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Abstract— Despite having many advances in video game 
control such as voice or gesture control, most video game console 
manufacturers still use a joystick as the main control for their 
console. Currently, the problem with video game manufacturers 
is that instead of using the joystick as the point of user interface 
design, they instead used a design from another device such as a 
computer or tv. The research will compare Xbox One and Steam 
OS user interface by using KLM-GOMS Model. Based on the 
calculation it is concluded that the overall Xbox One has a more 
efficient design compared to Steam. 

Keywords— game controller, game console, GOMS, joystick 

I. INTRODUCTION 

Ever since the introduction of ATARI in the 1970’s, video 
game console has emerged as an important game controller. In 
the past 30 years, supported by the fast- growing game 
industry, the console has evolved very fast. A study by 
Kemerer, Dunn & Janansefat [1] concluded that the current 
video game can be categorized as the 8th generation of the 
video game. Since the first generation of game console, video 
game manufacturer not only have tried to upgrade graphics or 

processing quality but also provided a new mechanism for the 
player to interact with the game. 

The first game controller was an analog controller with 
several dial buttons used in the Magnavox Odyssey 100. It was 
in this era, Atari 2600 introduced a very simple joystick called 
CX10 as an analog stick with a single button [1]. The joystick 
was so popular that it was used not only for playing game but 
also for operating a home computer. The next generation of 
game console was grip form with four directions pad (d-pad) 
and two buttons introduced by the Nintendo Entertainment 
System (NES) [2]. In the following years, some evolvement of 
game controller still went on. For example controller for the 
Super Nintendo Entertainment System (SNES) [3] introduced 
some additional buttons. Similarly, Sony PlayStation added 
two analog controllers to the scheme which has successfully 
brought the popular first- person shooter game from personal 
computer to the video game console. 

Innovative control scheme finally introduced on the 
seventh-generation video game console. Wii Remote 
introduced the usage of gesture console in the industry [4]. It 
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was followed by Microsoft Kinect and Sony Move Controller 
that also uses gesture to control the game. 

Despite some gesture controls were welcomed by the 
casual game player but the most game player still prefer 
regular controller [5]. According to van Beurden et al. [5], 
gesture control, in general, is perceived better in terms of 
hedonic quality and fun while performing less in pragmatic 
quality [5]. In the same research, the fun experience also faces 
a problem with the fatigue of playing the game. That is why 
Nintendo Switch even though still have a gesture controller 
they still have a Joy-con grip and Wii Pro controller. 
Microsoft and Sony also still use their regular controller as the 
main controller for their video game console. 

In the past ten years, research on game controllers can be 
divided broadly into two directions. First, game controller 
hardware. The study by Ramcharitar & Teat in 2017 [6], for 
example, evaluated video game controller by using Fitt’s law 
evaluation resulted in the best experience for mouse and 
touchpad. Interestingly, although mouse and touchpad perform 
better than joystick the respondent still prefer to use a joystick 
[6]. Natapov, Castellucci & MacKenzie [7] used ISO 9241-9, 
a standard that evaluates the non-keyboard devices, to evaluate 
one aspect of a video game controller with a similar result. 

Another study by Költringer, Isokoski & Grechenig [8] 
concluded the best possible approach on typing using a 
joystick. The authors showed some evidence that their design 
outperformed the standard qwerty keyboard. Based on the 
research findings, the authors argued that there were 
potential of video game controller enhancement both in 
software and user interface design. 

Second, the operating system. The study by 
PricewaterhouseCoopers, Singapore in 2012 [9] concluded 
that the game console has evolved to be more than just to play 
the game. For example, the player can also watch movies, 
listen to music and surf the web [9]. For such reason, video 
game console manufacturer tried to come up with the interface 
that can cater to such needs. Microsoft uses a tile- based metro 
style that is similar to Windows 10 for their Xbox One video 
game console [11]. Sony uses its signature XMB (Cross Media 
Bar) in their PlayStation 4 game console that is also present in 
their TV and other AC devices [10]. The problem with 
mentioned approaches is that instead of using the joystick as 
the point of user interface design, video game console 
manufacturer simplify the experience by reusing existing 
design on their other device. Even valve with their Steam OS 
and Nintendo with their Wii did a similar mistake by focusing 
on their console novelty. 

Despite a vast number of studies have been reported, little 
has been said on a study focusing on game joystick- based 
operating system platforms. This study aims to compare two 
major game joystick-based operating system platforms in term 
of the user interface by using GOMS (Goals, Operators, 
Methods and Selection) Model. The research uncover the 
weakness and the strength that each operating system had. The 
finding will be used to design a better experience for the future 
joy-stick based operating system. 

