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Abstract - Using of educational robotics in teaching and learning has become increasingly higher among the educational 

institutions in the present context. Solving various problem using educational robotics is very easy now a days due to the 
technological advancements in artificial intelligence and machine learning.  Innovative teaching with the help of educational 
robotics is the need of the hour and it‟s highly needed in the competitive higher educational field. This paper is an attempt to 
use the educational robotics in teaching and learning of STEM concepts. As an initial attempt, three case studies were 
discussed from the STEM concepts and its application and implementation parts were discussed in detail. 
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I. INTRODUCTION 

 

Now days, there is a successive requirement for the 

practice of creative methodologies in teaching and 

learning of Science, Technology, Engineering and 
Mathematics (STEM). The traditional teaching and 

learning methods are not fulfilling the requirements 

of modern society; they leave an empty place for 

new, unusual teaching and learning looms, i.e. 

dynamic teaching and learning strategies. In 

consecutive time, understudy assumed a part of a 

question of study process, getting the information 

through lectures. In modern times, a graduate is 

required to be dynamic, to have the capacity to take 

snap choices regarding vulnerability and basic 

circumstances. As for these prerequisites, the 
conventional teaching approaches, i.e. lecture-

seminar, computer-based, inquiry-based, context-

based, associative learning methodologies and 

additional curricular exercises have been endeavored 

to enhance understudy states of mind and 

accomplishment in the education of Mathematics and 

Science. These traditional methods of teaching and 

learning processes do not respond to the current 

distinguished identified challenges. In this manner, 

there is a developing requirement for presentation of 

creative advancements and teaching techniques that 

would allow involving the students in the educational 
process. 

 

II. LITERATURE REVIEW 

 

Based on theoretical and experimental research, 

dispositions, inspiration, and interest are viewed as 

imperative determinants of the quality and adequacy 

of the learning process (A. V. Maltese, & R. H. Tai, 

(2011), M. Vansteenkiste, W. Lens,  & E. L. Deci, 

2006; P. R. Pintrich,  R. W.Marx,  & R. A. Boyle, 

1993; Hidi and Renninger, 2006). Numerous 
scientists were suggested that emotional learning 

results may be immensely essential to additionally 

learning in comparison with intellectual knowledge 

(A. V. Maltese, & R. H. Tai, (2011). Although the 

immediate connections amongst disposition and 

accomplishment as seen in exact investigations are 

excessively feeble for such claims (X. Ma, & N. 

Kishor, 1997; K. Singh, M. Granville, and S. Dika, 
2002), it is clear that effective outcomes are 

important. 

 

Our daily life has been influenced rapidly by 

technological developments. Therefore, researchers 

moved towards technological approaches to find the 

effective teaching and learning processes.  An 

exponent from this recent reality, Robotics may be 

effective in teaching and learning of STEM (M. J. 

Mataric, N. Koenig, and D. Feil-Seifer, 2007; B. S. 

Barker, G. Nugent, & N. Grandgenett, 2008; H. Altin, 
& M. Pedaste, 2013) since it empowers certifiable 

usage of the ideas of designing and innovation and 

helps to remove the abstractness of science and 

mathematics (G. Nugent, 2010). 

 

Robotics has also attracted much attention of 

numerous educators, professionals and analysts as a 

contrasting option to help learning in various 

subjects. Since robots are a multi-dimensional device, 

they have been considered as a reciprocal device to 

enhance learner‟s inspiration and conceptual ideas 

understandable (M. M. McGill, 2012; K., Sakata and  
G. S.  Olguin, 2011; F. Bertacchini, E. Bilotta, L. 

Gabriele, P. Pantano, and R. Servidio, 2010; A. 

Behrens L. Atorf, R. Schwann, B. Neumann, R. 

Schnitzler and J. Balle, 2010). The advantages of the 

technology are comfortable for understudies, 

educators, and additionally cost and time viability. It 

is contended that the social robots and virtual 

operators might “improve the accessibility of 

pedagogical content” (J. Li, 2016). The utilization of 

robots for STEM is moderately new. A robot is a 

machine that can take every necessary step of a man 
and that works consequently or is controlled by a PC. 

There are a few ways that the robots can be utilized 

as a part of the classroom. Utilizations are subject to 
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the capacities of the robot innovation, and the 

educational needs of the instructional circumstance. 
Recently, a few investigations have been done with 

the scan for the utilization of robotic technology to 

improve the teaching learning process. An automated 

based learning test that occurred in a primary 

education, Physics class was outlined and Fig 1 & 2: 

Steering Mechanism of the motorcycle robot 

 

 
 

contemplated (D. Alimisis and E. Boulougaris, 2014). 

