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Abstract 
Today there is a huge gap in students' interest in STEM related subjects (Science, Technology, 
Engineering, and Mathematics). Faced with this latent need, educational robotics is postulated as a 
means to bring these young people closer to technical-scientific knowledge. 

There are several types of robot and educational robotic kits on the market but they still fail to keep up 
with society and implement a teaching methodology that is attractive to young people. Facing this 
challenge, the HORIZON2020 STIMEY project is presented, in which a robot will be developed to 
meet these needs and increase students' motivation for technical careers. This motivation depends on 
several factors including form and capacity for interaction. 

Based on these factors the need arises to evaluate how a robot can generate emotions found in a 
student. Perhaps they can associate a human form with a person with authority to fear, or perhaps 
they can expect a completely human interaction and not find it rejection generator however elaborate 
and complex it may be. On the contrary, it may be that a robot with forms that are more neutral but 
with a greater capacity for interaction with the user generates a bond with a stronger bond when being 
associated as a companion or a mascot. 

This article aims to study and analyse the different types of reactions that a young person can 
experience when first encountering a robot. Based on a research it is intended to enhance the 
physical and functional characteristics of the educational robot mentor who can teach in an attractive 
and fun way in an underlying way. 

Technological design, pedagogical approach, colour combination, materials, voice recognition, 
humanoid or non-humanoid form, sensory and cognitive response, and some other aspects will be 
addressed in this paper. 
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1 INTRODUCTION 
Robotics has become a crucial component of the production industry since the middle of the 20th 
century, and it’s a field that keeps growing and in fact it’s quite advanced compared to other robotic 
applications for domestic environments, personal use and those involving a close interaction between 
robots and humans in daily use and personal development [1], specifically in education where the use 
of robotics and new technologies has been increasing exorbitantly, and there’s no indication of a 
change in trend. 

Based on recent researches, a gap referring to robots acceptance by humans does exist and it’s most 
remarkable when talking about people sharing their daily life with robots. Nowadays we are living on a 
time that everything is technology dependant, interrelated with it, between users and with the whole 
world. Furthermore, it's a time when people use to express their feelings about life and emotions 
through technology, forging a narrow relation between their life perception and the latest advances in 
technology. Regarding robotics and all the mentioned above, that makes several questions come up: 
What do we know about how robots are perceived?, What kind of interaction is the most desirable 
between humans and robots? Are there any features of the robotic machines that could reduce this 
gap in acceptance? All these questions can be solved by applying the concept of social interaction 
between humans and machines, or how is it called, Human-Computer-Interaction, onwards it will be 
referred as HMI. 

On one hand, regarding social interaction, it has been demonstrated that the use of human-like 
features in robots for social interaction with people or even with other robots can facilitate our social 
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understanding in this area [2]. Specifically the explicit design of anthropomorphic features, such a 
head with eyes, a mouth that could ease communication, or even limbs that could interact as human 
limbs, is what may ease the social interaction and provides the key for a machine to be socially 
engaging. 

In spite, on the other hand, people's expectations based on strong anthropomorphic paradigms in HCI 
can amusingly increase the user’s expectations of the system’s performance [3]. In other words, if we 
try to give robots a very human like aspect people will expect from it a very complex behaviour based 
on human like intelligence, emotions and cognition of their environment. That is why the ideal 
paradigm of an anthropomorphic and social robot should not be a synthetic human. 

Maybe, a robot that starts to be advertised as an incredibly intelligent robot could be perceived as a 
frightening autonomous entity or, on the other hand, as prone to mental weakness as some humans. 
Giving robots capabilities that have been associated to the human being from ages could develop 
different point of views in both ways, good or bad. They could be seen as a helpful tool to ease our 
daily work, doing labours that can be dangerous, tedious, demanding or ones that requires repetitive 
high quality. Conversely, people whose work requires low qualification and is recurrently dull are 
against robots with such features. It’s very often in the public eye the fear of being fired due to the 
acquisition of new robots that could do the same job, faster, better and without resting, and that’s why 
it is close to the heart of the ordinary citizen because it matters so much for them.  

As technology progresses, humans needs have changed, this fact along with the cost reduction of the 
different technological items, the use of smartphones or tablets is becoming more common amongst 
people. According to the eMarketer [4] platform, the total number of users is around 2.32 billion and it 
is expected to increase to 2.87 billion by 2020. It is highly usual to see adults using their mobile phone 
while they are working with the purpose of taking notes, organizing them or presenting their ideas. 
There are different applications on the market that help you to improve your productivity, manage your 
events, set reminders instantly or check your schedule in a quick look. 

