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Abstract. New technologies and ubiquitous sysltems present new forms and
modalities of interaction. Evaluating such systems, particularly in the novel
socioenactive scenario, poses a difficult issue, as existing instruments do not
capture all aspects intrinsic to such scenario. One of the key aspects is the wide
range of characteristics and needs of both users and technology involved. In this
paper, we are concerned with aspects of both Universal Design (UD) and
Natural User Interfaces (NUIs). We present a case study where we applied,
within a socioenactive scenario, evaluation instruments relying on principles and
heuristics from these areas. The scenario involved six children from a hospital
that treats craniofacial deformities, playing in a rich interactive environment
with displays and plush animals that respond to hugs. Our results based on the
analysis of the evaluation conducted in the case study suggest informed rec-
ommendations of how to use the evaluation instruments in the context of
socioenactive systems and their limitations.

Keywords: Accessibility � Interaction evaluation � Ubiquitous computing �
Pervasive � Natural User Interfaces � Universal Design � Universal Access

1 Introduction

The emergence of novel technological devices prompts new forms of interaction
involving the body and the environment. This scenario allows people to better express
themselves and further exchange information. As ubiquitous and pervasive computing

© Springer Nature Switzerland AG 2019
M. Antona and C. Stephanidis (Eds.): HCII 2019, LNCS 11572, pp. 39–56, 2019.
https://doi.org/10.1007/978-3-030-23560-4_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23560-4_4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23560-4_4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23560-4_4&amp;domain=pdf
https://doi.org/10.1007/978-3-030-23560-4_4


becomes a reality in our daily lives, universal access to new technological scenarios
and underlying information becomes a necessity and deserves attention [4].

As important as the development of new interactive technologies (e.g., computa-
tional devices, their integration and communication in physical contexts), the evalua-
tion of these technologies in diversified scenarios of use by involving users with
different characteristics plays a key role for systems acceptance and adequate use.
Although there are various classic evaluation instruments and tools for Usability [10],
Accessibility [3] and Universal Design [16], they have not been elaborated to address
relevant accessibility aspects of this new technological context, which involve ubiq-
uitous and pervasive computing. For example, the heterogeneity of systems and their
behaviors, along with the inherent difference between the human side of the interaction,
creates an ecosystem where no formal specifications can fully address all accessibility
and usability aspects.

Enactive systems, as proposed by Kaipainen et al. [6], aim to draw away from goal-
oriented and conscious interactions, going towards an interfacing that is “driven by
bodily involvement and spatial presence of the human agent without the assumption of
conscious control of the system”. It is possible to go even further and add a social
component to this concept, in a way that collective actions as well as interaction among
people affect and are affected in a coupled way by the computer-based system. This
concept is the core of what we name “Socioenactive Systems” [2]. These systems
require new artifacts and tools, to allow us to evaluate whether such systems provide
universal access to information.

In this paper, we investigate evaluation issues regarding the Universal Access
provided by socioenactive systems. In particular, we present and discuss the results of
applying two evaluation tools within a socioenactive system scenario. The research
involved a workshop conducted in the context of a hospital for face deformities cor-
rection. Six children, parents and hospital staff participated in the workshop. The
system explored in the workshop consisted of plush animals with embedded sensors
that measure the intensity of hugs, a display and an interactive Christmas tree. As the
children hug the animals, the system offers various feedbacks.

For evaluation purpose, we chose the 7 Universal Design Principles [16], and the
13 Heuristics for Natural User Interfaces (NUIs) [8]. The former was selected because
of its relevance and simplicity to look at Universal Design; the latter was chosen
because NUIs, or natural interaction, are part of the ubiquitous, pervasive and
embodied context of (socio)enactive systems. Our investigation aimed to answer to
which extent these instruments are able to analyze key aspects necessary for duly
evaluating Universal Access in socioenactive systems.

This investigation provides 2 major contributions. We discuss the instruments
limitations and the possibilities of combining and extending them; (1) we provide
results and limitations of an exploratory literature review concerning evaluation
methods and tools for Accessibility and Universal Design, which are relevant for the
context of socioenactive systems. (2) Based on the resulting analysis of the instruments
application in the workshop, we provide guidelines on which instruments to apply in
the aforementioned technological scenario and recommendations for carrying out the
evaluation.
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This paper is organized with the following structure: Sect. 2 presents background
on NUI Heuristics and Universal Design Principles. Section 3 discusses the findings of
our exploratory literature review. Section 4 details the case study, including its context,
methodology, results and the lessons learned discussing the findings. Whereas Sect. 5
presents the proposed recommendations on how to use the heuristics and principles as
an evaluation instrument, Sect. 6 presents our concluding remarks and points out future
research.

