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Abstract

Literature in the field of human–computer interaction (HCI) has shown a long tradition of evaluation methods for and along 

with interactive systems design. We have experienced in the last years an impressive development in ubiquitous and pervasive 

systems, motivated by technological development, low cost of sensors and actuators, and a rise in the maker culture for the 

construction of computational systems. While such systems naturally inherit methods for evaluating the user interaction from 

previous interaction paradigms, it is not clear whether they reach specificities of the interaction of people within ubiquitous 

and pervasive systems scenarios. This work aimed at shedding light on this subject by conducting a systematic literature 

review on ubiquitous and pervasive technology scenarios of interactive installations. Results have shown that most of the 

selected contributions use classical methods of data collection and analysis, and combinations of these methods. Analysis 

of results also points out some new aspects to be considered in evaluation methods, regarding the human (social) actions 

promoted or afforded by ubiquitous and pervasive systems.
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1 Introduction

The evaluation of interactive systems is a core activity 

within the field of human–computer interaction (HCI). With 

its long tradition of evaluation methods, HCI literature has 

shown, for instance, well-tested methods to assess whether a 

user interface is easy to use, or to compare different designs 

in a decision-making process. As computational systems 

continuously evolve not only in terms of technology but also 

in interaction paradigms and their roles within human life 

and society, it follows that evaluation methods are expected 

to evolve too.

Computer use is now present in many areas of our lives 

and is used for a variety of purposes at all times, in all 

places, and by different people. These transformations are 

consequences of technological advancements such as the 

availability and affordability of sensors and actuators, as well 

as by a rise in the maker culture to the construction of com-

putational systems. These changes, however, are not only of 

technological nature as they give rise to new forms of inter-

actions. Since the seminal work of Mark Weiser [69], ubiq-

uitous and pervasive technologies have created new forms 

of interaction, which expand to the physical environment. 

Highlights  

• Scenarios constructed with ubiquitous technology involve 

dimensions that might not be covered by current evaluation 

methods.

• A systematic literature review on the evaluation of interactive 

installations is conducted.

• Results raised the mainstream methods for data collection and 

analysis in interactive installations.

• The work reveals a complex relationship between categories of 

data collection and objects of evaluation.

• Missing aspects are related to the experience concept, the 

reachness of methods, and ethical issues.
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Weiser already foresaw technology “weaving into the fabric 

of everyday life” [69], p. 94] becoming indistinguishable 

from it, arguing that the technologies with the most profound 

effects are those that “disappear”. For him, the idea of a per-

sonal computer, as well as the laptops emerging at the time 

(Dynabooks and “knowledge browsers”), represented only 

a step to reach the true potential of information technology. 

While these machines are the focus of attention, they do not 

really make an integral and invisible part of people’s lives. 

Weiser’s idea of ubiquitous computing goes beyond con-

cerns with “the user interface,” as he presented a new way 

of thinking about computers and taking the human world 

into account, allowing computers themselves to “disappear” 

into the background.

Adding to the concept of pervasiveness and ubiquity of 

computer systems, Kaipainen et al. [56] contributed to the 

idea of interaction as a human system coupling. Their concept 

of “enactive system,” drawing on the seminal work of Var-

ela et al. [66] on enactivism, involves the idea of considering 

human and computational not as separate systems, but as cou-

pled parts of a single system. Instead of the standard explicit 

interface, interaction is described as embodied, i.e., it is based 

on unconscious psycho-physiological reactions by the body’s 

involvement, and the human agent’s spatial presence. Such a 

system presupposes that technology impacts directly on the 

human agent, whose experience impacts back on the technol-

ogy. In practical terms, an enactive system uses sensors to 

detect both deliberate and non-deliberate information from the 

body (e.g., movement or physiological readings) and actuators 

to respond accordingly. This, in turn, generates a response in 

the person, and the enactive cycle continues.

The literature in the last decade, especially in the fields 

of HCI and Tangible User Interfaces (TUIs), has shown rel-

evant research studies on scenarios of ubiquitous technology, 

conducted in laboratory e.g., [19] and in closed and public 

spaces (e.g., [36, 43, 65]). Although there is a wide range of 

contexts and focus in the studies, they are mostly interested 

in understanding the experience of people in these scenarios, 

their behavior, perception, connectedness, and engagement 

interacting with elements of the scenario. Contexts of muse-

ums, for example, have more recently created personalized 

sensorial experiences for visitors based on technologically 

extended interactive installations, constituting hybrid exhibi-

tion spaces, which bridge the material and physical with the 

technologically mediated and virtual [65]. Other authors, 

as contemporary artists and performance makers, have pro-

posed the work with the esthetic experience of the body in 

computationally mediated installations to explore ways of 

imaging and experiencing the self and the world [19]. In 

our view, interactive installations represent good instances 

of ubiquitous and pervasive technology scenarios in their 

diversity and complexity, the reason why they are taken as 

objects of investigation in this work.

While these new ubiquitous, pervasive, enactive, systems 

may inherit some well-established traditional methods for 

evaluation of the user interaction, it is not clear whether these 

methods reach specificities that characterize the interaction of 

people within ubiquitous and pervasive system scenarios. Höök 

et al. [55], for example, raise concerns about directly applying 

HCI evaluation methodologies to interactive artworks, due to 

fundamental conflicts in worldview and methodology in this 

hybrid area. As discussed by Loke et al. [19], there is a tension 

between artists as design authors and the audience interpreta-

tion of the work; the evaluation data may be approached dif-

ferently by artists and interaction designers, depending on the 

values underlying the design process. Also, some attributes of 

good interaction design, such as “engagement” seem to demand 

a fresh understanding when dealing with ubiquitous technology 

environments. Dalsgaard et al. [8], for example, show that the 

issue of engagement, which in the interaction design literature 

has focused on particular design strategies and attributes for 

promoting or supporting engagement, must be considered from 

a different perspective. For them, an approach is needed to cap-

ture engagement as a product of relations between physical, 

cultural, social, and content-related elements. In their study of 

an installation for embodied social active listening to sound and 

music content, Volpe and Camurri [43] point out the need of 

new social features which include leadership, saliency, synchro-

nization, contagion, and co-creation. In particular, they mention 

the need for measuring the degree of emotional synchronization 

among the participants, for both the basic research perspectives 

and the implied applications.

Ultimately, new aspects of interaction in ubiquitous tech-

nology scenarios challenge the mainstream methods of HCI 

to the design of interactive systems, demanding new ways 

to consider interaction design and its evaluation, pushing 

related fields forward. Moreover, we wonder whether Weis-

er’s dream of the disappearing computer is being effectively 

realized. Referring to interactive installations in museum 

contexts, for example, Torpus [65] raises the problem of the 

information layers brought by the technological gadgets in 

attracting the attention of visitors to the screens, competing 

with the other elements of the scenario, the exhibition con-

tent itself, and other people around.

Considering the scatterness of focus and methods in 

the literature, this work aims at shedding some light on 

this subject, by presenting and discussing the results of 

a systematic literature review on the evaluation of sce-

narios constituted by ubiquitous and pervasive technology. 

