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ABSTRACT 
Wearable smart textiles are a promising approach to provide 
health related services (e.g., permanent monitoring of vital 
parameters), and can be used in different context (such as sports 
or health care). But so far, smart textiles [ST] have not 
significantly penetrated the market. To identify possible reasons, 
the acceptance of important stakeholders must be investigated. 
This paper offers a first step in this direction by presenting a 
questionnaire study on user requirements of smart wearable 
textiles. To find out whether there is a generic attitude towards 
ST, this study is focused on a comparison of user requirements in 
two settings, sport and health care, as two central fields of 
application for this technology. 
First results show that there are differences in the evaluation of 
requirements of ST pertaining to ease of use, permanent 
information provision about one's health status, data security as 
well as the design of such textiles, based on the usage context.  
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1. INTRODUCTION 
Innovations in the field of medical technology like wearable ST 
are promising approaches to support old and frail people in the 
future, but also offer prevention and protection during sports and 
training. Especially in times of demographic changes, such 
solutions could be beneficial for the provision of adequate and 
dignified health care. But do these approaches also match users' 
needs and do these needs differ depending on the field of 
application? Due to the fact that a lot of inventions in the sector of 
medical technology fail their establishment in the market, it is 
essential to learn more about the reasons for this failure. A lack of 
acceptance amongst stakeholders (e.g., potential end-users) could 
be one reason. As there is only little knowledge about the 
stakeholders' attitude towards wearable ST, an interdisciplinary 
team of social scientist and textile engineers initiated a 
cooperation at the RWTH Aachen University in Germany to 
investigate acceptance parameters in the context of wearable ST. 
The presented research is a result of this cooperation, which is in a 
first step focused on end-user requirements in two usage scenarios 
(i.e., medical and sports) supposed to be likely fields of 
application. 

1.1 Smart textiles 
The term smart textiles stands for a huge field of different textiles 
and materials, defined as intelligent materials and systems, that 
are able to sense and/or interact with their environment in a 
predictable and useful way [13]. There are generally three 
functions ST can take: a) sensing, b) actuating, and c) adapting.  

With these abilities, ST are interesting for different fields of 
application. One example is the health care sector [14][18] in 
which ST approaches are often focused on health monitoring. The 
integration of sensors into shirts [6] and other objects worn on a 
person's body (e.g., belt [12], shoes [5], jewelry [1]) allow for 
nonstop checking of vital parameters like temperature or pulse 
rate. This vision of easy and continuous monitoring would be a 
great support for medical care within the home environment. That 
is especially relevant for old and/or frail people that are not 
hospitalized. In the focus of the presented research, a concept of a 
smart shirt for vital parameter measurement is introduced in line 
with actual research in the field of smart shirts [14][8][6][2].  

1.2 Technology acceptance – of new medical 
technologies 
The research field of medical technology acceptance is based on 
results of general technology acceptance research [3][16]. The key 
representatives for these theories are the technology acceptance 
model (TAM) of Davis [4] and its further development the unified 
theory of acceptance and use of technology (UTAUT) by 
Venkatesh et al. Two central elements of both theories are the 
influence of perceived ease of use and perceived usefulness on the 
attitude towards using technology and the actual system use. 
Whereas TAM was first focused on few moderating aspects in the 
context of acceptance, the further development of both approaches 
integrated more aspects such as voluntariness of use, output 
quality, subjective norms [17], or social influence [16]. As these 
models revealed a high level of prediction for the acceptance of 
information and communication technologies, they were also used 
to investigate other forms of technology, e.g., medical technology. 
Results of medical technology acceptance research revealed that 
ease of use and usefulness are important, as are other aspects like 
privacy [7][21], trust [9], and security [19][20]. In the context of 
acceptance research of ST, first results revealed that acceptance or 
attitude towards this technology depends on aspects of user 
diversity [15]. Furthermore, it could be shown that enhancing 
control, safety, and mobility for patients are benefits of ST, 
whereas technical errors, obstructions in everyday life as well as 
high costs could be identified as barriers in the context of 
wearable ST [11]. 

2. MAIN FOCUS OF THE STUDY AND 
QUESTIONS ADDRESSED 
In order to find out whether the usage context influences the 
acceptance of wearable ST and whether factors of user diversity 
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impact this, the following two research questions were focused 
upon: 

RQ1: Is there a difference in the evaluation of user requirements 
between medical and sports usage scenarios? 

RQ2: Do user diversity factors (i.e., age, gender, prior knowledge 
about ST, practical experience with ST, and health status) 
influence the evaluation of acceptance parameters? 

3. METHOD 
To reach a large number of participants, the questionnaire method 
was chosen. Data sets were collected in an online survey 
conducted in Germany between July and August 2012. 
Participants were asked via email to take part in the study and 
were given a link to the questionnaire. Completing the 
questionnaire took about 20 minutes.  

3.1 Variables 
The independent variables were age, gender, health status, prior 
knowledge about ST, and practical experience with ST. We 
selected the evaluation of user requirement factors for ST usage 
(see Section 3.2) as dependent variables. The requirement factors 
were chosen based on a prior study of the consortium which was 
focused on a qualitative and explorative evaluation of user 
requirements of smart wearable textiles for sports and medical 
purposes [15].  

