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ABSTRACT 
This study examined the feasibility of different on-clothing 
locations for pressure-sensitive e-textile inputs. In this 
study, participants wore an e-textile jacked with 8 sensors 
placed on different parts of the clothing. Sensors could 
detect variable amounts of pressure, from lightly touching 
to firmly pressing. Participants had to hit targets of 
specified pressure levels for all the different sensor 
locations by applying the correct amount of pressure and 
then pinching together sensors on their thumb and 
forefinger. Targets would be one of 6 different required 
pressure levels, and all participants had 8 sensor locations, 
4 target sizes, and 3 repetitions of each trial. Analyzing the 
data reveals which sensor location is most accurate and 
determines whether or not sensor location and target level 
have a significant effect on absolute error rates. 
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PARTICIPATION IN THE EXPERIMENT 
Participating in this experiment highlighted a number of 
factors that negatively affected experimental validity (with 
regard to precision) and participants’ comfort during the 
experiment. There were a couple aspects of the experiment 
that made it unnecessarily uncomfortable for participants. 
Firstly, participants were told to stand for the duration of 
the experiment (unless they explicitly asked to sit down), 
which was usually about an entire hour or more. Secondly, 
participants were instructed to attempt to maintain the same 
level of pressure on the sensor after they had touched their 
fingertips together, requiring additional effort and focus 
(compared to if they had been allowed to relax after hitting 
the target). However, all the data after the moment after 
they had touched their fingertips together was removed 
from the dataset, as it was said to be “slippage”. 
Unnecessarily requiring extra focus and energy from 
participants like this not only represents a burden for 
participants, but could also cause fatigue effects that 
negatively affect the validity of the data. A third point about 
participant comfort was respecting the time of the 
participant. At least one participant had to start and end the 

experiment thirty minutes after their scheduled time due to 
the experiment runner longer than anticipated. This may 
have affected that participant’s data because they felt the 
need to rush through the experiment in order to be on time 
to their next scheduled obligation after the experiment. 
Fourthly, the experimental setup was not equipped to deal 
with a variety of body types. The jacket that participants 
wore came only in one size, such that it might be loose 
fitting on skinny people and tight or un-wearable on large 
people. Additionally, the sensors all assumed a right-
handed user. So, looseness/tightness of clothing (due to 
body size) and handedness were not controlled for in the 
experimental design. Thus, body size and handedness are 
independent variables that may or may not significantly 
affect sensor accuracy and error. However, this presents an 
additional challenge for data analysis because body size 
data was not collected from participants, so it cannot be 
determined whether or not the looseness/tightness of 
clothing (resulting from an improper clothing fit) is a 
significant factor affecting sensor accuracy and error. In 
this way, participating in the experiment revealed a number 
of problems that affect both participant comfort and 
experimental validity. 

Beyond participant comfort, there were a number of factors 
affecting experimental validity that became apparent when 
participating in the experiment. Firstly, instructions were 
given in a colloquial and informal manner, rather than being 
read from a script. While reading instructions from a script 
would ensure that instructions are consistent (and therefore 
have been controlled for), it’s highly likely that each 
participant received slightly different instructions, 
contributing to an uncontrolled experimental setup. There 
was also conversation that took place between the 
experimenter and participant that was entirely unrelated to 
the experiment. This may have distracted the participant 
and negatively affected their performance on the task. 
Finally, the sensors themselves could be manipulated to hit 
the targets without using them as they were intended. For 
example, targets could be hit by changing posture, 
stretching fabric, or contracting muscles rather than 
adjusting the amount of pressure applied with the hand or 



finger(s). This represents a flaw in the artifact that has 
serious implications for the validity of the study. If sensors 
can be accidentally triggered by body position instead of 
applied pressure (the intended input), the collected data 
could actually be the result of such accidental triggers and 
give a misguided representation of the results.  

ANALYSIS OF THE DATA 
Ianalyzed the data in order to determine the most accurate 
sensor location and determine whether or not sensor 
location and target level have a significant effect on 
absolute error rates.  