In spite of the fact that they are wary to reach any 

broad inferences from their discoveries, they 

underline the part of the movement. Another 

educational robotic program was an informal project 

developed by G. Nugent to implement a 

comprehensive program for youth. The outcomes 

affirm the discoveries of Grandgenett, Adamchuk, 

Nugent and Barker. They outline that the venture 

advanced STEM adapting, especially as far as 
information about building, designing plans, and 

programming, however Mathematics learning did not 

demonstrate high increments from interest. S. 

Atmatzidouand  S.Demetriadis reported the execution 

of educational robotic activities in a secondary 

technical school. 

 

C. Kim (2015) used robotics in their research plan to 

advance rudimentary instruction preservice 

instructors STEM engagement, teaching and learning. 

The results were demonstrated that preservice 
teacher‟s engagement enhanced overall if robotics is  

used as a technology in activities which were 

designed for a particular task. There are as of now 

some experimental observations recommending the 

viability of educational robotics as an integral device 

for teaching and learning process, as featured by a 

past review (F.B.V. Benitti, 2012) which gives a 

thorough and applicable technique to break down the 

proof significant to a specific research question (B. A. 

Kitchenham and S. Charters, 2007). Also, 

observational confirmation is imperative to reinforce 

the connection amongst training and speculations that 
protect the capability of exercises with mechanical 

relics to enhance classroom teaching (S. Papert, 

1993). The utilization of robotic technology would 

not ensure the pickup in learning by students as 

disavowed (I. Gaudiello and E. Zibetti, 2016), use of 

robotics must be fathomed as an instructive device (J. 

Johnson 2003; D. P. Miller, I. R. Nourbakhsh, and S. 

Roland, 2008; N. Chan Lye, K. W. Wonga and  

A.Chiou, 2013;) notjust as a content to teach. A 
supportive direction is indicated by the Carnegie 

Mellon's Robotics Academy to determine how to 

begin an effective robotic program for the teaching 

and learning process for the enhancement of STEM. 

 

However, the past work concentrates around 

encounters in schools, one can find that it‟s hard to 

acquire momentum display of educational robotics 

proves in organizations, in which robots could 

likewise be utilized as corresponding apparatuses for 

research or effort exercises. Despite, the fact that a 

couple of non-deliberate examinations as of late led 
to limit this issue however they don't give an 

unmistakable picture of the arrangement of the 

essential issues, they either think about various 

educational levels or focus on particular themes. 

 

Further, there are no systematic data is available in 

the literature to the best of our knowledge, which 

fulfil the requirement of thrust area and can explore 

the effect of educational robotics in STEM education. 

Therefore, by taking this issue into account, we 

attempted a systematic study on effect of educational 
robotics in STEM education.  

 

III. METHODOLOGY & CASE STUDY 

 

Case 1: Using Robotics in Science and Technology – 

Motorcycle Steering for Balance 

The concept of motion in two dimensions are 

explained in this case study. The objective of this 

case study is as follows 

 Create a motorcycle robot that uses chains and 

steering mechanism 

 Creatively solve problems with motorcycle robot 
The motorcycle uses a motor for the back wheel to 

control the travel speed. The front wheel is used 

to control the rotation angle and the back wheel 

is used  to move forward and backward. 

Knowing the basics of two-dimensional motion 

will allow us to examine a variety of situations, 

ranging from the motion of satellites in orbit to 

the motion of electrons in a uniform electric 

field. The concept of vector nature of position, 

velocity, relative motion and acceleration are 

very important. In this case study, the motorcycle 
uses  

 

a steering device to change the direction of front 

wheels. 

Because the rotation angle of the handle and wheels 

are in the same proportion, when the handle is turned 

30 degree, the wheels will turn the same. A gearbox 

was made to move the handle more than wheels as 

given figure 1. The fissure 1 also shows how the 

steering gear ration makes the wheel rotate of 30 

degree while the handle is turned 360 degree. The 
robot can be used to control the steering mechanism. 
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The device used to change the motion direction at the 

front wheel is called a steering mechanism. Cars 
require both front wheels to change directions, so it is 

made up of many complicated devices. A rack and 

pioneer gear is used to move the two front wheels. 

When the handle wheel is turned, it also rotates the 

pinion gear. This rotational motion is then 

transformed through the saw tooth pattern of the rack 

into a translational motion of the cylinder which 

subsequently changes the angles of both front wheels. 

The flowchart algorithm is given below. 