3.2 The questionnaire instrument 
The questionnaire was structured as follows: the first part 
assessed demographic characteristics such as age, gender, dealing 
with health, sports activity, chronic disease, interest in technology, 
and technology expertise (ownership, frequency of use, perceived 
usefulness of technical devices). The second part asked for prior 
knowledge and current practical experiences with ST. The third 
part assessed the participants’ ST acceptance in a medical and in a 
sport usage scenario. In both scenarios, 13 different requirements 
were presented: warning function, functionality & reliability, 
fashionable look, discreet vs. striking design, wearing comfort, 
exclusion of physical dangers, transmission & storage of data, 
permanent information about health status, easy cleaning, 
durability, price, ease of use, data security. 

4. RESULTS 
This section presents the results pertaining to the research 
questions. Data were analyzed by descriptive analysis as well as 
Spearman’s correlation. Additionally, one-way repeated measure 
ANOVA tests were used. The level of significance was set at 
alpha = 0.05. 

4.1 Sample 
In total, 172 participants between 15 and 75 years of age took part 
in the survey. The mean age of the participants was 30.9 (SD= 
10.29). 55.2% of the respondents (N = 95) were men and 44.8 % 
women (N = 77). In addition to general demographic data, all 
participants were asked about their physical activity. The majority 
of 75.6% reported to do sports, while 24.4% indicated not to be 
active. Regarding their health status, 19.2% stated to suffer from a 
chronic disease, the rest (80.8%) claimed to be healthy. 
Concerning current knowledge about ST, the majority (73.3%) 
indicated to have prior knowledge while 26.7% quoted to have no 
prior knowledge. Furthermore, 10.5% stated that they already had 
practical experience with ST, but the large majority of 89.5% did 
not have any practical experience with ST so far. 

For our analysis, the following group classifications have been 
chosen: the participants were differentiated by age, gender, 
chronic disease (yes/no), prior knowledge about ST (yes/no), and 
practical experience with ST (yes/no). To study age effects, a 
between factor “age groups” was created with three sub-groups: 
“young adults in education” (aged 15-25 years), “young 
professionals” (aged 26-40 years), and “older professionals and 
pensioners” (aged 41-75 years).  

4.2 Comparing medical and sports scenarios 
In this section, the results concerning user requirements for ST are 
presented. Analyses were focused on identifying differences 
between the two usage-scenarios in this study (medical vs. sports). 

4.2.1 Descriptive analysis 
Based on descriptive analysis, we could reveal a general tendency 
for confirming the presented requirements. All questions were 
answered by the whole sample (N=172): The three most important 
requirements in the medical usage scenario were: exclusion of 
physical dangers (Mmed=5.65; Msport= 5.60), functionality & 
reliability (Mmed=5.56; Msport= 5.55), and high wearing comfort 
(Mmed=5.38; Msport= 5.15) (see Figure 1). The first two items are 
the same for the sports related usage scenario whereas the third 
most important item here was easy cleaning (Mmed=5.22; Msport= 
5.26). In comparison, the requirements price (Mmed=3.55; Msport= 
3.64) and discreet & striking design (Mmed= 4.38; Msport= 3.32) 
play only minor roles in explaining the acceptance of ST.  

 

 
Figure 1: Mean comparison (N=172) of user requirements in 

sports and medical scenarios on a six-point Likert scale 
(1=total rejection, 6= total confirmation) 

 

4.2.2 Correlation analysis 
Spearman correlations between the different aspects of user 
requirements revealed highly significant correlations between the 
evaluations in the two scenarios, except for the factor discreet 
design (see Table 1).  

In summary, we can say that almost all items were evaluated to be 
relevant in both settings. We could also reveal that items related to 
security and reliability are most important whereas aspects like a 
fashionable look, data transmission, and price play minor roles. 
Additionally, a high correlation between the evaluations of user 
requirement factors could be observed. Based on these results, we 
hypothesize that there is a generic attitude towards ST no matter 
what usage context. 



Table 1. Results for Spearman correlation analysis for user 
requirements in the two usage scenarios medical vs. sport 

item Spearmans-Rho p 

fashionable look 0.440 0.000 

transmission & storage of data 0.535 0.000 

easy cleaning 0.449 0.000 

permanent information about health status 0.343 0.000 

data security 0.645 0.000 

functionality & reliability 0.387 0.000 

durability 0.552 0.000 

wearing comfort 0.374 0.000 

exclusion of physical dangers 0.549 0.000 

ease of use 0.514 0.000 

discreet vs. striking design 0.019 0.805 

price 0.685 0.000 

warning function 0.588 0.000 

 

To find out whether these assumptions are conclusive, the next 
section presents the results of one-way repeated measure analysis 
with the user diversity factors age, gender, prior knowledge about 
ST, practical experience with ST, and health status as between-
subject factors.  

4.2.3 Comparing the scenarios with repeated 
measure analysis 
In contrast to our hypothesis, repeated measures analysis revealed 
significant differences between the medical and the sports 
scenario for six of the 13 requirements (see Table 2). 
 

