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Abstract— Robotics in the classroom is a multi discipline that 
has taken a global momentum because teaching science and 
technology creates a very large range of benefits. However, 
the benefit has not been clearly measured and defined because 
there is not a system of indicators and a standardized 
evaluation methodology for them. The present study defines a 
measurement Model of Robotics in the Classroom, validated 
by a methodology of experts, and a system of indicators.  
 
Keywords— Measurement of robotics in the classroom, benefits 
of robotics, system of indicators of robotics. 

I. INTRODUCTION 
In the early 80's, robotics started to be used for educational 

purposes in different ways, especially because it promotes 
engineering and science as an entertainment subject. [1]  
In order to understand why there is an emphasis on robotics in 
the classroom and to be able to define the concept itself, it is 
necessary to delve in some aspects of education. Countries, 
institutions and individuals are facing significant challenges 
with regard to educational systems [2]. There is an inherent 
need for a flexible learning system, before this need of 
searching for new learning techniques, there is nowadays an 
emphasis on improving educational models based on practical 
models, which, promote the acquisition of knowledge in a 
tangible way for the student. In these new systems, knowledge 
should be conducted based on theoretical – practical models; 
in other words, it should exist equilibrium between the given 
theory and the practice, in order to strength the knowledge of 
the student. 
 

Coupled with this, a factor that new generations are 
influenced by technology and digital age is presented. 
Technology native generation is defined as the generation 
born after the 1980 and 1990 digital boom; this feature makes 
an extraordinary fit for future technologies like no previous 
generation. It is said that this generation is the 18% of the 
world population, so its influence on the social and the 
educational context is very important to consider [3]. 

A theoretical - practical model, which meets the needs of 
integrating knowing and doing [4] and covers the 

technological requirements of new generations, is the 
incorporation of educational robotics, which is an 
interdisciplinary and inherent field of engineering that is 
formed by electrical, mechanical engineering and computer 
science, as well as, mathematics, physics, engineering systems 
and in some instances psychology, cognitive neuroscience and 
philosophy [5]. The extent of the problems presented by 
robotics motivates the development of the integration of 
knowledge and problem-solving methods from different 
ranges of approximation. The study of the discipline of 
robotics can give students a valuable perspective on systems 
integration and field experience in a real-world problem-
solving.  
 

It has been discussed that educational robotics offers great 
advantages and great benefits to improve the performance of 
the student without having a system of indicators to assess the 
impact of educational robotics applied to Mexican and 
international contexts. Companies and institutions, that handle 
this type of supplementary material for education, have not 
defined a methodological framework for assessment of their 
products or courses. Also, some authors managed only the 
before and after in students' grades or apply a test of 
knowledge, focusing on the obvious and direct benefits 
without assessing the full gamma advantages of this 
educational technique.  

II. MODEL OF ROBOTICS IN THE CLASSROOM 
The absence of formal models of how to measure the 

benefits of robotics and the complexity of the modeling, led to 
investigate the most relevant variables to achieve a concise 
and synthetic model of robotics in the classroom, which 
incorporates a group of variables that demonstrate the benefits 
of it.  Several qualitative and quantitative variables were 
identified, given the complexity of the design of the tool for 
measurement; a process of reducing the list of considered 
variables based on the experiences of various authors on 
robotics in the classroom was implemented. The identified 
variables are: Creativity [6-8, 19, 21, Teamwork [6-
11,13,19,21-22], Motivation [6-7,9,13-14,21-22], Problem 
Solving [5-6,8-12,14-15,19-22], Auto-Identification with 



Science and Technology [6-7,11-14,19], Applied Basic 
Sciences [6,11-15,19-20,22] and Applied Engineering [5-6,8-
9,11-15,19-22].  

 
The ordered variables based on their number of hits are: 

tied in first place, Problem Solving and Applied Engineering.  
Team Work and Applied Basic Sciences are tied in second 
place; Motivation and Auto-Identification with Science and 
Technology are tied in third place and Creativity in fourth 
place. 

 
The Model of Benefits (variables) of Robotics in the 

Classroom is a construct resulting from the literature and it is 
shown in Figure 1, outlining how the variables interact with 
each other variables, variables that are considered property of 
robotics in the classroom. In a logical way, we can observe a 
direct relationship between Applied Basic Sciences and 
Applied Engineering. Its direct influence on the process makes 
them input variables in the model. Note that Problem Solving 
is closely related to Motivation, Creativity and Teamwork.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 1  Model of Benefits (Variables) of Robotics in the Classroom. 