2 Theoretical Background

This section describes the theoretical background on (socio)enactive systems
(Subsect. 2.1), the 7 Principles of Universal Design (Subsect. 2.2), and the set of 13
NUI Heuristics (Subsect. 2.3).

2.1 (Socio)enactive Systems

The core concept of enaction comes from what Varela et al. [18] call the “enactive
approach”, a two-part circular definition: “In a nutshell, the enactive approach consists
of two points: (1) perception consists in perceptually guided action; and (2) cognitive
structures emerge from the recurrent sensorimotor patterns that enable action to be
perceptually guided”. Whereas the first point gives a definition for perception, the
second point explains how such perception at the same time builds and is built by the
interactions with the world. Kaipainen et al. [6] proposed a way to bring this concept
into the realm of computer systems, with the concept of “enactive systems”. The main
idea is to provide a dynamic coupling between the human and the technological parts of
the interaction, in a way that there is not necessarily a conscious control of the system,
but rather a bodily involvement of the human agent. In this sense, the perceptually
guided action consists of feedbacks the system might provide for human actions, and
vice-versa; i.e., the human’s behavior is affected by the system’s responses, and at the
same time, the system changes its behavior according to the person’s (re)actions.

The concept of socioenactive systems [2] adds the social component into the mix, in
a way that considers not only the human-technology interactions, but interactions
among humans and between different technologies. This creates a complex ecosystem
of interactions, where it is purposely difficult to draw the lines separating each agent.
Although these ideas are close to the concept of ubiquitous computing proposed by
Weiser [19], socioenactive systems represent a novel concept, still under construction.
Therefore, there is still no theoretical and methodological basis for their design and
evaluation. In particular, a great challenge lies in understanding the needs and char-
acteristics of the environments, technologies and people that are part of the socioen-
active systems. Thus, new tools, techniques and processes need to be created. This
includes evaluation instruments to assess systems’ quality criteria.
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2.2 Universal Design (UD) Principles

Universal Design (UD), defined by Story et al. [17] consists in the design of products
and environments to be usable by all people, to the greatest extent possible, without the
need for adaptation or specialized design. It is aligned with the concept of developing
accessible interfaces without the discrimination of users. Story [16] has established
seven UD Principles, which can serve the following purposes: to guide the design
process, to evaluate existing designs, or to teach designers and consumers about the
characteristics of more usable products and environments. Each of the seven principles
has four or five guidelines describing key elements that should be present in an UD.
Table 1 summarizes the short descriptions of each principle.

2.3 Natural User Interface (NUI) Heuristics

Natural User Interfaces (NUIs) refer to an interface paradigm that aims to provide
interactions that feel natural to the user, such as gestural, and touch-based interfaces
[20]. Norman [11], however, has claimed that, despite harboring great potential, NUIs
– and gestures, in particular – are not natural, given they can be hard to learn or to
remember. Furthermore, they are also subject to cultural differences, given that a
gesture that is friendly in a culture might be offensive in another. This is also true if we
think in terms of Accessibility, i.e., how inclusive gestures (or other types of NUIs) can
be to people in special conditions, such as those with motor or visual disabilities.
Therefore, although NUIs represent a promising paradigm, it is not simple to achieve
their promised “naturalness”.

Table 1. The seven UD Principles

Principle Definition

P1 - Equitable Use The design is useful and marketable to people with diverse
abilities.

P2 - Flexibility in Use The design accommodates a wide range of individual’s
preferences and abilities.

P3 - Simple and Intuitive
Use

Use of the design is easy to understand, regardless of the
user’s experience, knowledge, language skills, or current
concentration level.

P4 - Perceptible Information The design communicates necessary information effectively
to the user, regardless of ambient conditions or the user’s
sensory abilities.

P5 - Tolerance for Error The design minimizes hazards and the adverse consequences
of accidental or unintended actions.

P6 - Low Physical Effort The design can be used efficiently and comfortably and with a
minimum of fatigue.

P7 - Size and Space for
Approach and Use

Appropriate size and space is provided for approach, reach,
manipulation, and use regardless of user’s body size, posture,
or mobility.
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Considering these challenges, Maike et al. [8] proposed 13 heuristics for the design
and evaluation of NUIs in the context of accessibility. These heuristics have been
applied and tested in distinct scenarios in which visually impaired users were able to
detect and recognize people in the surroundings through Assistive Technology
(AT) devices made with NUIs, such as the Microsoft Kinect and a wristband smart-
watch. Table 2 presents a summary of the 13 NUI Heuristics.

