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Abstract 
The importance of the aircraft is increasing gradually; among them it may be called Ground Con-
trol Station (GCS) receiving the highest expectations. In aspect of operation, operator’s workload 
and working speed are one of the most important factors. Thus, we need to compare Touch mode 
and Non Touch mode in order to improve workload and working speed. In this paper, we analyzed 
the differences of Touch mode and Non Touch mode about workload, working speed in operation 
of aircraft. Through NASA-TLX and Measured working time, quantified data were collected and an 
analysis of variance (ANOVA) was performed. According to experimental result, working speed 
and workload according to input mode showed significant difference. In ground operation, Touch 
mode is better than Non Touch mode about working speed and workload. In the Touch mode, the 
optimal value of lower display angle was selected as 60˚ angle. 
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1. Introduction 
The importance of the aircraft is increasing gradually, among them it may be called anti-air ground control sta-
tion (GCS) are receiving the highest expectations. This can be regarded as worldwide trend. A GCS is defined as 
a “powered, aerial vehicle that does not carry a human operator, uses aerodynamic forces to provide vehicle lift, 
can fly autonomously or be piloted remotely, can be expendable or recoverable, and can carry a lethal or nonle-
thal payload”. The biggest advantage of the GCS is people do not ride with no loss of life can do long-term mis-
sion. Also, ground control center has undergone a process of change and evolve over time. As time goes on, in 
order to maximize the performance of the battlefield situation, a study was conducted for each of the elements 
such as chairs, consoles, pedals. So ground control center has been evolving in the direction of improvement for 
the convenience and usability. 

 However, research on the touch screen usability is likely to not actively make. In the future, the touch screen 
is considered important to maximize the ability to operation of GCS. In operation as a GCS, it is necessary to 
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compare the performance of mouse and touch screen. Therefore, in this study, we measured the response time, 
workload in operating GCS simulator. And we analyzed the results shown by measurements. 

2. Related Study 
2.1. NASA-TLX Analysis Method 
The NASA Task Load Index (NASA-TLX) is a widely-used, subjective, multidimensional assessment tool that 
rates perceived workload in order to assess a task (see Table 1) [1]. Through various industrial accidents and 
disasters, Workload has been found as one of the factors that have the greatest impact on the safety of the system. 
So in order to prevent the workload reduction, a number of studies were carried out. As a result, it was found 
that the main cause of Workload reduction is the complexity of the task. While operators are performing com-
plex task, operators will experience a significant amount of the cognitive load [2]. Due to the complex task, if 
required cognitive load exceed operations ability, rapid task ability will occur [3]. This fact is supporting that 
assessing and managing task difficulty will prevent accident caused by task load decrease. The most effective 
method of assessing task ability is giving direct question to the operator. Therefore, various question investiga-
tions to assessing task ability were developed, such as NASA-TLX (task load index), Cooper-Harper scale, 
SWAT (subjective workload assessment technique) are known [4]. Of these, the most stable subjective task dif-
ficulty assessing method up to now is NASA-TLX Method [5].  

NASA-TLX is configured to be able to quantify the degree of difficulty through the entire. There is a descrip-
tion for each of these subscales that the subject should read before rating. They are rated for each task within a 
100-points range with 5-point steps. These ratings are then combined to the task load index. Providing descrip-
tions for each measurement can be found to help participants answer accurately. If you perform a task difficulty 
assessing through the NASA-TLX, you can know reason about what is being affected. Through the effective 
management of the task difficulty level, in order to inhibit workload, it evaluates the task difficulty. Identifying 
efficient factor is very important, so more efficient management of the task difficulty level is possible. 

2.2. Previous Studies 
Many studies have compared touchscreens to other selection devices for various tasks Hall, Cunningham, 
Roache, and Cox (1988) investigated the effects of various factors on touchscreen performance. They reported 
that accuracy varied from 66.7% for targets 10 mm per side, to 99.2% for targets 26 mm per side, and that accu-
racy was maximized once targets were approximately 26 mm per side [6]. Ostroff and Shneiderman (1988) 
compared a touchscreen, mouse, number keys, and arrow keys. The results were similar to those of most other 
studies comparing the touchscreen and the mouse, indicating that the touchscreen was faster. They found no sig-
nificant difference between error rates for the mouse and the touchscreen [7]. Ahlstrom and Lenman (1987) 
compared a conductive touchscreen and mouse for the selection. This study indicated that the touchscreen was 
faster, but resulted in a much higher error rate [8]. Karat, McDonald, and Anderson (1986) compared a touch-
screen, mouse, and keyboard for selection tasks. The results indicated that the touchscreen was the preferred de-
vice for the task without the typing subtask, while the keyboard was preferred when the subtask was included. 
The touchscreen was the fastest for both tasks [9]. 

 
Table 1. Evaluation factors and description of NASA-TLX. 

Evaluation Factors Description 

Mental Demand How mentally demanding was the task? 

Physical Demand How physically demanding was the task? 

Temporal Demand How hurried or rushed was the pace of the task? 

Performance How successful were you in accomplishing what you were asked to do? 

