command locations from memory. 

4.4 Ambiguities in the Cognitive Images 
The individual spatial images of an interface overlapped and collec-
tively formed a ‘composite image’ [45] of the interface. However, 
in our analyses, we observed some uncertainties in the images, at 
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least in some parts of them, at two levels: individual images and 
composite images. 

4.4.1 Ambiguities in Individual Images. Individual-level ambigui-
ties occurred in isolated images and did not infuence the composite 
cognitive image of an interface. For example, we found confusion 
among Facebook users with the location of the ‘Messenger’ com-
mand – it appeared at two locations: at the bottom-right and top-
right. Interestingly, both were correct. Messenger does appear at 
two locations, as mentioned by the users. So, when we asked about 
its location, three users reported only one (either top or bottom), 
and two mentioned both locations. In another instance, although 
the ‘Profle Photo’ command in Facebook is squared-shaped and 
appeared at the bottom-left part of the Cover Photo, one user drew 
it as a circle and placed it in the middle. The same user mentioned a 
‘Market place’ option in the top-left part of the News Feed, whereas 
it was absent in other (4/5) images. A probable reason could be that 
when companies redesign their UIs, it may confuse users’ mental 
images and break their landmarks (elaborated in Discussion). 

Similar events occurred in Word images as well. For example, 
although most users mentioned the ‘Font Color’ icon (a big ‘A’) was 
in the bottom-right corner of the ‘Fonts’ group in the Home ribbon, 
interestingly, one user recalled it at the middle bottom-centre area 
(perhaps diferent screen size was responsible; discussed further 
below). 

4.4.2 Ambiguities in Composite Images. We noticed some uncer-
tainties were consistent in most of the mental images, irrespective 
of individual diferences. There were certain areas in the interface 
images that were less memorable among the users. For example, 
the tabbed menu bar in Word, Reader, Photoshop, and Facebook 
(Profle Page) interfaces was one place where all users struggled. 
Although everyone recognized the menu with linearly placed com-
mands, surprisingly, none could recall the names of tabs and their 
order accurately (could be due to the serial-position efect [18, 49]), 
except for the frst and last tabs (see Figures 2, 3, 6, and 7). As one 
Word user said: 

“I know there are several tabs after Home and Insert 
that I often use, but seriously, I cannot remember their 
names! I have even used it this morning.” 

Apart from the tabbed menus, there were certain general areas in 
the composite cognitive images of individual interfaces where most 
users faced difculty in recalling commands accurately: the Insert 
ribbon in Word, Reader’s toolbar, and Photoshop’s tool panel (left-
side). Although everyone in our study knew where those menus 
and toolbars were located and could name some of their commands, 
they could not recall the locations of those commands accurately. 
As a result, one Photoshop user described the tool panel and toolbar 
vaguely: 

“On the left-hand side of the image [main workspace], 
there are some tools [tool panel] for work. [And] like 
other apps, there is a menu [toolbar] at the top part 
of the screen.” 

Overall, despite these minor ambiguities, the mental images 
we elicited were vivid and accurate enough to identify available 
landmarks in them. We detected four landmarks that supported 
users to develop spatial memory of commands and found that 
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people heavily relied on those landmarks to recall the commands 
later. 

5 DISCUSSION 
The key fndings of our study are: 

1. Frequent users of graphical interfaces do develop vivid spa-
tial images of those GUIs in their minds, and we were able 
to successfully evoke those images; 

2. Users rely heavily on landmarks to familiarize themselves 
with GUIs and remember the locations of commands; 

3. We identifed four diferent landmarks that aid in developing 
spatial memory of the interfaces. 

The following sections reveal more insights into our fndings 
and present future directions, along with design implications. 

5.1 Interpreting the Results 
5.1.1 Reliability of the Interfaces’ Images. The images of the in-
terfaces we generated from the study were rich in information, 
revealing how people perceived the visual forms of those GUIs and 
leveraged the landmarks readily available in a GUI environment to 
form spatial memory of commands. Although we interviewed only 
20 people (5 people for each of the four GUIs), we believe the fol-
lowing two reasons indicate that our evoked interface images were 
of good quality. First, the images of the GUIs people had in mind 
were the collection of experiences they had with those GUIs [32]. 
Since our participants were reasonably experienced and frequent 
users of those four GUIs (see Table 2), they could compose vivid 
and detailed images of the GUIs [63]. In our analyses, we found 
several statements that only an experienced person could share. 
For example, one Reader user described the ‘Search’ command as 
“A blank white box with ‘Find’ and a magnifying glass pops up at the 
top-right part.” Another Word user recalled, “Temporary tabs will 
appear if you select a table or an image!” 