In this work, we explore these heuristics in an original fashion. Our goal is to
understand their potential as part of an evaluation technique for socioenactive systems.

Table 2. The 13 NUI Heuristics

NUI Heuristic Definition

[NH1] Operation Modes The system must provide different operation modes. Also, provide
an explicit way for the user to switch between the modes, offering a
smooth transition.

[NH2] “Interactability” In the system, the selectable and the “interactable” objects should
be explicit and allow both their temporary and permanent selection.

[NH3] Metaphor
Adequacy

The sets of interaction metaphors the system provides should make
sense as a whole, so that it is possible to understand what the
system can and cannot interpret.

[NH4] Learnability There has to be coherence between learning time and frequency of
use. In addition, the design must consider that users learn from each
other by copying when they work together, so it is important to
allow them to be aware of each other’s actions and intentions.

[NH5] Guidance
Balance

There has to be a balance between exploration and guidance, to
maintain a flow of interaction to both the expert and the novice
users. Also, shortcuts should be provided for expert users.

[NH6] Wayfinding At any time, users should be able to know where they are from a big
picture perspective and from a microscopic perception.

[NH7] Comfort Interacting with the system should not require much effort from the
user and should not cause fatigue.

[NH8] Space The location where the system is expected to be used must be
appropriate for the kinds of interactions it requires and for the
number of simultaneous users it supports.

[NH9] Engagement The system should provide immersion during the interaction, at the
same time allowing for easy information acquiring and integration.

[NH10] Device-Task
Compatibility

The system has to offer kinds of interactions that are compatible
with the task for which it is going to be used.

[NH11] Social
Acceptance

Using the system should not cause embarrassment to the users.

[NH12] Awareness of
Others

If the system supports multiple users working in the same task at
the same time, then it should handle and prevent conflicting inputs.

[NH13] Two-way
Communication

If multiple users are working on different activities through the
same interface, and are not necessarily in the same vicinity, the
system must provide ways for both sides to communicate with each
other.
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3 Related Work

To better understand the subject, we conducted an exploratory literature review looking
for papers in the following conferences: HCII (International Conference on Human
Computer Interaction), UAHCI (International Conference on Universal Access in
Human Computer Interaction), and in the journal UAIS (Universal Access in the
Information Society). Two separate searches were conducted. In the first, we searched
for papers with all three keywords: “enactive systems”, accessibility and usability.
Because this search returned a low number of related papers, we did a second search,
with the following keywords: “universal design” and evaluation.

This exploratory search found that the overall existing literature emphasizes Web
accessibility dealing with specific disabilities instead of a design for all perspective. For
instance, Orozco et al. [13] proposed a methodology for heuristic evaluation of Web
accessibility, based on the Web Content Accessibility Guidelines (WCAG) 2.0 [5], as
defined by the World Wide Web Consortium (W3C). The evaluation process focused on
features and specific barriers that people with disabilities needed to overcome to access
information on websites, lacking an analysis from a Universal Design standpoint.

On a similar fashion, Mi et al. [9] proposed a heuristic checklist for accessible
smartphone interface design. It was developed based on a case study evaluating high-
fidelity smartphone prototypes produced by a commercial manufacturer. A comparison
was performed between gestures used by people with normal vision condition and
those with visual impairments. The authors provided a survey containing the specifi-
cation and its classification into six general categories as a way to identify the users’
requirements. The obtained results provided support for an accessibility checklist,
although still limited to design support in the early stages of portable design projects.
They relate some Universal Design Principles, by highlighting user’s preferences for
some of the requirements.

From a device and software standpoint, we found investigations about iTV [12],
mobile audio games [1] and a smartphone-based system [14]. Oliveira et al. [12]
conceptualized, prototyped and validated an iTV service designed for visually impaired
people, which integrates new functionalities based on the Universal Design philosophy.
The authors performed a prototype test and evaluation by means of direct observation
and semi-structured interview with a group of visually impaired users.

Rahman et al. [14] proposed a smartphone application called EmoAssist, which
provides access to non-verbal communication for people who have visual impairments.
The system analyses person’s face to predict their behavioral expressions (e.g., yawn)
and the affective dimension (valence, arousal or dominance). Based on these predic-
tions the system provides adequate auditory feedback to the user. The authors applied
an usability study, as an evaluation tool, and conducted subjective studies to understand
users’ satisfaction.

