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Introduction 
 
Laptop and tablet computers are known to inherently cause 
unsafe working positions.  Tablets screens in particular are 
often set below the recommended viewing angle, which leads 
to extreme degrees of neck flexion.  Greater degrees of neck 
flexion leads to increased strains, which can put users more at 
risk for discomfort or musculoskeletal disorders (MSDs), 
especially in the neck and shoulders [4-5]. Previous research 
has shown that higher display locations can decrease head and 
neck flexion that lead to more neutral postures and 
subsequently reduce the chances of injury [1].        
The purpose of the study was to examine if tablet-use posture 
could be improved through height and angle 
adjustment.  Neck flexion was used as a measure for 
improvement, where a more “neutral” angle of neck flexion –
37º - 45º, would signify better posture [1].  Since neck flexion 
for tablet use has been shown to be much greater than 
“neutral”, a reduction in neck flexion was considered to be a 
safer posture [1]. 
The tablet (Apple iPad2) was used in conjunction with a 
Bluetooth keyboard (Logitech Ultrathin Keyboard Cover), to 
make the setup more analogous to a standard laptop 
computer.  For laptops, the spacing between the screen and 
keyboard can cause discomfort in the wrist [6].  The study did 
not focus on analyzing wrist position, but rather used 
qualitative means of user input to examine the desirability of 
positionable keyboards. 
 

An initial survey was sent out via social media to gather a 
general sense of where participants use their tablets, what 
accessories they own, and what tasks they typically use their 
tablets for.  The results from the ten survey participants were 
used to guide the experimental portion of the research in terms 
of tasks and locations for the study (see Appendix).  Task 
design was based on previous research on tablet neck flexion, 
where tested tasks included internet browsing, and reading, 
email reading and responding, movie watching and gaming 
[1].  Survey data verified that, with the exception of gaming, 
the tasks used in the study by Young et al accurately 
represented the most frequent tasks done on a tablet.  For this 
study, game playing was substituted for drawing, which was 
more suitable for the configurations used in the study.     
The tested configuration involved an attachable Bluetooth 
keyboard to the tablet, which made testing at a desk and table 
more appropriate for tablet positioning.  Preliminary survey 
data verified that usage at a desk and table was common for 
most participants - 70 selected this as a typical location for 
tablet usage. 
 
 
Literature Review 
 
A 2011 study on the effect of touch-screen tablet tilt angles on 
head and neck flexion by Young et al tested 15 users with two 
tablets in landscape orientation.  Each tablet was tested in 
conjunction with an adjustable angle case.  The tilt angles for 
Case 1 were 15º and 73º.  For Case 2, the tilt angles were 45º 
and 63º.  Four different configurations were tested, and each 
configuration was specific to one of four tasks. The amount of 
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head and neck flexion was measured for each task. The users 
had several possible positions, which included holding the 
tablet, setting the tablet on the lap, and using the tablet on a 
table.  Tasks included internet browsing and reading, game 
playing, email reading and responding, and movie watching.  
Results showed head and neck flexion postures varied 
significantly between the two tablets and between tasks.  Lap-
based tasks showed greater head and neck flexion versus table 
tasks.  This suggests head and neck posture can be reduced 
through angle adjustment and elevating the device.   
 

Methods 
 
Participants 12 college-age students, ages 19 - 23, were 
tested, with an equal number of male and female 
participants.  Participant height ranged from 61 inches - 15th 
percentile woman, to 74 inches  - 80th percentile man, to 
assess the effect of the adjustable setup for users of different 
heights [2].  
 
Controlled Variables  tasks, order of task, time per task, 
accessories used to complete task  
Independent Variables  screen angle, screen height, distance 
from screen to keyboard, location, chair, desk 
Dependent Variables participant posture, participant 
feedback  
 
Location Studies were conducted in a range of realistic 
situations - such as participants’ apartments, classrooms, 
cafes, and work areas on the Cornell University college 
campus.  Each location had a table and a chair, but there were 
no other constraints beyond these factors.  Variations included 
chairs, stools, and a sofa chair.  Chair and desk height for each 
situation were recorded. 

Table 1. 

Locations and corresponding heights of chairs, tables and participants. 