 

This is an algorithm that makes the motorcycle robot 

turn according to the button‟scommands. 
The programming phase is described in the procedure 

below. 

ENDLESS LOOP 

{ 

  IF(PORT[3] <= left-threshold && PORT[2] 

>right_threshold) 

 { 

 CALL turn_left 

 CALL turn_standby 

 } 

ELSE I F(PORT[3] > left-threshold && PORT[2] <= 
right_threshold) 

{ 

 CALL turn_right 

 CALL turn_standby 

} 

ELSE 

 CALL forward 

} 

FUNCTION turn_left 

{ 

ID[2]: Goal Position=left 

ID[1]: Moving Speed=forward_speed 
} 

FUNCTION turn_right 

{ 

ID[2]: Goal Position=right 
ID[1]: Moving Speed=forward_speed 

} 

 

If we change the front wheel of the motor 

cycle to its actuator mode, the angular position of the 

wheel is adjustable. The moving speed to a given 

position can also be adjusted from „0‟ to „1023‟ at the 

maximum. This output is described in the following 

Figure 3. 

Case 2: Using Robotics in Engineering - Solving 

Dijkstra algorithm using educational robotics 

Learners found difficult to understand the Dijkstra 
algorithm as in the selection of the node and the 

conversion of temporary node to permanent node by 

connecting with right edge. Which are difficult to 

understand through traditional chalk and Board 

approach of learning?  To understand this concept, 

we have given a task to learners to make a role play 

to define the Dijkstra algorithm involving the 

maximum students of class. The role of the other 

group of participants was to assign the values to the 

nodes and uses ropes in place of edges with assigning 

direction and nonnegative weights to increase the 
complexity for better understanding apart from this 

the prototype model is used to give students better 

vision and clarity. 

 Define Minimum Spanning Tree (MST) & 

Shortest Path Problem (SPP). 

 Differentiate between MST and SPP 

 Explain the Steps of Dijkstra Algorithm 

 Calculate the shortest path from the source 

vertex. 

 Apply the concept of single source shortest path 

algorithm in real life problems e.g. Airline flight 
times, Computer networks response times etc. 

 
Table 1: Learning Approach in my classroom, employing the following specific methodologies

Time 
(in 

min) 

Content Learning Aid and 
Methodology 

Faculty 
Approach 

Typical Student 
Activity 

Learning 
Outcomes 

(Blooms + 

Gardeners) 

10 

 

MST & SPP Analogy, 

PPT 

 

Explain Listens Understanding 

linguistic 

Intrapersonal 

15 Dijkstra 

Algorithm 

Chalk and Talk, 

Chart Presentation 

Explain Listens & 

Analyse 

Understanding 

Intrapersonal 

Logical 

15 Demonstration of 

Dijkstra 

Algorithm 

Role play Facilitates Participates, 

Observes 

 

 

Understanding, 

Linguistic 

Intrapersonal, 

interpersonal 
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10 Application 

of Dijkstra 

Algorithm 

Prototype Model, 

Chart 

Demonstrates Listens, 

Calculates 

Interprets 

Understanding, 

Applying 

Analyzing 
Intrapersonal, 

Spatial 

Logical 

5 Conclusion Rapid Fire Facilitates 

Questions 

Answers 

 

 

Remembering, 

Understanding 

Interpersonal, 

Mathematical & 

Logical 
Linguistic 

Challenges and Implementation:  

Session plan took more time and effort for 

preparation. The development of new and innovative 

approach for this topic. Session plan should build 

such that the students get the practical approach over 

it. Time Management was a challenge as the activity 

was dynamic in nature.  Active participation from the 

learners as they are not habitual of doing such activity 

and role play was a new activity for them. 

Learning outcomes achieved by learners 

 Found Dijkstra algorithm learning very 

interesting and easy.  

 The learners participated actively in the learning 

process. 

 Improvement in analytical skills. 

 Interpersonal, Intrapersonal, visual and linguistic 

skills improved. 

 Teaching paradigm shifted from faculty to 

learners. 

 The learners themselves formed the group and 

conducted the activity and hence paradigm shift 
was there. 

Learners Feedback 

 Understanding the algorithm very interestingly. 

 Found learning in the class very interesting. 

 Found digital and circuit representation effective. 

 Happy to have a lively classroom environment as 

they had fun with study. 

 Found the role play very effective. 

