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Abstract 

In this position paper, important issues to consider for 

the development of smart garments are addressed. A 

special emphasis is placed on usability and its 

evaluation in a user-centered design approach. 

Different factors influencing the outcomes of usability 

tests are discussed. The effect of design aesthetics as a 

very important influencing factor in usability tests is 

addressed in detail and its potential influence on the 

outcomes of usability evaluations of smart garments is 

discussed. The paper concludes with recommendations 

for the development of usable and enjoyable smart 

garments.  
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Introduction 

In modern societies, clothes fulfill different functions for 

humans wearing them. In general, it can be 

distinguished between two main functions: the physical 

and a socio-cultural function. The physical function 
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includes e.g. the protection from elements (cold, heat, 

rain, UV etc.), safety during hazardous activities, 

protection from rough surfaces, insect bites or splinters 

or a hygienic barrier between the body and the 

environment [31,7]. Social and cultural functions 

comprise the intention of the wearer to provide the 

social environment with information about e.g. his or 

her individual, sexual, cultural or religious 

characteristics and social status [7,13]. Coming along 

with an increased technological progress (e.g. 

miniaturization of computing technology, development 

of new innovative fabric) however, the functionality of 

clothes is about to broaden significantly. It is possible 

nowadays to integrate technology directly into the 

clothes – garments are becoming ‘smart’. Smart 

garments are clothes containing technology such as 

sensors, processors, communication equipment, 

displays or input devices that are integrated into a 

textile-based garment structure and provide some 

additional functionality compared to the classical 

physical and socio-cultural functions of clothing [5,18]. 

The notion of smart garments can be differentiated 

from other concepts stemming from the domain of 

wearable technology such as ‘wearable computers’ or 

‘functional clothing’. It is not the scope of this article to 

differentiate between these concepts (c.f. [5] for an 

integration of the different concepts of wearable 

computing in the domain of ubiquitous or pervasive 

computing). They all contain however three common 

main characteristics that can be summarized as 

follows: they dispose of sensors or an input device, 

they are ‘intelligent’ (i.e. they contain some sort of 

computing technology), they produce an output and 

hence provide specific functionalities that go beyond 

the classical main functions of clothing. Although 

important progress has been made with regard to the 

development of intelligent clothes, the number of 

successful smart garments on the market is still rather 

limited. This might be due to the fact that the 

integration of electronics and computing technology 

into clothing represents a difficult and challenging task 

for designers and system developers – especially with 

regard to aspects of the smart garment’s usability.  

As for all interactive products and systems, usability 

and its evaluation is a key concept for the development 

of smart garments. In this position paper, we address 

specific needs when evaluating smart garments. This is 

done by introducing a framework which is addressing 

specific influencing factors in usability tests. 

Furthermore, the important influence of design 

aesthetics on the outcomes of product evaluation will 

be discussed in detail. 

Usability evaluation of smart garments 

Usability is a very important notion in the domain of 

product design since it is a particular challenge for 

product developers to design products that are easy 

and comfortable to use. This is also the case with 

regard to the development of smart garments. To 

ensure the development of user-friendly products, it is 

important to guarantee that the needs and limitations 

of the user are taken into account throughout the whole 

development process [22]. This “user-centred” 

approach is widely accepted in product design and 

embodies three main principles of design: a) early 

focus on users and tasks, b) empirical measurement, 

and c) iterative design [8]. This implies that designers 

should bear the end user in mind throughout the whole 

design process. An important and widely applied 

method to integrate the end user into the development 

process is to conduct usability tests, in which test users 
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interact with prototypes of the product in a typical 

usage scenario to carry out real tasks while their 

performance and reactions to the product is observed, 

recorded, and empirically analysed [17,8]. The user-

centred approach transferred to the design process of 

smart garments implies that designers should evaluate 

the usability of the product throughout the whole 

development process by means of empirical usability 

testing. 

Usability can be defined according to the International 

Standards Organization (ISO) [14] as the “extent to 

which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency 

and satisfaction in a specified context of use” (p. 2). 

Effectiveness denotes the accuracy and completeness 

with which the user can achieve his or her goals when 

using the product, whereas efficiency represents the 

amount of resources expended in relation to the 

accuracy and completeness with which users achieve 

their goals. Satisfaction characterises the freedom from 

discomfort and positive attitudes towards the use of the 

product [14]. While effectiveness, efficiency and 

satisfaction are common measures in usability tests, a 

recent trend in usability research emphasises a more 

holistic approach that focuses on the physical, sensual, 

cognitive, aesthetic and emotional experience of 

product use [15,12]. The concept of user experience 

enlarges the classical notion of usability and addresses 

also aspects such as the user’s fun, affect and emotions 

evoked by the human-product interaction [10,11]. 