Araújo et al. [1] searched for accessibility guidelines for digital games, then
compiled and classified the found ones. The authors focused on specialized games’
features for blind people. The authors identified ten recommendations considered to be
minimal requirements for the design and development of mobile audiogames. Finally,
based on these recommendations, the authors proposed a questionnaire with 32
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questions considering the WCAG [5]. These recommendations aid developers in
testing their mobile audio games. Although authors mention Universal Design a few
times, their work emphasized exclusively visually impaired users.

Aiming to apply UD in the design process, Liu et al. [7] developed specific project
criteria, which is based on the seven Universal Design (UD) Principles. To illustrate the
scenario, the authors used a voting system, called EZ Ballot, which was designed
following Universal Design principles. It has multimodal input and output that eases
the voting process and allows electors to simply answer yes/no questions that are
presented in different ways. Therefore, people can use the system regardless of their
abilities.

Our related work analysis indicates that existing studies focus on specific devices or
audiences without considering a systemic view of a scenario. Thus, this review points
out a gap in literature, in which the accessibility evaluation is conducted without
considering broader contexts or audiences. Our goal, then, is to propose an evaluation
method, tool and guidelines suited to promote Universal Design as well as to consider
specific characteristics of socioenactive systems, once in these systems human and
computational processes interact dynamically and fluidly, providing feedback. They
use new technologies, novel interaction modalities and ubiquitous computing, which
demand the consideration of new factors such as emotional, physical and cultural that
influence the design and evaluation of these systems.

4 Case Study

In this work, we conducted a case study in the context of a socioenactive system,
applying evaluation tools to capture: (1) the unique aspects of such context; and
(2) Accessibility and Universal Design issues. In the following subsections, we present
further details. Subsection 4.1 explains the context in which the case study was
developed and the participants. Subsection 4.2 presents the methodology used in
conducting the study. The results are presented in Subsect. 4.3, where Subsect. 4.3.1
indicates the Universal Design Principles observed, and Subsect. 4.3.2 contains the
details on the analysis of NUI Heuristics. Finally, Subsect. 4.4 discusses the lessons
learned.

4.1 Context and Participants

This work is part of a five-year research project named “Socioenactive systems:
investigating new dimensions in the design of the interaction mediated by ICT
(Information and Communication Technologies)”1 [2]. Its main objective is to for-
mulate the concept of “socioenaction”, and build a conceptual framework that supports
the design and development of socioenactive systems, taking into account the partic-
ipants’ differences, i.e., their needs, cultural context, abilities and values.

1 Project funded by the São Paulo Research Foundation (FAPESP) [grant #2015/16528-0].
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Our case considered the context of a hospital named Brazilian Society for Research
and Assistance for Craniofacial Rehabilitation (SOBRAPAR)2. Located inside the
campus of the University of Campinas (UNICAMP), this private philanthropic insti-
tution offers rehabilitation treatments for people with craniofacial deformities. Their
multidisciplinary team is constituted by plastic surgeons, speech therapists, otolaryn-
gologists, psychologists, social workers, orthodontists, neurosurgeons, physiothera-
pists, nurses, and more. The institution revenue is from donations, government funds
and a permanent bazaar where they sell every sort of donated items.

We have established a partnership with SOBRAPAR to conduct experimental
research, with the approval of UNICAMP’s ethics committee. We invited a small group
of children and their parents to participate on “workshops” approximately once a
month, usually while they are already on the hospital waiting for treatment. The
workshops involved affection aspects, and making the treatment process in the hospital
less stressful for the children. In order to do so, the activities were centered around
interactive plush animals [15]. Two of these animals, a bear (named Teddy) and a
monkey (named Chico), have pressure sensors inside them to detect hugs and their
intensity. They also have sound speakers, so they can provide feedback like compli-
ments on the hugs, or asking for more hugs. The intensity of the hugs is represented
graphically on a TV screen, by means of a speedometer-like gauge we call “hug-o-
meter”. From time to time, the TV displays photos of the workshop, taken in real time
by another plush animal: an owl with a camera inside it. Figure 1 shows the
arrangement of the children in the workshop and the artifacts used.

The workshop reported in this paper happened on December 10th 2018. Six chil-
dren aged between 7 and 11 years participated in this workshop. At least one of their
parents or legal responsible were present, along with a speech therapist from the
hospital staff. Before participating, they were all made aware that the activity was part
of a research project, and that they had to sign consent forms, but were free to give up
at any time. For this specific workshop, we brought an interactive Christmas tree. The
idea was to let the children figure out how to light up the tree by hugging the two plush
animals, Teddy and Chico. The tree had six horizontal layers of lights, and reaching
high levels on the hug-o-meter, made one level of lights blink; repeating that after a
certain amount of times made the level stay lit. Our proposal was to make the six levels
stay lit, from the bottom to the star on the top. The children did not receive these
instructions; they were asked to figure it all out by themselves.