On the other hand, smartphones and tablets are a powerful tool in education [5] [6],  nowadays 
technology is invading classrooms at an increasing pace, there are more and more schools acquiring 
tablets for their student’s use because it is an attractive element for them, they can go online and 
access a great variety of information and visualize it straight away and they don’t need to carry their 
backpack full of books, only their tablets. 

Another of the main changes in the 21 century-society is the large use of the media in our daily life, we 
rely on a great variety of information we can access online in a few clicks. Every citizen is able to 
check the weather forecast, look for trips, check sports results, read newspapers or pose questions 
about what is considered as general knowledge, the majority of these tasks can be accomplished by 
virtual assistants like Cortana, Siri o Google, these assistants are getting more popular these days due 
to its fast way of interacting through voice recognition by speaking. 

Society is getting more and more interconnected and social media plays an important role in this 
situation. Most of the young adults communicate with their friends and meet new people through social 
media [7]; furthermore, they enjoy sharing information with people they know. Social networks have a 
great influential capacity on people and their decisions; a great number of members of today’s society 
gets news on current events and politics through Twitter or Facebook. 

One of the most important things that are disrupting the way we live today is the concept of smart 
items or the Internet of Things concept [8]. Everything at home is becoming connected with the aim of 
making our lives easier and more comfortable. Most of these IoT items include the concept of virtual 
assistants like Cortana or Alexa, you could be cooking dinner and ask your voice assistant about the 
recipe or to order food from the supermarket online. IoT items are able to automatize your house by 
being able to consult or modify the temperature of any room, monitor the lighting or obtain information 
on your refrigerator, washer or even your alarm systems in real time. [9] 

Regarding this points of view, we have to take this aspect into account at the stage of designing new 
robots. There should be considered several aspects like the latest technology available, the 
capabilities of our production and all the technical limitations, but also must be taken into account the 
end users in the whole process of design and development. We have to think and test the design at 
every possible scenario with every type of people's behaviour, trying to guess what they would expect, 
what will they would with the robot and how they would react against success and failures. At that 
point, several unwanted actions may occur and users can become disappointed due to having higher 
expectations, that is where intentional design takes part in. 
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2 METHODOLOGIES TOWARDS A SUCCESSFUL ROBOTIC DESIGN 

2.1 Intentional Design 
Intentional design is considered [10] as a mix of reverse engineering and “design for” techniques. Its 
main goal is to obtain an analysis of what is already done, for what, and how people react to this 
reality to later design an approach based on the research and bearing in mind the final user, 
specifically predicting its possible reactions. Daniel Dennett [11] developed a framework that helps 
explain the philosophical basis of this approach. He observed three different perspectives from which 
we can try to understand the behaviour and organization of a thing or person, in our case the 
relationship between users and educational robots. 

First, the physical instance, which is a definition of reality based on physical laws, applying physics, 
chemistry, and maths. They are used to understand any arbitrary object by what it essentially is, for 
example, “This limb is making more effort because we have added to it a payload of 1 kilogram”. 

Secondly, it is possible to realize that an object has been designed to perform some function, and 
assuming that it will react as supposed and perform as designed. “If I pull down this switch, electric 
current will flow and consequently the light will turn on”. This is called the design stance, where a 
logical process is shown. 

Finally, we can consider that the object, in this case the user who is going to use educational robots, is 
an agent with its own mind and has its goals to achieve by using whatever resources it has to realize 
its intentions. In our case, the educational robot. Therefore, the example could be the following: “The 
user wants to draw a regular circle with its own robot of a certain radius, for this he will need to make it 
move in circles, so he may program his robot and measure the radius of its wheels”. This is called the 
intentional stance because it is reflecting intentions, and that is the point we want to reach with 
intentional design, the point where we can design further actions based in users’ intentions that we 
have predicted and, in certain stages, also planned. 

In a nutshell, the use of intentional design will help us think about the possible actions and reactions 
from the point of view of the user, and try to develop parts, functions and guidelines to make them use 
our robots as we want them to be used. Making this, we can ensure the overall quality and success in 
two aspects: 

First of all, if we encourage and guide the user through the best way to use our product, we will avoid 
failures due to misunderstandings or bad use. Consequently, it will improve the overall impression of 
the user when using our products because they feel like if there is no way to come into an error. 
Moreover, as we have said, nothing is perfect nowadays, the idea is to reduce the chances of 
encountering those little errors and avoid their risks. 

