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INTRODUCTION

Technological innovation, social and economic chan
ges, and accelerating globalization are constraining the 
education system to prepare school graduates to integrate 
successfully into the rapidly changing world. The OECD 
(2018) report entitled The Future of Education and Skills 
2030 states that the future is uncertain and we cannot 
predict it; but we need to be open and ready for it. Children 
entering the education system today will be young adults by 
2030. Schools have to prepare them for jobs that have not 
yet been created, for technologies that have not yet been 
invented, and to solve problems that have not yet been 
anticipated. To navigate through such uncertainty, students 
will need to develop curiosity, imagination, resilience and 
selfregulation. They will need to respect and appreciate the 
ideas, perspectives and values of others, cope with failure 
and rejection, and move forward in the face of adversity. 

Heinrich, Bhattacharya, and Rayudu, (2007) emphasize 
that rapid technological change, increasing globalization 
and a changing world of employment with multiple roles 
during one›s professional life are necessitating a change 
from knowledge to learning societies. Full participation 
requires lifelong learning skills, meaning the ability to 
solve problems, work both independently and in a team, 
communicate effectively in different formats, and self
direct one›s learning and professional development needs. 

What tools do schools have in order to deal with this 
challenge? In the past, technology education had often 
been associated with crafts or vocational education for 
lowachieving students. However, in recent years, leading 
countries at the forefront of science and technology around 
the world have been making efforts to include the teaching 
of innovative subjects in technology and engineering as 
an integral part of the curriculum for all students in K12 
education. Along with teaching basic subjects such as 
the humanities, languages, mathematics and science, 
schools are expected to expose all students to new 
technologies, impart knowledge and skills to them to use 
these technologies effectively, and foster their motivation 
to integrate into the world of research and innovation in 
technology and engineering. 

The present paper aims at highlighting some directions 
for technology and engineering education in K12 schooling 
intended to meet the challenges mentioned above based 
partially on the experience obtained in schools in Israel and 
in other countries.  

 
INTERDISCIPLINARY VIEW OF TECHNOLOGY AND 

ENGINEERING EDUCATION

Educators today are increasingly aware of the 
importance of imparting an interdisciplinary view of 
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technology and engineering to students, as illustrated in 
Figure 1. 

Figure 1: Interdisciplinary view of technology and 
engineering.

The five aspects illustrated in Figure 1 are not discrete 
but overlap one another to a certain extent. For example, 
technology is often described as the field of knowledge and 
experience through which people change the environment 
to meet their needs and desires. Engineering is the division 
of technology that uses science and mathematics for 
design and problem solving. Computing is a central aspect 
of developing new technological artefacts and services. 
These five components are often ‘hidden’ in projects that 
the students do, and it is necessary to guide the learners 
to address these aspects directly in their project design, 
construction, testing and documentation, as demonstrated 
in the following examples. 

Example 1: addressing aspects of mathematics, phy
sics and computational thinking in robotics 

Robotics is one of the most common learning 
environments in technology and engineering. Barak and 
Assal (2018) present a case in which students explore the 
velocity of a robot by marking the distance the robot moves 
on the floor every five seconds. They use a spreadsheet to 
draw a graph of the distance X (Cm) depending on the Time 
(sec) and calculate the robot’s average velocity v (m/s), as 
illustrated in Figure 2. 

  
 

Figure 2: Robotics, STEM and computational thinking: 
students explore a robot’s velocity by measuring the distance 
X (Cm) the robot moves on the floor over Time (sec).

In the example described in Figure 2, the students deal 
with concepts of technology, physics, mathematics and 
computational thinking, including programming the robot 
and using the computer for data presentation and analysis. 
In the study from which this example was taken (Barak & 
Assal, 2018), the students liked this activity because it 
related to what they had learned in other subjects in school.

Technological aspects of projects in robotics include 
the concepts of feedback and control, sensing, amplification 
and optimization. According to Yadav, Hong and Stephenson 
(2016), computational thinking (CT) refers to exposing 
students to computing ideas and principles within the 
context of the subject areas they are already learning, 
for example, mathematics, science, technology or the 
humanities. Wing (2006) defined computational thinking as 
“solving problems, designing systems, and understanding 
human behavior by drawing on concepts fundamental to 
computer sciences.” It is important to note that the concept 
of CT is not just restricted to the teaching of computer 
science or programming, but also to the use of principles or 
tools from the computer world for investigation, planning or 
problem solving. For example, in a project on temperature 
control in a greenhouse, students can use a temperature 
sensor connected to a computer to store information 
on temperature changes in the greenhouse over 24 
hours and analyze these data to design an adequate air
conditioning system. Let us see two additional examples of 
teaching engineering and technology focused on fostering 
computational thinking 

