
 

Abstract—Non-ergonomic workstation is a cause of office 

syndrome especially the improper dimension of table and chair 

of computer workstation causes the neck, shoulder and lower 

back pain.  Based on ISO9241, 1998, the recommended visual 

angle should be set at 16-24 minute of arc (MOA).  The non-

neutral sitting posture is not only caused by the workstation 

dimension but also the character size displayed on computer 

monitor.  In order to keep the proper visual angle, the smaller 

character size causes the closer watching distance by leaning 

forward the upper body while using the computer.  Leaning 

forward the upper body for long period may cause the upper 

body pain. There were 25 subjects from the university students 

joined in this study. Three character heights on the monitor 

were initially set at 11, 17 and 23 MOA in order to find the 

effects on the upper body posture.  Subjects used computer by 

editing the random sets of English character for 5 minutes and 

then their neck and back angles were recorded in Sagittal plane 

by OptiTrack system with 12 cameras 

The result showed that the character height significantly 

effects on the upper body posture due to back, neck and head 

angle changed from subject’s behavior that lean forward in 

order to get their desired visual angle at 23 MOA. Since, even 

slightly change in neck angle is moment at 7th cervical spine 

which may cause the shoulder and neck pains of the office 

syndrome. Therefore, the use of initial visual angle at 23-25 

MOA is recommended to reduce risk from office syndrome.  
Index Terms— visual angle, ergonomics, office syndrome 

 

I. INTRODUCTION 

 Visual angle is the relationship between object’s height 

and its distance to the eyes. The recommended for font size 

for computer used is 16-24 MOA [1].  

Today computer software is widely used around the world 

in many areas such as service, government and industry. 

Default character sizes for these software are 9 point, 10 

point and 12 point [2] and 14 point for header as a standard 

[3] (font height is about 2.1 mm, 2.6 mm, 3.2 mm and 4 mm. 

respectively). Different character height affects to visual 

angle and lead to different working posture that crates 

tension at neck, shoulder and arm positions. 

Prolong and awkward posture is the major factor of office 

syndrome; e.g. Myofascial Pain Syndrome (MPS), Regional 

muscle pain or contraction knot.  
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This result from insufficient blood supply to muscle and 

less oxygen in muscle fiber and become permanent pain [4] 

especially at neck, shoulder and back [5]. There is also 

evidence that using computer more than 8 hours a day with 

prolonged static contraction is identified risk for neck and 

shoulder pain [6]. In addition, it also affects subject 

discomfort at lower body [7]-[10]. Likewise, Improper 

sitting posture over a long period of time causes a herniated 

disc [11] from the moment on the 7th cervical spine (C7) 

[12]. 

Testing was performed according to research from [13] 

Burgess-Limerick, Plooy and Ankrum by capturing the 

posture change of computer user with reference point of 

spines at L5/S1, C7, C1 and outer canthus. [13] Work 

station was set up following ergonomic recommendation. 

Serif-Arial font was selected for the testing since it has 

stable line and mostly used for display. Each test was 

performed in 5 minutes [14] via in-house software to 

simulate and collect typing task. During the testing, subject’s 

back, neck and head positions were recorded in 3D and 

analyzed in sagittal plane via 12 cameras of OptiTrack 

System. 

 In effects, the objective of this research is to study the 

effect of visual angle on upper body posture; back, neck and 

head angle. Visual angle was defined as independent 

variable, distance as controlled variable under ergonomic 

working condition and angle captured as the response. In 

addition, this study also explains moment created at C7 from 

different back, neck and head angles. The result will be used 

as the recommendation for visual angle in computer use or 

develop automatics font size program which reduces risk 

from office syndrome.  

II. METHODOLOGY 

A. Subjects 

Twenty-five participants were both male and female aged 

from 21 to 28 years (mean 24.5 years) with good health 

without hand or arm injury experiences. In case of any 

abnormal vision, subjects can use their eye glasses or contact 

lens. 