Secondly, if we have the users in mind at the very early stages of the design and development 
process, we could adapt it to the will of the majority of the target group so the final product will fit the 
best to their needs or the actual trends. Doing this will also ensure a better acceptance from the final 
user as they feel like the product suits perfectly to their way of living and, consequently, avoiding the 
fact of rejection against the robotics in certain aspects of life that has been observed in recent studies. 

With this we have applied all the three points of the intentional design as we have taken into account 
the users’ intentions to predict guidelines in the design (intentional stance), then we have thought 
about their needs and the way of incorporating functions to the robots following a logical 
process(design stance), and for these functions several physical concepts have been used by the 
using of the engineering (physical stance). So now, it is time to reach the other part of the intentional 
design, the reverse engineering. 

2.2 Analysis and use of Reverse Engineering 
Practising reverse engineering is, for us, the best way to accomplish the most complex goals in 
designing new and successful robots. We have to constantly seek the newest releases in domestic 
and educational robotics in order to, at a first stage, notice how the actual trend is going and secondly 
analyse which are the most successful aspects of robots in the market at the moment, see which are 
their strong features and what makes them the most desired by the population. This will help us in the 
design process to add certain features that will fit in the ongoing desires of the market. 
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At this point in time, we are seeing an outstanding increase in the numbers of units sold of the cute 
and tiny robot developed by Anki. Actually, it has been the most sold toy in United States at 2016 
Christmas [12]. How can we explain its success? It is easier if we see Fig.1 below and explain a few of 
its features. 

 
Fig 1. Cozmo robot by Anki 

As it is shown, Cozmo how it is called is a very tiny digger-type robot that has been gifted with an 
advanced artificial intelligence (AI) that allows it to have its own personality, growing up according to 
the way the users play with it. Cozmo is able to improve its capabilities, for example, its ability to 
speak, because at the beginning it only emits sounds, or its capability of moving fluently and 
independently through its environment. Furthermore, it has a camera with which it performs a very 
exact visual recognition. It is able to detect its surroundings, recognize faces not only of its owner but 
also it owner’s pets and interact with them not only visually but also vocally because it also has voice 
recognition. Summing all of this with its capability to show facial gestures through its OLED screen, 
and move its limbs to reinforce its emotions Cozmo becomes a very great example of how to achieve 
a huge emotional engagement with the owner and obtaining most of the anthropomorphic features 
without the need of a human-like body. 

Writing about robots with human-like bodies, there are several other examples of educational-social 
robots, like the well-known NAO, or others like Alpha, Robi, Robohon, and so on. Nevertheless, not all 
of them have had the success that Cozmo had. Maybe because of the price that is more than six 
times higher than the price of Cozmo, but it also might have something to do the aspect. Sounds 
interesting how it is shown the evidence of a rejection of human-like robots to perform social 
engagement in daily activities with them while it is higher accepted regarding other type of robots 
without human-like shapes, what could be geometrical simple shapes or just objects or animal shapes. 

Finally, we are living in a constantly changing world, as we have said before, and we have noticed that 
there is a trend in adding features to the robots making them capable of connecting wirelessly with our 
mobile phones and smart devices in order to add extra functions, remote piloting/controlling or just 
becoming an integrated part of the robots. This is something to have in mind in order to develop a 
system architecture for our new designs, as we need to add the smartphones/devices at a certain 
point to improve the capabilities of our designs and make them suitable for the way of living of the 
nowadays target market. 

9915



3 RESULTS 
Based on our work experience, the previous analysis of the robots that lead the market and also on 
the actual way of living related with technology in our society we can establish the following guide that 
must be followed in order to achieve a successful robotic design in regards to acceptance by the user. 
This guide will be accomplished just by considering functional and non-functional requirements. 

3.1 Functional requirements 
At first, functional requirements must be listed. One of them is the capability to express emotions and 
human-like reactions. Based on the intentional design it has been stated that in order to achieve an 
emotional engagement the robots must have certain features to reflect some kind of emotions. This 
can be tackled by just adding a screen in which facial expressions could be shown, adding the ability 
of emitting sounds or talking and moving its limbs in certain way that reinforces some emotions. For 
example, in the case of being frustrated, the robot could frown its eyes on the screen, reproduce some 
kind of grievance using low frequency beeps or saying phrases that emphasise this emotion and, 
regarding movements, move its arms up energetically while they move backwards a bit. This mixture 
of simple features gives an incredible amount of realism to their digitized emotions making them 
suitable to generate emotional engagement. 