As an instance of ubiquitous and pervasive technology 

scenarios, our literature review examined the context of 

interactive installations. This specific context is appropri-

ate for our investigation also because interactive instal-

lations and their exhibition spaces are often in the avant-

garde of interaction design by their constant experimental 

use of technology and envision of novel, unconventional 

344 Personal and Ubiquitous Computing (2023) 27:343–361



1 3

interaction approaches. With this systematic literature 

review, we aim at mapping the terrain to aspects that 

are being evaluated within scenarios of ubiquitous and 

pervasive technology constituted by interactive installa-

tions, evaluation methods which are applied, who is the 

target audience, and whether the evaluation methods are 

taking into account the new types of (social) actions and 

perceptions afforded by interactive installations. We also 

raise aspects deserving more investigation that have been 

missing in the literature. Thus, the paper contributions 

are twofold: (1) A map and a discussion of current evalu-

ation practices, to help HCI researchers and practitioners 

choose their methods in designing or evaluating scenarios 

of ubiquitous and pervasive technology and (2) directions 

for further research to amend the shortcomings of current 

evaluation methods with new considerations.

This article is structured as follows: In Sect. 2, we pre-

sent the methodology of our systematic literature review, 

including the steps that were conducted and method of 

analysis of the results; in Sect. 3, we present the results 

from the systematic literature review with an overview on 

how evaluation is treated by the selected works, including 

what is evaluated, how it is evaluated, and who partici-

pates in the evaluation; in Sect. 4, we provide answers 

to the review research questions, discussing main find-

ings, and presenting some new aspects to be considered 

in methods for evaluating the human (social) actions pro-

moted or afforded by ubiquitous and pervasive systems; 

lastly, in Sect. 5, we present our conclusions and point out 

directions for further work.

2  Review methodology

In this systematic literature review, the conducted pro-

cess [52] started with defining the review team composed 

by the four authors of this article and establishing the 

objective of investigating evaluation practices in the uni-

verse of ubiquitous and/or pervasive technologies, instanti-

ated in the context of interactive installations. The review 

process includes stages like specifying the research ques-

tions, establishing the review protocol with the formu-

lation and conduction of a search strategy and selection 

criteria, describing the studies’ characteristics, specifying 

the study quality and relevance assessment, and accom-

plishing the data synthesis, which are further analyzed and 

discussed in this work.

2.1  Research questions

The research questions that guided our search, and their 

motivations are presented in Table  1. They reflect an 

encompassing effort to understand how scenarios of ubiq-

uitous and pervasive technologies instantiated in inter-

active installations have addressed evaluation in these 

scenarios.

2.2  Review protocol

The review protocol was based on the PRISMA [61] flow 

diagram, as illustrated by Fig. 1. The flow diagram maps 

out the number of records identified, screened, included, 

and excluded, and the reasons for exclusions. The main 

components of the review protocol are properly described 

in the subsequent subsections.

Search strategy We selected four digital libraries to search 

for research studies: ACM Digital Library1 with the search 

expanded to also include the larger database known as “ACM 

Table 1  Research questions and motivations

Research question Motivation

RQ1: How technology-based interactive installations have explored the 

concepts of ubiquitous, pervasive systems, and embodied cognition?

This question is important to identify how emergent theories and con-

cepts are put into practice in the context of installations. To answer 

this question, it is necessary to analyze the concept and implementa-

tion of interactive installations in the selected literature

RQ2: Which methods and approaches are used to evaluate interactive 

installations in exhibition spaces?

This question is important to identify strengths and missed aspects in 

the methods used by the studies. To answer this question, it is neces-

sary to identify what methods they used, what was evaluated and 

how, and who was involved

RQ3: Are evaluation methods taking into account the new types of 

(social) actions and perceptions afforded by interactive installations? 

If so, how?

This question is important to identify the social aspects involved in the 

evaluation conducted by the studies. To answer this question, it is 

necessary to consider the social affordances of the installations and 

information from the context of the studies

1 https:// dl. acm. org/
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Guide to Computing Literature”, IEEE Xplore,2SpringerL

ink,3 and Scopus.4 We chose these digital libraries due to 

their relevance in the field of Computer Science and Human–

Computer Interaction (HCI). We also considered the Scielo5 

digital library because of its overall relevance in Latin Amer-

ica, although it did not return any results to our query.

Based on our research questions, we devised a search 

string composed of four main parts. First, the search string 

should screen for at least one term from a list of terms related 

to ubiquitous, pervasive, enactive, sentient, embodied, and 

embedded. Second, to investigate how these concepts have 

been applied in the literature, the string should screen for 

documents that present some kind of system or environment 

with some type of technology, likely digital technology. 

Third, the string narrows the search to our desired specific 

context of interactive installations with the terms: interac-

tive installation, art installation, installation art, multimodal 

installation, and museum exhibition. Lastly, the string should 

screen for documents with the terms enact, action, and per-

ception, with the objective of addressing embodied forms 

of interaction. It is also worth noting that the search string 

does not use any keyword related to evaluation because we 

aimed at reaching a wider universe of studies, regardless of 

whether they feature evaluation or not. The search string was 

written in the following format:

(ubiquitous OR pervasive OR enactive OR sentient OR 

embodied OR embedded).

AND (environment OR system) AND (technology OR digital).

AND (“interactive installation” OR “art installation” 

OR “installation art” OR “multimodal installation” OR 

“museum exhibition”).

AND (enact OR action OR perception).

Inclusion and exclusion criteria In order to select the most 

appropriate studies for our investigation, a set of inclusion 

and exclusion criteria was defined as illustrated by Table 2.

After the elimination of duplicate studies (EC1), 

exclusion criteria EC2 and EC3 are necessary because we 

are not able to properly assess studies that do not indi-

cate the authors or provide an abstract. Exclusion crite-

rion EC4 considers that studies with less than four pages 

are unlikely to contain sufficient material to contribute 

towards answering our research questions. Exclusion cri-

terion EC5 considers that studies published after 2010 

are more likely to contribute due to the state-of-the-art of 

the systems in technological terms. Exclusion criterion 

Fig. 1  Search and selection flow 

diagram. Based on the PRISMA 

Flow Diagram [61]

3 https:// link. sprin ger. com/
4 https:// www. scopus. com/
5 https:// scielo. org/

2 https:// ieeex plore. ieee. org/
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EC6 excludes studies not written in English, Portuguese, 

or Spanish. This criterion takes into account that English 

is the predominant scientific publication language within 

Computer Science and HCI. Moreover, we also consider 

studies written in Portuguese and Spanish because these 

are the authors’ native languages. Exclusion criterion 

EC7 states our interest in studies published as journal 

articles, papers from conference proceedings, and book 

chapters. Lastly, the exclusion criterion EC8 is tied 

directly to studies with the potential of answering our 

research questions.

