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1 Intro duct ion 

STEM areas (Science , Techno logy, Eng ineering and Math) are 
continuously growing but the number of technica l workers do not 
accompany that growth. As the 21st century brings new cha llenges, 
students should be prepared for an increasing ly comp lex life and 
work environments that will privilege proficiency in Learning and 
Innovation Skills that include Creativity and Innovation, Critica l 
Thinking and Prob lem So lving , Communication and Co llaboration 
[1]. A lso , the need to continuously exp lore new pedagog ica l 
practices in teaching and learning creates an opportunity to build 
new contents by ba lancing a stab le and tested curriculum with new 
too ls that stimulate creativity, a llowing students to better 
understand the world they live in. This article describes the 
deve lopment of an educationa l robotics kit, a imed at children and 
teens from 8 to 18 years o ld , meant to work as an interd iscip linary 
teaching too l that can be app lied d irectly in a curriculum, promoting 
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skills like Computationa l Thinking and Prob lem So lving , driven by 
the motivation created by a Robotics Competition. 

2 Back ground 

2 .1 C omputat iona l th ink ing 
Computationa l thinking is de fined as a menta l activity carried when 
formulat- ing a prob lem to admit a computationa l so lution that can 
be carried out by a human or a machine [2]. N owadays, it influences 
not only science and eng ineer- ing methods but a lso other fie lds of 
study like med icine , economics, finance and even journa lism, 
requiring that everyone working in those areas have to learn how to 
think computationa lly. Computationa l thinking invo lves so lv ing 
prob- lems, designing systems, and understand ing human 
behavior, using concepts fundamenta l to computer science [3]. 

2 .2 Pro b l em so lv ing  
O ne of the 21st century most wanted sk ills is Prob lem So lv ing and , 

nt learn ing activity 
they can engage in because the know ledge constructe d while 
so lving prob lems is be tter comprehended and reta ined [4]. 
Accord ing to P21 , The Partnership for 21st C entury Learn ing [5], 
the ab ility to so lve d ifferent k inds of non-fam iliar prob lems in both 
conventiona l and innovative ways and to identify and ask 
significant questions that clarify various po ints of view and lead to 
better so lutions are essentia l to prepare students for the future .  
 
2 .3 M icromouse Portuguese C ontest 
The M icromouse Portuguese Contest [6] is an internationa l 
competition, he ld in Portuga l since 2011. The ma in cha llenge is to 
have a full autonomous micro contro lled robot vehicle , exp lore an 
unknown maze and find out the optimum route for the shortest 
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trave l time from start to end [7]. Competition is one of the key 
factors for motivation and getting physical results contributes to the 
formation of students independence , deve lop ing the ir leadership 
skills and promoting a positive educationa l process [8]. A lso , robot 
competitions encourage students to app ly the ir knowledge to rea l-
world prob lems and motivates them to learn new concepts for 
themse lves [9], making them a good vehicle to the deve lopment of 
both Computationa l Thinking and Prob lem So lving capab ilities.  
 
2 .4 V isua l pro gramm ing languag es 
Visua l programm ing languages (VPL) provide a way for children to 
beg in programm ing , reducing the leve l of abstraction by using 
graphica l program e lements rather than text.  

Scratch Scratch is a VPL created by the Life long K indergarten group 
at the MIT Med ia Lab . It was orig ina lly thought as an approach to 
programm ing to be used by peop le who never thought they would 
ever write a sing le line of code . It was meant to be easy for 
everyone , of a ll ages, backgrounds, and interests, to program the ir 
own interactive stories, games, animations, and simulations, and 
share the ir creations [10]. 

Scratch was made with a simp le grammar, based on graphical 
programm ing b locks that are put together to create programs. To 
make it even easier, the b locks have connectors that suggest how 
they can connect to each other, a llowing only to create code that 
makes sense [11].  

 

F i g .  1 . Scratch key ideas 
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mB lock A few years ago , mB lock made its appearance in the VPL 
world , as a graphica l programm ing environment based on Scratch 
2.0 O pen Source Code , thus ma inta ining a ll its features, and add ing 
some others that make it possib le to program Arduino pro jects 
within the same interface [12]. 