To improve the social aspects, it is important to add sensors that provide the robot with the capability 
of recognizing its surroundings (fluent spatial movement, movement detection, face and voice 
recognition…). By adding this features our creations won't be only smarter, but will also create a sense 
of social involvement. By adding presence and distance sensors we are aware if there’s somebody 
surrounding the robot in order to interact with it and it can also detect if there are any obstacles in it 
way. Then, using voice recognition capabilities it will be able to establish conversations based on 
preprogramed AI or just follow instructions. Finally, having a camera with facial recognition will give 
the robot the ability to detect its owner and other people which reinforces a lot it's social skills, 
associating certain habits or information to the people they have recognised. 

Another important aspect, in order to improve the acceptance even more, is to link the robot with 
devices that are present in the daily life of the user. The most used device is the smartphone, which 
has Bluetooth and WiFi connection, so one or both of these technologies should be present in this 
robotic development. This will add the option to exploit most of the features of smartphones, maybe to 
relocate in the smartphone the most demanding operations to process or use it as reminder or notifier 
of the notifications of the smartphone. Regarding other types of connection, NFC (Near Field 
Communication) is starting to be used even more so it could be an interesting option to consider. The 
same is the case of RF (Radio Frequency) for IoT (Internet of Things) that is the actual trend for the 
upcoming years, to interconnect all the technological devices around us. 

Regarding educational aspects, it will have to have developed and programmed a knowledge bank in 
which all the information needed to help the user on its intellectual development will be stored. This 
information could be allocated inside the robot in its own memory or relocated in the smartphone as 
we have said before. Other aspect regarding functional requirements with educative purposes is the 
capability to exchange pieces and interoperate with them in order to upgrade the robot making him 
able to do certain functions related with educational subjects to reinforce. For instance, adding 
different arms with which to do different operations such as draw polygons, or shooting little paper 
balls to study physics at parabolic shots and this type of upgradables. 

As aforementioned, and regarding the social networking functional requirements, the 
interconnectedness of society and social media play an important role for young adults in everyday life 
nowadays. Communication and information sharing - short social networking - plays a predominant 
role in their lives. Linked robots and social networking with the educational context, novel conceptual 
and technical questions and issues that arise regarding first the use and the then implementation. The 
application focuses on pedagogical concepts of the combination “social networking-robots” and their 
embedding in the education focussing on the question “What?”. The answer of this question builds up 
the business intelligence of the application. The implementation focused in turn has its focus on the 
concrete implementation of the business intelligence answering the question “How?”. 

When, focusing on the social networking aspects and their implementation in this context, the robot 
may be considered as given. By doing so, all non-relevant aspects may be abstracted away.  We 
focus on the location of the intelligence of the robots as well as on the required data. Basically, three 
different implementation approaches may be followed having the robot as the center: centralized 
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(peer-2-peer), decentralized (client-server) and hybrid (client-server). In order to decide which of the 
three possibilities should be implemented, decision criteria must be defined. For the sake of the 
simplicity, as criteria, the expected price, computational power and usability are considered. 

In the centralized approach the robots contain all data and implementation of the social networking 
algorithms. The educational context together with the desired social networking functionalities shall 
have determinate technical characteristics in respect of the computational power, storage and network 
functionalities. The supposition that the robot is the one and only end device in the desired 
pedagogical environment leads to technical requirements in respect of the usability that in turn would 
drive the price up. Assuming that the robots has a screen as an user interface, the size of the screen 
should be large enough for functionalities like reading documents or watching videos. Besides the 
characteristics given by the screen size, the computational power of the robot needs to be relatively 
high when following the centralized approach. However, at the end the required computational power 
is determined by the applications running on the robot. The communication of the robot with other 
robots determines the requirements for their networking capabilities. Once determined, the robot’s 
technical characteristics may be hardly changed or updated. This would mean that the robots in 
respect of computational power are only hardly expandable. This would limit their usability in long run. 
Putting this together, the centralized approach is hardly the first choice for the robot’s implementation. 

In the decentralized approach, the implementation of the required algorithm and the required data is 
kept in a central server. The robot functions as a thin-client having a minimum of computational power 
that is only needed for the robot's own specific functionalities. In the decentralized approach the robot 
would be the only end device. Consequently, the screen size should be equally large as in the 
centralized approach. The expected need regarding the network bandwidth is lower than in 
decentralized approach, as the robot is able to communicate only with the central server. The need to 
change the computational characteristics is relatively low as the main computation is done in the 
server. The usability is limited as the computational power, the data and the implemented algorithms 
are all decentralized in the server. Consequently, all updates of the local state of the robot’s 
applications need to be transferred via the network that in turn would lead to limited robot’s 
performance (slow applications). 