B. Font type and sizes 

Capital character with 9, 10, 12 and 14 point of San Serif- 

Arial font was used in the test. Character’s heights were 

calculated with the result as 2.1mm, 2.6 mm, 3.2 and 4 mm 

respectively (Table. 1) 
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C. Visual Angle 

Visual angle can be calculated from 

              V= 2 arc tan (S/2D)                         …..(1) 

When V is visual angle (MOA) 

           S is object’s height  

               D is distance between object to the eyes 

 

According to the formula (1), when distance is initial set 

up as 60 cm, visual angle of object’s height as 2 mm, 3mm 

and 4mm are 11, 17 and 23 MOA respectively.  

D. Body angles 

Body angles and position is based from Burgess, Plooy 

and Ankrum’s research [13]. Five positions were identified 

as 1) Disc between the 5th Lumber and Sacral (L5/S1), 2) 

the 7th Cervical (C7), 3) the mastoid process on a line 

joining the tragus and the outer canthus (MP), 4) Outer 

canthus of the eye (OC) and 5) Center of monitor. Hence, 

angles were identified as response from Biomechanics Joint 

– Joint which are Back angle: Ө1; created by Line from 

L5/S1 to C7 and horizontal line, Neck Angle: Ө2; angle 

between C7 and mastoid process on a line joining the tragus 

and the outer canthus (MP) crossed with line from C7 and 

L5/S1, Head Angle: Ө3; created from line from the mastoid 

process on MP and outer canthus of the eye: OC crossed 

with line from C7 and MP [15]. 

 

 
 

Fig. 1.  Three angles on upper body 

 

E. Workstation 

OptiTrack was set up for recording neck angle, neck angle 

and head angle in Sagittal plane, frame rate as 50 frames per 

second with 12 cameras. Temperature was controlled at 24°c 

and lighting condition set up with 400 Lux. Workstation was 

set according to ergonomic standard with office table 

(Length: 130 cm, Width: 60 cm, Height: 75 cm), HP 

Monitor (LE1901W): 19 inches LCD (1280 x 1024 pixels) 

with viewing angle = 20°, and a standard keyboard. 

 

 
Fig. 2. The In-house program 

 

 

Fig. 3. Computer workstation setting for experiment. 

 

From Fig 3, the reflective balls were attached to 5 

positions; 1st position is at lumbar segment 5 and sacral 

segment 1 (L5/S1), 2nd position set at Cervical segment 7 

(C7), 3rd   position set at the mastoid process on a line 

joining the tragus and the outer canthus (MP), 4th position 

set at the outer canthus of the eye (OC) and 5th position set at 

the center of monitor. All subjects sit at 120 cm. height from 

floor to fourth position (OC). Since each individual height is 

different, foot board was used for keep knee angle at 90°-

120°. Distance from 4th and 5th positions was set up at 60 cm. 

and the viewing angle was set before all testing at 20°. 

F. Method 

Testing was set up with 3 conditions, 11 MOA, 17 MOA 

and 23 MOA. At the beginning, all subjects started with 23 

MOA and 10 Capital Characters were randomly show at 

each time, once typing was finished another set of 10 

characters would showed up until the testing time was 

reached at 5 minutes.  After the first condition with 23 MOA 

completed, 17 MOA and 11 MOA were done with the same 

protocol. All subjects had 5 minutes rest between each 

condition.   

G. Analysis 

Neck pain is one of the major complaints for computer 

TABLE I 

CHARACTERS PROPERTIES 

Arial Characters Font 

Characters 

Height 

(mm.) 

Height for 

Test (mm.) 

A S D F G H 
A S D F G H  
A S D F G H  
A S D F G H  

14 
12 
10 
9 

4 
3.2 
2.6 
2.1 

4 
3 

    
2 
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users. Therefore, this study analyzed a biomechanics at the 

neck to find the effect of visual angle on the neck moment. 