Otherwise, the inclusion of studies was determined by 

the criteria shown in Table 2. Inclusion criteria IC1, IC2, 

IC3, and IC4 address specific topics of interest in our 

systematic literature review: interactive installations in 

exhibition spaces (IC1), some form of evaluation (IC2), 

social aspects and/or interactions (IC3), and embodied 

cognition and related concepts (e.g., enaction, embodi-

ment, coupled action, and perception) (IC4). For a study 

to be selected, it should satisfy IC1 and IC2 and at least 

one between IC3 and IC4. The necessity of IC4 is justi-

fied by the importance of the concept of embodied cog-

nition and related concepts for ubiquitous and pervasive 

systems, and IC2 is justified by our focus on evalua-

tion in this article. For IC3 and IC4, while individually 

important, we considered that requiring the selection of 

both of them was too restrictive.

Search and screening After the formulation of the search 

strategy and the selection criteria, we proceeded to sub-

mit our search string to the selected digital libraries, 

using the full-text search. The string syntax was adjusted 

according to the parameters of each digital library when 

needed while preserving its logic. The search was per-

formed on July 25, 2020. Initially, 3245 studies were 

Excluded = EC1 OR EC2 OR EC3 OR EC4 OR EC5 OR EC6 OR EC7 OR EC8

Included = NOT Excluded AND IC1 AND IC2 AND (IC3 OR IC4)

identified through database searching: the ACM Digital 

Library returned 1002 results, IEEE Xplore returned 1 

result, SpringerLink returned 1676 results, and Scopus 

returned 566 results. This phase is labeled as “identifica-

tion” in the flow diagram of Fig. 1. The retrieved records 

were exported in BibTeX format, and we used the JabRef 

reference management software to normalize the records 

to be screened according to our selection criteria.

In an initial “screening phase,” we excluded 300 dupli-

cate entries (EC1), 7 entries with unidentified authors 

(EC2), 139 entries without abstract (EC3), 70 entries 

with less than four pages (EC4), 484 entries published 

before the year of 2010 (EC5), and 97 entries for full 

books or proceedings (EC7). No entries satisfied exclu-

sion criterion EC6. To continue the screening phase, 

we exported the JabRef records to a shared spreadsheet 

for the manual screening of titles and abstracts by the 

authors. An amount of 1665 studies were deemed not 

on topic, i.e., showed no clues towards contributing to 

our research questions (EC8), and therefore were also 

excluded. Thus, a total of 483 studies were included 

to be assessed for eligibility. We downloaded the full 

text for these potentially relevant studies, except for 8 

entries to which we were not able to obtain the full text. 

We skimmed through all the entries’ full-texts paying 

attention to inclusion criteria IC1, IC2, IC3, and IC4. A 

total of 395 entries were deemed not on the topic, 169 of 

which satisfied exclusion criterion EC1. The other 226 

entries did not meet our rule of inclusion by satisfying 

both inclusion criterion IC1 and at least one among IC3 

and IC4. Additionally, a total of 35 entries were excluded 

because they did not present some form of evaluation 

(IC2). Finally, a total of 45 studies remained for final 

review and were included for analysis.

Table 2  Inclusion and exclusion criteria

Exclusion criteria Inclusion criteria

EC1: Duplicate studies IC1: The document features interactive installations as a central aspect

EC2: Studies with unidentified author(s) IC2: The document features some form of evaluation in the study

EC3: Studies without abstract IC3: The document features social aspects and/or interactions in the 

presented system

EC4: Short studies (less than four pages) IC4: The document features embodied cognition and/or related concepts

EC5: Studies published before 2010

EC6: Studies not written in English, Portuguese, or Spanish

EC7: Full books or proceedings

EC8: Studies that diverge from the subjects of the research questions

347Personal and Ubiquitous Computing (2023) 27:343–361
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2.3  Description of study characteristics 
for the selected studies

We thoroughly read each of the 45 selected full texts and 

proceeded to fill in a form with questions aimed at map-

ping and describing the characteristics of the studies. The 

form asked direct questions such as what kind of institu-

tions are the authors affiliated to, and where are they from; 

whether there is practical application in the study, and if 

so, what is the application context and the target audi-

ence; what is the methodology of the study; and whether 

the study has some kind of evaluation, and if so, what is 

evaluated and how. We were mainly interested in ques-

tions related to the evaluation proposed or conducted by 

the studies. For example, in the question: “Does the study 

have some kind of evaluation?” If so, “what is evaluated?” 

The form provided us with a set of evaluation topics to be 

selected as check-boxes such as (a) artifact and design, (b) 

people’s experience, (c) scenario, (d) interaction, and (d) 

other, with open edit text. For the question related to the 

evaluation methods and/or tools applied in the study, the 

form provided us with a set of evaluation methods also to 

be selected as check-boxes such as (a) video analysis, (b) 

automatic analysis, (c) questionnaire, (d) interview, and 

(e) other, with open edit text. In both cases, the “other” 

option had an open field for additional comments and sug-

gestions. This set of questions contributed to answers to 

research questions 2 and 3.

Among other topics related to the technology used, the 

types of interaction, and the social aspect involved in the 

works, the form asked questions such as “What computa-

tional technologies besides computers are used?”, “How 

does the interaction with computational technology 

take place?”, “How is the human body considered and 

involved in the interaction?”, “How is embodied cogni-

tion considered and involved in the interaction?”, “What 

kind of installation is portrayed in the study?”, and “How 

are social aspects and interactions present in the study?” 

The data obtained from this set of questions contributed 

to answer to research question 1. We saved the form 

responses into a shared spreadsheet for data organization 

and analysis. The content of the spreadsheet included 

some of the following information: (a) study title, (b) 

author(s), (c) country(ies), (d) application context, (e) 

methodology, (f) target audience, (g) evaluation object, 

and (h) evaluation method. The analysis involved data 

accounting, grouping data into assigned categories, and 

triangulation of results (e.g., the association between 

data collection methods and evaluation subjects).

2.4  Quality and relevance assessment 
for the selected studies

To estimate the quality and relevance of the selected 

studies, we used two sets of parameters: quality param-

eters and relevance parameters. The quality parameters 

can be considered as more objective, general evidence of 

the quality of the studies selection, whereas the relevance 

parameters can be considered as general evidence of the 

relevance of the studies towards our research questions. 

The quality parameters are presented in Table 3, while 

the relevance parameters are presented in Table 4.

The quality parameters QP1 to QP3 have a binary 

response, if the answer is “yes,” the value of the parameter 

will be 1; otherwise, it will be 0. The responses for these 

parameters are determined by our thorough reading of the 

full texts. The QP4 and QP5 parameters are derived from 

the citation and h5-index values, respectively, obtained 

from Google Scholar on December 7, 2020. For the QP4 

quality parameter, we obtained the number of citations 

for each document, normalized the value by calculating 

the number of citations per year since the publication of 

the document, and calculated the percentile of each value 

of citations per year within our set of selected entries. 

For the quality parameter QP5, we first assigned the value 

0 to studies with no h5-index value available; then, we 

calculated the h5-index percentile of the documents in 

our set of selected entries. After dividing each percentile 

by 100, both quality parameters QP4 and QP5 were left 

with answers ranging from 0 to 1 with two decimal places. 

Finally, the overall quality was calculated as a simple aver-

age of the values of the quality parameters QP1 to QP5.