The children were placed in a circle on a carpet on the floor, allowing for more
interaction between them, so that they could observe all the action around them.
The TV screen that provided the visual effects and the tree were positioned near the
circle, at everyone’s sight. The owl was placed at a little distance so it could capture
good images of the interaction. The stuffed animals were passed around the circle by all
children, and as they hugged, the hug-o-meter level was changed.

2 Project approved by the Unicamp Research Ethics Committee [CAAE 72413817.3.0000.5404].
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4.2 Methodology

During the workshop, we had four Human-Computer Interaction (HCI) researchers
acting as observers. They focused on the actions, environment and feedback of the
proposed solutions. For the evaluation, the seven Principles of Universal Design and
the 13 NUI Heuristics were used. The first was selected because of its relevance and
simplicity to look at Universal Design; the latter was chosen because NUIs are part of
the ubiquitous, diffused and embodied context of (socio)enactive systems.

The research aimed to investigate to which extent these instruments are able to
capture the subtleties for the assessment of universal access in socioenactive systems.
Both instruments were used as forms to be filled. For each UD principle or NUI
Heuristic, there was room for free-text observations, and a compliance scale of −4
(completely not compliant) to 4 (totally compliant), where 0 means “not applicable”.
Two observers analyzed whether the socioenactive system complied with each UD
principle or not, and the other two observers analyzed whether it complied with each
NUI heuristic or not.

After the workshop, a debriefing session between the researchers was held for
clarification and discussion on the results of the observations. In addition to the initial
researchers, 3 others HCI specialists were present. As this session intended to analyze
the obtained results in a conceptual way, the participants (children) in the workshop did
not attend. The session was conducted in three stages. First, each of the scores
attributed to each of the UD Principles were written on a whiteboard for the visibility of
all researchers, and a brief discussion was established regarding the observations made
by the researchers who took the role of observers during the workshop. The same
process was repeated for the NUI Heuristics. Afterwards, we made a general discussion
about the results from the UD Principles and the NUI Heuristics, as well as and their
application in socioenactive systems scenarios.

Fig. 1. Artifacts and workshop organization
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4.3 Results

The analysis of the scenario was performed taking into account the NUI Heuristics and
the UD Principles. In addition to the scores assigned on the compliance scale, each of
the researchers wrote down justifications for their scores. In the following, we present
the result analysis concerning the principles, heuristics and the compliance scores.

4.3.1 Assessment of Universal Design Principles
In relation to the seven UD principles, Table 3 shows the scores on the compliance
scale and a summary of the justifications given by the observers.

4.3.2 Assessment of NUI Heuristics
Table 4 presents the scores on the compliance scale assigned to each of the NUI
Heuristics, and a synthesis of the justifications given by the observers.

4.4 Lessons Learned

The results from the previous subsection were thoroughly discussed in the debriefing
session. While discussing the first UD principle “Equitable Use”, a question arose
regarding how the system would work for a person with no arms. A possible solution
that came up was somehow making the plush animal hug the person, instead of the other
way around. Another solution would be for the person to press their face against the
animal, instead of using the arms. The same question came up in the discussion of the
second principle, “Flexibility in Use”. In this case, another interesting point was raised,
about the (socio)enactive aspect of the system; it was suggested that the threshold of the
intensity of the hug to trigger an effect on the tree could vary according to the group. For
instance, a group of younger children could have weaker hugs than a group of older
children; the system would adapt its threshold accordingly for each group, maintaining
consistency. These two questions show how important the debriefing process is, as it
brings up features and solutions that are not necessarily considered during the obser-
vation of the activity, when there is little time for deeper reflections.

In turn, for the NUI Heuristics, during the debriefing session we noticed that the
observations focused on the relationship between the artifacts of the system (i.e.,
Teddy, Chico, the owl, the TV…). Therefore, while the UD Principles focused more on
the microscopic evaluation, looking at individual parts of the interaction, the NUI
Heuristics provide a macroscopic view of the system, regarding aspects that are an
essential part of the (socio)enactive proposal, such as social, collaboration and
engagement. Such aspects were not elicited by the UD Principles, which means that for
evaluating socioenactive systems, additional instruments are needed.