Second, we compared these evoked images to their real coun-
terparts to check their accuracy (see Table 3). Also, we reviewed 
snapshots of the GUIs from participants’ workstations (an optional 
part of the study) that participants sent after the study. Although 
the images did not cover everything that appeared in the actual 
interfaces, we found that they included the basic structures and 
visual features along with the frequently used commands. Over-
all, we managed to elicit clear images of the four interfaces, stable 
enough to be treated as the ‘public images’ [45] of the respective 
GUIs. 

5.1.2 Icons’ Visual Appearances Acted as Landmarks. Among the 
four landmarks we identifed, although the visual appearance of a 
command did not disclose any spatial information, interestingly, 
everyone actively referred to it while recalling its location. One of 
the main reasons for this fnding can be explained by the stages of 
learning (cognitive, associative, and autonomous) [2, 21] and form-
ing spatial memory [63]. Users in a new GUI, particularly novices 
(i.e., those at the cognitive stage), fnd an icon/command using vi-
sual features that represent its meaning, often attaching personal 
stories or experiences to its visuals [8, 16] as part of the develop-
ment of landmark knowledge [20]. After locating a command, they 
encode the location information along with its visual appearance 
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Figure 9: Snapshots of MS Word’s Home ribbon from two 
diferently-sized screens. Top: 22-inch desktop, Bottom: 
13.1-inch laptop. 

(obtaining route knowledge [70]) and eventually progress to the 
associative stage. When users become experts (i.e., the autonomous 
stage), they can simply recall the location of commands from their 
memory, using their acquired survey knowledge [63]. Since the vi-
sual appearance of a command was involved at the very early stage 
of learning to recall its location, participants in our study might 
have imagined that appearance frst – indicating visual appearance 
was a potential landmark. 

Another reason could be the recognizability and memorability of 
icons. People can recognize and locate commands more efectively 
when the icons representing the commands portray accurate mean-
ing [5, 8]. Research also suggests that some icons or images are 
more easily memorable than others [37, 56, 66], perhaps because of 
personal experience [16] or the presence of landmarks – an avenue 
we will explore in future. In our analyses, we saw that users could 
make use of three landmark types (GUI layout, command group, 
and corner and edge) to reach the vicinity of a command’s location; 
however, it could be the visual appearance of the command that 
they imagined in their minds (and used as an anchor) to reach its 
actual location. 

5.1.3 Ambiguities in the Images of the GUIs. Some degree of difer-
ences in individual images of the GUIs were inevitable; in fact, these 
contrasts made the composite images more informative. However, 
we observed some unexpected distortions in both individual and 
composite images of the GUIs (reported in section 4.4). Four main 
reasons could account for these confusions – frst, the diference 
in screens’ sizes forces an interface to rearrange its elements. As 
shown in Figure 9, Word rearranges all the items under a group 
from a two-row layout (Figure 9 top) to a three-row layout (bot-
tom) layout when the window is resized from large to small. As a 
result, two people coming from these two diferent instances would 
produce two slightly diferent images of the same GUI: ‘Font Color’ 
command (letter ‘A’ with a red line underneath) at the bottom-
right corner in Font group (Figure 9 top) in one image, and the 
bottom-centre in another (bottom). 

Second, interfaces often change over time because of updates that 
add or remove items and alter layouts [89], which, in most cases, do 
not reach all users at once [90]. These changes force users to adjust 
their images and could lead to some ambiguities in the individual 
images of a GUI. However, we noticed that users were aware of 
these temporal changes of the spatial images: as one Facebook user 
said, “There is a ‘Market Place’ at the left side of the News Feed, under 
my name. It was not there before!” Still, modifcation of the interfaces 
over time is inevitable, but care should be taken that it does not 

force users to shift the image of an interface that was developed 
over a long period. 