Case 4-Using Robotics in Mathematics 

Mathematical modelling is a process to convert the 

real-world problem in the form of mathematical 
equations such that algebraic equations, differential 

equations, integral equations, integral-differential 

equation etc. Mathematical modelling is a continuous 

process. It contains the following steps: 

 

 
Fig 3. : The mathematical modelling process 

The functions play the key role in the study of real-

world problems. The real-world problems first 

translated to the mathematical language, most of the 

mathematical languages consists differential 

equations.  The study of the calculus involves the 

mathematical analysis of the functions. The function 

is a correspondence between the two sets in such a 

way that the unique element of domain has a unique 

correspondence with co-domain. To explain the 

concept of function, we use the following concept of 
robotics:  

 

Relational functions with the help of Robot Porter 

Avoiding Obstacles:  

The objectives of this Robot are:  

 To identify the suitable mathematical function 

that express the path of the robot 

 Create a robot that avoid obstacles then find and 

move objects 

 An algorithm that enables the robot to find the 

objects and move it to a designated location 

 Creatively accomplish mission with probe car 

robot 

The function is considered as a machine. If the input 

“x” is assign to the machine and accepted In this 

paper, we have taken the short distance to detect the 

object so that we have taken the IR sensor. In case if 

the robot loose, the communication and path or fall 

then we shorten the problem by fixing the stand by 

time. If the robot does not arrive to designated 

location, then the problem fixed by the command 

“TimeforStopStandby” in the program.   

by the machine let it produces the output f(x). The 

preprogrammed calculator is a good example of 

machine for example, the square root of number, if 

we assign a positive real number then the calculator 

accepts it and display the output on the screen that 

represent the set of positive real number exist in the 

domain of the function. At the other hand if we assign 

the negative real to calculate the square root of the 

calculator displayed an error.  

 
 Fig 4:  The input and output the function 

𝑓 𝑥  
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To explain the concept of function, we are using the 

probe car robot detects to boxes to move, the path is 
pre-decided so that the robot will not travel on the 

wrong path. The robot is unable to detect the box on 

the wrong path. The path is designed in such an order 

so that the boxes should not undetected. The path is 

detected by the IR sensor assembled in the robot. The 

schematic diagram is shown in the below to move the 

box and detect the path. The probe car robot is 

controlled by the remote control operated by one of 

the learner. The probe car robot can have the three 

types of method IR sensor, Zigbee or Bluetooth 

controller. The IR methods can be chosen based on 

the requirement of the physical requirement.  
 

Table 2: The list of various category of the sensor 

Category Transmit/Receive 

Distance 

Characteristics 

IR Short Distance Require channel 

setting, and 

unstable due to 

communication 

interference with 

line of sight 

Zigbee Middle distance Works longer 

distances and does 

not require the 

channel setting  

Bluetooth Long Distance Works with other 

devices if ID is 

properly set 

 

 
Figure 5: Flow Chart algorithm 

 

RESULTS AND DISCUSSIONS 

 

The learner has the following observations and 

feedback while using the robots in the class-room 

activities to deliver the knowledge of the complicated 

subject.  

 

 The selected topic must be well suited with topic 
delivering in the active classroom.  

 The selected educational robot should be well 

experimented and discussed with expert in the 

field of educational technology and the subject 

expert.  

 The training program must be conducted for the 

faculty in their expertise field.  

 The lecture delivered with the help of 

educational robots is a long duration activity. 

Therefore, each activity should be planned with 

outcome oriented.  

 The duration of training is only one hour per 

week and this can be increased. 

 The training program required the proper manual 

of the experiment for the courses of 

Mathematics, Object Oriented Programming, and 

physics.   

 Each method, in turn, has numerous techniques 

and variations which will enable learners achieve 

different knowledge levels of Blooms Taxonomy 

and Gardener„s Multiple Intelligence.  

 It is scientifically proven that Human brain 
cannot focus on one topic not more than 15 

minutes.The session must include internal shift 

of teaching strategies to break monotonous 

session.The learners need separate timings for 

the robotics class apart from theory classes.  

 The educational robotics lab maintenance of the 

is required. 

 Involvement of computer science faculty having 

good knowledge of programming is necessary 

for the development of STEM course manuals 

and the successful execution of the Robots. 

 The students should develop the concept of 
creating machines that can operate 

autonomously. 

 Importance to be given for designing and 

programming of Robots rather than spending 

more time in assembling the parts. 

 

I. CONCLUSION 

II.  

This paper is an attempt to use the educational 

robotics in teaching and learning of STEM concepts. 

As an initial attempt, three case studies were 
discussed from the STEM concepts and its 

application and implementation parts were discussed 

in details. The students found it interesting to learn 

these concepts as part of their course. More concepts 

from STEM will be considered in  the future for 

further development into a e-course. 
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