Also during the debriefing session, the researchers who observed the UD Principles
reported having difficulty in interpreting the principles. This is probably due to the form
created as the evaluative instrument; each principle had not only its brief description,
but also a set of guidelines that further detailed what had to be observed. However, the
compliance scale was relative to the entire principle, so sometimes one single item
would drop the score for the entire principle. This suggests that a more refined score
strategy is necessary to deal with these aspects.
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Table 3. Assessment of the seven UD Principles. For each principle, scores assigned by
observers and their observations are described

Principle Compliance
Scores

Observation

“1 - Equitable Use” 2 and 3 The system was not entirely compliant with this
principle because some information was
presented only in visual form on the TV screen,
such as the hug-o-meter. In addition, the sound
effects of the animals could have a tactile
equivalent, like vibration.

“2 - Flexibility in Use” 3 and 2 The compliance is fairly high because each child
can hug the plush animals any way they want, and
the dynamics of passing around the animals
between them was also self-coordinated, allowing
the speed of the handing out to vary during the
workshop. It is not entirely compliant for reasons
similar to the problems raised in Principle #1,
regarding redundancy of information through
multiple channels.

“3 - Simple and
Intuitive Use”

3 and 4 The association between the turning on of lights
on the tree and the hugs was not clear for the
children. However, this was purposefully part of
the design, i.e., it was meant to be a challenge.

“4 - Perceptible
Information”

1 and 3 The compliance is not the highest here because of
the same issue raised on Principle #3. Since the
children did not perceive the designed correlation
between the hugs and the tree lights, they also
could not perceive if their actions did not trigger
an explicit feedback, or if the system failed.
A possible solution would be to improve the
feedback.

“5 - Tolerance for
Error”

2 and 0 While one evaluator did not find this principle to
be applicable to the system, other thought that
maybe the intensity of the hug could affect the
plush animals, breaking them, which is actually
not applicable to this principle since it refers to
robustness of the system.

“6 - Low Physical
Effort”

1 and 4 One evaluator thought the sensor compatible with
the strength of children, while other had doubts if
it requires too much strength for some children.

“7 - Size and Space for
Approach and Use”

2 and 0 Both evaluators found that the size of the plush
animals was suitable for children, and that the
space allocated for the workshop was adequate
for the activity.
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Table 4. Assessment of the NUI Heuristics. For each heuristics, scores assigned by observers
and their observations are described

NUI Heuristic Compliance
Scores

Observation

“1 - Operation Modes” 2 and 2 The system provides different forms of feedback and
inputs, but you cannot freely change between them.

“2 - “Interactability”” 3 and 2 The evaluators questioned whether it is explicit that
the plush animals are “interactable”, without
explaining to the children beforehand. Some children
had already participated in the dynamics (so they
knew how to interact with the animals), but for the
others a brief explanation was made at the beginning
of the workshop.

“3 - Metaphor
Adequacy”

3 and 4 The meaning and purpose of the hug-o-meter were
clear to the children, who seemed enthusiastic and
engaged during the workshop. Other elements, like the
tree and the owl were more subtle. Some researchers
raised questions to the children during the activity, to
make them reflect upon the interactions and the
effects, but the children’s hypotheses raised were not
in agreement with the original proposal. There was
only some perception and understanding by the
children after a comment was made.

“4 - Learnability” 3 and 3 The children who had not participated in the previous
workshop learned from the others by observing them
interacting with the plush animals. The interaction by
hugging was quick to learn, but learning about the
effects on the tree would take several iterations, and
possibly some intervention by the researchers to lead
the children towards the precise answer.

“5 - Guidance
Balance”

4 and 4 The environment was free for exploration (through
hugs) and the action was encouraged, so it occurred
spontaneously and naturally. The interaction between
children and the passing around of the plush animals
between them reinforces the social factor. With regard
to user experience, it did not seem to have distinction
between expert users and novices.

“6 - Wayfinding” 4 and 3 From a microscopic perspective, the children
understood the effects of hugging the plush animals. In
turn, from a macroscopic perspective, the relation with
the christmas tree was not entirely understood by the
children as expected.

“7 - Comfort” 3 and 4 Hugging requires some strength, and apparently does
not seem to cause fatigue. The children could remain
seated during the workshop, showinging comfort.

(continued)
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Table 4. (continued)

NUI Heuristic Compliance
Scores

Observation

“8 - Space” 4 and 4 The space required for the activity and the positioning
of the children with the other objects was adequate.
The TV and tree were in a visible spot where everyone
could have access to the feedback provided. The owl
stayed in a strategic location, with a view of all the
children, to capture images of the interactions. All this
organization generated a pleasant and dynamic
environment.

“9 - Engagement” 4 and 4 There was enthusiasm on the part of the children
regarding interaction and participation in the
workshop. There was no inhibition of participation,
even though the children barely knew each other.
They were also excited to create a competition
between the two plush animals, to see which one
would get more hugs.