Following the hybrid approach, the implementation is not limited to use the robot as single end device. 
Instead, the robot may be connected with another end device, like a normal personal computer. In that 
case, the robot becomes enough computational power that is needed for the robots specific 
functionalities. As the robot together with the PC would build up one end device unit, functionalities 
requiring, for example, a large screen may be implemented in the PC. This gives more freedom for the 
robot's design. 

Implementing the client functionalities in two different end devices is a promising approach when 
talking about the computational power and usability. Having an equivalent computational power in the 
centralized variant would mean that the robot contains a normal PC computational power offering 
similar user interfaces, like keyboard, screen and mouse, as a normal computer. By doing so, the 
expected price of the robot would be far higher than the sum of two end devices needed in the hybrid 
approach. 

3.2 Non-functional requirements and recommendations 
Non functional requirements are all the ones that aren't related to the main functioning itself, these are: 
size, shape, colour, weight … and this type of variables. 

First of all, there’s a binomial formed by size and weight as they are directly dependant.  From a 
medical point of view, regarding health, the robots should be as small as possible in order to be as 
light as possible, because it is a fact that carrying with high weights is harmful for the physical 
development of the children, specially affecting their spine. Apart of it, it is a fact regarding design 
aspects that smaller objects and easy to handle are best for acceptance in terms of usability. 

Then, shape takes place. It is probably the most visual indicator of a robot identity but it is a tricky 
feature because it can generate great acceptance or completely rejection. It has been proved that the 
ones with humanoid bodies haven’t got the acceptance of those ones who have simpler shapes 
because children tend to associate anthropomorphic educational robots with the idea of authority, like 
a teacher or father, while when they interact with non-human shaped robots they treat them like 
buddies or pets, forging a closer relation. 
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Finally, based on gender balance studies and marketing research, it is highly recommended to use 
neutral tones for the robot pieces. Some colours still have nowadays some kind of connotations that 
cause rejection, the ones related to gender for example. Other colours have strong impact on visual 
field effect based on visual perception and marketing studies, these colours such red, yellow, or bright 
tones of colours are very good for catching the eye but they are too powerful that they cause early 
visual fatigue, and in consequence a lack of interest in the children with time. Apart of it, bright colours 
doesn`t suit with teenagers and if we have to develop robots for the whole educational period we need 
to think also about teenagers. 

As a recommendation, neutral colour as white, or light grey are the ones that suit the best in both 
aspects, visual elegance and visual acceptation for all ages as they are elegant tones. Furthermore, it 
will increase the visual contrast when we add stickers or labels showing brand names or logos, and to 
give them a bit of colour, LEDs in specific parts of the body or the colour of the screen showing the 
face/eyes could be the best option when adding colour to it. 

4 CONCLUSIONS AND FUTURE WORK 
Nowadays 21st century-society is changing, therefore technology is evolving and adapting to the new 
needs. Robotics is starting to take part in the present and future society so it must adapt to it, as a 
result we can conclude that is important to know what kind of robots are widely accepted and which 
functionalities and physical requirements must be taking into account. A good way of accomplishing 
this is to follow the practical guidelines written above. 

While intentional design and reverse engineering support identifying initial requirements for the design 
educational and social robots based on existing robot designs, it is highly important that the design is 
based [13], first, on educational, psychological, sociopsychological, and  sociological theories of 
learning and social interaction. For example, it would be recommendable to apply principles for 
student-centred learning, which are related to the constructivist, socioconstructivist  and cognitive 
theories, and emphasize the importance of, for instance, learner involvement and participation, 
collaboration, self-regulated and reflective learning, considering both affective and cognitive 
dimensions of learning, personal preferences and dispositions, and aiming at transferable skills which 
go beyond the course requirements and may benefit, for example, in future employment. Designing 
the robots and their use in learning STEM based on this kind of principles is expected to increase 
young people’s interest in these studies and careers. 

Second, it is of vital importance to involve actual users (learners themselves but also educators, 
parents, etc.) in the design process. Only in this way can we assure that the design is based on 
theoretical, empirical, and practical understanding and educational and social requirements instead of 
being technology-driven design. In fact, in STIMEY project we are currently analysing data collected in 
focus group co-design sessions from five countries related to learners’, teachers’, school directors’, 
parents’, and STEM professionals’ wishes related to how robots would be used, their appearance, and 
their voice commands. Further, based on the initial results of the focus group, a survey has been 
created for gathering more detailed ideas from learners for the research and design. These results will 
be compared with the initial requirements presented in this paper to further elaborate them based on 
the empirical studies.  
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