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Abstract. Many constructivist technologies allow students to improve problem- 
solving strategies and learning in educational settings, encouraging teamwork 
and creativeness. Hence, in didactic contexts, the building, design and program-
ming of Lego® MindStorms™ robots entertain students, stimulating technologi-
cal and social factors. In this paper, we investigated the knowledge acquisition of 
a Lego Robotics system in University students, who had to create a robot able to 
take part in a race and avoid an obstacle placed in an arena. The learners’ docu-
mentation of each phase of the task (reports, schemes, photos and videos) was 
analyzed as cognitive fingerprints of subjects’ mental activities. 
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1   Introduction 

Over recent decades, a number of robot construction kits for edutainment applications 
have been designed to improve and increase interaction between users and robotics 
artifacts [1], [2], [3], [4]. As Lund and Pagliarini assert, [5] some robots have a static 
morphology (e.g. Furby), while others have one which is variable (e.g. Lego® Mind-
Storms™, FischerTechnic robot). The robots with a variable morphology, give the 
user the opportunity to build, plan and program different kinds of robotics artifacts. 
This latter Edutainment Robotic kit has been built in accordance with learning princi-
ples derived from Piaget and Vygotskij’s theories [6], [7], [8] of cognitive development, 
as revised by Papert [9], which portray learning as the acquisition or ‘construction’ of 
knowledge through observation of the effects of one’s actions on the world [10]. The 
constructivist approach promotes a kind of learning in which the educator does not 
transfer information, but is rather a facilitator of learning, leading the working group, 
and so the learner enhances his/her knowledge through the manipulation and con-
struction of physical objects.  

With regard to specific artefacts, numerous researchers endorse Robotics as an edu-
cational tool [11], [12], [13], [14], [15], [16], [17], with a quantity of literature devoted 
solely to using the Lego MindStorms kit [18, 19, 20, 21], at levels ranging from primary 
school to University [22], [23], [24], [25], [26], [27], [28]. There are reports of im-
proved performance in Mathematics, Physics, and Engineering courses resulting from 
educational Robotics projects [29], [30], although most of the evidence is based on the 
reports of teachers achieving positive outcomes through individual initiatives [31]. 
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Moreover, Johnson [32] argues that Robotics offers special educational leverage,  
because it is multi-disciplinary field involving a synthesis of many technical topics, in-
cluding Mathematics and Physics, Design and Innovation, Electronics, Computer Sci-
ence and Programming, and Psychology. Research results suggest that the pedagogical 
value of robots lies in making them work, through using or extending knowledge to 
identify problems, and argues that robots are a particularly motivating technology be-
cause they are concrete, complex, and relate to deep human needs.  

In effect, by constructing physical agents together with the code to control them, 
students have a unique opportunity to tackle many central issues directly, including 
the interaction between hardware and software, space complexity in terms of the 
memory limitations of the robot’s controller, and time complexity in terms of the 
speed of the robot’s action decisions. Furthermore, the robot theme provides a strong 
incentive to learning because students desire to see the success of their invention [12]. 
Moreover, many researchers underline the positive results in the rehabilitation of au-
tism and cognitive deficits using interactive robots [33], [34].  

Another application for Edutainment Robotics is represented by RoboCup [35]. 
The World-Wide RobCup Championship is a large international competition that 
aims at involving all sorts of research in Robotics and Artificial Intelligence. It has 
been developed with the initial idea that the stimulus of competition encourages the 
integration of different technologies which, once optimized for the engaging and 
pleasant game of football, may be transferred to significant, practical problems for 
industry. The RoboCup Championship involves participants in the challenges of com-
petition, as well as in the development of educational skills [36], [37]. Finally, it can 
be stated that robots are a particularly motivating technology and that the use of Ro-
botics tools in teaching contexts offers the opportunity to build a bridge between en-
tertainment and education [38].  

In this paper, we present the results of an empirical research project with university 
students the purpose of which was to investigate cognitive strategies using the Lego 
MindStorms robotics kit.  

The paper is organized as follows. In section two, we present a description of the 
research objective. In section three, we describe the subjects. The robot laboratory or-
ganization is described in section four. In section five, we describe the materials used. 
Section six focuses on methods of results analysis. Finally, in sections seven and eight 
we present analysis of the results and some conclusions. 

2   Objectives  

Our research aimed at investigating the learning process by using Edutainment Robot-
ics. In particular, we analyzed the cognitive abilities of the University students in-
volved in the Lego robot construction, related to: 

• Planning strategies – students are expected to use the Constructopedia (a 
guide with different examples of robot Lego projects) to plan their robots, by 
modifying little functional parts of their artefacts. For example, students 
could use little wheels if large wheels prevented good performance. 

• Programming strategies – students should learn to define and manage robot 
behavior in relation to the final task. 
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• Students’ use of different strategies to complete the task and how these 
strategies influence the results.  