Example 2: teaching computercontrolled systems 
Hacker (2017) asserts that a sound pedagogical 

approach for fostering computational thinking would 
guide students in revisiting computer science (CS) and 
computational thinking (CT) concepts in both physical world 
contexts, for example, robotics and computer control, and 
virtual world contexts, for example, game design. In the 
past decade, we have witnessed the rapid development 
of advanced, easytouse inexpensive microcontrollers 
such as the Arduino, together with sensors and devices 
for measuring and controlling physical variables such as 
temperature, humidity, light and sound. This has made it 
possible for teachers and students to design sophisticated 
control systems with only basic electronics or programming 
knowledge. For example, Barak (2018) presented the case 
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of two Israeli high school students who developed a system 
to prevent forgetting a baby in a car. The system uses an 
ultrasonic sensor and Arduino microcontroller to identify 
whether there is a baby in the baby’s car seat. In case of 
emergency, the microcontroller: (1) opens the car windows 
automatically; (2) sounds an alarm; and (3) sends a signal to 
the car owner via a GSM cellular card. 

This example demonstrates remarkable options 
of experiencing problem solving through project work 
in a computerized environment, from choosing the 
conceptual solution to the problem, to troubleshooting 
specific problems in the system’s components or software. 
Students working on noncomputerized electronics projects 
in contrast are more likely to progress along a linear path: 
planning, constructing, troubleshooting and improving. 

Example 3: learning with Lego Mindstorms robots 
A useful platform for fostering computational thinking 

in problem solving is robotics. Among the most popular 
educational robots is the Lego EV3 robot, which comes with 
a rich set of sensors, including a touch sensor, a light color 
sensor, an ultrasonic sensor and a gyro, as illustrated in 
Figure 3. 

Figure 3: Lego Mindstorms EV3 robot, including a light 
color sensor and an ultrasonic sensor.

The programming of the EV3 Logo robot consists of:
• Action blocks that control motor operation;
• Flow blocks, for example, loops and conditions; 
• Sensor blocks; 
• Data operation blocks. 

Figure 4 shows a typical EV3 robot program that 
includes two motor blocks, a sensor block and a loop. This 
is one of the most sophisticated and popular educational 
robotic educational systems, although it is quite expensive 
for schools. 

Figure 4: A typical Lego EV3 robot program. 

Example 4: learning programming and control 
concepts with Scratch

A common environment for teaching computational 
thinking and problem solving is the free Scratch educational 
programming language, which was developed at MIT and 
released in 2013. Scratch has been translated into 70+ 
languages and is used in homes, schools and afterschool 
clubs in almost every country around the world. In its basic 
version, Scratch is oriented at controlling the movement of a 
virtual spirit, for example, a cat, on a working surface. There 
are many programming blocs, such as action, flow, control, 
sensing and mathematical operations, which are similar to 
the EV3 programming method. Recently, Scratch has been 
used increasingly to control objectives in the physical world, 
for instance, activating motors, reading data from sensors, 
controlling the Arduino microcontroller or the Lego EV3 
robot, as seen in Figure 5. 

Figure 5: Using Scratch to control a Lego NXT robot. 
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Example 5: robotic control by Python
MolinsRuano, GonzalezScaristan and GraciaSaura 

(2018) point out that although Scratch is a great tool for 
new young learners, the design and default spirit of Scratch 
might be considered childish and could discourage high 
school or college students from using it. These researchers 
developed a sophisticated robot called Tortoise, shown in 
Figure 6.

 

Figure 6: The Tortoise robot.

According to the authors, Tortoise is based on the 
Arduino microcontroller and simple mechanical components 
that schools can produce themselves using a 3D printer. The 
total cost of Tortoise, including a set of sensors, is less than 
$100. The developers call this robotic system PHOGO and 
show that it can be controlled by the Python programming 
language, which was ranked the fourth most popular 
language after Java, C and C++. 

Programming the robot by Python is textbased, and 
the functions available to the students are similar to the 
ones in the historical Logo programming environment 
developed at MIT in the 1970s. For example:

Forward (units = 10)
Back (units = 10) 
Right (degrees = 90)
Left (degrees = 90)
Pen up
Pen down

The students can start learning to program the robot 
by writing a simple code in Python and gradually advance to 
coping with more sophisticated tasks. While working with 
Scratch or programming, the LEGO robots can be suitable 
for students from the age of 10; programming the PHOGO 

robot using Python may be suitable for older students, for 
example, those aged 14. 