The Model of Robotics in the Classroom contains the set of 
variables and sub significant variables identified in the 
literature on educational robotics and pedagogical robotics. 
The ANOCHI method is used [16], to evaluate an idea, its 
validity and reliability through an expert consultation in a 
particular discipline, in this case, the model of robotics in the 
classroom. When the ANOCHI index exceeds 0.80, it is 

considered that there is a high or a very good match. After 
applying this methodology to the opinion of experts in 
robotics in the classroom, an ANOCHI index of 0.83 was 
obtained. This good value of reliability and agreement 
allowed to validate the model and to develop the instruments.  

 
The conceptual definition and criteria for measuring 

variables and sub variables of the Model of Benefits of 
Robotics in the Classroom are explained below:  

 
1. Creativity. Creativity is not only a set of techniques or 

inspiration of individuals, but also contains postulated 
observations, systemic and systematic observations, is not 
merely a brainstorming session, but is a group of 
innovative ideas that add value.  
1.1. Originality. Is the ability that valid proposals are 

novel [16].  
1.2. Fluency. Is the ability of the emergence of valid 

proposals aimed to overcome partial or totally the 
challenges in the classroom [16].  

1.3. Flexibility. Is the ability of the proposals to present 
different points of view leading to possible 
adaptations [16].  
 

2. Teamwork. Learning how to work effectively in teams is 
an ingredient for success in many endeavors. Specific 
skills in teamwork include: generating and sharing new 
ideas, assigning roles and responsibilities, reconstructing 
knowledge through observation, imitation, conversation 
and other social cognitive processes [11].  
2.1. Communication. Freedom to express ideas freely 

and these are heard and valued.  
2.2. Collaboration with Other People. The interaction 

and exchange of ideas to arrive at a proposed 
solution to a problem or activity that is being treated.  

2.3. Originality. Described above in 1.1. 
2.4. Reconstruction of Knowledge. To obtain knowledge 

through observation, imitation and conversation 
with other individuals. 
 

3. Motivation. Is to ensure that students full fill the 
requirements of their classes, projects and subjects 
without pressure and with responsibility, generating a 
learning environment in which the student can identify 
himself with the class. 
3.1. Active Participation. Student's interest in seeking 

knowledge or prove it either through technological 
means or speech. This implies, also, the interest of 
coming to class and participate in activities outside 
the classroom.  

3.2. Research. Students are interested in their work or 
project and spend extra time getting to know why or 
how things work.  

3.3. Confidence. The student's ability to feel safe when 
expressing their ideas or their achievement at the 
implementation of an activity. 



4. Problem Solving. The process of understanding and 
proposing solutions to a given problem. This ability is 
worth the patience, perseverance, and learning from 
others through teamwork, creative and innovative ideas, 
individual motivation or group work when generating the 
solution. New forms of learning through research, 
inductive learning and guided discovery are created.  
4.1. Research. Described in 3.1  
4.2. Inductive Learning. Is the ability to solve problems 

through experimentation and to generate 
conclusions based on observations 

4.3. Patience. It is the ability of people to act calmly in 
given situations and continue to seek an optimal 
solution.  

4.4. Perseverance. It is the ability of people to continue 
to seek a solution without losing patience in time.  

4.5. Abstraction capacity. Is the ability to solve a given 
problem based on previous experiences or cognitive 
knowledge of the student. 
 

5. Auto Identification (ID) with Science and Technology. Is 
the ability of empowerment with respect to science and 
technology. This includes the development and interest in 
technology, the confidence to work with technology and 
interest in further study in the future in some area of 
science and technology. That is, if the student considers 
himself in the future and if he feels himself capable of 
conducting technological explorations. [11].  
5.1. Technology Fluency. It is the student's interest in its 

development in technology and the confidence to 
work with.  

5.2. Sciences Affinity. Is the interest of the student to the 
study of basic sciences and thereby identify a 
prospective engineer.  
 

6. Applied Basic Sciences. It is the knowledge the child 
generates from mathematics and physics to solve practical 
problems.  
6.1. Math. It is the knowledge generated from the 

properties and quantitative relationships between 
abstract entities (numbers, shapes, symbols).  

6.2. Physics. Knowledge that seeks that its findings can 
be verified by experimentation and the theory can 
make predictions for future experiments in areas 
such as mechanics, electromagnetism, among others. 
  