Third, the lack of adequate landmarks in certain regions of the 
GUIs could have contributed to the uncertainties found in their com-
posite images. For example, the tabbed toolbars in all the images 
were unclear, along with Word’s Insert ribbon, Reader’s toolbar, and 
Photoshop’s tool panel. However, a common trend we noticed in 
those areas that the commands were linearly placed without arrang-
ing icons in clear groups or with easily distinguishable boundaries. 
As a result, people could not associate those commands to memory 
anchors, and later struggled while retrieving the locations from 
memory. A potential solution to this problem is using artifcial 
landmarks [75, 78] in those areas to improve memorability. 

Last, our participants difered in several ways: ages ranged from 
18 to 43; we had both men and women users; participants varied 
in terms of both the total time using the GUIs and the weekly fre-
quency; and users’ backgrounds also varied. These demographic 
diferences may have led to some ambiguities in learning and re-
membering command locations in GUIs. For example, due to exten-
sive usage, a professional Photoshop user described an aspect of 
the GUI (“Left side panel can be customized based on your need”) 
that other users did not know about. Research also suggests that 
people’s ability to recognize and successfully employ landmarks to 
recall locations and navigate an environment can vary depending 
on age and gender [20, 44]. The small sample size in our study has 
prevented us from investigating landmark usage in GUIs based on 
participants’ age and gender – an avenue we plan to explore in the 
future. 

5.2 Generalizing the Results and Design 
Implications 

Our study reveals that the readily available landmarks in a GUI help 
users orient themselves to its commands and can aid them in de-
veloping spatial memory of the interface. The beneft of landmarks 
in building spatial memory of commands and expertise with GUIs 
is not unknown – in fact, several HCI researchers have already 
demonstrated the potential of landmarks through prototypes with 
either external objects (e.g., hands) or strategically created items 
(e.g., images and colour blocks) [22, 23, 47, 73, 75, 76]. Our work 
fundamentally difers from these previous studies in that we specif-
ically focused on expertise development in standard GUIs present 
in the real life and which were not augmented with landmarks. To 
the best of our knowledge, this is the frst work that explored the 
basic questions of what contributes to the development of expertise 
in standard GUIs, and what role landmarks play in this expertise. 

Our fndings help to explain why frequent users of a GUI, em-
powered by the developed vivid spatial images of the interface, can 
recall command locations easily from their memory; our results 
agree with existing research fndings [11, 28, 57, 75]. However, we 
also encountered several instances (about 27% in all tasks) where 
even our expert users struggled to recall command locations ac-
curately – indicating some regions in the GUIs (e.g., tabbed menu 
bar; see section 4.4) did not provide enough cues for memory (i.e., 
landmarks) to build a clear spatial memory. Therefore, designers of 
GUIs should consider including more landmarks in an interface to 
support better recall, even for experts. 
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• Implication 1: Include landmarks in GUIs to support better 
recall. 

This implication appears to contradict a widely practiced usabil-
ity heuristic – ‘recognition rather than recall’ [51, 91]. We acknowl-
edge that recognition is a vital part of spatial memory development 
[53, 69], and particularly novice users rely on recognition (i.e., vi-
sual search) to fnd the location of a command. However, when 
novices begin transitioning to experts, they tend to recall locations 
from memory. After becoming experts, the goal is a quick recall 
than a slow recognition [11]. Therefore, interfaces should be de-
signed in a way that would facilitate both recognition and recall, 
so that they can support the user’s transition from novice to expert 
[12, 60]. 

• Implication 2: Interfaces should facilitate both recognition 
and recall. 

In addition, results indicate four diferent types of landmarks that 
help users learn and recall the locations of commands in GUIs. In-
terestingly, the landmarks we identifed (e.g., GUI layout, command 
group, and corners) are already present in the GUI environment, 
and designers include them in GUIs as a part of standard design (e.g., 
Gestalt principles) [71, 88] and usability practices such as Nielsen’s 
design heuristics [51, 52, 91], but not as landmarks. The novelty of 
our fndings is that we have discovered an additional value of these 
already-existing design elements – i.e., their value as landmarks. 
Therefore, designers can consider using those GUI elements and 
features (e.g., the visuals of icons) as potential landmarks in order 
to design more easily memorable GUIs, and incorporate the idea of 
landmarks in current design practices. 