For each relevance parameter from RP1 to RP6, the 

numerical value is calculated according to how many 

descriptors (from the form) were selected for that cat-

egory. If no descriptor is selected, the value will be 0, if 

the number of selected descriptors is greater than 0, but 

Table 3  Quality parameters Quality parameter Scoring

QP1: Is the methodology of the study described in detail? Yes = 1; no = 0

QP2: Is a design process described in detail? Yes = 1; no = 0

QP3: Is there any user participation during the evaluation? Yes = 1; no = 0

QP4: What is the percentile of citations per year of the document? Max = 1; min = 0

QP5: What is the h5-index percentile of the journal or conference? Max = 1; min = 0

348 Personal and Ubiquitous Computing (2023) 27:343–361
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less than the median of the selected descriptors for the 

whole set, the value will be 0.5, and if the value is equal or 

greater than the median, it will be 1. To calculate a value 

of general relevance, we first added a weight of 3 for RP1 

and RP2, and a weight of 5 for RP3 to RP6 because we 

considered these last four parameters to be significantly 

more important for our research questions. Then, we cal-

culated a simple weighted average of the values.

Quality = (QP1 + QP2 + QP3 + QP4 + QP5)∕5

Relevance = ((RP1 × 3) + (RP2 × 3) + (RP3 × 5)

+(RP4 × 5) + (RP5 × 5) + (RP6 × 5))∕26

Quality & Relevance = (Quality + Relevance)∕2

3  Results overview

A total of 45 studies were selected, featuring authors’ affili-

ations distributed between 18 countries (we quantified all 

authorships of each study, e.g., a study with three authors 

has three authorships). Figure 2 shows the number of publi-

cations by country. The USA published the highest number 

of studies (10 documents) with 39 authorships, followed 

by Canada, UK, and Australia. Regarding the studies’ 

research approaches, 26 out of 45 (57.78%) are qualitative 

research, 6 (13.33%) are quantitative research, and 9 (20%) 

combined both qualitative and quantitative approaches. In 

4 studies (8.89%), we were not able to clearly identify a 

Table 4  Relevance parameters Relevance parameter Scoring

RP1: How much is the “technology” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0

RP2: How much is the “interaction” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0

RP3: How much is the “embodiment” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0

RP4: How much is the “enactive” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0)

RP5: How much is the “social” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0

RP6: How much is the “interactive installation” category covered? Equal or above the median = 1

Below the median = 0.5

Not covered = 0

Fig. 2  Chart of authorships 

and number of publications by 

country
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specific methodological approach. Case studies were the 

most applied research method of the qualitative approach.

The selected studies were published in 34 different jour-

nals, conference proceedings, and books. Among them, we 

highlight that there were 4 papers published in the ACM 

Conference on Human Factors in Computing Systems (CHI), 

4 papers published in the Audio Mostly (AM) conference, 

3 papers published in the Australian Conference on Com-

puter–Human Interaction (OzCHI), 2 papers published in 

the Brazilian Symposium on Human Factors in Computing 

Systems (IHC), 2 papers published in the Conference on 

Creativity and Cognition (C&C), and 2 articles published 

in the Cognitive Computation journal. With the exception 

of this last journal, which is published in SpringerLink, 

the other conferences are all published in the ACM Digital 

Library. Besides these highlighted vehicles, the remaining 

28 journals, conference proceedings, or books, each contains 

only a single publication.

The next subsections organize the resulting data on the 

subject of evaluation (i.e., what is being evaluated), the audi-

ence and people’s involvement (i.e., who and how many 

people have interacted with the computational system in 

question), and the methods applied (i.e., how evaluation was 

conducted by the researchers).

3.1  The categories of evaluation

We identified 12 categories of evaluation: 6 of them target 

people directly: people’s experience, learning, social, people’s 

behavior, people’s engagement, and people’s affective states; 

2 studies address system concerns such as usefulness, artifact 

and design; lastly, there are 4 categories that are “in between,” 

focusing on both people and system: scenario, interaction, 

usability, and system usage. This categorization is based on 

the set of evaluation topics defined in our form as detailed in 

Sect. 2.3. An overview of the relative distribution of evalua-

tion categories among the studies can be seen in Fig. 3.

Results in Fig. 3 reveal that people’s experience was the 

main aspect evaluated by researchers with 27 occurrences. 

This category involves the evaluation of overall experiences 

(e.g., [29, 38]); works interested in evaluating the user expe-

riences (UX) (e.g., [24, 41, 44]) by applying a variety of UX 

instruments; and other studies interested in evaluating bodily 

experiences designed by applying somatic connoisseurship 

(e.g., [10, 19, 28, 33]). Some works considered the engage-

ment and affective states of people in the evaluation of their 

experience (e.g., [9, 12, 32, 44]); thus, these works were 

grouped in this category. Works that evaluate functional 

properties of an artifact or the user perception of these prop-

erties in the evaluation of the people’s experience (e.g., [41]) 

were also categorized as such. The interaction was another 

main aspect evaluated by researchers with 16 occurrences, 

for example, by observing participants interacting with an 

artifact to identify interaction patterns (e.g., [13, 43]). The 

other categories are listed as follows:

The artifact and design category, with 5 occurrences, 

refers to the evaluation of an artifact in terms of its design 

characteristics by using, for example, guidelines [4], models 

[9, 11], or video recordings [23, 25].

Fig. 3  Distribution of categories of evaluation
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The scenario category, with 5 occurrences, includes 

works that take into account the environment in which the 

participants are immersed to evaluate an artifact or system 

[2, 8, 14, 16, 39].

The learning category, with 4 occurrences, refers to the 

evaluation of learning environments developed to facilitate 

the teaching, learning, and understanding of different con-

cepts using, for example, tangible artifacts [24] or the human 

body in the interaction [5, 26, 30].

The social category, with 4 occurrences, refers to the 

evaluation of an artifact mainly focusing on social presence 

and collaboration [21, 32, 36, 45].

The people’s behavior category, with 3 occurrences, 

refers to the evaluation of people’s behavior when interacting 

with systems designed to influence or change their behavior, 

for example, by applying persuasive design (e.g., [37]).

The usability category, with 3 occurrences, refers to the 

perceived system’s usability by people [24, 34, 40].

The people’s engagement category, with 2 occurrences, 

refers to the evaluation of the capacity of an artifact or sys-

tem to motivate people to interact with technology. The stud-

ies included in this category [29, 34] used specific instru-

ments to collect data about the engagement.

The people’s affective states category, with 2 occurrences, 

involves studies interested in designing and evaluating sys-

tems aimed at changing people’s affective states [21, 29].

Lastly, system usage and usefulness were the categories 

least considered in the evaluation by researchers, with 1 

occurrence for each case [6, 34].

3.2  The audience and people’s involvement

Regarding the audience and people’s involvement in the 

evaluation, we considered the number of people reported 

in the studies; people who interacted with an artifact just as 

visitors of an installation, for example, were not considered. 