7. Applied Engineering. It is the knowledge the student 
generates from electronics, mechanics, computer science, 
computer systems and programming to solve practical 
problems. These practical areas of knowledge are vital for 
the development of technology.  
7.1. Electronics. Ability to understand principles and 

foundations from the electronic area 
7.2. Mechanics. Ability to understand principles and 

foundations from the mechanic area.   
7.3. Computer Systems. Ability to understand the use 

and interaction with the computer.  

7.4. Programming. Ability to develop code, pseudo code 
or algorithms that generate a standalone solution of 
a given problem.  

With the construction of the Model of Robotics in the 
Classroom, theoretical and conceptual bases are set in order to 
define robotics in relation with the specific benefits it sustains 
and is presented as an essential precondition for the 
development of a system of indicators and the methodology of 
evaluation presented below.  

III. METHODOLOGY OF ROBOTICS IN THE CLASSROOM 
The following methodology is based on the premise that 

there is not a current model that includes indicators and 
measures of the benefits of robotics. For this reason, it is 
necessary to specify the importance of the experts’ evaluation 
method to validate what the theory and practice mention. The 
methodology is based on the understanding that robotics in the 
classroom is not a direct form of education, but it is a 
supplement to an established educational system.  

 
Figure 2 shows a graphic of the assessment methodology of 

robotics in the classroom. The column on the right shows the 
stages on which the steps of the graphic focuses and the stages 
are: the stage of distribution and application of knowledge, 
instrument development stage, followed by the stage of 
system indicators and finally, the stage of analysis of results.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  2. Evaluation Methodology of Robotics in Classroom. 

There are a huge variety of robotic programs and models of 
commercial robots. The intent of the proposed evaluation 
methodology is to present a generic model for any program or 
scheme used in a robotics course. It is important to note that 
the instruments are designed for the educational content of 



fourth grade with the aim to define the under study and allow 
a deeply evaluation of the model’s results and its methodology. 

 Each stage has specific content and implies the use of their 
own tools but those tools do not exist, they have to be 
designed and validated according to the assumptions made in 
the previous chapter. It is important to highlight the difficulty 
of considering the intangibles elements, such as the Benefit 
Perceptions Index which requires the combined use of a set of 
qualitative and statistics techniques for its measurement. 
Moreover, the Applied Science and Engineering Index is 
easier to develop due to the abstraction of content of the 
ENLACE test (Spanish acronym of Evaluación Nacional del 
Logro Académico en Centros Escolares, National Assessment 
of Academic Achievement in Schools) and TIMSS exam 
(English acronym of Trends in International Mathematics and 
Science Study). Below, the content, the scope and the tools 
used in each one of the stages are considered.  

 

A. Stage One (E1). Distribution and Application of 
Knowledge.  

At this stage, the context on which the methodology is 
being applied is defined. At first instance it is imprecise to 
apply a methodology that is equally effective for an 
elementary school student and a junior high school student.  
Although, there are many common elements, the methodology 
is partially applicable in different educative levels because the 
information contents and cognitive process vary depending on 
the individual's age. This is why it is important to place and 
contextualize in a framework the object of study with whom; 
the robot in the classroom will be evaluated.   

B. Stage Two (E2). Development of Instruments to Measure 
the Benefits of Robotics in the Classroom. 

This phase begins with the input and output variables 
described in the Model of Variables of Robotics in the 
Classroom (Figure 1). The input variables are those inherently 
applied by robotics, which, in this case are: Engineering and 
Applied Sciences. The output variables are the benefits 
generated by the input variables. A series of instruments are 
designed to be applied to children and youth, based on the 
interrelationship of these variables and sub variables.  

 
The designed instruments enable to obtain a quantitative 

and a qualitative scope, each one of these outcomes 
strengthens and supports an index that is used into the array of 
the Index of Effectiveness of Robotics in the Classroom 
(IERC). The aim of the qualitative method is to measure the 
intangible elements (Creativity, Teamwork, Problem Solving, 
Auto ID Science and Technology and finally Motivation) 
which generate the Benefits Perceptions Index (IPB), using 
statistical techniques to process the instrument.  