II. XBOX ONE AND STEAM BIG PICTURE 

In this comparison, two joystick-based operating system 
will be compared by using GOMS model. Xbox One is 
chosen because it is manufactured by Microsoft that has 
developed Windows which is a personal computer 
operating system that has the biggest user in the world. The 
second joystick-based operating system that is chosen is 
Steam Big Picture because it is the biggest PC game 
platform with more than 70% market share on the PC market 
[12]. 

Xbox One is the latest video game console made by 
Microsoft [17]. The game console is developed to handle 
high-performance games and other content as music and 
video. Xbox One uses cloud technology to constantly back 
up user data, help the processing of the new system and 
allow background update [17]. The look and feel of the 
operating system are similar to Windows 10 operating 
system with tiled metro style. 

Steam Big Picture is a version of the Steam platform 
that’s optimized for big screen [12]. It is similar to Steam 
OS (Operating System) which is a Linux based operating 
system for gaming that is the free and open source[12]. The 
operating system is an attempt by its developer, Valve, to 
move PC gaming to the living room as an alternative to 
video game console [12]. The user interface was built 
around their proprietary Steam Controller. 

III. RESEARCH METHOD 

A.  GOMS 
 GOMS is the abbreviation of Goals, Operators, 

Methods, and Selection rules [13]. It is a method developed 
by Stuart K. Card, Thomas P. Moran, and Allen Newell 
to measure and predicting a performance of computer 
interface with skilled user [13]. The GOMS model assumed 
that tasks that user need to do are organized as Goals. The 
Operator is an action or tools that is executed or used by the 
user to achieve goals. The methods are an organized set of 
operators that are used to a certain goal. The selection rules 
specified which methods are applied under the certain 
condition when multiple methods are possible. 

The weakness of the original GOMS is that it needs a 
high amount of effort to produce an accurate model. If tasks 
have a lot of sub-goals, methods and selection rules, GOMS 
become cumbersome. As a result, Stuart K. Card, Thomas 
P. Moran, and Allen Newell developed Keystroke Level 
Stroke-GOMS or KLM-GOMS that is a more streamlined 
version of GOMS[15]. 

B. KLM-GOMS 
Keystroke Level Model (KLM-GOMS) purpose is to 

model the time for the user to accomplish a task with a 
prearranged method on a computer system [15]. KLM- 
GOMS divided operators into three broad categories which 
are physical-motor, user’s mental act (M), and system 
response (R). The physical-motor operator is divided into 
keystrokes (K), pointing (P), homing (H) and drawing (D) 
[16]. The methods are arranged into a sequence of operators 
and the benchmark times are summed to return a time 
prediction for each method [15]. 
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Based on David Kieras (2001) research, below are the 
standard benchmark time for each operator of KLM-GOMS 
[16]: 

Table I. Operators benchmark time 
 

Operator Time (in seconds) 
Keystroke (K) 0.28 

Type (T) Total characters x K 
Press mouse button (B) 0.1 

Click mouse button rapidly (BB) 0.2 
Movement from mouse to the keyboard (H) 0.4 

Mental Act (M) 1.35 

Waiting Time (W) Based on system 
response 

 

David Kieras also mentions that waiting time (W) is now 
considered to be unnecessary because it may have the same 
value in all alternative design[16]. 

C.  Video game console goals and objectives 
As previously mentioned, video game console is not only 

being used for playing the game but also for consuming other 
media, where the player can also watch movies, listen to 
music and surf the web [9]. Based on 
PricewaterhouseCooper consumer research, below is the list 
of features that players usually does on their game console 
[9]: 

1. Playing game 
2. Watch movies 
3. Listen to music 
4. Surfing website 

IV. RESULT AND ANALYSIS 

The list of four features above will be determined as the 
goals for both consoles. Each step of operators in table I that 
needed to be executed to achieve the goal will be listed and 
calculated. After all, the goals are calculated, the result will 
be analyzed and summarized. 

Button pressed in the joystick will be considered to be 
keystroke compared to mouse button press because unlike 
joystick mouse only have 2 buttons. Xbox One standard 
controller will be used to control both the operating systems. 
Since each game console has a different library of content 
the calculation will only go until it reach the first content 
(game, movie or music) on its method that can be consumed 
by either played, watch or listen. 

A. Steam Big Picture KLM - GOMS Calculation 
 

 

Figure I. Steam big picture main screen 

Steam Big Picture is the client based platform that has 
the same interface and function with Steam operating 
system. It’s main screen is depicted on Figure I. 