Regarding sample size, we found 24 studies with less than 

50 participants, 3 studies with a sample between 50 and 100 

participants, 5 studies that involved a larger number of par-

ticipants (more than 100 people), and 13 studies that did not 

report information about the number of participants. Con-

sidering the works that mention the target audience of the 

study or that it was possible to infer their audience from the 

authors’ description (e.g., professionals or college students 

are expected to be adults), in 21 studies, the target audience 

was of adults [5, 7, 9, 10, 12–15, 17–20, 24, 28, 29, 32, 33, 

37, 38, 42, 44]; in 17 studies, the considered target audience 

was of children, adolescents, and adults [1–4, 6, 8, 22, 23, 

27, 30, 34–36, 40, 41, 43, 45]; in 3 studies, the target audi-

ence was children [21, 25, 26]; and 1 study was aimed at 

children and adolescents [16]. This distinction of age groups 

is relevant when considering that children and adults may 

require different evaluation approaches and methods.

Regarding the study context, 21 of the 45 studies refer 

to exhibition contexts with 15 being in public spaces, such 

as museums and urban areas [1, 2, 4, 8, 23, 26, 27, 30, 31, 

35, 37, 39, 40, 44, 45] and 6 being in closed spaces, such 

as academic conferences and closed exhibitions [3, 6, 7, 36, 

41, 43]. The other 24 studies were evaluated in laboratory 

contexts (i.e., a controlled environment) [5, 9–22, 24, 25, 28, 

29, 32–34, 38, 42]. Furthermore, we found that 11 out of the 

45 studies explicitly mention either approval from an ethics 

committee or at least informed consent from the participants 

[2, 12, 16, 19, 23, 24, 26, 29–31, 45]. In exhibition contexts, 

there is no control of who may interact with an installation 

and how, while in laboratory context participants can be 

selected and follow a protocol.

3.3  Data collection methods

We identified six categories of data collection methods in the 

evaluation processes of the studies: (1) interview, (2) video 

recording, (3) questionnaire, (4) observation, (5) system 

logs, and (6) physiological measurement. An overview of the 

distribution of these categories is illustrated in Fig. 4. It is 

worth noting that some works use more than one data source 

for evaluation. Details about each category are reported in 

what follows.

Interview The most used data collection method was the 

interview, with 21 occurrences. Results revealed structured 

and semi-structured interviews (e.g., [5, 10, 12, 13, 15, 17, 

18, 29, 37, 38, 40, 41]), Video-Cued Recalls (VCR) (e.g., 

[5, 31]), and second-person interview (e.g., [10]). A struc-

tured interview presents questions in a well-defined order 

and there is no room for adding non-predefined questions, 

whereas with a semi-structured interview it is possible to 

gain additional insights and understanding by asking inter-

viewees for clarification, following their comments, or add-

ing new questions [58].

The Video-Cued Recall (VCR) interview method [60] 

employed video support to evaluate embodied experiences 

reducing the risk of self-bias or self-reporting that can be 

present in surveys and other interview methods without 

video support. For instance, in the [5] study, participants 

were asked open-ended questions about their experience 

as they watched the video of their dancing session. The 

second-person interview or explicitation interview [63] is a 

method for collecting the first-person perspective of inter-

viewees about their experience. This method was developed 

from the seminal work of Pierre Vermersch on explicita-

tion [67]. The main goal of this method is to facilitate the 

re-living of a specific past experience in greater detail so 

that it can be lived again in the present. For instance, in the 

[10] study, the interviewer selected singular experiences, 

e.g., particular gestures or sensations, from the observation 
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of the participant’s interaction. Then, the interviewer col-

lected detailed descriptions from the participants on these 

singular experiences. The interviewer was responsible for 

guiding the participant’s attention to previously unnoticed 

or forgotten aspects of these moments.

Video recording A total of 16 works [1–3, 8, 10, 15, 16, 23, 

25, 30, 32, 34, 37, 38, 40, 45] collected data using video 

recordings to capture, for example, observational bodily 

movements (e.g., [37]), interactions with technology, and 

the physical space where participants were located (e.g., [2, 

8, 30]). Some works used audio recordings as a complement 

to video recordings (e.g., [10, 40]).

Questionnaire This category grouped data collection meth-

ods involving data collected from questionnaires and sur-

veys, with 14 occurrences: [7, 9, 15, 19, 21, 24, 25, 29, 34–

36, 38, 39, 44]. Overall, questionnaires included open-ended 

questions, rating scale questions, or Likert scale questions. 

Also, we found studies using instruments based on already 

existing questionnaires. For instance, the [44] study used a 

UX questionnaire split into four parts, including a positive/

negative affect (PANAS) scale, word pairs of the AttrakDiff 

questionnaire, and open-ended questions.

The PANAS scale is one of the most widely used scales to 

measure mood or emotion [68]. This scale is composed of 20 

items, with 10 items measuring positive affect (e.g., excited) and 

10 items measuring negative affect (e.g., scared). Each item is 

rated on a five-point scale. The AttrakDiff questionnaire, in turn, 

is one of the most widely used instruments to evaluate the user 

experience with interactive systems [50, 54]. This questionnaire 

is composed of 28 semantic differential questions presented as 

seven-point scales. The two ends of the scale host opposite 

adjectives (e.g., complicated – simple, ugly – attractive).

In the [44] study, researchers included only 9 word pairs 

of the original AttrakDiff. Another work that elaborated 

an instrument based on already existing questionnaires 

was the [21] study. The questionnaire included rating scale 

questions, questions based on a five-level Likert scale, and 

a section with an adapted version of the Self-Assessment 

Manikin (SAM) scale [46]. This last scale is a pictographic 

scale to measure emotion using the Pleasure, Arousal, and 

Dominance (PAD) emotional state model. Each item can be 

assessed on a 5- or a 9-point scale. In [21], researchers used 

the 9 points scales for pleasure and arousal dimensions.

In the [35] study, we found a questionnaire that included 

open-ended questions, questions in Likert scale format, and 

a section based on the PLEX Cards [59]. The PLEX Cards 

can be applied to design and evaluate playful experiences 

and were created to communicate each of the 22 PLEX 

framework categories [57] (e.g., captivation, competition, 

discovery). The PLEX framework is an expanded version of 

the pleasure framework [49]. In [35], the authors used a set 

of 12 cards and they presented only one descriptive picture, 

instead of the original two.

Regarding the evaluation of people’s engagement, we found 

two types of questionnaires: in the [29] study, the authors used 

the game engagement questionnaire [48] that measures levels 

Fig. 4  Distribution of categories of data collection methods
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of engagement by considering four categories: flow, immer-

sion, engagement, and presence; whereas in the [34] study, 

authors used the O’Brien’s Engagement Questionnaire [62] 

by considering six attributes: perceived usability, esthetics, 

focused attention, felt involvement, novelty, and endurability. 

As for the evaluation of social aspects of interaction, in the 

[36] study, the authors used the Condensed Networked Minds 

Social Presence Inventory (NMSPI) [53] to measure levels of 

social presence, whereas, in the [21] study, the authors used a 

questionnaire to measure levels of perceived collaboration and 

impressions of group members.