Height Chair (in) Table (in) Participant (in) 

Apartment 1  17.5 30.5 62, 63, 69, 69 

Apartment 1* 15.5 17.5 70 

Apartment 2 17.5 30.5 72 

Apartment 3 18 29.5 74 

Café 1 17.5 29.5 61 

Café 2** 30.5 39.5 72 

Classroom 15.5 29 70 

Computer Lab 16 27 61 

Library 18 29 64 

*	  Participant	  seated	  on	  sofa        **	  Participant	  seated	  on	  stool 

 
With the exception of the stool, all chairs had backs.  The 
couch was the only chair with heavy padding along the sitting 
and back surfaces. 

	   	  
Fig. 1. Standard Setup (left), and Adjustable Setup (right).  Adjustable setup 
shown with raised height of 3.5” and screen tilt of 61.4º. 

 

Standard Setup The tablet is docked into the keyboard in 
landscape mode.  The setup does not allow for any adjustment 
in screen angle, screen height, or the distance between the 
keyboard and screen.  The screen angle is fixed at 55.4° from 
the horizontal. 
 
Adjustable Setup The screen angle, screen height, and 
keyboard positions are all adjustable.  The screen is in 
landscape mode. The screen angle can be set into one of four 
positions, and users may modify the angle between tasks.  The 
screen angles range from 46° to 61.4° from the 
horizontal.  The height range off of the table ranges from 0.5 
inches to 4 inches, where the height can be raised 0.5, 1.75, 
2.5, 3, and 4 inches from the table.  The position of the 
keyboard is at the user’s discretion, but is initially docked 
under the tablet, and the user may move the keyboard as 
desired.   
 
 
Procedure 
 
Overview  Participants were met at a location with a desk and 
chair.  The standard setup was placed in front of the 
user.  Participants were also given the option of using a stylus 
at any point.  Each task - web browsing, email, drawing, video 
watching - was timed at three minutes and photos of the user’s 
profile were taken throughout the task duration to examine 
postural changes within each setup.  Participants first 
completed the tasks in the standard setup in the order of web 
browsing, email writing, drawing, and video watching.  Once 
this was completed, participants were presented with the 
adjustable setup, where they had the option of raising the 
tablet height to a comfortable position through a stack of four 
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books, allowing height adjustment up to four inches.  After an 
initial height was selected, the tablet and adjustable angle 
stand were placed on top, and users found an angle they felt 
was most comfortable.  Some participants then modified the 
height by adding or removing books to find a more 
comfortable position.  Participants were told they could 
modify the screen angle at any time during or in between 
tasks.  Tasks were then repeated in the same order as the 
standard setup.  At the end of the study, participants filled out 
a survey to collect data on height, setup preferences, and 
general comments.   
 
Web Browsing  Users were provided with the option of using 
a stylus at the beginning of the task.  Stylus use was kept 
consistent across both trials for each participant.  Participants 
were provided with a link to a compilation of “The 50 Most 
Interesting Articles on Wikipedia” and were asked to select a 
page, or pages of interest to them and browse the article(s). 
Participants were also given freedom to do additional 
browsing, and use the physical keyboard as the input device. 
 
Email  Participants were shown an email with five prompts.  
Participants selected as many prompts as necessary to fill the 
allotted time of three minutes.  Questions were intentionally 
designed to keep the user engaged in the task - such as 
describing a favorite childhood memory, or a favorite 
Halloween costume.  Study participants were also provided 
with the option to write about a subject of their choice.  To 
answer the prompts, the participants replied to the email via 
the physical keyboard, and wrote the responses in line with the 
questions.   
 
Drawing  Participants were required to use the stylus to use 
for the drawing, and were presented with a drawing 
application on the tablet.  Participants were provided with 
basic instruction on how to use the application - such as 
changing line width, color, and style.  Participants were then 
asked to draw for the allotted period of three minutes.  Basic 
suggestions for drawing ideas were houses and rainbows, but 
participants were given the freedom to express their artistic 
creativity within the parameters of the application. 
 