 

F i g .  2 . Robots/Arduino category of b locks 
in mB lock 

3 M etho d  
To deve lop our product, we decided to fo llow an Instructiona l 
System Design mode l [13], which we will re fer to as A D DIE , the 
acronym of its five phases: Ana lysis, Design, Deve lopment, 

imp lemented the prototype , only three phases (Ana lysis, De- sign 
and Eva luation) will be described in this article . The Eva luation 
phase is fundamenta l and should be a part of the process from the 
beg inning because it supp lies information that feeds a ll the cyclic 
process of design and deve lopment and is very use ful when as a 
part of the sp ira l of ana lysis, design, eva luation, etc., by contributing 
to the continuous improvement of the prototype [14]. 

F i g .  3 . The A DDIE Mode l 
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3 .1 Ana lysis 

Ana lysis - Study the env ironment in ord er to und erstand it and 
d escri b e the g oa ls and  o b j e ct ives re qu ire d to corre ct 
p erformanc e d e f ic i enc i es (p erformance gap ) that w i l l improve 
the  [13]. 
 
The ana lysis phase is the foundation of a learning or tra ining process 
[13] and a llowed us to study the target aud ience of our educationa l 
product. By knowing the ir previous experience , education leve l, 
age , computer experience , among others, it is possib le to anticipate 
learning d ifficulties and create boundaries to the comp lexity of the 
product we are to deve lop [15]. Through documentary ana lysis and 
classroom observations we tried to create a profile for the target 
aud ience of our product. 

As we are targeting both Primary and Secondary education 
students, the first thing we have to consider is the age gap between 
the younger and the o lder students. In our ana lysis, the average age 
of our students is 11.3 years o ld . A lso , the concepts and academic 
leve l d ifferences are an important fact to consider. A re levant 
information is the fact that some of the students in our study a lready 
have some basic knowledge of robotics and programm ing in 
Scratch, due to the fact that Introduc tory Programm ing classes are 
a part of the ir curriculum. A lso , to consider are the latest 
government recommendations stating that every child from Primary 
to Upper Secondary education should have Programming and 
Robotics classes. 

3 .2 D esi gn 

D esi gn - D e f ine the l earn ing o b j e ctives - what the l earners 
ne e d to d o to l earn the new p erformanc e (act iv it i es), and what 
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w i l l mot ivate them to l earn and p erform . Th is b e comes your 
b lue print [13]. 
 
The results obta ined led us to idea lize K id Grígora (F ig . 4), an 
educationa l robotic p latform that can be used as an interd iscip linary 
teaching too l to be integrated in the curriculum. Besides that, 
primary ob jective , K id Grígora has d imensions that a llow children to 
use it in the M icromouse Robotics Compe- tition. W ith this a lpha 
version of the prototype some heuristic eva luation is needed . 

 

F i g .  4 . A lpha version of K id Grígora 

 

3 .2 .1 . H euristic eva luation o f the a l pha version  
The a lpha version of the prototype was tested in a heuristic 
eva luation by experts, with the ob jective of appra ising both usab ility 
and potentia l design prob lems, and a lso to gather suggestions from 
the experts on how to so lve the prob lems they found , be fore 
performing usab ility tests with representative users.  
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To test the prototype , we chose doub le experts [15] 
experienced not only in usab ility but a lso with specific expertise in 
the kind of interface under eva luation as they potentia lly find about 
1.5x more prob lems than simp le usab ility specia l- ists. We used 
three experts, with ages rang ing from 40 to 48 years o ld , with a 
degree in areas re lated to computing , e lectronics and robotics, with 
an average teaching experience of 15 years and with 9 years of 
average business experience in deve lop ing software and 
e lectronics. 

The eva luations were carried out between 9th and 12th 
O ctober 2017, with an average duration of 90 minutes, and started 
with a simp le exp lanation of the expected use of the robot by end 
users, in particular on its use as an educationa l too l, but a lso on its 
possib le use in a rob otics contest. Then, the eva luators were g iven 

asked to assemb le the robot. 
During the tests, each expert was asked to answer a 

questionna ire of heuristic eva luation and to report possib l e 

and 4 means a " Usab ility catastrophe: imperative to fix this be fore 
product can be re leased " . 

Ta lking about the strong po ints of the heuristic eva luation, 
a ll the experts mentioned that the robot was very easy to build , 
mostly because of its sma ll number of components. They a lso 
re ferred the physica l similarity to professiona l built M icromouse 
robots. Two experts re ferred that because it has a lmost no so ldering 
parts, it should be suitab le for a ll target users, eventua lly with the 
he lp of an adult. A ll experts re ferre d the use of standard 
components as a strong po int as it is easy to assemb le and a lso due 
to the low price they usua lly have , making it an educationa l too l, 
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potentia lly for everyone . The weakest po ints in the heuristic 
eva luation (ratings 3 and 4) are summarized in Tab le 1. 