Observation A total of 13 works collected data through note 

taking of interaction situations [4, 8, 9, 11, 13, 14, 17, 22, 33, 34, 

39, 40, 43]. For instance, in [9] the participants were observed 

in terms of where they looked at and which reactions the instal-

lation produced upon their actions. The observations were cap-

tured with a standardized form, according to the authors. In [8], 

researchers collected data through in situ observations supple-

mented by video recordings of use situations, whereas in [4] the 

observations were based on proposed guidelines. In some works, 

the observations allowed researchers to raise a diverse set of 

interaction patterns for classification (e.g., [13, 43]).

System logs Results revealed that, in 8 works, researchers 

saved data in log files [3, 6, 8, 21, 25–27, 38]. These log 

files stored quantitative data generated by the system itself 

such as the duration and number of registered interactions 

(e.g., [6, 8, 38]); whereas in technological environments that 

incorporate multi-touch surfaces or capture full-body inter-

actions, researchers used these log files to record interaction 

positions on the interactive surface, or positions and rota-

tions of the user’s body when interacting with the system 

(e.g., [3, 21, 25, 26]).

Physiological measurement The interaction between people 

and their environment can be enabled through physiologi-

cal data (e.g., Pulse, Breath, Heart Rate) that can generate 

changes in their environment. We identified three studies in 

this category [20, 27, 36]. For instance, the [27] study pre-

sented a public installation in which participants controlled 

the environment lights using their heart rate, and the [36] 

study presented a virtual reality installation for exploring 

breathing synchronization and during the evaluation, data 

from the breathing sensor was collected.

3.4  Data analysis methods

Qualitative data such as interview transcripts, written notes, 

and video recordings, compose the data collected for analy-

sis. These collected data were analyzed using a variety of 

analytic methods such as thematic analysis (e.g., [12, 13, 

45]), grounded theory (e.g., [10, 29]), and interpretative phe-

nomenological analysis (IPA) (e.g., [5, 31]). Thematic analy-

sis [47] is a qualitative method for identifying, analyzing, and 

reporting themes (patterns) within data. A theme captures 

something important about the data in relation to the research 

question and represents some meaning within the data. The 

thematic analysis process included transcription, coding, the 

definition of themes, and a written report. Grounded theory 

[58] is a qualitative analysis method to generate a theory of 

the phenomenon that is grounded in the data gathered and 

analyzed. The method starts from a set of empirical obser-

vations or data and aims to develop a theory grounded from 

the data. The process includes transcription, coding, coding 

categories, and the formation of a theory. The interpretative 

phenomenological analysis (IPA) [64] is another qualitative 

analysis method that explores in detail how participants are 

making sense of their personal and social world.

Quantitative data were collected through questionnaires, 

system logs, and physiological measurements. Descrip-

tive statistics (e.g., mean, median, standard deviation) was 

used from the data provided in questionnaires (e.g., [21, 24, 

25, 34]). Some works used a Mann–Whitney U test (e.g., 

[24]) and others the F-test (e.g., [25, 29]) for data analy-

sis. Regarding system logs, descriptive statistics were also 

applied on the data retrieved from log files such as infor-

mation about how long the interaction lasted (e.g., [38]). 

Regarding physiological data, authors reported their results 

by comparing the values of the collected data with physi-

ological thresholds such as the heart rate threshold (e.g., 

[27]).

3.5  Results of the quality and relevance assessment

The evaluation of the quality and relevance of the selected 

documents took into account 11 variables, forming two sets 

of metrics. The first set contains 5 variables that are related 

to more general aspects of the quality of the selected works 

(e.g., citation and h5-index metrics), while the second set 

contains 6 variables related to the relevance of the works for 

this investigation (e.g., the research questions).

The score calculated for the quality of the documents had 

an average value of 0.50 with a standard deviation of 0.10. 

The score calculated for the relevance of the documents, in 

turn, had an average value of 0.86 with a standard devia-

tion of 0.17. Using these two values to calculate a combined 

score of quality and relevance, from a value ranging from 

0 to 1, the 45 selected entries achieved a combined average 

score of quality and relevance of 0.68 with a standard devia-

tion of 0.09. Of the 45 documents, 22 works scored between 

0.84 and 0.70, 21 works scored between 0.69 and 0.50, 2 

works scored less than 0.50, with these two scores being 

0.48 and 0.36. All quality and relevance assessment scores 
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can be viewed in the graph shown in Fig. 5, which con-

tains the individual values for quality and relevance scores, 

as well as the combined quality and relevance metrics. As 

shown in Fig. 5, the studies with the highest quality ratings 

are [10] (0.70), [33] (0.70), [11] (0.68), [34] (0.68), and [19] 

(0.67). Regarding the relevance of the studies, 21 obtained 

a maximum score with a score equal to 1.00, these being 

[1, 2, 4, 5, 8, 18, 19, 22–26, 30, 32, 35, 37, 39, 40, 43–45]. 

Regarding the combined score of quality and relevance, the 

studies [19] (0.84), [33] (0.82), [26] (0.81), [34] (0.81), and 

[18] (0.8) obtained the highest scores.

In the next section, we show how this corpus of works in 

the field leads us to answers for the research questions and to 

the discussion on issues still in need of deepening.

Fig. 5  Chart of the calculated score of the quality and relevance assessment
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4  Synthesis and discussion

Based on results presented in Sect.  3, in this section, 

we answer the research questions presented in Table  1 

(Sect. 2.1) identifying shortcomings in current evaluation 

practices. Then, we propose further topics for a research 

agenda on the field.

4.1  Answering the research questions

For RQ1, “How technology-based interactive installations have 

explored the concepts of ubiquitous, pervasive systems, and 

embodied cognition?” Most of the selected studies explicitly 

address the use of displays (22 occurrences), sensors (21 occur-

rences), microcontrollers (10 occurrences), and other embedded 

devices with wireless communication. For example, we found 

studies using displays and Kinect sensors (e.g., [13, 17, 22]), 

microcontrollers, and different types of sensors such as prox-

imity or pressure sensors (e.g., [2, 4, 37, 40]). The artifacts are 

mainly related to tangible (e.g., [23, 34, 40, 45]), wearable (e.g., 

[28, 33, 35]), and robotic (e.g., [4, 7, 12]) technologies. The 

main types of interaction with the proposed artifacts illustrate 

mainly embodied and full-body interaction, mostly motion and 

gesture-based interaction (16 and 10 occurrences respectively) 

(e.g., [3, 4, 10, 26, 44]). In terms of underlying technology, 

we observe that most of the environments intend to address 

the main ideas originally proposed for ubiquitous, pervasive 

systems [69] as they tend to disappear in the background, into 

the periphery of our attention. Regarding underlying concepts 

and theoretical foundations, the works reveal concepts related to 

action and perception (19 occurrences each), sense-making (11 

occurrences), autopoiesis (3 occurrences), and ontogenetic drift 

(1 occurrence), suggesting an embodied mind and embodied 

cognition approaches to understand the phenomenon of interac-

tion in these environments (e.g., [3, 10, 17, 19, 44]).