Effort How hard did you have to work to accomplish your level or performance? 

Frustration How insecure, discouraged, irritated, stressed, and annoyed were you? 
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3. Experiment Design  
3.1. Experiment 1 
In this study, we have conducted experiments to maximize the operational capability as the operation in the GCS. 
Factors were set to lower display angle (45˚, 60˚, 80˚) and input mode (Touch, Non Touch). In this regard, we 
measured the working time and the workload according to the factor by using the Flight Simulator X and to 
measure the workload, it was carried out NASA-TLX. (The baseline of NASA-TLX is 45˚/Non touch.) In Expe-
riment 1, 2, both of the samples were determined 10.  

In this experiment, including the Main Panel, Trim panel, Overhead Panel, Throttle Panel were used (see 
Figures 1 and 2). 

Scenario is as follows. 
1. Sequentially perform the setting for take-off on the GCS (As a given number). (Change the settings of 5 

kinds at Main Panel, 2 kinds at Trim panel, 2 kinds at Overhead Panel, 4 kinds of Throttle Panel.) 
2. Perform the take-off. 
3. When climbed to a certain safe trajectory, perform the setting for normal flight (As a given number). 
(Change the settings of 5 kinds at Main Panel, 2 kinds at Trim panel, 2 kinds at Overhead Panel, 4 kinds of 

Throttle Panel). 
 

 
Figure 1. Interface of Experiment 1. 

 

 
Figure 2. The example of Experiment 1. 
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3.2. Experiment 2 
Using the quantitative results obtained by experiments, it was performed ANOVA. The optimum lower display 
angle and input method according to the ANOVA were adopted (see Table 2). This experiment 2 was per-
formed on the reaction rate and the workload measurement based. During GCS operating, we measured the 
reaction rate to a target is displayed at randomly (see Figure 3). We measured the workload by the NASA-TLX. 
Accordingly, we adopted optimum lower display angle and input mode in operating GCS. In Experiment 1, 2 
both of the samples was determined 10.  

4. Result Analysis 
4.1. Analysis of the NASA-TLX 
In Experiment 1, NASA-TLX showed that workload was optimal at lower display angle 60˚, touch mode. Also, 
in significance level 0.05, N = 10. All of result about NASA-TLX was significant. (Mental Demand (p = 0.005), 
Physical Demand (p = 0.000), Temporal Demand (p = 0.014), Performance (p = 0.000), Effort (p = 0.000), Fru-
stration (p = 0.006).) In Experiment 1, it was determined to be the most significant in 60˚ angle (see Figure 4). 
And Experiment 2, the workload was measured according to the input mode in the 60˚ angle (see Figure 5). 
Also, in significance level 0.05, N=10. As a result, all of results are optimal at touch mode. Also like the pre-
vious Experiment 1, in significance level 0.05, all of result about NASA-TLX was significant (Mental Demand 
(p = 0.000), Physical Demand (p = 0.010), Temporal Demand (p = 0.002), Performance (p = 0.000), Effort (p = 
0.000), Frustration (p = 0.004)).  

4.2. Analysis of the Working Time 
In Experiment 1, Also, in significance level 0.05, N = 10. Working time was optimal at 60˚ angle and Touch 
mode. But, significant value is 0.928. So, It showed that the results are not significant (see Figure 6). Because, 
Flight Simulator X is regarded as not being optimized for the touch screen, In Experiment 2, Also, in signific-
ance level 0.05, N = 10. the experiment was conducted in a different environment. As a result, Touch mode is 
faster than Non Touch mode. Also, significant value is 0.034. So, the results were significant (see Figure 7). 

 

 
Figure 3. Interface of Experiment 2. 

 
Table 2. Experiment design. 

Scale 
Input Mode 

Non Touch Touch 

Lower Display angle 45˚, 60˚, 80˚ 45˚, 60˚, 80˚ 

Time Measured in Seconds Measured in Seconds 

NASA-TLX Rating from given 6 questions 
(100 points range with 5-point steps) 

Rating from given 6 questions 
(100 points range with 5-point steps) 
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Figure 4. NASA-TLX according to input mode (in Experiment 1). 

 

 
Figure 5. NASA-TLX according to input mode (in Experiment 2). 

 

 
Figure 6. Working time according to input mode (in Experiment 1). 
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Figure 7. Working time according to input mode (in Experiment 2). 

5. Conclusion 
As a result, in Experiment 1, it was found that Touch mode was the best results of 60˚ angle. Also, in Non 
Touch mode, 80˚ angle is optimal but, in NASA-TLX, Touch mode is far more efficient than Non Touch mode. 
Therefore, it was found that Touch mode is optimal and in Touch mode, 60˚ angle is optimal. But, Flight Simu-
lator X using in Experiment 1 is regarded as not being optimized for the touch screen, the significance level 
showed that the working speed is not significant. So, secondarily we performed different experiment about 
working speed and workload. In different experiment, it was found that touch mode is faster than Non Touch 
mode. As a result, we conclude that Touch mode is more optimal about working speed and workload. 
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