“10 - Device-Task
Compatibility”

3 and 2 Hugs are an appropriate action to the proposal of the
system, but the relationship between them and the
christmas tree, or the owl, was relatively unclear for
the children.

“11 - Social
Acceptance”

4 and 4 Even without knowing each other, the interaction
between children occurred spontaneously and did not
intimidate their participation, leaving them at ease.

“12 - Awareness of
Others”

3 and 3 Since there were only two plush animals passing
through and six children, there were moments when
one of the children did not want to let go and share
with the others, thus generating a competition. In the
course of the activity, a false hypothesis was raised
that the speed of the hugs and of passing around the
plush animals had an influence on the christmas tree,
thus making some children haste the others to let go
faster of the animals.

“13 - Two-way
Communication”

0 and 3 One researcher thought that this heuristic is not
applicable because although the two interactive plush
animals can be hugged simultaneously, the
communication between then was unclear due to a
technical malfunction. The other observer interpreted
that the two plush animals did communicate,
regardless of the failure, since the TV display was the
interface between them.
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5 Heuristics and Principles as an Evaluation Instrument

Comparing the results from the two instruments, we mapped the UD Principles into the
NUI Heuristics (cf. Table 5). As this table shows, most heuristics have two principles
related to them, while some heuristics have one principle. The latter cases could
indicate a feature that is not entirely present in the UD Principles. We can also observe
that there are heuristics which do not have principles associated with them, which
reinforces our hypothesis that the principles were not enough to evaluate the context of
socioenactive systems. However, we highlight that the NUI Heuristics are comple-
mented by the principles, with a more specific focus on UD (Table 6).

The results from using the NUI Heuristics and the UD Principles as evaluation
instruments allowed us to propose recommendations on how to use them, particularly
in the context of socioenactive systems or similar (e.g., pervasive or ubiquitous). In
Table 5, we find which principles share similarities with which heuristics. Based on
this information, we propose a checklist to be used by observers while performing an
evaluation (cf. Table 6). The format of a checklist seems appropriate, especially
because it mitigates the issue of one item dropping the score of an entire principle. In
addition, the checklist makes it simpler to merge the two instruments together.

Table 5. Mapping from of Principles UD into NUI Heuristics.

NUI Heuristics Principles UD

[NH1] Operation Modes 1 - Equitable Use
2 - Flexibility in Use

[NH2] “Interactability” 4 - Perceptible Information
5 - Tolerance for Error

[NH3] Metaphor Adequacy 3 - Simple and Intuitive Use
5 - Tolerance for Error

[NH4] Learnability 3 - Simple and Intuitive Use
[NH5] Guidance Balance 2 - Flexibility in Use

3 - Simple and Intuitive Use
[NH6] Wayfinding Not present in the principles
[NH7] Comfort 6 - Low Physical Effort

7 - Size and Space for Approach and Use
[NH8] Space 6 - Low Physical Effort

7 - Size and Space for Approach and Use
[NH9] Engagement 1 - Equitable Use
[NH10] Device-Task Compatibility 2 - Flexibility in Use

6 - Low Physical Effort
[NH11] Social Acceptance 1 - Equitable Use
[NH12] Awareness of Others Not present in the principles
[NH13] Two-way Communication Not present in the principles
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Table 6. Checklist for NUI Heuristics and UD Principles

NUI Heuristics Description

[NH1] Operation Modes The system must provide different operation modes, with an explicit
way to switch between them, offering a smooth transition.
Provide the same means for all users: identical whenever possible;
equivalent when not.
Provide choice in methods of use.
Accommodate right- or left-handed access and use.

[NH2] “Interactability” The selectable and the “interactable” objects should be explicit and
allow both their temporary and permanent selection.
Use different modes (pictorial, verbal, tactile) for redundant
presentation of essential information.
Provide adequate contrast between essential information and its
surroundings.
Provide compatibility with a variety of techniques or devices used
by people with sensory limitations.
Arrange elements to minimize hazards and errors: most used
elements, most accessible; hazardous elements eliminated, isolated,
or shielded.

[NH3] Metaphor
Adequacy

The sets of interaction metaphors the system provides should make
sense as a whole, so that it is possible to understand what the system
can and cannot interpret.
Be consistent with user expectations and intuition.
Accommodate a wide range of literacy and language skills.
Discourage unconscious action in tasks that require vigilance.

[NH4] Learnability Coherence between learning time and frequency of use.
Allow users to be aware of each other’s actions and intentions, so
they can learn from each other by copying when they work together.
Eliminate unnecessary complexity.
Provide effective prompting and feedback during and after task
completion.