Preparing the Data 
Preparing the data entailed putting it into a workable 
format, removing outliers, and removing incomplete data. 

Formatting the Data 
In order to put the data into a format that could be used by 
R and excel, the given file was opened in Excel and each 
numerical value placed into its own cell. Then the absolute 
error was calculated for each trial. Unnecessary data was 
removed, including all the recorded pressure values after 
the first, calibration data, and target size column. The 
remaining data consisted of the participant, sensor, target, 
and the absolute error for each trial. This data was 
reformatted before being put into R based on the type of 
data analysis being performed in R (eg. Descriptive 
statistics).     

Removing Outliers 
Outliers were removed based on standard deviations away 
from the mean for each sensor. The lower bounds was three 
standard deviations below the mean and the upper bounds 
was three standard deviations above the mean. Any values 
outside these lower and upper bounds were marked as 
outliers and removed.  

Removing Incomplete Datasets 
One participant did not have a complete dataset. Their data 
was removed because of the possibility that individual 
experience and practiced skills may be a factor affecting 
their performance on the task. For example, one’s practiced 
skills like guitar playing might reliably improve their ability 
to perform well on the experiment task. If that participant’s 
incomplete data were left in the dataset, all the sensors that 

this participant did not complete would have a lower 
average accuracy (and a higher mean absolute error). In 
order to avoid this problem, their data was simply removed. 

Accuracy of Sensors 
To determine the most accurate sensor location on the body, 
Icalculated the average absolute error per sensor across all 
participants and all target levels, as well as a variety of 
other descriptive statistics. The most accurate sensor 
location is the bicep, as it has the smallest average absolute 
error (5.13). Additionally, it also has the smallest standard 
deviation (4.74), and the second smallest range after 
removing outliers (24.03). Note that the ear, stomach, and 
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Figure 1. Box plot for the absolute error of each sensor after removing outliers. 

 



sternum also have similarly low average absolute errors 
(5.31, 5.75, 5.93, respectively). The shoulder and wrist have 
a relatively average performance (with average absolute 
errors of 7.42 and 8.16, respectively). Lastly, the forearm 
and palm show the worst performance with the highest 
average absolute errors (11.36 and 12.79, respectively). As 
a general trend, the sensor locations with high performance 
(as defined by having the lowest average absolute errors) 
also had the smallest spread of data, providing additional 
evidence that they are the most accurate sensors. See Figure 
1 for a boxplot of the absolute error of all sensors after 
removing outliers and Figure 2 for descriptive statistics of 
the absolute error of each sensor after removing outliers. 

DICUSSION 
As discussed in depth in the “Participation in the 
Experiment” section above, this experiment had a number 
of issues that relate to its validity, and specifically, its 
precision. Participant discomfort may have affected 
validity. The experiment required unnecessary additional 
effort and focus from the participants (such as standing up 
for an hour) that may have caused fatigue effects in 
participants, negatively affecting the precision of the data. 
Additionally, the looseness/tightness of the clothing (as a 
result of body size) and handedness were not controlled for. 
Instruction delivery was not controlled for. Finally, the 
sensors themselves could be manipulated into hitting the 
targets accidentally or simply by changing body posture 
without using a hand or finger(s) to apply pressure. Thus, 
the data could actually be the result of such accidental 
triggers and give a misguided representation of accuracy 
and error.  

CONCLUSION 
This study examined the feasibility of different on-clothing 
locations for pressure-sensitive e-textile inputs by having 
participants wear a jacket with 8 sensors and requiring them 
to hit pressure level targets on each sensor. However, the 
precision of the data and validity of the experiment may 
have been affected by the construction quality of the e-
textile sensors’ reliability, lack of controls in the 
experiment, and fatigue effects due to participant 
discomfort. Analyzing the collected data reveals that the 
bicep is the most accurate sensor, closely followed by the 
ear, stomach, and sternum, and that the forearm and palm 
show the least accuracy. Additionally, we can determine 

that the sensor location and the target level have a 
significant effect on error rates.  

 

Figure 2. Descriptive statistics, including the mean, for the absolute error of each sensor after removing outliers. 

 


