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ABSTRACT

This paper discusses the development of experiments to assess 

user experience with innovative artefacts, based on academic and 

market research. It discusses ecological validity in the use of naturalistic 

experiments and when artificial experiments are “good enough”. Due to 
its potential to keep the study’s internal validity high, the artificial scenario 
is the first choice. When artificial settings threaten the study’s external 
validity, naturalistic experiments are better choices. Design research 
requires flexibility when planning experiments, since the usual choices 
made in other sciences might not be the best ones to be made.

KEYWORDS
User Experience. Experiments. Design Research.

RESUMO
O presente artigo discute o desenvolvimento de experimentos para 

avaliar a experiência do usuário com artefatos inovadores, tendo como 

base pesquisas acadêmicas e de mercado. Discute validade ecológica no 
uso de experimentos em ambientes naturais e quando experimentos 

artificiais são “bons o suficiente”. Devido a seu potencial para manter a 
validade interna dos estudos alta, o ambiente artificial é a primeira escolha. 
Quando ambientes artificiais ameaçam a validade externa, experimentos 
em ambientes naturais são a melhor escolha. A pesquisa em Design requer 
flexibilidade no planejamento de experimentos, pois as escolhas usuais de 
outras ciências podem não ser as melhores escolhas.

PALAVRAS-CHAVE
User Experience. Experiments. Design Research.
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1 Introduction

According to Steffen (2013), the term experiment refers to systematic 
methods used by science, intending to increase the knowledge regarding 

something specific, based on statistical principles. Günther (2006) 
understands experiments as one of the main ways of practicing science 

in empirical social sciences. However, the term gradually stoped being 

used only in relation to sciences, covering other areas of study, such as 

literature, theater, films, music, arts and design (Steffen, 2013).
In the experimental sciences, it is not always common to develop 

experiments in natural settings (Falk & Heckman, 2009). They are often 
performed in laboratories, as they make it easier to control unwanted 

interferences that could threaten the validity of the results (internal 
validity), such as other consumers advising research participants on which 
product to buy, time and temperature, etc. The artificial setting, often seen 
in experimental settings, is frequently criticized, based on the idea that the 

research results would not reflect the reality outside of the laboratories 
(ecological validity) (Christensen, 1989).

Experimental studies in artificial settings are commonly understood as 
more desirable than research in natural settings. However, in applied areas, 

such as Design, studies may require different approaches than other areas 
(e.g. experimental psychology, concerning the setting of its experiments). 

User experience research for the development of innovative products 

and services often requires the measurement of variables, such as the 

perception of users in research that tests a variety of new versions of 

products and services (Tonetto, Brust-Renck & Stein, 2014). Mettler, Eurich 
and Winter (2014) describe that experiments help verify if an artifact is 
superior to something specific, identifying ways to improve products and 
design processes. Seeking to understand more about how to work with the 
complexity related to experimental research and creative design methods, 

Mainsah and Morrison (2013) created a manifesto, in which they state that 
the area still needs to learn ways to deal with problems in real settings.

Experiments in design research are often misinterpreted. Researchers 
like Gaver (2012) believe that their focus originated in the exact sciences, 
such as engineering. For Mettler et al. (2014), on the other hand, the 
existing experimental protocols in Design are based on aspects arising 
from behavioral research, which is not always specific or sufficient enough 
for research in the area. 

More than the simple task of working on the reproduction of predefined 
methods, in this article, it is considered as part of the designer’s role to 
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understand how it is possible to use research in artificial and natural settings 
in Design, specifically concerning user experience. In this article, we seek 
to understand how to plan design experiments on user experience with 

innovative artifacts. To this end, it explores the understanding of two main 

questions: “The ‘problem’ of ecological validity and the use of experiments 
in natural settings” and “when are experiments in artificial settings good 
enough?” The study carried out can be considered a scope review, not 
adopting quantitative criteria, but of relevance, for the selection of the 

papers included in the analysis. Before presenting the analysis performed 
(chapter 3), the fundamentals of experimental research are discussed in 
the following section.