[NH5] Guidance
Balance

Balance between exploration and guidance, to maintain a flow of
interaction to both the expert and the novice users, providing
shortcuts for expert users.
Facilitate the user’s accuracy and precision.
Arrange information consistent with its importance.

[NH6] Wayfinding At any time, users should be able to know where they are from a big
picture perspective and from a microscopic perception.

[NH7] Comfort Interacting with the system should not require much effort from the
user and should not cause fatigue.
Minimize repetitive actions.
Minimize sustained physical effort.
Make reach to all components comfortable for any seated or
standing user.
Accommodate variations in hand and grip size.

(continued)

Inquiring Evaluation Aspects of Universal Design 53



As a result, we present our proposed checklist, which contains a total of 40 items.
We suggest using this as a form, where each item has a scale of conformity where a
value of correspondence to what is being observed can be marked. Also, for each there
will be a box to write notes about it. We disencourage the use of a binary scale (e.g.,
“compliant” and “non-compliant”, or “check” and “unchecked”), since the compliance
scale with a wider range stimulates reflexion and discussion, as we have learned from
our case study. We point out that four guidelines from the UD Principles were not
included in our checklist, two from Principle 4, and two from Principle 5. Mostly, we
found that they were redundant with other guidelines from their same principle, so we
chose not including them to make the checklist more concise.

6 Conclusion

In the current ubiquitous and pervasive scenario, the emergence of new technological
devices brings new forms of interaction. In fact, as we move towards Weiser’s [19]
vision of an invisible technology, the idea of a “dynamic mind-technology

Table 6. (continued)

NUI Heuristics Description

[NH8] Space The location where the system is expected to be used must be
appropriate for the kinds of interactions it requires and for the
number of simultaneous users it supports.
Allow user to maintain a neutral body position.
Provide a clear line of sight to important elements for any seated or
standing user.
Provide adequate space for the use of assistive devices or personal
assistance.

[NH9] Engagement The system should provide immersion during the interaction, at the
same time allowing for easy information acquiring and integration.
Make the design appealing to all users.

[NH10] Device-Task
Compatibility

The system has to offer kinds of interactions that are compatible
with the task for which it is going to be used.
Ensure adaptability to the user’s pace.
Use reasonable operating forces.

[NH11] Social
Acceptance

Using the system should not cause embarrassment to the users.
Avoid segregating or stigmatizing any users.
Provisions for privacy, security, and safety should be equally
available to all users.

[NH12] Awareness of
Others

If the system supports multiple users working in the same task at the
same time, then it should handle and prevent conflicting inputs.

[NH13] Two-way
Communication

If multiple users are working on different activities through the
same interface, and are not necessarily in the same vicinity, the
system must provide ways for both sides to communicate with each
other.
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embodiment” [6] from enactive systems becomes increasingly plausible and relevant.
Furthermore, the novel concept of socioenactive systems demands new tools and
techniques for the design and evaluation of such systems. In particular, there is a need
to consider diversified scenarios, environments, and different user characteristics.

Considering such challenging scenario, this paper investigated how much two
existing evaluation instruments are applicable to evaluate universal access in socioe-
native systems. We presented the results of applying existing instruments to evaluate a
socioenactive system, seeking to consider the issues that are not typically present in
other types of systems.

The results of our case study indicated the principles alone were not able to provide
insights into key aspects of socioenactive systems, such as engagement, wayfinding
and social factors, like acceptance or awareness of others. However, we found that the
principles contribute with a microscopic view, particularly regarding Universal Design,
that the heuristics do not have. Therefore, the two complement each other well, which
allowed us to merge the two and propose a checklist for the design and evaluation of
systems in socioenactive scenarios, or those similar to them. Such results allowed us to
propose a new instrument, which intends to supply the demand for design and eval-
uation tools for socioenactive systems.

Our findings pointed out to recommendations of use for evaluation instruments,
such as the proposed checklist. For instance, a debriefing session after the initial
collection is great for evaluators to reflect upon their observations, because there is not
enough time for that during the data gathering. This way, the discussion among
researchers (in this case, in the role of evaluators) is great for raising questions and
proposing solutions to problems found either during the observation period, or in the
debriefing. We also encourage that the checklist has room for writing notes, and a
compliance scale for each item, as these two can feed the later discussion.

Future work involves testing the new instrument with socioenactive systems,
possibly along with other existing guidelines, like WCAG. Introducing new tools
would allow us to further improve our instrument, and contribute to a framework for
designing and evaluating socioenactive systems.
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