3   Subjects 

Twenty-eight students, aged from 19 to 21 and enrolled in an 11-week Robotics labo-
ratory program at the University of Calabria, were divided into 6 groups. From an in-
dividual interview, we found that none of the subjects were familiar with the concepts 
of Educational Robotics or the Lego MindStorms kit.  

All of the students were enrolled to the first year of the Humanities degree course 
and attended the Cognitive Psychology course. The aim of the course was to present 
an overview of Cognitive Psychology, its findings, theories and approaches. The 
course was divided into two sections. The first introduced central cognitive processes 
such as perception, memory, learning, language, reasoning and problem solving. The 
second focused on Artificial Intelligence and explained the reproduction of human 
behaviour in artificial agents such as Robotics artefacts. 

4   Robotics Laboratory Organization and Assignment 

The Robotics laboratory program comprised 22 hours of activities, two hours a week 
for 11 weeks: preliminary lessons covered elementary concepts of Robotics, the Lego 
MindStorms kit, the visual programming environment and the Robotics Invention 
System (RIS). During the laboratory activities, each group had to design, build, pro-
gram and test the performance of its own robot. The final task was to realize a robot 
able to cross an arena in order to take part in a race.  

The groups had to describe and report on the robot planning, the resolution of the 
problems encountered in the construction of the robots, the programming methodologies, 
the number of tests and the dividing up of work within the group. In particular, they had 
to document each phase of the work through reports, schemes, photos and videos.  

At the end of the laboratory activities, a race divided into two rounds took place. 
Each robot had two minutes to complete its performance in each round.  

5   Materials 

The MindStorms kit (Fig. 1) includes over 700 traditional Lego pieces, the RCX (Ro-
botics Command System), infrared transmitter, light and touch sensors, motors, gears, 
and a visual detailed building guide or Constructopedia™. The building guide pro-
vides students with direction in their building of working robots, as well as inspiration 
for more complex robotic inventions models. 

The core of the Robotics Invention System is the RCX “brick”, a microcomputer 
that can be programmed using a Personal Computer. The RCX receives input from 
the environment through sensors, it processes data, and then it transfers the output to 
the motors. Each user may program the robot, using a specific programming language 
and a personal computer. The next step is to download the program into the RCX 
memory using an infrared transmitter or Transceiver. Finally, the robot agent can 
move in an autonomous way in the environment. 
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Fig. 1. Lego MindStorms Robotics Invention Systems 

6   Method of Results Analysis 

We analyzed the reports that students made during their laboratory activities in order 
to detect the task organization, related to cognitive strategies in problem solving, ap-
plying the followings evaluation criteria: 

• Work distribution in each group. 
• Groups’ description of working modalities for task resolution (programming 

and planning strategies). 
• Correctness of programming strategies, related to the results of the robot 

race. 
• The number of programming tests completed before the robot was able to 

cross the arena. 

In particular, the programming analysis methodology pointed out the conceptual as-
pects of programming, investigating program adjustment in relation to the final task 
and the cognitive strategies used. 

7   Analysis of the Results 

From the analysis of the reports, we found that the groups utilized three different ty-
pologies of work subdivision: 

• The first typology was adopted by three groups. Each member adopted a role 
in the building work (for example, one person read instructions, another per-
son chose the appropriate piece and others assembled the chosen pieces). All 
the members programmed the robot. 
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• The second typology was adopted by two groups. Members did not adopt a 
fixed rule in building and programming the robot (for example, the same person 
chose the appropriate piece and assembled it together with the other pieces). 

• The third typology was adopted by only one group. Each member adopted a 
role in building and programming the robot and a leader supervised the work.  

Regarding the programming and planning modalities, each group carried out tests to 
modify the behavior of the robot.  

The first group carried out six programming tests (Fig. 2), the second five, while, the 
third and the fourth carried out four, and the fifth five. The sixth group carried out ten. 

 

Fig. 2. Number of programming tests carried out before completion of the task 

Each group programmed the robot’s behaviour correctly. The robots of the first 
and fourth group obtained a good time in the first round of the race but exceeded the 
maximum time in the second one (Fig. 3). 

 

Fig. 3. Times obtained by each group’s robot in the two stages of the race 
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The robots of the first and fourth groups did not complete the race because they 
exceeded the maximum time in the second stage. Taking into account time achieved 
for each robot during the rounds, we calculated the mean time, expressed in millisec-
onds, which ranged from 0,33 to 0,46 (Fig. 4). 

 

Fig. 4. Mean time in milliseconds of the groups’ robots which completed the race 

From these results and from the report analysis, we identified two kinds of 
strategies: strategies orientated towards the task and strategies orientated towards 
the solution [39].  

The groups, which used a strategy orientated towards the task did not test their ro-
bot’s behaviour many times and focused their attention on comprehension of the task 
(group 3 and group 4). In fact, in this kind of strategy subjects are skilled at under-
standing implicit rules quickly, hypothesizing about the trials [40]. In the strategy ori-
entated towards solution, subjects do not analyze the problem but immediately test the 
possible solution. Groups using this kind of strategy tested the robot’s behaviour 
many times and focused their attention on the goal (groups 1, 2, 5 and 6). 