 
Analysis 
 
The photos taken during the study were used to analyze 
postural changes and measure neck flexion.  For neck flexion 
analysis, the reference points used was the cervical vertebrae 
C7 at the base of the neck, and the ear OC1 - angle two in 
Figure 2. 
Angle measurement software was used to identify the angles 
in the photos.  The values for a single task were then averaged 
to create a mid-range value for the user’s posture.  The 
average values for the two setups were then compared to see if 
there were any significant differences in neck flexion.  The 
Wilcoxon Signed-Rank Test was used on each task to check 

for statistical significance.  Survey data was used to discover 
which setups users preferred, and the reasons for their 
preference.  
 
 

 
Fig 2. Angle for head flexion [1]. 
 
 
Results 
 
All participants had overall improvement in neck flexion– 
taken as the average of all four tasks – using the adjustable 
setup. The averaged improvement in neck flexion across the 
four tasks ranged from 4.48º to 18.03º, with a mean value of 
11.9º.  The maximum-recorded improvement in neck flexion 
for a single task was 37.8º - web browsing (Fig 3).  The same 
individual also showed the least improvement for a single task 
where neck flexion increased in the adjustable set up by 3.8º 
for the drawing task.   
 

 
Fig 3. Greatest reduction in neck flexion for a single task. Standard  
setup for browsing (left), and adjustable setup for browsing (right). 
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Neck Flexion The average neck flexion varied for each task, 
with the most average neck flexion for browsing and drawing, 
while email and video tasks showed lower neck flex flexion 
for both setups (Fig 4).   
Previous studies report the most comfortable neck angle for 
computer tasks was found to be around 43.7º [3].  Using a 
“neutral” range 37º - 45º [1] the average neck flexion in the 
standard setup was outside of the “neutral” range for all tasks 

by up to 16º.  In the adjustable setup, email and video were 
within the “neutral” range at 37.6º and 41.6º, while browsing 
was at 46.5º, just outside of the “neutral” range.  The averaged 
neck flexion for drawing was 6º outside of the “neutral” range, 
but still shows a significant improvement from the difference 
of 16º above “neutral” in the standard setup.   
 

	  
Fig 4. Average neck flexion of all participants by task and setup (top 
left), average reduction in neck flexion from adjustable setup (top 
right), and neck flexion for each participant by task 
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Browsing showed the greatest neck flexion in the standard 
setup at 61.6º, and benefited the most from the adjustable 
setup with an average improvement of 15.1º across all 
participants.  Email had the least amount of neck flexion in the 
standard setup at 50.0º, and improved by 12.5º, whereas 
drawing and video tasks had greater initial neck flexion than 
email in the standard setup at 61.1º and 51.9º, yet had slightly 
less average improvement, 9.5º and 10.3º respectively. 
The adjustable setup lowered the overall average range in neck 
flexion across the four tasks.  The standard setup had a range 
in neck flexion of 50.0º to 61.6º while the adjustable setup had 
a lower range from 37.6º to 51.4º.  However, given that many 
people do not spend much time drawing on their tablets 
(Appendix), the improved range for everyday usage would be 
37.6º to 46.5º compared to the standard 50.0º to 61.6º, which 
accounts for the most common tasks of browsing/reading, 
email, and viewing videos. 

All participants showed reduced neck flexion during the 
adjustable setup for the browsing task (Fig 4).  All but one 
participant showed a notable reduction in neck flexion during 
email.  For the video, three individuals had similar results in 
neck flexion for both setups.  All other participants showed 
improvement. 
Two individuals had slightly greater neck flexion during 
drawing, compared to the adjustable setup.  However, many 
other participants still displayed significant improvement over 
the standard design. 
 
Height Correlation Data of participant height was compared 
to the change in neck flexion.  Overall improvement in neck 
flexion was taken as the average value across all four tasks for 
each individual.  The Pearson’s Correlation Cofactor was 
calculated to have an R-value of -.2007, signifying a weak 
correlation between participant height and overall 
improvement in neck flexion (Fig 5).  For the current range in 
height and angle adjustment, taller participants may benefit 
slightly less than shorter individuals, however, the results 

	  

Fig 5. Correlation between participant height and screen height (top left), 
correlation between participant height and neck flexion (bottom left), 
preferred angle for screen tilt by percentage (top right), preferred height 
adjustment by percentage (bottom right) 
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strongly indicate that users of all heights can benefit from 
using the adjustable setup. 
The Pearson’s Correlation Cofactor for user height and 
adjusted screen height was calculated to have an R-value of 
.2821, signifying a weak correlation between participant 
height and the amount they raised the tablet (Fig 5).  Taller 
participants tended slightly more toward higher setups, while 
shorter participants were somewhat more likely to choose 
lower configurations.  
 