2 Experimental research in Design

In Design, independent variables commonly manipulated in experiments 
are related to the characteristics of products, such as packaging, color 

and texture. Regarding the user’s experience, the dependent variables 
are those that are measured to verify the impact of the experimental 

manipulation, such as emotion, behavior or perception (Christensen, 
1989). An example could be the manipulation of the color of a package to 
study if cool colors, instead of warm colors, can impact consumer’s buying 

behavior in different ways.
Independent variables can be manipulated between or within groups 

(Schweigert, 1994). Changing the color of a product can be an example 
of manipulation between groups, since each level of the independent 

variable (color, in this case) can be presented to different groups of 
people to neutrally evaluate the effect of the color change. This type of 
manipulation avoids conscious comparisons between alternatives.

Another example is to test whether the use of an innovative material 
in a shoe would produce better levels of perceived comfort. If the 

researcher asks people to compare products, they may tend to evaluate 

diverse materials in distinctive ways, not because they would be assessed 

differently in a natural situation, but because the researcher asked 
participants to compare them. A biased result could lead the company 
to invest large amounts of resources to change materials without a real 

reason. If this experiment focused on shoe color preference, it would be 

better if the independent variable were manipulated within groups, which 

means that the same group of people, instead of evaluating a product, 

would compare more than one (or choose between them).
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When the researcher has defines which variables will be manipulated 
(independent variables) to measure their effects on other variables that will 
be measured (dependent variables), it is common to perceive that some 
of them can threaten the quality of the results, if they are not measured 

or controlled, such as gender, age, or previous habits (Schweigert, 1994). 
For example, in the experiment in which the color of a product was 
manipulated, the preference for warm or cool colors can be related to the 

user’s previous habits, such as the tendency to buy a specific brand of the 
product, which uses a lot of red color. This habit can lead the consumer 

to an automatic response, which would be to choose the warm colored 

product due to an automatic behavior. To plan the mentioned experiment, 

the researcher needs to know the market, identifying which variables and 

habits are involved in the evaluated phenomena. In this case, an option 

could be to test the product among people who do not have the habit of 

using or buying the same brand.

Experimental research is related to the investigation of causality 

relationships (Collins, Joseph & Bielaczyc, 2004; Pinheiro & Günther, 
2008). In the aforementioned example, the person assumes that a color 
can be responsible for preference. Imagine that the product is blue and 

that you want to test, based on the results of sales of other products, 

whether an orange or red version can cause better sales results. Choosing 
a supermarket as a “laboratory”, it would be possible to define three days 
a week when the product shows similar sales results and test it under 

the three conditions (blue, orange and red), recording the volume of sales 
after the manipulation to compare the differences between before and 
after changing the color. It is common to measure the dependent variable 

(in this case, sales) before and after manipulation (Christensen, 1989) to 
assess its variation.

Another example related to shopping experience would be to investigate 
changes in the user’s emotional experience (dependent variable) when 
shopping in a silent retail store as opposed to a loud one (independent 
variable), illustrated in Figure 1. In this case, it would be necessary to 
record users’ emotions (through a survey, for example) before and after 
the shopping experience.
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3.1 Ecological validity in experiments in natural settings

The results of experiments can be questionable to understand real 

situations, if the setting in which the experiment is carried out is so 

artificial that it does not reflect life outside of the laboratory. When this 
problem occurs, the experiment has a problem related to ecological 

validity (Schweigert, 1994).
The term “ecological validity” often refers to the relationship between 

real-world phenomena and the investigation of these phenomena in 
experimental contexts (Schmuckler, 2001). Researchers are usually 
concerned with internal validity, but not with ecological validity, since 

most prototypes of innovative projects are not fully functional. In other 
words, they are usually concerned with how well prepared the experiment 

is, offering reasonable certainty that the effect measured was caused 
by experimental manipulation (Lew, Nguyen, Messing and Westwood, 
2011). Thus, by increasing realism, the construct’s validity, which refers 
to the correlation between a measurement scale and the theoretical/

scientific construct, is also increased, since the users’ responses are 
closer to what they would be in real-world situations.

There are at least three dimensions involved in ecological validity to be 

considered by the designer in experimental research (Schmuckler, 2001):

A. The setting in which the research is conducted: the use of artificial 
settings has been discussed among the scientific community, suggesting 
that researchers should pay more attention to the nature of the 

investigation itself, focusing their work on the situations/circumstances in 

which the phenomena in study occurs. There is a reciprocal relationship 

between the person and their social context (Günther, 2009; Seizel’s 
(2016). Some changes may be necessary in the way researchers think 
about experiments to maintain the integrity of social and cultural real-
life situations (Schmuckler, 2001).