The robot that completed the two rounds and obtained the best time was the robot 
from group 5 which used the strategy orientated towards solution. Furthermore, we 
detected three phases in the students’ work:   

1. Planning and building of the artefact. Students plan and build the robot 
structure (the structure is chosen from amongst the different suggestions in the 
Constructopedia), acquaint themselves with Lego MindStorms and learn to use 
the pieces of the kit. Manipulating various objects within the kit allows stu-
dents to organize their work and to discover the importance of the various 
pieces and connections. Many students were observed to be using their own 
personalised design; they enriched an original structure or built it with simply 
its more essential elements so that it would not be weighed down (Fig. 5).  
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Fig. 5. An example of a robot built by a group of students 

2. Behavioural programming. Students learned a programming language that 
allowed them to control the artificial agent’s behavior (Fig. 6). The Figure 6 
show the program realized by students to control robot behavior. In this pro-
gram students use two touch sensors to control the robot movement within the 
arena during the competition. This program is very simple but it is functional 
to achieving the final objective. 

Programming was divided into two sections (basic programming and sensor  
programming); the key concepts of this phase included: performance in sequence fol-
lowing the instructions, logical order of the commands, and use of conditional expres-
sions, loop and debugging. 

 

Fig. 6. An example of a program prepared by a group of students 
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3. Check. Students checked the results of their work, in particular the physical 
structure and the algorithm that controlled the robot’s behavior. They also de-
cided on modifications to improve the time taken to cover the path in the arena 
(Fig. 7). 

 

 

Fig. 7. The competition arena with Lego MindStorms robot 

The best times in the final race were obtained by groups three and five, which had 
adopted the second typology of work subdivision (without fixed roles, collaborating 
for every task). These groups carried out a small number of tests in building and pro-
gramming the robot, paying close attention to task comprehension in a problem-
orientated strategy.  

8   Conclusions 

In this work we focus on the cognitive strategies adopted by University students at-
tending a Robotics laboratory program, working in an Edutainment setting with the 
Lego MindStorms kit. We analyzed the students’ reports on the teamwork during 
laboratory activities, and we gathered information on the subjects’ working modalities 
during the activities of building and programming basic robots. First of all, we de-
tected three different typologies of work subdivision: each member adopted a role in 
the building work and all programmed the robot; members did not adopt a fixed rule 
in building and programming the robot; each member adopted a role in building and 
programming the robot and a leader supervised the work. We then found that the use 
of robots stimulated students to explore their own knowledge in a critical way and to 
share it within the group, and that the activity of realizing an artefact took place 
through precise phases. These phases were:  
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1) Planning and building of the artefact, related to problem identification and objec-
tive definition, collection and production of ideas, problem conceptualization. During 
the building and manipulation phases, a fundamental role was played by the perceptive 
and behavioral functions and by the affordance that the elements of the kit suggested to 
the subjects. As they progressed with the work, students advanced in the learning proc-
ess and became able to explore, arrange and recombine, in different ways, the material 
structures and the creative ideas in order to realize the final artefact.  

2) Behavioral programming, in which students detected problems, hypothesized 
and applied solution strategies. In this way, they were able to enrich their work 
through new details, looking at different thinking modalities; in particular, in planning 
strategies students divided the problem into many parts and elaborated each part from 
the particular to arrive at a general solution. This phase was strictly related to the 
check phase. 

3) Check, in which subjects evaluated the realization of the artefact and decided on 
the need to go back to the building phase, to the programming phase, to both, or rather 
to search for new ideas. 

Thanks to the results of this analysis we can affirm that the Robotics laboratory 
stimulated students with regard to problem finding (the subject identifies and formu-
lates the initial idea or the problem to solve), problem solving (the subject elaborates 
and explores some possible solutions in order to reach the objective) and checking 
procedures (the subject evaluates the artefact’s properties from functional, planning 
and behavioral points of view). The repetition of each of these phases allowed the 
subjects to modify and improve the structure and this reflected their mental model of 
the artefact in relation to the assignment. 

We underline that the students followed the basic Constructopedia, instructions and 
prototype figures for the building of the robot, but the final look of each artefact dif-
fered because of their using creativity. Moreover, each group programmed the robot’s 
behavior correctly.  

In conclusion, Edutainment Robotics stimulates students to change their artefacts, 
to modify them for their specific needs and to choose the best strategy to accomplish 
their tasks. In this view, the use of robotics artefacts in didactic contexts stimulates 
students to analyze processes and information selection, to observe and to experiment 
the consequences of their behavior. In this way, students get used to problem solving, 
are encouraged to work collaboratively and co-operatively and to improve their listen-
ing to others. In general, this construction of knowledge and the reflection on the 
process is essential for the retention and application of learning in every field.  

Edutainment Robotics creates a cognitive bridge between educational aims and 
concrete experience, encouraging in the students, at different levels, the acquisition of 
new skills in an engaging setting. 
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