Table II. KLM calculations for playing the game on Steam 
GOALS: Playing the game in Steam Big Picture 

Methods Sequence Duration 
(Seconds) 

 
 
 

Play Game by 
game library 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 3 0,84 
Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Total 6,29 
 
 

The play 
recently played 

the game 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) 0,28 
Press Right (K) 0,28 
Confirm (M) 1,35 

Press A 0,28 
Press Right 0,28 

Confirm (M) 1,35 
Press A 0,28 

Total 5,73 
 
 

Play Game 
through 

installed games 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down(K) x 2 0,56 
Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Total 6,01 
 

Play game 
through resume 

& explore 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 

Press A 0,28 
Total 3,54 

There are 4 methods that can be used in Steam Big 
Picture to start a game. The player can access the game 
from the game library, recently played list, installed game 
list or resume & explore the option. The KLM calculation 
for each method can be viewed on table II. 

Table III. KLM calculations for watching a movie on Steam 
 

GOALS: Watching a movie in Steam Big Picture 
 
 
 
 

Watch a movie by 
movie library 

Sequence Duration (Seconds) 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 
4 

1,12 

Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 
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Press A (K) 0,28 
Total 6,57 

 
Watch a movie by 
using resume & 

explore 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 

Press A 0,28 
Total 3,54 

 

Watching movie feature in Steam Big Picture can be 
accessed through the movie library and resume & explore the 
option. The KLM calculation of watching a movie in Steam 
Big Picture for both method can be viewed on table III. 

Table IV. KLM calculations for listening to music on Steam 
GOALS: Listen to music in Steam Big Picture 

Methods Sequence Duration 
(Seconds) 

 
 
 

Listen to music 
by Album 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 5 1,4 
Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Confirm (M) 1,35 

Press A (K) x 3 0,84 
Total 7,41 

 
 
 

Listen to music 
by Artist 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 5 1,4 
Press Right (K) x 2 0,28 

Press Right (K) 0,56 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) x 2 0,56 
Confirm (M) 1,35 

Press A (K) x 3 0,84 
Total 7,97 

 
 

Listen to music 
from recently 

added 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 5 1,5 
Press Right (K) 0,28 
Press Down (K) 0,28 

Confirm (M) 1,35 
Press A (K) x 2 0,56 

Total 5,5 
 
 

Listen to music 
from recently 

played 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 5 1,5 
Press Right (K) 0,28 

Press Down (K) x 2 0,56 
Confirm (M) 1,35 

Press A (K) x 2 0,56 
Total 5,78 

In Steam Big Picture, player has 4 methods of access to 
listen to music. They can access it by artist, album, recently 
added or recently played. The KLM calculation of listening 
to music in Steam Big Picture for both method can be 
viewed on table IV. 

Table V. KLM calculations for surfing the web on Steam 
 

GOALS: Surfing the web in Steam Big Picture (accessing www.bit.ly) 

No. Sequence Dur 
(Sec.) No. Sequence Dur 

(Sec.) 
1 Press RB (K) 0,28 21 Press Right (K) x 5 1,4 
2 Press Left (K) 0,28 22 Confirm (M) 1,35 
3 Press Down (K) 0,28 23 Press A (K) 0,28 
4 Confirm (M) 1,35 24 Press Left (K) 0,28 
5 Press A (K) 0,28 25 Press Up (K) 0,28 
6 Press Right (K) 0,28 26 Confirm (M) 1,35 
7 Confirm (M) 1,35 27 Press A (K) 0,28 
8 Press A (K) x 3 0,84 28 Press Left (K) x 3 0,84 
9 Press Down (K) x 2 0,56 29 Press Up (K) 0,28 
10 Press Right (K) x 8 2,24 30 Confirm (M) 1,35 
11 Confirm (M) 1,35 31 Press A (K) 0,28 
12 Press A (K) 0,28 32 Press Down (K) x 4 1,12 
13 Press Right (K) x 2 0,56 33 Press Right (K) 0,28 
14 Press Up (K) x 2 0,56 34 Confirm (M) 1,35 
15 Confirm (M) 1,35 35 Press A (K) 0,28 
16 Press A (K) 0,28 Total 26,15 
17 Press Left (K) x 3 0,84  
18 Confirm (M) 1,35 
19 Press A (K) 0,28 
20 Press Down (K) x 2 0,56 
 

Steam Big Picture has a built-in web browser that can be 
used by the player to surf the web. Table V shows the KLM 
calculation of browsing the web for Steam Big Picture. 

All of the KLM calculations for Steam Big Picture are 
summarized in Table VI. At a glance, we can see that the 
method are varied with only some that are similar between 
each content. 