B. The nature of the stimuli used in experiments: the use of intangible, 

discontinued and only slightly real stimuli, such as those often observed 

in the early stages of innovative projects, differ critically from those found 
in real-world situations (Schmuckler, 2001). By not representing real life, 
applying research results may be dangerous, due to low ecological validity.

C. The nature of responses from research participants: the potential 

problem related to ecological validity is also associated with artificiality. If the 
response from users is not natural, representative or appropriate to represent 
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real behavior, the researcher may face a problem of ecological validity.

For example, if researchers want to know if manipulating the pattern 
of a plate can change people’s perception of a meal, they can think of 

using images in their experiments as stimuli, rather than real plates. 

This type of practice is common in the area (Okajima & Spence, 2011). 
It would be easy, when using digital images, to switch plates, keeping 

the appearance of the meal. This means that researchers would be 

successful in manipulating only the plate, without having to change 

anything else in the image. The internal validity of the study may be high 

(which means that the experimental procedure itself has no problems 
and that the independent variables are adequately manipulated), but 
are these results useful in the real world? 

The obvious problem in this example is that people do not eat digital 

images. Their perceptions may not change, since the experimental 

situation is very artificial and distant from the real experience. Users’ 
responses may have been different if they were hungry, waiting at a 
restaurant and paying for the meal.

The difficulty in manipulating some real-life conditions can even 
reduce the interest in the development of experimental research. This 

is not always the case, as some experiments can be easily adapted to 

better reflect real situations, increasing their ecological validity. For this 
purpose, an experiment in a natural setting was developed in an office 
by one of the authors of this article (unpublished; a non-Disclosure 
Agreement was signed). A company carried out a research to evaluate 
the effect of a new type of foam on the comfort of an office chair. The 
researcher used four real offices where people sit for most of the 
day, performing activities in front of computers. The conditions of the 

experiment can be found below.

A. In the first two offices, employees were provided with the usual 
chair (control group), which was used for one week. At the end of this 
week, they answered a survey about their perception of comfort. The 

following week, they were provided with new chairs, and at the end of 

five working days, they responded to the same survey.

B. In the two other offices, employees received the new chair first, 
and the normal one afterwards (the opposite if compared to the first two 
offices). This procedure was carried out by the researcher to control the 
effect of the suggestion that the two chairs under test could be different, 
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a comparison between the different environments, helping designers 
understand how to evoke desire through the use of light.

This experiment suggests that, instead of questioning the real value 

of experimental methods in design research, the concern with the 

artificiality of experimental settings should inspire researchers. The 
important question to be answered is how to better represent real design 

problems in empirical contexts (Schmuckler, 2001), as discussed below. 

3.2 Benefits of experiments in artificial settings

The difference between experimentation and observation lies in 
the researchers’ ability to manipulate the cause of a phenomenon and 

control the test setting. In controlled settings, only independent variables 

are subject to deliberate manipulation (Mettler et al., 2014). The reasons 
for developing artificial experiments are (a) sometimes it can be difficult 
to control the interference of external variables in real-world situations 
(Christensen, 1989), although product testing is crucial to assess the 
design, and (b) it is common to have problems that are easy to solve, 
which means that they are relatively independent of external variables. 

These reasons are explored as follows.

Some naturalistic experiments would have to be planned in very 
complex settings to be representative of real life (item “a”). As an example, 
Tonetto, Klanovicz and Spence (2014) sought to investigate the effect 
that the manipulation of sounds produced by high-heeled shoes have on 
women. This study was related to how they reported their levels of valence 

(pleasure), arousal and dominance, as well as any changes in a variety of body 
sensation measures. All perceptions were collected using self-assessment 
scales. The study had a sample of 48 women in an artificial setting, since the 
context of real settings, such as shoe stores or everyday situations, would 

make it difficult to perform the experiment, due to the presence of music, 
other people and other external factors that could interfere with the results. 

Only one group of women participated in the study. Unlike a significant 
part of the experiments, manipulation of the independent variable in a 

single group was desired, since, in purchase situations, consumers try on 

and compare different shoes in a store, thus, the experimental situation 
simulates reality. The women walked on a “virtual runway”, in a laboratory, 
while listening to four interaction sounds each time their feet touched the 

floor (high heels with leather or polypropylene soles in contact with ceramic 
floors or carpets), as shown in Figure 3. 