Table 2. Significant results for repeated measure analysis 
between user requirements in a medical and a sports scenario 

Items for user 
requirements 

Wilks’ 
Lambda 

F(1,171) p η2 

data security .95 10.02 <0.005 .055 

ease of use .96 7.16 <0.01 .040 

fashionable look .93 12.21 <0.005 .067 

permanent information 
about health status 

.88 24.40 <0.001 .125 

transmission & storage 
of data 

.93 13.34 <0.001 .072 

design .93 154.51 <0.001 .475 

 
Based on Pierce [10], we could reveal small effects within our 
sample for the factors data security and ease of use; medium 
effects for fashionable look, transmission and storage of data, and 
permanent information about health status; and a large effect was 
found for design. To determine whether user factors, i.e., age, 
gender, prior knowledge about ST, practical experience with ST, 
and health status have any influence on these aspects, the next 
section presents results of repeated measure analyses with 
diversity factors as between-subject factors. 

4.2.4 Do factors of user diversity make a difference? 
According to our research questions, we integrated diversity 
factors as between-subject factors into the analysis. As the upper 

part of Table 3 illustrates, we found significant influences for the 
diversity factors partial experience with ST, prior knowledge, and 
age on items that revealed a significant difference in the prior 
repeated measure analysis (see Section 4.2.3). For ease of use and 
design, we could also reveal a significant difference in the 
evaluation under consideration of practical experience. For 
transmission & storage of data we found a significant influence of 
the factor prior knowledge about ST. Additionally, we could 
reveal significant differences in the evaluation of the factor ease 
of use under consideration of the diversity factor age. For the 
requirements that revealed no significant differences between both 
scenarios (see Section 4.2.3), we could reveal differences for: 
functionality & reliability under consideration of the factor age; 
and durability under consideration of health status as well as prior 
knowledge about ST. 
 

Table 3. Results for repeated measure analysis between user 
requirements in medical and sports scenarios in consideration 

of user diversity factors as between-subject factors 
diversity 

factor 
user 

requirements 
Wilks’ 

Lambda 
F 

(1,170) 

p η2 

practical  

experience 

ease of use .97 11.68 <0.01 .064 

design .97 3.69 =.000 .021 

prior 
knowledge 

transmission 
&  

storage of 
data 

.98 3.69 =.000 .021 

 

age 

ease of use .97 2.99 =.000 .034 

functionality 
&  

reliability 

=97 .17	
   =.000 .032 

health 
status 

durability .97 5.69 =.000 .032 

prior 
knowledge 

durability .98 2.99 =.000 .017 

 
In summary of this section, we can say there is no generic attitude 
towards requirement of ST. User diversity factors like practical 
experience and prior knowledge with/about ST as well as health 
status and age also play roles in the evaluation within different 
usage settings.  

5. DISCUSSION, LIMITATIONS, AND 
FUTURE RESEARCH 
The presented research was part of an interdisciplinary 
cooperation, initiated to find out which factors influence the 
acceptance of smart wearable textiles in different future usage 
settings. In this context, a first look on future users, one group of 
possible, relevant stakeholders, revealed that there is no generic 
attitude towards ST when comparing requirements for a sports 
related setting to that of a health care setting as the two central and 
possible future fields of application.  

When it comes to medical use, aspects like data security, ease of 
use, fashionable look, and design are of high importance. The 
aspects permanent information about the health status and data 
transmission are more important for sportive usage purposes.  

Regarding the question whether user diversity makes a difference 
in the evaluation, we could reveal that especially prior knowledge 



and experience with ST lead to a higher level of acceptance. 
Based on our findings, we can say that a tailored introduction and 
design of ST are necessary to introduce ST successfully. When it 
comes to the use in health care, it is important that three aspects 
are given: ease of use, security as well as a fashionable look. In 
this context, usage is impaired by illness and therefore involuntary 
use. Accordingly, it is even more important that patients feel good 
with these technologies in their everyday life (fashionable look), 
that they can rely on them completely (security), and that they are 
able to use them easily to get the feeling of mastering its control 
(ease of use). For ST usage in sports, we find different conditions. 
Here, usage is absolutely voluntary, which leads to other 
challenges: Our sample revealed that especially high-end 
functionalities (transmission of data and permanent information 
about health status) are of importance. Therefore, future studies 
should focus on the integration of more specific target groups 
(patients with diseases that could benefit from health monitoring 
via wearable ST as well as sportsmen and women). Additionally, 
hands-on-research with prototypes would help overcome the 
hypothetical status and reveal more solid data, especially as 
experience with technology is a key parameter for acceptance. 
Furthermore, the role of other stakeholders in the context of ST 
such as industry and professional users (e.g., nursing staff, 
physicians, or hospital management) as well as research 
promotion should be investigated to learn more about interests and 
attitudes behind the scenes.  

For potential users we can say that the usage context does matter 
and that a user centered design and provision information is the 
key for more acceptance in the context of ST, as a promising field 
for different purposes in the future. 
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