 
Likewise, in the quantitative approach, math and science 

tests are developed from an extraction of the ENLACE Exam 
and the TIMMS test, to generate the Index of Applied Science 
and Engineering (ISE). These two tests were used because of 
their importance and institutional support. ENLACE is used 

for the Mexican government to standardize a measurement 
system comparable to the national level in study subjects 
especially math and Spanish. This test has been applied since 
2006 in all of Mexico, with the advantage that it has a large 
amount of historical data for statistical validation and 
statistical analysis. Furthermore, the TIMSS test is an 
international exam that evaluates the math and science levels 
of performance of students in a given country. This test is 
implemented by the International Association for the 
Education of Educational Achievement (IEA) every four years 
(1995, 1999, 2003, 2007 and 2011) in countries that are 
willing to collaborate. The Latin American countries involved 
are Chile, Colombia, El Salvador and Honduras. In 2007, 
425.000 students were assessed in 59 countries, obtaining the 
gradual progress of the groups where the test was applied. 
[17]. Likewise, it provides statistical data as well as ENLACE.  

 
Three instruments are generated in order to measure the 

perception progress of the student and also, measure the effect 
of the implementation of the complementary robotic courses. 
This implies an initial, intermediate and final evaluation. Each 
instrument has 25 questions that directly involves the 
variables and sub variables in the Model of Robotics in the 
Classroom. Each instrument is introduced in a Liker scale 
form, from 1 to 5, where one represents a high perception and 
five indicates a low perception. The purpose of having three 
instruments is to determine whether or not there is an 
evolution, which can be plotted within the IERC Matrix (see 
Figure 3). The matrix and its representation and interpretation 
are developed in stage three.  
 

C. Stage Three (E3). Indicators System and Computation of 
the results.  

The scientific basis of this step lies in the importance of 
generating a set of indicators and the inter relationship 
generated by the indices to present in a graphical manner the 
location of the robotics course into the IERC matrix, in other 
words, the necessary correlation that must exist between the 
student's perception and knowledge of engineering and 
science which are being taught. In this way both ISE and the 
IPB, as measuring factors, should manifest simultaneously 
and be commensurate in a matrix where we can easily observe 
the efforts of robotics in the classroom. 
 

The IERC matrix shown in Figure 3, it is a graphical way to 
express the results of the evaluation on a given robotics course 
and it is designed not only to show the quality of the course 
based on the sciences level but also the level of perceptions of 
the benefits of the students involved in the course, the IERC 
matrix also helps to improve the course trough a series of 
recommendations related on which quadrant the course is. The 
IERC matrix has on the horizontal (x) axis the IPB and on the 
vertical (y) axis the ISE, which scale of values correspond to 
the maximum marks of their respective tools (ISE = 500, IPB 
= 500). As can be observed, the matrix is divided in four 
quadrants, the first quadrant corresponds to a high ISE and a 



low IPB; the second quadrant is the ideal quadrant, as it 
represents a high ISE and high IPB; the third quadrant is the 
opposite of the second quadrant, it represents a low IPB and a 
low ISE; the fourth quadrant indicates a low ISE and a high 
IPB, this quadrant actually indicates that the robotics course is 
taught merely for fun and serves a purpose merely of 
entertainment.   

 
Fig. 3  Matrix of the Effectiveness Index of Robotics in the Classroom (IERC). 

The impact of any course of robotics depends on its 
position within the IERC matrix; recommendations depending 
on the course location are as follow:  

 
Quadrant I (low-high). This quadrant represents the 

situation in which the student is not interested in robotics 
courses even when their use and learning in science and 
engineering are good. The most likely reason is that the form 
of teaching is saturated with content, but in a monotone, 
boring way or that the teacher does not know how to guide the 
group. Another factor is that the robots used are not fun, either 
for being too simple or too complex, but it reflects that the 
student is not interested in using them. It is likely that the 
student is unwilling to return to the courses and thereby 
threatening the reputation of the company affecting the 
recruitment of more customers. It is recommended the review 
of the course structure and to find teaching techniques that are 
fun to put in practice the science and engineering content to 
amuse the child, but without neglecting learning. Also, we 
must see the instructor's pedagogical ability to transmit 
knowledge.  

 
Quadrant II (high-high). This is the quadrant called ideal, 

since the efforts of engineering and applied sciences, their 
way of teaching, the theoretical content, and the use of the 
robots, are highly appreciated for the students and thus ensure 
the success of not only the learning of the student but also the 
course offerings from an organization and its reproducibility 
in the future.  