 
Tab l e 1 . Re lated severe and catastrophic 

errors, accord ing to  heuristics 
 heuristics 

Interface (IN ) Degr
ee 

IN1 Visib ility of system status 4 
IN3 User contro l and freedom 3 
IN4 Consistency and standards 4 
IN7 F lexib ility and e fficiency of use 3 
IN8 Aesthetic and minima list design 3 
IN9 He lp users recognize , d iagnose , and ,recover 

from errors 
4 

IN1
0 

He lp and documentation 3 

 
 
Regard ing IN1, two experts mentioned that the robot had 

no information on the status. Re lated with IN3, a ll of the experts 
stated that the robot needed to have an O N -O FF switch and one 
of them re ferred that as o lder students may require a little more 
contro l over the robot, it should be use ful to have it equipped with 
encoders and gyros so that more e laborated a lgorithms could be 
imp lemented . O ne of the experts, re ferring to IN4, mentioned that 
the Traction system would not work at very high speeds as the 
motor connected d irectly to whee l brings speed but a lmost no 

working with youngest students, was mentioned by one of the 
experts as be ing potentia lly a prob lem, re lated to IN7. A ll experts 
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3 .3 D eve lo pment 

D eve lo pment - E lab orate and bu i l d the pro ducts ca l l e d for in 
the b lue print (the f in ishe d pro duct is o ft en ca l l e d courseware or 
l earn ing act ivit i es).[13].  

3 .3 .1 . Bu i l d ing the b e ta version 
A lthough only Ma jor and Catastrophic prob lems (ratings 3 and 4) 
were de- scribed , be fore build ing the beta version, a ll reported 
prob lems and suggestions of the experts were so lved and 
imp lemented , as summarized be low. 

 

Tab l e 2 .  So lutions for usab ility prob lems 
found by experts 

Heuristi
c 

Prob lem found So lutio
n 

IN1 N o information on the status Add a Status LE D 
IN3 The robot needs to have 

an O N- 
O FF switch 

Change the e lectrica l 
connections and 
add a power switch 

IN3 Equip the robot with 
encoders and 
gyroscope 

Create a Semi-Pro version of 
the robot 
that uses motors with 
encoders, Gyro- scope and 
acce lerometer 

IN4 Traction system would not 
work 

Use motors with reduction 
(F igure 6) 

IN7 The type of battery used 
could be 
lighter 

Change the type of battery 
from 4xA A 
1.5v to a 9V battery 

 
Heuristi

c 
Prob lem found So lutio

n 
IN7 The use of IR Sensors might 

be too 
d ifficult to program and 
understand by young 
students 

Use simp ler U ltrasonic sensor 
types in 
K id Grígora Rookie , but keep 
the IR sensors in K id Grígora 
Semi-Pro 
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IN7 It may be d ifficulty to 
perce ive the 

 movements, when 
working with youngest 
students 

We created a Pen add-on to 
the K id 
Grígora Rookie for the students 
to visua lize the tra jectories of 
the robot, by making it write its 
way as it moves (F igure 7) 

IN8 The battery positioned on 
the top 
of the robot would create a 
very high gravity center. 

As we changed the type of 
battery, we 
were ab le to position 
d ifferently, low- ering the 
he ight and center of gravity 

IN9 N o error messages Use a LED to d isp lay Error 
codes 

IN10 N eed for more deta iled he lp 
on the 
e lectrica l connections 
assemb ly 

Created   new   e lectrica l   
schematics, 
with d ifferent wire co lors 

 
The results of the heuristics ana lysis led to the idea lization of two 
mode ls of our robotic p latform, ma inly due to the age d ifference 
and academic leve ls between our target aud ience . 
 
K i d Grí g ora Rook i e  is the simp ler of the two mode ls. A imed to 
students with ages from 8 to 15 years o ld , this robot a llows younger 
students to make the ir first steps in robotics and programm ing . The 
price and the ease of build have been taken in consideration, to 
make it affordab le and easy to assemb le . 
 