La
b

o
ra

tó
ri

o
 d

e 
O

ri
en

ta
çã

o
 d

a
 G

ên
es

e 
O

rg
a

n
iz

a
ci

o
n

a
l 

- 
U

F
S

C

96 e-Revista LOGO - v.9, n.2, 2020 - ISSN 2238-2542
http://doi.org/10.26771/e-Revista.LOGO/2020.2.05  

sample (96 people) was divided in the three groups, and the experience 
was evaluated using seven-point scales. The analysis revealed that the 
largest set of options provided a more positive experience.  

As it would be in this case, the high cost of the research is commonly 
an obstacle to conduct experiments in natural settings. The cost is often 

associated with prototyping innovative artifacts, or with the development 

of commercial settings to be used as laboratories. 

Furthermore, the increase in realism may cause a reduction in the 
experimental validity by losing some of the control over the experimental 

situation (Lew et al., 2011). In the example about the sound of shoes, 
a real store setting would expose people to a variety of stimuli that 

could affect their assessments, such as noise, interaction from other 
customers, etc. Although an experiment in a natural setting may have 
a higher level of ecological validity, its internal validity would be weak, 

making it more interesting to perform the study artificially.
Simple problems can be tested in artificial settings with little or no 

impact on the quality of results (item “b”), when they are not directly 
related to external interference. An example can be seen in one of the 
experiments carried out by Rosa, Spence and Tonetto (2018), which 
tested the impact that changes in colors and shapes of food packaging 

have on the user’s experience. Based on other studies, the authors 
assumed that past experiences tend to influence the perception of 
new artifacts. To avoid external interference, such as memory, images 

of packages without specific products and brands were presented to 
participants. In this case, the aim was to isolate perceptions solely about 

the food packaging.

Thus, sometimes artificiality is desirable. It is important to highlight 
that it is risky to increase realism in experimental conditions. It introduces 

disturbing stimuli into the experimental situation, such as the music 

referred to in fashion retail, reducing the control of the experimentalist 

over the measured variables (Lew et al., 2011). Additionally, Kvavilashvili 
and Ellis (2004), reviewing nearly twenty years of discussions regarding 
the controversial battle between traditional and ecological approaches, 

suggest that the main concerns in the area are generalization and 

representativeness (the extent to which a study can be developed 
corresponding to the occurrence of a phenomenon in everyday life). 
Therefore, artificiality is related to representativeness, while the potential 
applications of research results are related to generalization. This is the 

reason why artificial experiments are sometimes good enough to be 
adopted in design research.
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4. Conclusions

Traditionally recognized as an interdisciplinary area, Design presents 
many possibilities and challenges in the development of experiments. By 
comprehending real cases, the reader can understand why experimental 

research has the potential to play an important role in studies on user 

experience, although it is sometimes necessary to adapt “purely” 
experimental approaches to better answer research problems in the area. 

It is not correct to think that experimentalists plan studies that 

necessarily produce artificial results or are not applicable in contexts 
outside of the laboratory. Experiments can be planned in natural settings, 

but they require the attention of experimentalists when designing them. 

The researcher must comprehensively investigate the variables that may 

be worth measuring, in addition to verifying that the experimental setting 

does not threaten the validity of the results. The use of a naturalistic 

approach is not justified if the internal validity of the experiment is low.
On the other hand, sometimes artificial experiments are good enough, 

since the internal validity is generally higher than in other scenarios and 

the independent (or experimental) variables are easier to control. Not 
only can artificial experiments be adequate to answer the research aims, 
but they are commonly associated with lower implementation costs. 

In research on user experience with innovative artifacts, fast and low-
cost experiments minimize the potential negative impacts of “failures” 
to make prototyping and testing processes recurrent, as adopted by 

several companies.

 We believe that this paper provides enough information to state that 
artificial settings, in several cases, may be the first choice when planning 
innovative experiments on user experience, due to their greater potential 

of maintaining the internal validity of the study high. If the artificial setting 
threatens the external validity of the study, then a naturalistic experiment 

based on the real world may be more interesting. It may not be worth 

having high external validity if the price paid is low internal validity.
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