Screen Angle Adjustment  In the adjustable configuration, 
four of the twelve participants changed the screen angle 
between tasks.  Out of those that adjusted the angle for tasks, 
three of the four altered the angle specifically for drawing by 
decreasing the tilt angle - making the screen tablet angle more 
horizontal (Angle 5, Fig 2) and subsequently returned the 
tablet to its previous position after the drawing task was 
completed.  The one other participant that altered the angle 
increased the tilt angle after the first task, and kept the tablet in 
the more upright position for the remainder of the tasks.  The 
drawing task was the only time that any participants used the 
shallower tilt angles of 46º and  
51º.  Excluding the variation for the drawing task, 75% of 
participants used the most upright screen angle of 61.4º for the 
tasks.  The most preferred height of the base of the tablet from 
the table was 3 inches with 41.7% of users selecting this 
height, followed by the 4 inches  - 25%.  Heights of 1.75 
inches and 2.5 inches were both used by 16.7% of 
participants.  
 

 

 

Table 2. Range in neck flexion across participants by task and setup 

Task Standard Setup Adjustable Setup 

Browsing 49º - 87º 30º - 59º 

Email 40º - 66º 6º - 50º 

Drawing 38º - 80º 36º - 84º 

Video 41º - 62º 26º - 52º 

 

In the standard setup, watching a video resulted in the least 
amount of variation in neck flexion across participants, while 
drawing had the most (Table 2).  In the adjustable setup, 
drawing still showed the greatest variation, even more than in 
the standard setup.  In the drawing task of the adjustable setup, 
some participants also altered the screen angle to angles lower 
than the standard setup, whereas the screen angle was greater 
or equal to the standard setup for all other tasks.   

 

	  

Fig 6. Postural changes for shorter participant (left), versus taller 
participant (right) 
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Qualitative Improvements Participants were observed to be 
sitting straighter while using the adjustable setup.  The amount 
of back slump was noticeably reduced, which corresponds to 
user comments on being able to sit straighter and not hunch 
over as much (Fig 7). Although improvement in neck flexion 
was slightly lower for taller participants, taller individuals 
showed more substantial changes in overall posture.  When 
directly comparing the photos between a shorter user - 62 
inches, and a taller user - 74 inches, the taller participant was 

seen sitting much straighter with the adjustable despite a 
relatively small improvement in neck flexion of 6.4º, whereas 
the shorter individual had greater improvement in neck flexion 
at 9.5º but had less noticeable changes in back posture (Fig 6).    
 
Survey Results After each individual completed the study, 
they were asked to fill out a survey about their preferences, 
and comfort.  When inquired about the preferred setup, all 
participants chose the adjustable setup. 

	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  

	  	  	  	   	  

	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  
Fig 7. Results of survey administered after each participant completed 
the study. 
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Many participants chose the adjustable setup because of 
postural concerns.  Four users stated reduced strain in the neck 
or back made the adjustable setup preferable, and two users 
explicitly stated the adjustable setup was more comfortable to 
use.  Most other reasons were related to sitting up straighter 
and not having to slouch over to match screen height.  
Reasons not related to posture included the convenience of the 
slide-out keyboard and adjusting the screen positioning to 
reduce glare.  
All but one participant felt the amount of angle adjustment 
was adequate to sit comfortably.  The one participant that 
answered no was in the couch setup where the difference in 
height between the table and chair was only 2 inches, versus 
the more typical difference of 9+ inches between table and 
chair height (Table 1). All participants felt the amount of 
height adjustment was sufficient to sit comfortably. 

 
Keyboard Usage  67% of participants favored the 
positionable keyboard, 25% cited no preference, and only 8% 
chose the fixed position (Fig 7).  Before the first task of the 
adjustable setup was tested, the keyboard was pushed in and 
participants were instructed to pull out the keyboard as 
needed.  All participants followed instructions for pulling out 
the keyboard.  Five of the twelve participants retracted the 
keyboard when it was not in use.  The participant at the low 
table/sofa setup removed the keyboard and placed it on his lap 
and reclined on the sofa while leaving the tablet on the table, 
and returned the keyboard to the retracted position when it 
was not needed.   
 