K i d Grí g ora Sem i-Pro is the most comp lex, having more powerful 
specifications, a llowing students, from 15 to 18 years o ld , to app ly 
knowledge from other areas like Mathematics or Physics. W ith a 
more powerful processor, motors with encoders, a three Axis 
Gyroscope +  Acce lerometer and four Infra-Red d istance sensors, 
this mode l a llows a much more accurate contro l of movements. 
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The first beta version had a d ifferent Traction System and unified 
p latforms, a llowing us to use , both the simp le D C Motors in Rookie 
and the D C Motors with encoders needed to Semi-Pro . 

 

 

 F i g .  5. Proposed design of the Traction 
System in K id Grígora Rookie and Semi-Pro in 
Beta version 

 
However, as one of our ob jectives was to build a low cost and easy 
to mount robot, this approach led to a so lution that used a large 
number of 3D printed parts, making it a lot more expensive than 
what we anticipated . The so lution was to change the Traction 
system once aga in and to use a sing le pa ir of whee ls, a caster ba ll 
and two geared D C motor with reduction and a pa ir of pulley 
whee ls, as seen in F igure 6. W ith this so lution, we were ab le to 
reduce substantia lly the cost of the so lution. 
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F i g .  6 . F ina l design of the Traction System in the Beta version of 
K id Grígora Rookie and Semi-Pro 

movements, when working with youngest students, we designed a 
Pen Add-on to K id Grígora Rookie , using a standard Servo Motor 
and a custom-made pen ho lder. By p lacing it on the top of the 
robot, it will be possib le for the students to visua lize the tra jectories 
of the robot, by making it write its way as it moves. 
 
 

F i g .  7 . Pen Add-O n to K id Grígora Rookie 

 

3 .3 .2 . Usab i l ity t ests w ith re presentat ive users  
The usab ility tests with representative users were carried out 
between the 18th and 22nd December 2017. As, accord ing to 
N ie lsen [16], " after the fifth user, you are wasting your time by 
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observing the same find ings repeated ly but not learning much 
new " , we chose five representative users in d ifferent age ranges and 
programm ing and robotics knowledge to eva luate our prototype .  

A lthough we deve loped and built both mode ls of K id 
Grígora , as in our ana lysis, our target med ium range was 11.3 years 
o ld , in this article we will focus on the tests performed with K id 
Grígora Rookie . 

 

 
F i g .  8 . Representative user performing 

Usab ility test 

 
The tests were carried by 5 students, aged from 11 to 17, 2 boys 
and 3 g irls, and had an average duration of 127 minutes, with a 15-
minute pause for the users to rest and then rega in the ir focus on the 
tasks. As for background on robotics, only two users were a lready 
engaged in robotics activities at schoo l. The other three had never 
been in close contact with robotics. Starting wi th a simp le 
exp lanation on the basics of the assemb ly and best practices to do 

assemb ly instructions and were asked to assemb le the robot. In a ll 



Mobile Robotics 

 18 

tests, we used the think-a loud protoco l, letting users verba lize the ir 
thoughts as they move through the interface [15], and aud io-
record ing to gather data .  

At the end of the tests, the users were asked to fill a SUS [17] 
satisfaction questionna ire , whose average satisfaction results were 
g iven a meaning by using the ad jective sca le by Bangor, Staff, 
Kortum e M iller [18]. The obta ined results are summarized in Tab le 
3. 

 
Tab l e 3 . Summary of usab ility tests by 

representative users 

 Student 
1 

Student 
2 

Student 
3 

Student 
4 

Student 
5 

Avg 

Sex: F M M F F  
Age 16 13 11 11 17 13.6 
 Student 

1 
Student 
2 

Student 
3 

Student 
4 

Student 
5 

Avg 

Previous 
robotics: 

N o N o N o Yes Yes  
Length (min) 131 134 147 120 103 127 
Rating 92.5 85 90 95 100 92.5 
 
Meaning 

Best 
Imag i
n- 
ab le 

 
Exce llen
t 

 
Exce lle

nt 

Best 
Imag i
n- 
ab le 

Best 
Imag i
n- 
ab le 

Best 
Imag- 
inab le 

 
The mean result of the five tests was 92.5 po ints, Best 

Imag inab le , meaning that there were a lmost no usab ility prob lems 
detected with the prototype . The ana lysis of the results show that 
the representative users were unanimous g iving the Strong ly agree 
score to the question " I think that I would like to use this robotics 
kit frequently "  and the to Strong ly d isagree to the question " I found 
the robotics kit unnecessarily comp lex "  which shows the good 
acceptance of this robotics kit. The ana lysis of the think-a loud 
showed that most of the d ifficulties lied in the part of the wiring , 
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particularly in those users who have never had contact with robotics. 
This led us to think that perhaps an introductory session on the 
concepts of e lectronics and wiring will be necessary be fore end 
users start build ing the kit. 