 
Quadrant III (low-low). Is the quadrant in which non school 

of robotics would like to be. It indicates that the students are 
not interest in the course and also the course is not practical 
because is not generating any important knowledge. It is 
recommendable to restructure the course and to incorporate 
pedagogical techniques, motivational, of high content of 

science and engineering and incorporate better educative 
robots. 

  
Quadrant IV (high-low). This is the quadrant that presents 

an inherent danger to the philosophy of robotics in the 
classroom, since it is used only in the form of entertainment. 
Probably the course is based in an autocratic philosophy and 
with guided instructions, not allowing the students developed 
their own knowledge through experimentation. As a result, the 
child is being entertained with novel and playful activities 
without fomenting any applied science and engineering 
knowledge. It is broadly recommended to integrate applied 
science and engineering knowledge to the course in a fun and 
emotive manner, and also train teachers. 

 
In order to validate the application of the IERC Matrix, an 

investigation is carried out in public, federal and state schools 
in the city of Chihuahua, to determine the proper functionality 
of the tools and the generation of the indices (IPB and ISE). A 
total of 8 federal schools and 8 state schools in the fourth year 
participated.  
 

D. Stage Four (E4). Analysis of Results. 

The central idea of this stage is to analyze the results 
provided by the instruments through statistical methods. The 
computer program SPSS 17 from IBM is committed to the 
task. Among the tests being developed are: factor analysis, 
correlation tests and calculation of basic statistics such as 
Mean, Standard Deviation and Mode.  

 
For the analysis of results, the premise departed from that 

there is no model to compare it with, for that reason, three 
questionnaires were designed for the IPB, to measure a 
gradual increase over a curve of knowledge or to position the 
group before the course in one IERC quadrant and a after the 
course in the same IERC matrix. However, the decision to 
establish a control group was taken; this means that in each 
one of the participating schools in the robotics program has at 
least one group of the same grade level outside the educational 
robotics program. That is, a group "B" who was not involved 
in robotics in a given school, the same initial and final tools 
were applied, similar to the ones applied to a group “A”, to 
evaluate the difference between taken or not taken a course in 
robotics and in this way, be able to validate the model and the 
methodology proposed by the author.  

 
Besides the comparison with the control group, a 

comparative analysis with the historical results of the 
ENLACE exam and the overall hit rates of TIMSS was made, 
because it is not possible to determine the IPB for this 
comparative due to is not possible to apply the instruments to 
the students as long as they were evaluated for the IEA in an 
international level. The information is presented as a 
relationship between bar charts for explanatory and 
comparative reasons.  

 



IV. INDICATORS SYSTEM TO MEASURE ROBOTIC IN THE 
CLASSROOM  

The measurement of robotics in the classroom is conceive 
of two indices in order to generate one final index (IERC): 
The first index (ISE) is relative to the input variables that the 
theory supports what is robotics and the second index (IPB) is 
about the benefits or advantages that the same theory says that 
it generates in its application in the classroom. Both comprise 
a set of magnitudes where each one represents its utility, 
interpretation and mathematical proposal for its calculation. 
To determine the coefficient of each of the variables, we 
proceeded, first of all, to validate the model with experts 
(ANOCHI method) applying a questionnaire with a Liker 
scale from 1 to 7, where 7 indicates that the experts are in 
complete agreement and 1, indicates that the experts disagree 
completely. This scale is used to provide a wider range of 
opinion to the respondents. Then, each one of the variables 
was divided into equal percentages with respect to each one of 
the sub variables, later; this is multiplied by the average 
interview of the Liker scale, obtaining a weighted average that 
later was normalized to 100, in order to obtain a common 
scale in each variable.  

 
As an example of the explained above, we are going to take 

the variable Creativity, it has as sub variables: Originality, 
Fluency and Flexibility (fig. 1). Once we applied the 
questionnaire based on Liker scale to the experts, we proceed 
to calculate the average of each sub variable trough all the five 
evaluated experts (i.e. Originality for expert one: 7; expert two: 
7; expert three: 7; expert four: 7; expert five: 5, mean: 6.6). 
Then, having as consideration that the variable Creativity has 
three sub variables, we proceed to give a ponderation of 33.3% 
for each one in order to represent the variable as 100%. Later 
to obtain the weighted average of the sub variable it is 
calculated trough the multiplication of the mean of the experts 
average by the corresponding ponderated sub variable (i.e. 
Originality: 6.6 x 33.33% ��2.2). Now this last value gets 
normalized performing the sum of all the weighted average of 
each sub variable and considering the result as 100%, finally a 
cross- multiplication is used to calculate the factor for each 
sub variable. ( i.e. Creativity = 6.33 , Originality = 2.2, Factor: 
34.7% ) 

 
  Following is the explanation of the equations used with 

their respective coefficients.  