• Implication 3: Incorporate the ‘idea of landmarks’ in exist-
ing design practices. 

Another interesting fnding is the use of icons’ visuals as land-
marks to remember commands. Although the value of visual ap-
pearance to diferentiate and remember commands is known [5, 8], 
no other work has provided evidence of using visuals as a promising 
spatial referencing mechanism (i.e., landmark) that can help users 
to develop spatial memory for commands and later enable memory-
based recall. However, further research is needed to understand 
more about how the appearance of an icon can represent spatial 
information or how designers can exploit it to design more memo-
rable GUIs. Besides these four landmarks, designers can consider 
other useful landmarks [65, 75, 78] (e.g., images, colour blocks), but 
care should be taken so that they do not become distracting [54]. 

• Implication 4: GUI layout, command group, corners and 
edges, and visuals of icons can be useful landmarks. 

5.3 Limitations and Future Work 
We see three main limitations in our study that prevent us from 
generalizing the fndings more broadly. First, the sample size we 
used was small, though reasonable enough to generate stable trends 
[26] that created the basis for our analyses. Second, the cognitive 
images that users provided to us could be infuenced by their sub-
jective experiences (which is inevitable in qualitative studies [45] 
but should be followed up with a larger-scale study). Nevertheless, 
we believe the users’ vivid images enabled us to see a reasonably 
complete picture of an interface. Last, we limited our investigation 

Md. Sami Uddin and Carl Gutwin 

only to desktop interfaces involving command selections, while 
landmarks can be valuable in other spatial tasks (e.g., interaction 
with 1D documents: video and text [1, 10, 76], results sets in vi-
sual workspaces, or big-data visualization systems); this choice was 
made for simplicity and to avoid introducing an additional variable. 
We plan to investigate spatial learning in alternate structured visual 
information in future. Despite this limitation, the four interfaces we 
chose were diverse, and the data we gathered showed this diversity. 

There are several ways we can continue our research in the 
future. First, people use GUIs in multiple platforms that often vary 
in size, which can force users to deploy multiple instances of the 
same GUI. We plan to carry out a large-scale study to generate 
public images of GUIs in users’ native environments: desktops, 
smartphones, and VR and AR. Second, data-driven or adaptable 
interfaces often place frequently used commands in convenient 
locations, but in doing so, they may complicate the natural process 
of developing spatial memory [57] (particularly if a recency metric 
is used rather than frequency). We plan to investigate this issue 
in future (e.g., what frequent users remember about areas that 
have dynamic content). Third, since spatial images of interfaces 
change over time, we plan to investigate the temporal progression 
of interfaces images. Fourth, random or excessive use of landmarks 
in GUIs may have an adverse efect on spatial memory – so we 
plan to fnd an optimal number of landmarks to maximize spatial 
benefts. Last, future studies will compare diferent landmarks to 
determine their strengths and weaknesses. 

6 CONCLUSION 
Graphical interfaces display a large number of commands at specifc 
locations through menus and toolbars, but frequent users of these 
systems can quickly fnd commands because they already know 
the locations. In order to fgure out how people develop this spatial 
location memory, we carried out a study with frequent users of four 
standard GUIs: Word, Facebook, Reader, and Photoshop. Our study 
revealed that people rely heavily on landmarks readily available in 
the GUI environment to orient themselves to the GUI, and that these 
landmarks help frequent users to develop vivid cognitive images of 
the interfaces. We identify four landmark types that people use in 
regular GUIs to remember the locations of commands: the layout 
of an interface provides a high-level reference frame for the objects 
present in the interface; a clear and unique command grouping is a 
landmark providing spatial support to recall commands from the 
group; the corners and edges present in a GUI (both inside and 
outside) serve as landmarks for nearby commands; and the visual 
appearance of a command acts as a reliable memory anchor for 
remembering its location. This work provides new evidence that 
landmarks can beneft spatial learning and expertise development 
in graphical interfaces, and provides design guidelines that can help 
make GUIs more easily memorable. 
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