4 K i d Grí g ora hardware comp onents 
To build both mode ls of K id Grígora , we chose the fo llowing 
standard compo- nents: 

4 .1 K i d Grí g ora Rook i e 
Ardu ino N ano The Arduino Nano microcontro ller is a sma ll board 
based on the ATmega328, clocked at 16MHz and operating at 5v. 

that are meant to be built in this version of K id Grígora . 
 
L298 N Motor C ontro l l er Because of the limited power output of 
the micro contro ller outputs, they cannot be used to drive the 
motors d irectly. Motor contro llers act as an intermed iate device 
between the micro contro ller and the motors, a llowing to set both 
speed and d irection. L298N is a low-cost so lution that enab les the 
contro l of two D C motors with vo ltages between 5 and 35V D C . 
 
G eare d D C Motors Because regular D C motors run too fast and 
cannot be used to drive the robot, we decided to use geared DC 
motors with a gear assemb ly attached to the motor, reducing the 
speed of the motor while increasing its torque . This approach to the 
design a llowed to attach the whee ls d irectly to the motor assemb ly 
thus reducing the tota l cost of the product.  
 
U ltrason ic Sensors We decided to use three H C-SR04 ultrasonic 

cost and simp lic- ity. U ltrasonic sensors can measure the d istance to 
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an ob ject by using sound waves. This particular sensor provides 2cm 
to 400cm of non-contact measure- ment with an accuracy up to 
3mm , a llowing the robot to detect the wa lls of the maze and 
navigate accord ing ly. 
 

 

F i g .  9 . Assemb l e d K i d Grí gora Rook i e 
 
A imed to be a low budget robotics kit, one of our ma in 

concerns was to keep it as cheap as possib le , without sacrificing its 
ma in purposes. The fo llowing tab le resumes a ll the components 
used in K id Grígora . Prices are based on eBay and loca l stores.  

 
Tab l e 4 . Costs of K id Grígora Rookie , in 

EUR 
K i d Grí g ora Rook i e 
Parts Q t

y 
Unit 

Price 
Tota
l 

We lded Arduino Nano C lone + USB 
cab le 

1 3.45 2.45 

Acrylic Chassis K it 1 1.23 1.23 
M3 10mm Screws 4 0.08 0.32 
M3 20mm Screws 2 0.05 0.10 
M3 40mm Screws 4 0.03 0.12 
M3 Hex Screw Nut 24 0.02 0.48 
D C Motor with reduction 2 0.84 1.68 
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TT D C G eared M otor Bracket Ho lder 
(with screws) 

2 1.06 2.12 

Pulley Whee ls 36mm 2 0.21 0.42 
Rubber tyres 2 0.10 0.20 
U ltrasonic sensor H C-SR04 3 0.88 2.64 
L298N D C Motor Driver Module Dua l H 
Bridge 

1 1.54 1.54 

9vo lt Battery Ho lder C lip 1 0.07 0.07 
5mm Green LED 1 0.12 0.12 
M ini O N-O FF Switch 1 0.17 0.17 
Jumper cab les pack 1 1,04 1,04 
M ini Breadboard 1 0.97 0.97 
Meta l Caster Ba ll 1 1.19 1.19 
Ve lcro tape (20cm) 1 1.10 1.10 
Doub le sided tape (20 cm) 1 0.10 0.10 

Tota l: 18 .58 

 

Tab l e 5 .  Costs of the Pen Add-On to K id 
Grígora Rookie , in EUR 

 
Pen ad d-on to Rook i e 
SG90 9G M icro Servo 
Motor 

1 1.10 1.1
0 

M3 20mm Screws 4 0.05 0.2
0 

M3 Hex Screw Nut 4 0.02 0.0
8 

Pen ho lder (3D printed) 1 8.58 8.8
6 

 
 

4 .2 K i d Grí g ora Sem i-Pro 
Still on its fina l phase of deve lopment, this version of K id Grígora 
will used the fo llowing components: 
 
A da fru it F eather 0 Powered by ATSAMD21G18 ARM Cortex M0+ 
processor, clocked at 48 MHz and at 3.3V log ic, this microcontro ller 
will be ab le to hand le a ll the information retrieved from the 
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Gyroscope , Acce lerometer, IR Sensors and Encoders. The 256K of 
FLASH memory and 32K of RAM a llows students to create more 
comp lex maze so lving a lgorithms that require lots of memory 
space . 
 