A. Index of the Effectiveness of Robotics in the Classroom. 

IERC = !!IPB!×!ISE   (0≤IERC ≤250,000) 
Where: 
IPB: Index of Perception of Benefits. 
ISE: Index of Applied Science and Engineering.  

B. Index of Perception of Benefits. 

!"# = !! (!"#$! + !"! +!"#! + !"! + !"#$%&!)!
!!!  

( 0!  IPB !  500) 

Where: 
k: students tested (k=1,…n). 
n: number of participating students in the classroom. 
CREA: Creativity variable. 
TW: Teamwork variable. 
MOT: Motivation variable. 
PS: Problem Solving variable. 
AutoID: Auto Identification with Science and Technology 
variable.  

1)  Creativity. 

  CREA ! !! (!".! !! !! !!!".!!!!!!!!".!!!!!"!)
!!!!

!
!!!   (  0≤ CREA ≤ 100) 

Where: 
O:  Originality sub variable.  
F:  Fluency sub variable.  
Fl:  Flexibility sub variable.  
O, F and Fl are calculated trough mean formula:!! (!,!,!")!

!
!
!!!  

2)  Teamwork. 

TW = !! (!".! !! !!" !!!! !! !!!!"!!!!.!!!!!"!!!".!!!!!!)
!!!!

!
! ! !   

(0≤ TW ≤ 100) 
Where: 

Co:  Communication sub variable.  
Cl:  Collaboration sub variable.  
RK:  Reconstruction of Knowledge sub variable. 
O:  Originality sub variable.  
Co, Cl, RK and O are calculated trough mean 
formula:!! ! !" !!" !!" !! ! !

!
!
! ! !  

3)  Motivation. 

MOT = !! !!!! !!" ! ! ! ! !! !! ! ! !" !! !!" !

! !! !
!
! ! ! !       ( 0≤ MOT ≤ 100) 

Where: 
AP:  Active Participation sub variable.  
R:  Research sub variable.  
SC:  Self-Confidence sub variable.  
AP, R and SC are calculated trough mean 
formula:!! ! !" !!,!")!

!
!
! ! !  

4)  Problem Solving. 
!"

= !! (19.1!!!!"! + 2! .6!!!! ! ! !" !8!!!!"# ! + 19.8!! !!" ! ! !" .8!! !!" ! !
! !! !

!

! ! !

 

(0≤ RP ≤ 100) 
Where: 

IL:  Inductive Learning sub variable.  
R:  Research sub variable.  
Pat:  Patience sub variable.  
Pe:  Perseverance sub variable.  
AC: Abstraction Capacity sub variable.  
IL,R, Pat, Pe and AC are calculated trough mean 
formula:!! ! !" !! !!"#,!" !!" ! !

!
!
! !!  

5)  Auto Identification with Science and Technology. 

!"#$%&! !!
(!" !! !!" ! ! !" !!!!" ! !

! !! !
!
! ! !  (0≤ AutoID ≤ 100) 



Where: 
TF:  Technological Fluency sub variable.  
AS:  Affinity to the Sciences sub variable.  
TF and AS are calculated trough mean formula:! ! !" !!")!

!
!
! ! !  

C. Applied Science and Engineering Index (ISE).  

ISE = !! (!"#! + !"!!!
! ! !  (0≤ ISE ≤ 500) 

Where: 
ABS: Applied Basic Sciences variable. 
AE: Applied Engineering variable. 

1)  Applied Basic Sciences. 

!"# ! !!
! !" !! !!"# ! ! !" !! !!!!! )

!!! !
!
!!!  (0!  ABS !  250) 

Mat:  Mathematics sub variable.  
Phy:  Physics sub variable.  
Mat and Phy are calculated trough mean 
formula:!! (!"# ,!!!)!

!
!
!!!  

2)  Applied Engineering. 
 

!" ! !!
(!" !! !!! ! ! !" !! !!" ! ! !" !!!!"!

+19!! !!" ! ! !" !! !!" !)
200!

!

!!!
 