Since the functions of clothing extend the pure 

functional aspect of an interactive product by physical 

and socio-cultural functions such as self-representation 

or status [7,9], it may be useful for the evaluation of 

smart garments to capture a broad range of measures 

of the user-product interaction. It is hence advisable to 

include, in addition to the classical usability measures 

(i.e. performance, satisfaction, errors etc.), the 

recording of experiential indicators of emotion and fun 

when evaluating smart garments in usability tests.  

Regardless of the specific measures that are recorded 

in usability tests, recent research in the domain of 

consumer ergonomics has indicated that findings of 

usability tests might be biased due to the rather 

artificial test scenario in which usability tests usually 

take place. For example, it has been described as a 

common phenomenon that test participants in usability 

tests are struggling with difficulties through several 

tasks just to report afterwards that the product was fun 

and easy to use [3]. According to Dicks [3], this might 

be due to the unfamiliar environment in usability tests 

in which participants make (not accurate) assumptions 

about goals and scopes of the evaluation as well as 

about the expectations of the evaluator. Such particular 

results might however also be due to other contextual 

aspects of usability tests that influence the results of 

usability evaluation. 

Influencing factors in usability tests – the 

four factor framework of contextual fidelity 

A usability test is a simulation of a real usage situation. 

Therefore usability practitioners cannot rely on the 

assumption that the modelled scenario exactly 

represents the real usage scenario. It depends however 

on the accuracy of the modelled scenario whether the 

usability of the product is evaluated accurately in the 

usability test. If the simulation does not represent the 

real usage scenario accurately, the measures cannot be 

considered as containing sufficient external validity and 

hence do not allow generalisation of the findings to the 
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population or the situation of interest [30]. Usability 

practitioners however most often have to accept some 

simplifications and abstractions when designing 

usability tests due to reasons of measurability and 

efficiency. For a precise recording of user performance 

e.g., data collection in the real usage environment may 

be difficult. Therefore, usability tests are often 

conducted in usability laboratories, where the human-

product interaction can be observed and recorded in a 

more detailed and accurate way (for an overview of the 

lab vs. field discussion see [23]). Because real usage 

scenarios often cannot be simulated with 100% 

accuracy in usability tests, it is very important for 

usability practitioners to be aware of the consequences 

of such simplifications and abstractions of usability test 

scenarios. This is because the lack of knowledge about 

the limitations of usability evaluation methods 

represents an important risk for undermining and 

trivializing the whole method of usability testing [3]. 

Therefore, a detailed knowledge about influencing 

factors in usability test scenarios is of great 

importance. 

The Four Factor Framework of Contextual Fidelity (see 

figure 1 [25]) identifies the most important aspects of 

the testing context that may unduly influence the test 

outcomes. It is based on the human-machine system 

framework (for an overview see [2,6]), according to 

which user-product interaction consists of four principal 

components: user, task, tool and environment. Those 

four components are hence important aspects 

characterizing a usability test scenario. The Four Factor 

Framework of Contextual Fidelity picks up on these 

main components and describes four factors on which 

the testing scenario in usability tests may differ from 

the real usage scenario and therefore be of high (small 

differences) or low fidelity (severe differences). Those 

four factors are: system prototype, testing 

environment, user characteristics and task scenarios. 

Prototypes are often used in usability tests in place of 

an operational product because usability tests are for 

the most part conducted early in the development 

process when a fully operational product is not yet 

available. Prototypes however might differ considerably 

from the final product (e.g. with regard to aesthetic 

design, level of functionality, way of interaction etc.). 

This can have an influence on the results of usability 

tests. The second factor on which the usability test 

scenario can differ from the real usage scenario is the 

testing environment. For reasons of measurability and 

controllability of influencing factors, usability tests are 

often conducted in laboratories [22]. The lab situation 

however is an environment that differs considerably 

compared to the real usage scenario, which can have 

an influence on the results of usability tests. A third 

factor potentially influencing the outcomes of usability 

tests are user characteristics. Characteristics of test 

participants (such as i.e. competence, attitude or state) 

may differ from the future user population, which might 

influence on the results of usability tests. As a fourth 

factor described by the framework, the task scenarios 

given in usability tests may not be representative or 

complex enough compared to the real usage situation. 

As a consequence of a restricted time budget in 

usability tests for example, often only a selection of 

possible tasks are selected. Usability practitioners 

assume that if users can successfully complete the 

selected tasks, they should also be able to complete all 

other tasks [3]. This assumption however might not 

prove true, and therefore, the choice of tasks scenarios 

can have an influence on the outcomes of usability 

tests.  
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Figure 1. Four-factor framework of contextual fidelity 

[25, p. 132].  

The four-factor framework of contextual fidelity 

addresses issues that need to be taken into account 

during the planning and completion of usability tests. 

This is because research in the domain of consumer 

ergonomics has pointed out effects of various 

influencing factors on usability test outcomes so far. 