Infrare d D istanc e Sensors Because of the need for sma ll size , we 
decided to create custom d istance sensors using four infrared light 
emitting d iodes in three d irections (front, d iagona l le ft and d iagona l 
right) that detect the intensity of the re flected light, used to 
determine wa ll information and correct the robot navigation. 

 

F i g .  10 .  Schemat ic of the custom- m a d e  IR 
sensors 

 
D C Motors w ith Enco d ers Motor encoders are used for a precise 
speed contro l. Built in with a 334 line d isc and an AB-phase 

p latforms we built, and provide both position and d irection of 
rotation. 
3 Ax is Gyrosco p e + A c c e l erometer To g ive our K id Grígora Semi-
Pro a way of knowing exactly where it is in the maze , we chose the 
MPU-6050 3 Axis Gyro- scope + Acce lerometer. By monitoring the 
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angular ve locity and the acce leration speed this chip provides the 
information needed f
maze .  
 

The change of some of the components to improve 
performance , lead to some important changes in the costs of the 
robot. A ll the prices are based on eBay and loca l stores.  

 
Tab l e 6 . Costs of K id Grígora Semi-Pro , in 

EUR 

 
K i d Grí g ora Sem i-Pro 
Parts Q t

y 
Unit 

Price 
Tota

l 
Adafruit Feather 0 1 17.60 17.6

0 
Acrylic Chassis Kit 1 1.23 1.2

3 
M3 10mm Screws 4 0.08 0.3

2 
M3 20mm Screws 2 0.05 0.1

0 
M3 40mm Screws 4 0.03 0.1

2 
M3 Hex Screw Nut 24 0.02 0.4

8 
D C Motor with 334-line AB-phase 
Encod ing 

2 2.34 4.6
8 

Whee ls 30mmx5mm (3D printed) 4   
Rubber tyres 8 0.10 0.8

0 
16 Tooth Whee l for motor (3D printed) 2 2  
Whee ls and motor ho lder (3D printed) 2   
IR d istance Sensors (Custom built) 4   
L298N D C Motor Driver Module Dua l H 
Bridge 

1 1.54 1.5
4 

MPU-6050 6D O F 3 Axis 
Gyroscope + Acce lerometer 

1 1.01 1.0
1 

9vo lt Battery Ho lder C lip 1 0.07 0.0
7 

M ini O N-O FF Switch 1 0.17 0.1
7 
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Jumper cab les pack 1.0
4 

1.04  
M ini Breadboard 1 0.97 0.9

7 
Ve lcro tape (20cm) 1 1.10 1.1

0 
Doub le sided tape (20 cm) 1 0.10 0.1

0 

5 So ftware interfac es 

5 .1 mB lock 
Currently under deve lopment, the mB lock extensions (see F igure 
11), will be one of the core components of this pro ject. 
 
Simp l e K i d G  The Simp le K id G extension will have a basic set of 
b locks to move the robot, like Move Forward , Turn Right and Turn 
Le ft, and will be used , typ ica lly by students from 8 to 12 years o ld .  

 
F i g .  11 . K id G proposed mB lock extensions 

 
K i d G The K id G extension was p lanned to provide students, from 
12 to 15 years o ld , with a greater leve l of contro l over the robot, 
provid ing , for examp le , d ifferent le ft and right motor speeds and 
d ifferent sensor d istance measuring , a llowing d ifferent kinds of 
interactions. 
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5 .2 Andro i d ap ps 

deve lopment of two type of Andro id Apps, typ ica lly to be used by 
students from 8 to 12 years o ld . 
 
 
K i d G Remote C ontro l  The simp lest App of the package works as a 
remote contro l, a llowing young students to exp lore a ll the 
movement possib ilities of the robot and the Pen Add-on. 
 
 
K i d G Ste p by Ste p  

graphica l interface , students can create simp le a lgorithms, send 
them to the robot and watch it execute them. 