(  0≤ AE ≤ 250) 

Where: 
EE:  Electronics Engineering sub variable.  
ME:  Mechanical Engineering sub variable.  
IE:  Informatics Engineering sub variable. 
CS:  Computer Science sub variable.  
PL:  Programming Languages sub variable.  
EE, ME, IE, CS, and PL are calculated trough mean 
formula:!! !!!,!",!" !!" !!" ! !

!
!
! ! !  

 
In this section, the developments of the theoretical and 

operational fundaments models of the Model of Robotics in 
the Classroom and each one of its methodological stages, 
which are considered important contributions for the present 
investigation as well as the development of instruments that it 
applies, were demonstrated. Finally, the design and metrics of 
the model, which are imperatives to document and evaluate 
with respect to the applicability degree of the present proposal 
were presented.  

V. IMPLEMENTATION AND SCOPE OF STUDY 
For implementation reasons of the research, fourth grade of 

elementary school was defined as the object of study. Being 
16 participating schools and a total of 960 students, of whom 
half are children taking robotics course and half are not taking 
them. This sample was calculated from a universe of children 
in the fourth year of 18,900 people in the city of Chihuahua 
and with a confidence level of 95% and a confidence interval 
of 5%, resulting in a sample of 377 as minimum. As for the 
courses, robotic models are used based on the B.E.A.M. 
philosophy (English acronym of Biology, Electronics, 

Aesthetics and Mechanics) [18], these robots are chosen for 
their low cost and because no computer is required for their 
operation. So, the courses are complemented with science 
practices. In this object of study is where the evaluation 
methodology and the developed instruments are implemented 
for later processing and analyzing applying the IERC matrix.  

 
Two different exams were applied, the first consists in an 

exam of 44 questions based on TIMMS and ENLACE and 
trough the formulas explained before it generates the ISE, it 
worth to mention that the ISE exam has not questions related 
directly to the robotics course, it has only general questions 
related to science and mathematics. Later, for IPB it is 
generated also trough the formulas and is based on a 
questionnaire of 22 interrogations with a Liker scale from 1 to 
5. So far only 6 schools have been evaluated, figure 4 shown 
the percentage of improvement for the tested school related to 
the group the has taken robotics against the group on the same 
school the has not taken (Formulas: IPB Robotics / IPB No 
Robotics and ISE Robotics / ISE No Robotics). 

 

 
Fig. 4 Percentage of improvement per school for both indices. 

As it can be observed, all the evaluated schools shown an 
improvement on the level of ISE for at least 17%, but the 
results varies on the IPB, where 5 of the 6 evaluated schools 
shown an improvement of the perceptions of the benefits. 
Moreover it is necessary to shown the IERC for the evaluated 
schools, figure 5 presents the visual interjections for both 
indices mentioned above. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5 IERC matrix for the schools evaluated. 



Figure 5 shows that all the schools has a good level of IPB 
but it represents considerable differences related to the ISE 
level, all the six schools that has taken a robotics course are in 
the quadrant II (high IPB, high ISE) while five of the six 
schools that has not taken robotics are in the quadrant IV 
(high IPB, Low ISE). 

VI. CONCLUSIONS 
So far, a methodology proposal and a system of indicators 

used to measure robotics in the classroom were presented. 
Also, one of the most important premises of this research: 
generate a model of benefits of robotics in the classroom, 
which is endorsed by experts in this field was shown. In 
addition, this research supports the central idea that the 
intangible benefits, such as Creativity, Teamwork, Problem 
Solving, Auto ID with Science and Technology and Motivation 
are measurable from a qualitative point of view and applicable 
to statistical methods in order to interlink them with the 
teaching material which is being used based on a robotics 
course of Applied Science and Applied Engineering, in order 
to generate the quantitative part of an oriented metric and 
presented in a quadrant system. It is important to mention that 
the level of sciences and engineering was measured in an 
indirect way, it means, that the applied exam has not questions 
related to the course. For the IERC matrix (fig. 3), the main 
reason for its conceptualization is to present in a graphical 
form where the current efforts of the robotics course of a 
given institution are placed and with this, determine in a clear 
and concise manner the direction and magnitude that is having 
on the group, so the improvement area or content opportunity 
or improve the quality of the courses on their teaching 
technique can be predicted. It get concluded that the efforts in 
robotics can be measured from the quantitative and the 
qualitative approaches, related to level of science and 
engineered and the perceptions of benefits respectively and 
can be used to improve the course level in a graphical way as 
the IERC matrix proves. 
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