The angle data was kept in axis (X, Y) and all 5 positions at 

3 conditions was used to calculate the neck moment as 

shown in free body diagram. Back angle, neck angle and 

head angle were collected from the initial state to the steady 

state in order to analyst the impact from visual angle with T-

test analysis. 

 

 
 

Fig. 4. Free body diagram for estimate of back angle, neck 

angle and head angle  

 

 
Fig. 5. Moment at C7 

 

From Fig.5, the moment at C7 calculation based on static 

equilibrium as; 

                       

                    ∑M = ME1-(W1 × L1Cos Өx) = 0              …..(2) 

 

Where    W1    = Head and neck weight (Segment 

weight/body weight x body weight x 9.8 

m-s2)  

                      L 1      = Length from MP to C7  

                           Өx   = Angle of C7 
                ME1 = Moment at C7 

 

The experiment had been segment weight/body weight of 

head and neck equal to 0.081 [16]. 

 

 

 

III. RESULTS 

 

Fig. 6. Mean Back angle at 3 Visual Angles 

 

 Mean Back angle at initial state from analysis with 3 

conditions; 11 MOA, 17 MOA and 23 MOA are 96.96˚, 

96.67˚, 96.45˚ and the mean Back angle after steady state 

are 94.32˚, 95.96˚, 96.96˚. From T-test analysis with 

standard deviation = 0.05, there was no impact for back 

angle change from 23 MOA and 17 MOA (P-VALUE = 

0.65, 0.20 respectively) and 11MOA had impact to back 

angle change (P-VALUE = 0.00023)    (Fig.6) 

 

 

 

Fig. 7. Mean Neck angle at 3 Visual Angles 

 

Mean neck angle at initial state from analysis with 3 

conditions; 11 MOA, 17 MOA and 23 MOA are 119.76˚, 

120.14˚, 120.98˚ and the mean neck angle after steady state 

are 115.46˚, 116.76˚, 114.00˚. From T-test analysis with 

standard deviation = 0.05, there was no impact for neck 

angle change from 23 MOA (P-VALUE = 0.10) while 11 

MOA and 17 MOA affect to neck angle change (P-VALUE 

= 0.011, 0.01 respectively) (Fig.7) 

 

 

 

Fig. 8. Mean Head angle at 3 Visual Angles 

 

Mean Head angle at initial state from 3 conditions; 11 

MOA, 17 MOA and 23 MOA are 119.76˚, 120.14˚, 120.98˚ 

and the mean Head angle after steady state are 115.46˚, 
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116.76˚, 114.00˚. From T-test analysis with standard 

deviation = 0.05, we found no impact for Head angle change 

from 23 MOA (P-VALUE =0.37) while 11 MOA and 17 

MOA affect to Head angle change (P-VALUE = 0.044, 

0.00089) (Fig.8) 

 

 

Fig. 9. Mean Moment on C7 at 3 Visual Angles 

 

 The mean moments at initial state from 3 conditions, 11 

MOA, 17 MOA and 23 MOA were 205.56 N.M, 203.03 

N.M. and 199.64 N.M., respectively and the mean moments 

on C7 at Steady state were and 221.5 N.M., 212.67 N.M. 

and 211.39 N.M., respectively. From T-test analysis with 

standard deviation = 0.05, it showed that all visual angles 

impact on the moment on C7 (P-VALUE = 0.0003, 0.01 and 

0.005 respectively) (Fig.9) 

IV. CONCLUSION AND DISCUSSION 

From the result, the visual angle has a significant effect on 

the upper body posture especially at the 11 MOA and 17 

MOA (equivalent to font size 9 point and 10 point in testing 

condition) causing subjects lean forward for their desire 

visual angle at 23 MOA. At the initial condition at 23 MOA 

(SD=1.08), there was no significant change on the upper 

body posture with the lowest moment joint on 7th cervical 

spine. Then the font size at 23 MOA should be 

recommended as the most appropriate visual angle for 

computer used in order to reduce risk from office syndrome. 
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