Example 6: teaching concepts of digital image 
processing 

Image processing is one of the most fascinating 
subjects in the field of computer science and technological 
applications. Although professional image processing uses 
advanced mathematics and programming, we can teach 
basic concepts of image processing to young children (for 
example, junior high school students), as was observed in 
a course developed at BenGurion University of the Negev 
(Barak & Asad, 2012).

Figure 7 shows that in presenting a blackandwhite 
image, which is actually composed of gray levels, we can 
use a format of 8bit digital data that distinguishes between 
256 brightening levels from 010 (full black) to 25510 (full 
white). 

Figure 7: Representation of 256 brightness levels from 
black (010) to white (25510).

Figure 8 shows an example of ‘digitizing’ a picture 
to 12 x 16 pixels, assigning a number (brightness level) to 
each pixel, and finally presenting the entire picture in a 
matrix of 12 x 16 numbers. In other words – the picture is 
represented by numbers! It is worth mentioning that in real 
life, for example, on a computer screen or a digital camera, 
we often use much higher resolution, such as 1440 x 1080 
pixels. 

 

Figure 8: Image representation by 12 x 16 pixels at 
brightness levels 0-255.
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So far we have seen the method of digitizing a black
andwhite image. How is a color picture digitized? In a color 
picture, each pixel gets a different color. From physics, we 
know that any color could be created by a composition of 
the three basic colors of red, green and blue (RGB). Figure 
9 illustrates an example of creating an orange pixel through 
the composition of red=255, green=178 and blue=102. A 
colored picture of n x m pixels is created by a composition 
of three matrixes of the same dimension representing the 
R, G and B colors. 

     

Figure 9: An orange pixel created by the red, green and 
blue (RGB) colors.

In summary, when we take a picture with our digital 
camera, we are actually saving a file of numbers, and 
computers can handle numbers very well. For example, if 
we want to increase the brightness of an entire image, we 
will add a number, for example, 20, to the brightness level 
of each pixel. 

FACIAL RECOGNITION

Facial recognition is one of the most interesting image 
processing applications (Midrak, 2018). However, how can 
we use a digital image to identify a person’s face? Following 
is a simple method for facial recognition that was learned 
successfully by junior high school students (Barak & Asad, 
2012). Figure 10 shows that for facial recognition, we can 
measure eight parameters from the picture of a face: 

be – distance between eyes

bn – distance between nostrils

mw – mouth width

en – distance between eyes and nose

nm – distance between nose and mouth 

mh – mouth width 

w – total width

h – total height

Figure 10: Eight parameters used for facial recognition.

Let us assume that we have values of the eight 
parameters for two faces: 

(1)
(2)

Since the faces could be of different sizes, we 
normalize the six parameters b1 to mh by dividing each one 
by total width w or total height h, respectively. We get six 
normalized parameters a, b, c, d, e and f for each picture, as 
seen in Equations 3 and 4.

 
(3)

(4)

In this process, a vector of parameters af represents 
each facial picture. 

The last step is calculating the difference D between 
the vectors of two faces by the formula presented in 
Equation 5. 

(5)

Equation 5 shows the calculation of the ‘Euclidean 
distance’ between two vectors of six dimensions each 
that can be explained as an extension of the Pythagoras 
theorem for calculating the diagonal in a straight triangle. 
Students can perform the process described above using a 
spreadsheet. 
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In class, the students worked in pairs, took photos of 
themselves, and manually measured the eight parameters 
be, bn, mw, en, nm, mh, w, h of their photos, as illustrated 
in Figure 11. They entered the data into a simple computer 
program that created a database of vectors for all students’ 
faces in the class. To identify a student, the program 
calculates the difference D between the ‘unknown’ picture 
and all the pictures stored in the class database. The case of 
the smallest D identifies the desired image. 

Figure 11: Measuring the eight facial parameters.

In an era when children are growing up with mobile 
phones, tablets and computers, technological education 
must be integrated into the digital environment and realize 
the inherent potential of computerized technologies to 
develop students› problemsolving and creative thinking 
abilities.

APPLYING PROJECTBASED LEARNING IN SCHOOL:
THE P3 TASK TAXONOMY

In technology education, educators often use the term 
projectbased learning, which implies that at the end of the 
learning process, students build a product or technological 
system that meets the needs and aspirations of human 
beings. Projectbased learning (PBL) is a constructivist 
approach that requires a small student group to take 
responsibility for their learning. This instructional method 
aims at engaging students in solving realitybased problems, 
encouraging them to become active, independent and 
collaborative learners (Mioduser & Betzer, 2008; Blumenfeld 
et al., 1991; Savery, 2006). Projectbased learning develops 
students’ critical thinking and problemsolving skills, and 
gives them experience in applying these skills to real
world situations. Projectbased learning is one of the tools 
education has in order to prepare students to integrate into 
a world in which the vast majority of business organizations 
are not bureaucratic but rely instead on work teams, shared 
decision making and a great deal of risktaking in the effort 
to compete in the global market (Nordgren, 2002). The 

digital revolution that has been affecting all aspects of our 
lives, including education, has pushed forward efforts to 
introduce projectbased learning into traditional schooling 
because students today have access to tremendous 
resources and tools on the network for investigating 
scientific and technological issues, suggesting solutions to 
problems and designing innovative technological systems. 