Table VI. Summary of KLM calculations for Steam Big Picture 
 

Goals Methods Total Duration 
(Seconds) 

 
Playing game 

with all game library 6,29 
By recently played game 5,73 

By installed games 6,01 
Resume & explore option 3,54 

Watch movie with all movie library 6,57 
Resume & explore option 3,54 

 
Listen to music 

By Album 7,41 
By artist 7,97 

By recently added 5,5 
By recently played 5,8 

Surf the web Direct access 26,15 

 
B. Xbox One KLM-GOMS Calculation 

 

Figure II. Xbox one main screen [19] 
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Xbox One made uses Microsoft Windows 10 tile design 
as the basis of its operating system. It’s main screen is 
depicted on Figure II. 

Table VII. KLM calculations for playing the game on Xbox One 
 

GOALS: Playing the game in Xbox One 

Methods Sequence Duration 
(Seconds) 

Play game 
through last 
games/apps 

Confirm (M) 1,35 
Press A (K) 0,28 

Total 1,63 
Play game 

through most 
recent 

games/apps 
list 

Press Down (K) 0,28 
Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Total 2,19 
 
 

Play game 
using game and 

apps library 

Press Down (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Total 5,45 

 
There are 3 approaches that can be used in Xbox One to 

start a game. The player can access the game from the game 
& apps library, accessing last games/apps option or most 
recent games/apps list. The KLM calculation is listed on table 
VII. 

Table VIII. KLM calculations for watching movies on Xbox One 
 

GOALS: Watch movies on Xbox One 
Methods Sequence Duration (Seconds) 

Watch movie 
through last 

games or apps 

Confirm (M) 1,35 
Press A (K) 0,28 

Total 1,63 

Play game 
through most 

recent games or 
apps list 

Press Down (K) 0,28 
Press Right (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Total 2,19 
 
 
 
 
 
 

Watch movie 
using game and 

apps library 

Press Down (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Down (K) x 2 0,56 
Press Right (K) x 3 0,84 

Press Down (K) 0,28 
Confirm (M) 1,35 
Press A (K) 0,28 

Press Right (K) 0,28 
Press Down (K) 0,28 

Confirm (M) 1,35 
Press A (K) 0,28 

Total 9,32 
 

Watching a movie in Xbox one can be accessed with 3 
methods. The player can watch a movie by going through 
movie library, accessing last games/apps option or most 
recent games/apps list. The KLM calculation of watching a 
movie in Xbox One for each method can be viewed in table 
VIII. 

In Xbox One, player has 3 methods of access to listen to 
music. They can access it from the game & apps library, 
accessing last games/apps option or most recent games/apps 
list. The KLM calculation of listening to music in Xbox One 
for each method can be viewed in table IX. 

Table IX. KLM calculations for listening to music on Xbox One 
 

GOALS: Listen to music in Xbox One 

Methods Sequence Duration 
(Seconds) 

Listen to Confirm (M) 1,35 
Press A (K) 0,28 music 

through last Confirm (M) 1,35 
games or 

Press A (K) 0,28 
apps 

Total 3,26 
 Press Down (K) 0,28 

Listen to Press Right (K) 0,28 
Confirm (M) 1,35 music 

through most Press A (K) 0,28 
recent games 

Confirm (M) 1,35 
or apps list 

Press A (K) 0,28 
 Total 3,82 
 Press Down (K) 0,28 
 Confirm (M) 1,35 
 Press A (K) 0,28 
 Press Down (K) 0,28 

Listen to Confirm (M) 1,35 
Press A (K) 0,28 music using 

Press Down (K) x 2 0,56 game and 
Press Right (K) x 2 0,84 apps library 

Confirm (M) 1,35 
 Press A (K) 0,28 
 Confirm (M) 1,35 
 Press A (K) 0,28 
 Total 8,48 

 Xbox One uses Microsoft Edge as their built-in web 
browser that can be used by the player to surf the web. 
Table X shows the KLM calculation of surfing the web for 
Xbox One.  