Statistical Analysis  The Wilcoxon Signed-Rank was used to 
see if the change in neck flexion between the standard and 
adjustable setups was statistically significant.  The average 
data for each participant in each setup was used, and each task 
was a separate statistical test.  The critical value of W for N = 
12 at p≤ 0.05 is 13.  The values for W by task - browsing, 
email, drawing, video - are 0,1,8, and 0.  All W values are 
lower than the critical value of 13, therefore the change in 
neck flexion from standard to adjustable setups is statistically 
significant for all tested tasks.  The improvement in neck 
flexion can be attributed to the modifications in the setup. 
 

Relation to Previous Literature The results support the 
conjecture proposed by Young et al. that changing the height 
and adding angle adjustment of the tablet screen could reduce 
neck flexion.  However, the range in neck flexion for the 
standard setup was greater than those found in the previous 
study, which may be attributed to the difference in setups of 
both the location and tablet or collection methods.  When 
examining neck flexion by task, Young et al found that the 
video task had lower flexion than any of the other prescribed 
tasks.  Findings for this study were that watching a video had 
slightly greater neck flexion than email for both the standard 
and adjustable setups, but participants were using a physical 

keyboard to complete the email task, versus the touch screen 
in the previous literature.  The viewing angle for reading and 
writing emails was substantially lower in the prior study, 
which would also account for greater degrees of neck flexion 
during the task. 

 

Discussion 
 
Angle  All participants preferred steeper angles, some of the 
users tried to push the angle past 61.4º, but found that this 
angle could not be exceeded, and used the tablet at 61.4º.  This 
action suggests that the adjustable setup would benefit from 
additional angles past 61.4º.   Lower angles were used 
exclusively for the drawing task.  Having a stand that can 
easily accommodate a variety of angles can help users choose 
the most comfortable position depending on the task.  Several 
users also included in the survey comments that adding more 
angles of adjustability could make for a more comfortable 
experience.  Adding additional angle adjustment could further 
decrease the amount of neck flexion and improve the posture 
of participants.  
 
Height  The most popular height was at 3.5 inches, followed 
by 4 inches.  The study suggests that the optimal height 
adjustment is somewhere this the upper range.  The lower 
height adjustments of 1.75 and 2.5 inches were less likely to 
be desired.  However, selecting a height range beyond 4 
inches may also improve posture for some participants.  Even 
in the improved cases, there was still quite a bit of neck 
flexion.  Having higher heights may be more comfortable to 
some users.   
 

Variability in Drawing  Drawing had the most variability in 
neck flexion across both setups, and hence had a much higher 
W score when testing for statistical significance.  This may be 
attributed to the more physically engaging and precise nature 
of the task compared to the others.  Drawing is also typically 
done on paper and on a horizontal surface, whereas the other 
three tasks are exclusively electronic and typically viewed 
more vertically.  In the other three tasks, the hand does not 
need to make as much, if any, direct contact with the screen, 
which may cause the individual to adopt a different posture 
than if precise movements must be made directly on the tablet 
for drawing. 
 
Removable Keyboard  The  adjustable setup had the option 
of moving it out of the way when it was not in use.  67% of 
users explicitly stated they preferred having a positionable 
keyboard, and one participant cited the slide-out keyboard as 
the reason for preferring the adjustable setup over the 
standard.  According to the preliminary survey data 
(Appendix), 50% of tablet owners use the device with a 
keyboard.  Having a place to easily store and remove the 
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keyboard when needed can help users maximize the usable 
space between them and the tablet that the keyboard normally 
takes up.  One participant that chose to push in the tablet 
during the video portion brought the entire screen closer to 
where he was sitting, which would not have been possible if 
the keyboard had stayed out.  Additionally, users may be 
working at small surfaces, where there is not a lot of room to 
work with.  In these cases, having the ability to easily move 
unneeded objects can be an asset.   
 