5 .3 V irtua l maze  
Virtua l Maze is a representation of a rea l-world maze , deve loped in 
Scratch and p lanned to a llow students from 12 to 15 years o ld , a 
first contact with the M icromouse Contest. Together with the 
mB lock extensions and the deve loped F irmware , it a llows the 
simulation of Maze So lving a lgorithms and the transpo- sition of the 
movements on screen to the rea l robot, in a rea l-life maze . 
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F i g .  12 . Virtua lMaze 

 

5 .4 F irmware d eve lo pment 
The custom F irmware will a llow interaction with both the mB lock 
extensions and the Andro id Apps. Through a B luetooth connection 
to the computer or Andro id device , the firmware will rece ive 
commands and make the robot execute them. 

5 .5 C + +  and the Ardu ino ID E 
A lso imp lemented as F irmware , a imed to be used with K id Grígora 
Semi-Pro , and typ ica lly used by o lder students, from 15 to 18 years 
o ld , the p lanned Ar- duino libraries will a llow them to program the 
K id Grígora Semi-Pro with C + + while provid ing high leve ls of 
abstraction to interact with the hardware . Planned functions include 
movement, like MoveForward , TurnLe ft, TurnRight, TurnBack, and 
sensing , like Read D isp lacement, isWa llLe ft and isWa llFront. 
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6 E ducat iona l uses 

 

6 .1 Primary e ducat ion 
For this range of ages, 8 to 12 years o ld , our ma in ob jective will be 
creating activities a imed to deve lop Computationa l Thinking . 
Because Computationa l Thinking is more about conceptua lizing 
than programm ing [3], we p lan on using K id Grígora Rookie wi th 
the Pen Add-on attached , together with the Andro id Apps and the 
Simp le K id G mB lock extension. Using rea l-life prob lems and sce- 
narios and interacting with virtua l environments, created in mB lock, 
children can take the ir first steps in robotics and programm ing , by 
creating simp le a lgo- rithms and watching them come to life . 

6 .2 Lower Se condary e ducat ion 
Using the motivation created by a Robotics Competition and the 
knowledge previously created , simulating in the Virtua l Maze a llows 
students, from 12 to 15 years o ld , to further deve lop the ir Prob lem-
So lving skills by p lacing them on the contro l of a robot that needs 
to find the centre of a maze , in the fastest possib le way. By creating 
Maze So lving a lgorithms, students can, at first, see the ir robot in 
action on screen. Later, students can assemb le the ir own robot and , 
using the K id G mB lock extension connected to K id Grígora Rookie 
by B luetooth, they can debug the ir a lgorithms in both Virtua l Maze 
and rea l life . Using the same mB lock extension, they can deve lop a 
program to work autonomously and participate in the M icromouse 
Portuguese Contest. 
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6 .3 Up p er Se condary e ducat ion 
A lso a iming the participation in a Robotics Competition, K id 
Grígora Semi- Pro a llows a deeper leve l of contro l but a lso requires 
a lot more knowledge to work with. Using the custom firmware 
created in the form of Arduino libraries and with a ll the sensing 
hardware , students from 15 to 18 years o ld , are no longer limited 
to making the ir robot sense the ir way in the track and react. N ow 
they can create rea l autonomous navigation systems for the robot 
to find a ll possib le ways to the center of the maze , return to the 
starting po int, backtrack the optima l route [19] and run to  the center 
the fastest it can. 

 

7 C onc lusion 
We strong ly be lieve that Prob lem so lving and Computationa l 
Thinking are two of the most needed skills for 21st century students. 
Fo llowing an Instructiona l System Design cite clarkd we created a 
prototype of an educationa l robotics kit, a imed at children and 
teens aged from 8 to 18, to be used in scho lar activities with the 
ob jective of deve lop ing those skills. In the Ana lysis phase , we 
gathered enough information to idea lize the a lpha version of the 
product, later tested by experts. The test results revea l ed some 
interface usab ility issues, corrected in the deve lopment phase which 
was a lso used to imp lement some suggestions of the experts and 
create the beta version, tested by representative users. In the 
satisfaction test, the prototype of K id Grígora Rook ie obta ined 92.5 
po ints, Best Imag inab le , that show a very stab le and satisfactory 
robotic p latform, with a lmost no usab ility prob lems detected , which 
serves as an incentive to the next deve lopment phases. 
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