However, despite the wide consensus in the literature 
about the advantages of PBL over traditional schooling, 
educators are increasingly aware of the limitations of 
applying these methods within the regular school context. 
Kirschner, Sweller and Clark (2006) write about the failure 
of constructivistoriented instructional methods such 
as discovery, problembased and inquirybased learning 
because the notion of minimal guidance during learning 
does not work. Minimal guided instruction is less effective 
and efficient than instructional approaches, which place 
strong emphasis on guiding the student learning process 
(Hushman & Marely, 2015). Some supporters of PBL 
(HmeloSilver, 2004; HmeloSilver et al., 2007; Savery, 
2006) address the limitations of this method, and mention 
that it is important to tailor the scope and complexity level 
of assignments to students’ prior knowledge and skills, 
and provide instruction and support in order to reduce the 
cognitive load and enable students to learn in a complex 
domain. Dolman et al. (2005) also writes that PBL curricula 
should consist more of tutor guidance at the beginning 
through shared guidance of both the students and the 
tutor, and move to more student guidance at the end. 

To address this issue, we developed the P3 Task 
Taxonomy (Barak & Assal, 2018), which distinguishes 
between three levels of student assignments: 

• Practice: exercises and closedended tasks in which 
learners know the final solution in advance and can check if 
they arrived at the correct answer;

• Problem solving: smallscale, openended tasks in 
which students might use different solution methods and 
arrive at different answers; 

• Projects: challenging openended tasks in which 
the students take part in defining the problem, setting 
objectives, identifying constraints and choosing the solution 
method;

 
CONCLUSIONS

The OECD (2018) report entitled The Future of 
Education and Skills 2030, mentioned in the Introduction 
to the present paper, raises two farreaching questions 
countries will have to find answers to in order to prepare 
students to the rapidly changing world characterized by 
scientific and technological innovation and accelerating 
globalization: 
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• What knowledge, skills, attitudes and values will 
today’s students need to thrive and shape their world?

• How can instructional systems develop knowledge, 
skills and attitudes effectively?

Throughout this article, we have seen several examples 
of teaching technology and engineering that could provide 
partial answers to these questions. One common feature of 
the examples we have seen is the interdisciplinary approach 
in teaching science and technology, which combines the 

learning of concepts in technology, engineering, science, 
mathematics and computing. A second common feature 
of these examples is the transition from the traditional 
chalkandboard teaching approach to the constructivist
oriented projectbased learning approach. The challenge 
for educators is how to gradually make these changes in the 
subjects we teach and in the instruction method, adapting 
to the students› previous knowledge and their ability to 
cope with learning challenging interdisciplinary topics 
independently. 
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ABSTRACT

Technological innovation, social and economic chan
ges, and globalization are forcing the education system 
to prepare school graduates to integrate successfully into 
the rapidly changing world. Along with teaching basic 
subjects such as the humanities, languages, mathematics 
and science, schools should expose all students to new 
technologies, impart knowledge and skills to them to use 
these technologies effectively, and foster their motivation 
to integrate into the world of research and innovation in 
technology and engineering. Schools need also to prepare 
students to integrate into a world in which the vast 
majority of business organizations are not bureaucratic 
but rely instead on work teams, shared decision making 
and a great deal of risktaking in the effort to compete 
in the global market. One of the main tools available to 

schools to achieve these goals is the teaching of subjects 
in technology and engineering as an integral part of the 
curriculum from kindergarten to high school. One challenge 
for technological education worldwide is to change what 
we have been teaching in the technological class. While in 
the past, technology education dealt with teaching subjects 
such as crafts, automechanics or electronics, technology 
studies today have to focus more on developing students’ 
computational thinking, for example, in the context of 
computerized control systems and robotics. A second 
challenge to technological education today is to change how 
we teach in the technological classroom. We must move 
from the traditional chalkandboard teaching method to 
teaching that develops students’ learning skills, for example, 
projectbased learning. In this article, I will elaborate on 
these issues and present examples of the implementation 
of these ideas in the Israeli education system.
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