Analysis of Survey Results  All participants responded that 
the amount of height adjustment was sufficient to sit 
comfortably.  However, the measure of comfort is also 
relative, and although the adjustable setup was a marked 
improvement over the standard, there could be additional 
features that could further enhance the comfort of the 
adjustable setup. 
All but one participant felt the amount of angle adjustment 
was sufficient to sit comfortably for the presented tasks.  The 
participant that selected no for angle adjustment was in a 
location where the chair height was only 2 inches less than the 
table height, whereas all other locations had a difference of at 
least 9 inches between desk and table height.  Interestingly, 
height adjustment was still considered to be sufficient, despite 
the comparatively low height of the table.   
Participants cited various reasons for selecting the adjustable 
setup as an improvement over the standard.  Most comments 
were related to posture and comfort, particularly in the 
neck.  Two users mentioned angle adjustment as an important 
feature for positioning, and two mentioned the height was an 
improvement over the standard setup.  One user’s comment 
that the adjustable setup did not feel awkward could imply that 
the standard setup felt unnatural and uncomfortable to use, or 
could reflect expectations based on existing tablet cases and 
stands.  The comment about reduced strain on the back may be 
closely related to strain on neck, since neck flexion places 
strain on the extensor muscles along the upper portion of the 
back.  However, the comment could also be more related to 
slouching, which places strain in the mid-lower 
back.  Comments unrelated to posture and comfort were the 
convenience of the slide-out keyboard, and that the 
adjustability features helped reduce glare from the sun.  The 
majority of participants noted the postural, and related comfort 
effects as a key reason for preferring the adjustable setup, 
which corresponds to the quantitative data on neck flexion, 
and the qualitative improvement in posture seen in photos.    
 
 
Conclusion 
 
The setup of a tablet and physical keyboard mirrors the trend 
of touch-screen laptops and tablet computers.  The adjustable 
setup proved to reduce neck flexion across all participants, and 
was preferable over the standard setup by 100% of 
participants.  The adjustable setup showed the most 

improvement for browsing tasks, which is what users reported 
spending the most time on during the preliminary survey.  The 
reduction in neck flexion for the adjustable setup was brought 
postures into a “neutral” range for both video and email tasks, 
with browsing slightly outside of the prescribed range in neck 
flexion.   
Participants also showed an overall improvement in back 
posture, which corresponded to the users’ reasons for selecting 
the adjustable setup over the standard.  Additional height and 
angle adjustment could further improve both posture and 
comfort.  Having an option for a pull-out keyboard is desirable 
to most individuals. Stability is an important issue to address, 
since the present stand may slide, and stability has been stated 
as a concern and frustration for stands currently on the 
market.   
 
 
Limitations 
 
An adjustable keyboard can improve wrist deviation, however 
this was not measured in the study.  Participants were also 
seen sitting up much straighter, but there was no quantitative 
data taken to verify the observation.  Productivity was also not 
accounted for, as each task was timed.  The setup was not 
tested without a table, but many users like to use their tablets 
either on a chair or on a bed.  An ideal setup would be usable 
in both of these circumstances.  The tablet was also kept in 
landscape mode, although both the standard and adjustable 
setups accommodate portrait mode.  However, the 
improvement in posture should not be dependent on the 
orientation of the tablet.  The fact that some users preferred 
the maximum angle or the maximum height suggests that a 
greater range of adjustments would be worth further 
evaluation. 
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Appendix  
Preliminary Survey Results 
 

 

 

 
 
Other Uses: 
2nd Monitor for Laptop  

Taking Notes 
 
Note: that web browsing and reading were not distinguished as separate 
categories for the survey. 
 
 
Are there any improvements you would like for your 
current setup? 
 

Make Slimmer 
Greater stability when propped up.   
Ability to prop up in portrait and landscape modes 
Easily adjustable screen angle and height 
Ability to match Angle and height with adjacent 
laptop screen 
Free keyboard, stylus and protective cover with 
tablet purchase 
Faster connection of Bluetooth keyboard to tablet 
A stand/case enabling full adjustability of viewing 
angles 
Integrated experience with a computer  

 Ex. push tabs on laptop browser to tablet 
 

Do you have any frustrations with your tablet?  
 

Screen angle (3) 
Stability of stand (2) 
Unable to get tablet to optimal height (2) 
Hard to type on touch keyboard (2) 
Awkward size to hold (2) 
Battery life 
Some free content (TV shows, etc.) unsupported for 
mobile devices  
Unable to multitask on iPad 
iPad does not free stand 
Screen resolution 

 
 
 
 

 
 

 