Although the selected works seem to be conceptually near 

Weiser’s idea of ubiquitous computing as “embodied virtual-

ity,” some drawbacks are still mentioned. In the context of 

museums, for example, the mode of interaction should not 

divert visitors from the exhibition’s thematic and conse-

quently take them out of immersion in that situation. Torpus 

[40] addresses the challenge of expanding museum exhibits 

through embedded media content without drawing visitors’ 

attention to the invisible interface. Even using embedded 

technology, the attention of visitors still turns to the artifacts, 

and technology becomes an element that competes with the 

environment. Also facing problems related to the involvement 

of participants with autonomous interactive artworks, such as 

superficial levels of involvement and attention, Loke et al. [19] 

used a live art model, in which the visitor’s experience was 

guided by an artist and technology was kept in the background 

while experience and body awareness gained prominence.

Still considering Weiser’s approach to ubiquitous com-

puting, another important aspect is the social; technology 

should allow users to be in the world; thus, interactions 

could be more social, allowing people to create connec-

tions. We observed, however, that in some interactions that 

involved body movements with feedback through displays, 

for example, the social aspect was not prioritized or properly 

taken into account in the design of the installations, with the 

experiences focused on the individual himself [3, 17]. In 

[17], for example, the user interacts with a life-size projec-

tion of himself and other bodies that have been tracked by a 

sensor, the installation combines mirrored video captured in 

real-time with recorded fragments of the past that resemble 

current movement. In summary, ubiquity is not only about 

availability or embeddedness of technology, but also about 

becoming an indistinguishable part of the environment, con-

sidering the people situated in it. It follows that as good 

practices, interactive installations in museums should not 

draw too much attention to their interaction or technologies, 

and these interactions and technologies should not hinder 

the social interactions that take place in such environments.

As for RQ2, “Which methods and approaches are used 

to evaluate interactive installations in exhibition spaces?” 

To address this question, we first observed what the works 

have considered relevant to evaluate, to discuss this rele-

vance in terms of ubiquitous and pervasive systems values, 

as originally proposed. As presented in Sect. 3.1, the objects 

of evaluation in the 45 studies can be synthesized in three 

main groups: (1) the what involves people directly in their 

experience, behavior, learning, engagement, affective states, 

and social relations; (2) the what is system-focused in its 

usefulness, and design; and (3) the what is a “in between” 

human-technology relation, encompassing interaction, 

usability, usage, and overall scenario. From these, while 

some objects of evaluation seem to be inherited from con-

ventional computational systems evaluation (e.g., usability, 

usage, usefulness, engagement), some new interests seem 

to stand out (e.g., affective states, and social aspects). Also, 

the whole scenario as an object of evaluation is consistent 

with the need to understand interaction in ubiquitous envi-

ronments, in which its digital, material, technological, and 

social aspects may become increasingly interconnected and 

inseparable from one another.

Figure 6 illustrates the relations among categories of data 

collection methods (left) and what is being evaluated (right). 

The width of the associations represents the reach and fre-

quency of data collection methods used. For instance, inter-

views and video recordings were the most used procedures to 

collect information about the experience, behavior, people’s 

learning, and their interactions, including the interaction sce-

nario, and also the artifacts and their design. Additionally, 

video recordings allowed researchers to assess usability and 
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usefulness of systems, and social aspects, whereas the inter-

view was also used to assess the engagement of people with 

technology. Similarly, questionnaires were applied to cap-

ture information about the experience, engagement, learn-

ing and social relations of people, the usability of systems, 

the people’s interaction, and the evaluation of artifacts and 

their design. Unlike the interviews and video recordings, the 

questionnaires were also used to collect information about 

the affective states of people. Observations (note taking) 

were mainly used to collect information about the people’s 

experience and their interactions and to assess the artifacts 

and their design. System logs and physiological measure-

ments were mainly used to capture data from the experience 

and behavior of people, and their interactions. Overall, inter-

views and questionnaires were used mainly to collect data 

about the people’s experience, whereas video recordings 

and observations were used mainly to capture interactions 

of people with the environment and with others.

One aspect that is illustrated in Fig. 6 is the asymmetry 

between the use of subjective and objective data collection 

methods categories, with a substantial preference for subjec-

tive ones. Real-time observations, or a posteriori through video 

recordings, as well as interviews and questionnaires, are data 

collection methods with an intrinsic subjectivity in them: the 

researchers have an active role in proposing them, and/or the 

participants are reminiscing about their experience and trying 

to translate it into a verbal or some other proposed format. 

More objective approaches, such as system logs and physio-

logical measurements, although present, represent only a small 

fraction of the data collection method categories found in our 

results. We wonder whether it is not due to the lack of evalu-

ation methods informed by objective data. The other side of 

Fig. 6, in turn, illustrates some balance between more general 

and more specific objects of evaluation. More general objects 

of evaluation (e.g., people’s experience and interaction) are 

represented in a little over half of the selected studies, while 

the other more specific subjects of evaluation (e.g., learning, 

social, usability), although fragmented in several categories, 

compose what amounts to almost half of the selected studies.

It is important to emphasize here that our argument is 

not that objective data collection methods should be favored 

over subjective ones, nor is one better than the other, as both 

can be conducted with adequate scientific rigor and yield 

important results. Neither should general or more specific 

objects of evaluation be mutually exclusive, as both can 

play an integral role in the research objectives of a study. 

We perceive, however, that a balance between subjective 

and objective data collection methods could benefit evalu-

ation in scenarios of ubiquity of technology, as comple-

mentary methods have the potential of broadening both the 

depth and range of what is being evaluated.

Fig. 6  Relations between data collection method categories (left) and objects of evaluation (right)
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For RQ3, “Are evaluation methods taking into account 

the new types of (social) actions and perceptions afforded 

by interactive installations? If so, how?” Having observed 

the what of evaluation in RQ2, we can finally examine how 

those aspects are evaluated by the selected studies. Looking 

at the main categories of instruments reported in the studies 

and described in Sect. 3.3, we observe that interviews and 

questionnaires are predominant, totaling 46,7%, followed 

by video recordings with 21.3% of presence. In particu-

lar, one interview method (video-cued recalls [60]) stands 

out to evaluate embodied experiences by employing video 

recordings as a support to guide the interview. Moreover, 

an interview method (second-person interview [63]) to get 

detailed accounts from participants as close as possible to 

their first-person experiences was also present in our results.

Considering the enactive approach to cognition, it 

emphasizes the extended, intersubjective, and socially situ-

ated nature of cognitive systems [51]. According to Gal-

lagher et al. [51], “the world (meaning, intentionality) is not 

pregiven or predefined but is structured by cognition and 

action”. When considering the relevance of social action 

and perception in ubiquitous environments, we observe that 

the works have addressed aspects such as interaction, aware-

ness, coordination, and collaboration. Although some works 

recognize the relevance of social aspects in evaluation [21, 

32, 36, 45], specific methods for evaluating the environments 

regarding their affordances for social action and perception, 

embodiment, social sense-making, etc. are hardly found 

among the works. In [45], for example, visitors’ social inter-

actions in a public setting have been investigated through 

video observations of interactions with a musical table-

top. It is well known that tabletop interfaces support social 

interaction and learning. In [21], the authors recognized the 

importance of embodiment in social interaction and social 

cognition, and they proposed a questionnaire to evaluate the 

perceived collaboration and how group members feel about 

each other. Similarly, in [36], the authors applied a ques-

tionnaire to know how participants felt socially and how 

aware they were of others. Although these works evaluate 

social interaction, none of them considers the intersubjective 

relations (e.g., joint action, joint attention, and participa-

tory sense-making) that emerge in the ongoing interactions 

on ubiquitous scenarios. Furthermore, in [32], we found a 

framework with categorical dimensions like “visitor experi-

ence” and “social setting” to analyze interactive media arts. 