Cultural background of test participants e.g. has been 

shown to influence the outcomes of usability tests of a 

consumer product with a high or low product value 

[27]. It has also been shown that the results of 

usability tests may depend on the setup of the usability 

laboratory (e.g. the presence of observers may have a 

negative influence on participants mood and 

performance) [26]. Furthermore, the use of high or 

low-fidelity prototypes may impinge on outcomes of 

usability tests [24]. While all those factors need beyond 

doubt to be considered when evaluating the usability of 

smart garments, one aspect deserves a specifically 

thorough consideration: the aesthetical design of the 

system prototype. 

Aesthetics and the usability evaluation of 

smart garments 

Since one important function of clothes is the 

communication of the wearer’s personality and his or 

her relation to the social environment [9], aesthetics 

should play an important role in the design of smart 

clothes. Smart garments need to be usable but also 

nice to look at. With regard to the usability evaluation 

of smart clothes, the importance of the aesthetical 

function for clothes might represent a particular 

challenge. This is because in the past 15 years, a rather 

important number of research studies in consumer 

ergonomics have shown quite consistently that 

subjective usability ratings are highly correlated with 

ratings of the attractiveness of the product, indicating 

that more attractive products are also considered to be 

more usable (e.g. [1,29]). The relationship between 

design aesthetics and subjective usability ratings has 

been shown for a broad range of products (e.g. 

webpages, computer-simulated cash machines, MP3-

players, mobile phones, computer software etc.) and 

for various different cultural backgrounds of user 

groups (e.g. Germany, Switzerland, Israel, Japan). 

Furthermore, some studies also indicated that design 

aesthetics influence other outcome measures of 

usability tests such as user behavior and user emotions 

(c.f. [29,28]). Such findings indicate that in a usability 

test it is highly probable that the different outcome 

measures are severely biased by the aesthetical 

refinement of the product prototype.  

Various explanations have been put forward to address 

the link between aesthetics and subjective usability 
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ratings, such as the common method bias [20] or the 

processing fluency theory [21]. The explanation that 

has been referred to most often when discussing the 

correlation between aesthetics and usability however is 

the halo effect. Also named the “what is beautiful is 

good”-stereotype, the halo effect has been first 

described in social psychology, explaining the 

phenomenon that physically attractive persons are 

considered to possess more positive personality traits 

compared to unattractive persons [4]. This is because 

more salient characteristics of a person (e.g. 

attractiveness) influence the perception of other, less 

salient characteristics (e.g. personality). With regard to 

usability tests, design aesthetics of a product or 

prototype represents an obvious and highly accessible 

product characteristic that can be very rapidly 

discerned during user-product interaction (i.e. in about 

50 ms according to [19]). Compared to design 

aesthetics, aspects of system usability are less salient 

and require a more profound interaction with the 

product to be adequately identified by the user.  

Although design aesthetics seems to play a very 

important role in usability tests, a recent study [28] 

has indicated that the positive influence of design 

aesthetics on subjective usability measures (as well as 

user emotions) vanes with an increased duration of the 

user-product interaction. After a period of two weeks, 

design aesthetics did not show any influence on 

usability ratings any more. This indicates that test 

users seem to need a rather long interaction period to 

be able to evaluate the usability of a product or system 

and that the usual two-hour lab-evaluation which is 

currently standard in usability practice may not be 

adequate. In such a short period of time, the user 

seems not to be capable yet to draw a true picture of a 

product’s usability but refers for his or her evaluation 

basically on aesthetical design characteristics of the 

artifact. With regard to the usability evaluation of smart 

garments, it might be therefore advisable to schedule 

long-term user trials of several hours or even several 

days, especially because aesthetics play such an 

important role in the domain of clothing and fashion.  

Discussion and conclusion 

Smart clothes must meet a broad range of 

requirements to be accepted by the user and hence to 

have success on the market. As for conventional 

clothes, smart clothes must provide thermic and 

mechanic protection of the user. Furthermore, they 

must satisfy specific user needs with regard to fashion, 

self-representation and style. Finally, they need to 

satisfy users’ needs with regard to usability and 

functionality. To do justice to all those requirements, it 

is crucial to consider the user with his or her needs and 

limitations throughout the whole development process, 

ideally by adopting a user-centered design approach. 

As the method of usability tests is considered to be the 

gold standard [16] in the user-centered design 

approach, smart garments should ideally be evaluated 

throughout the whole development process by means 

of empirical usability testing. In doing so, various 

influencing factors need to be considered. To prevent 

from a harmful influence of contextual factors in 

usability tests, it is advisable to create usage scenarios 

that are as close to the real usage situation as possible. 

One of the most important factors impinging on 

outcomes of smart garments’ usability evaluations 

however might be the aesthetical refinement of the 

product or prototype used in the evaluation. Extended 

periods of user-product interaction may therefore be 

the adequate measure to cope with the undesirable 
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halo effect of aesthetical appeal on other outcome 

measure of usability tests.  
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