 

 
Table XI. KLM calculations for surfing the web on Xbox One 

GOALS: Surfing the web in Xbox One (accessing www.bit.ly) 

No. Sequence Dur 
(Sec.) No. Sequence Dur 

(Sec.) 
1 Press Down (K) 0,28 22 Press Left (K) x 3 0,84 
2 Confirm (M) 1,35 23 Confirm (M) 1,35 
3 Press A (K) 0,28 24 Press A (K) 0,28 
4 Press Down (K) 0,28 25 Press Down (K) x 2 0,56 
5 Confirm (M) 1,35 26 Press Right (K) x 5 1,4 
6 Press A (K) 0,28 27 Confirm (M) 1,35 
7 Press Right (K) 0,28 28 Press A (K) 0,28 
8 Press Down (K) 0,28 29 Press Left (K) 0,28 
9 Press Y (K) 0,28 30 Press Up (K) 0,28 

10 Press A (K) 0,28 31 Confirm (M) 1,35 
11 Press Left (K) x 4 1,12 32 Press A (K) 0,28 
12 Confirm (M) 1,35 33 Press Left (K) x 3 0,84 
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13 Press A (K) x 3 0,84 34 Press Up (K) 0,28 
14 Press Down (K) x 2 0,56 35 Confirm (M) 1,35 
15 Press Right (K) x 8 2,24 36 Press A (K) 0,28 
16 Confirm (M) 1,35 37 Press Down (K) x 3 0,84 
17 Press A (K) 0,28 38 Press Right (K) x 2 0,28 
18 Press Right (K) x 2 0,56 39 Confirm (M) 1,35 
19 Press Up (K) x 2 0,56 40 Press A (K) 0,28 
20 Confirm (M) 1,35  Total 29,18 
21 Press A (K) 0,28  

 

All of the KLM calculations for Xbox One are 
summarized in Table XI. By design, Microsoft used similar 
steps and methods in order to access all type of contents. 
Microsoft also provide a shortcut method that will help player 
to access the content that they previously accessed faster 
compared to the conventional methods. Surfing the web is the 
only activity that has only one methods and different compared 
to other methods. 

Table XI. Summary of KLM calculations for Xbox One 
 

Goals Methods Duration 
(Seconds) 

 
Playing game 

Through last game/apps 1,63 
Through most recent games/apps list 2,19 

Using game and apps library 6,01 
 

Watch movie 
Through last game/apps 1,63 

Through most recent games/apps list 2,19 
Using game and apps library 9,32 

Listen to 
music 

Through last game/apps 3,26 
Through most recent games/apps list 3,82 

Using game and apps library 8,8 
Surf the web Direct access 29,18 

 

C. Analysis 
The comparison of both KLM calculations is 

presented in Table XII. Before we look at the number of 
KLM calculations, we will analyze the number of 
method for both game operating system. It shows Xbox 
One has a consistent number of methods that can be 
used to access content (game, movie, and music) 
compared to Steam. Not only Xbox One has a 
consistent number of methods, it also has a similar 
sequence. 

Table XII. KLM calculations comparison for Xbox One and Steam 

Goals Playing 
Game 

Watch 
movie 

Listen to 
music 

Surf the 
web 

Total 
methods 

Steam 4 2 4 1 
Xbox 3 3 3 1 

Average 
Duration 

Steam 5,39 5,06 6,67 26,15 
Xbox 3,28 4,38 5,29 29,18 

Least 
Duration 

Steam 3,54 3,54 5,5 26,15 
Xbox 1,63 1,63 3,26 29,18 

Most 
Duration 

Steam 6,29 6,57 7,97 26,15 
Xbox 6,01 9,32 8,8 29,18 

 On average, Xbox One outperform Steam by having the 
least time on accessing content. Xbox One also has the fastest 
duration of accessing content compared to Steam. It because 
they have a method by accessing content through last 
game/apps require by simply pressing a button after the device 

is turned on. This shortcut method will help a player that 
wanted to enjoy the same content consecutively each time they 
use Xbox One.  

The problem with Xbox One shows on the most duration 
data. Before player able to use the fast method through last 
game/apps option, the player needs to go through the long 
sequence to access the content that they wanted. Similar 
problem with Xbox One also arises when player needs to surf 
the web. It took longer for a player to browse the web 
compared to Steam. 

V. CONCLUSIONS 

Based on the KLM-GOMS calculation, Xbox One user 
interface has proven to be more effective compared to Steam. 
Xbox One also uses similar methods to access most of their 
content, it will help to reduce the learning curve of using the 
user interface. Other video game console operating system 
should incorporate Xbox One shortcut methods when 
designing their user interface. Steam also has a similar shortcut 
method but the access is not as fast and as efficient as the one 
that Xbox One uses. Despite having the most efficient 
operating system in overall, the Xbox One still lack in 
performance compared to Steam while accessing specific 
content without shortcut methods.  

In the future, there is more video game console user 
interface that needs to be assessed and compared. Another note 
on KLM-GOMS is that since it focuses on computer 
application, maybe new methods are needed for joystick- based 
application including operating system and game. 
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