The “social setting” category contains several attributes to 

examine and evaluate whether an installation scales to mul-

tiple visitors, requires coordination, etc. As a result of the 

analysis of these works, we identified relevant aspects to be 

considered by evaluation methods like awareness of the oth-

ers, social affective understanding, emotional interdepend-

ence, and intersubjective relations. However, it is not enough 

to just consider these aspects in the evaluation methods, but 

it is necessary to address them in the design of ubiquitous 

scenarios to promote situations of social, affective, and inter-

subjective relations.

4.2  Highlights for a research agenda

Informed by the results presented and discussed so far in this 

article, overall, important aspects of interaction of people 

in these environments are somehow being evaluated; e.g., 

users’ experience, engagement, behavior, affective states. 

Nevertheless, missing aspects are also visible and raise 

opportunities for new research agendas, briefly summarized 

as follows.

Experience as a concept.

Although 37% of the studies in our final selection 

reported some kind of evaluation of people’s experiences, 

it is noticeable how their notion of experience differs from 

HCI’s mainstream concept of user experience (UX). While 

UX can be considered a jargon with a disputed and not so 

well-defined meaning within the field, the notion of expe-

rience found in our results instead seems to be based on 

a phenomenological perspective. Studies [20, 28, 39], for 

instance, draw on Merleau-Ponty’s seminal book “Phenom-

enology of Perception” to establish the importance of the 

role a person’s body in the experience of interacting with 

the world and making sense of it, therefore characteriz-

ing a notion of experience that is intrinsically embodied. 

This amounts to a notion of experience that is not based 

entirely on subjectivity and ill-defined feelings, as the case 

of UX, but instead is grounded on the fact that whatever we 

may experience, we always do it through our bodies and 

its distinct sensorimotor capabilities. This embodied notion 

of experience is also evidenced in selected studies with a 

background that also originates from phenomenology, such 

as the theories labeled as 4E (embodied, embedded, enacted, 

or extended) cognition (e.g., [12, 29]).

In sum, although people’s experience appears with rel-

evance in the works, the research community could benefit 

from going further in the types of experience afforded by 

those environments. In the same way, while affective states 

of people interacting in the studied scenarios are already 

being presented by some works, this phenomenon could be 

further located within a phenomenological frame to consider 

some important aspects of affectivity related to their bodies, 

their action, their embodied actions, and in their experience 

with artifacts and with others.

Multiplicity and reachness of methods.

As presented in Sect. 3.3, studies of the SRL use a variety 

of data collection methods. The analysis of the 45 selected 

studies shows that 20 studies (44.44%) made use of more than 

the one data collection method, with some of them making 

use of as many as four methods (e.g., [8, 25, 38]). We interpret 

357Personal and Ubiquitous Computing (2023) 27:343–361



1 3

this number as a hint that a significant number of researchers 

do not consider a single-data collection method to be enough 

to address evaluation in scenarios of ubiquitous and perva-

sive technology. For instance, we found studies using video 

recordings and system logs to obtain information about peo-

ple’s interactions (e.g., [3, 8, 25]) or interviews complemented 

with video recordings to evaluate the people’s experience (e.g., 

[10, 15, 38]). Ubiquitous and pervasive scenarios have a wide 

range of dimensions and aspects to be considered in an evalu-

ation process, so it follows that it is unlikely for a single known 

method to provide sufficient insights regarding a scenario in 

its entirety and complexity. Nevertheless, frameworks which 

structure and organize the methods into different dimensions 

are hardly found and would be helpful.

While different methods to collect data may be useful as 

an important resource for researchers to explore multiple 

aspects of ubiquitous and pervasive systems in a comple-

mentary way, they still may not be enough to address an ever 

growing list of possible dimensions and aspects to be consid-

ered in the design and evaluation of ubiquitous and pervasive 

systems. For example, social aspects of the interaction, in the 

sense of its intersubjective aspects, e.g., the joint attention of 

people through interaction, their joint coordination, and the 

way they could enrich a participatory sense-making, are all 

aspects of design and evaluation of ubiquitous and pervasive 

scenarios that are open as new research agendas.

Ethical issues It is noticeable that despite evaluation in HCI 

relies heavily on people’s participation, only 11 out of the 

45 works (24.44%) explicitly mention either a research eth-

ics committee approval for their study, or at least informed 

consent from the participants. Although we cannot assess 

individually whether this information is just not made 

explicit in the full texts or there was no research ethics com-

mittee and consent forms involved at all, we consider this a 

low number, suggesting that this ethical aspect might have 

been overlooked by researchers, peer-reviewers, and publi-

cation vehicles, in the set of studies analyzed. Moreover, as 

the main types of interaction in the ubiquitous environments 

address mainly embodied, full-body, motion, and gesture-

based types of interaction with technology, more concern 

is raised regarding not only the people’s participation in 

evaluation methods, but also aspects of design of those 

environments, which impact on safety and privacy issues, 

accessibility, and personal values.

5  Conclusion

From computer use limited to performing well-defined 

tasks, we are now experiencing computational technolo-

gies pervading many areas of our lives, in all places, and 

being used simultaneously by different people. Ubiqui-

tous and pervasive technologies have created new forms 

of interaction, demanding new types of approaches for 

the design and evaluation of systems. This work has 

addressed this context by inquiring about the evaluation 

methods being practiced. A systematic literature review 

on scenarios of ubiquitous and pervasive systems, focus-

ing on the context of interactive installations was con-

ducted to shed light on the subject.

Results of the systematic literature review revealed 

that people’s experience, understood in its wider sense, 

was the most highlighted subject of evaluation. Moreo-

ver, the concept of “experience” and its different inter-

pretations, carried by the works, still demands further 

investigation. Interviews were the most practiced cat-

egory of data capture method, revealing predominantly 

self-reported data which summed up to 46.7% of the 

works, when added to the questionnaire category. Our 

study has also exposed a combination of methods being 

applied in the studies, suggesting the complexity of the 

phenomena involved in the interaction in these envi-

ronments and the inability of a single method to cover 

aspects of this complexity. While our results refer to the 

context of interactive installations in exhibition spaces, 

other areas of ubiquitous and pervasive technology envi-

ronments, such as for example IoT (Internet of Things) 

scenarios, ambient intelligence, social wearable artifacts, 

to name a few, still could add specificities to the results 

already pointed out. Further work involves addressing the 

open research agenda, especially considering the over-

arching concepts of phenomenology for addressing expe-

rience, emotion, values, and the reliability of methods.
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