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  Development of Toothpaste Formulation Designed as STEM   
  Module

Emine Şahin-Topalcengiz1, Burçin Acar-Şeşen2

Abstract
Science, Technology, Engineering, and Mathematics (STEM) education integrates two or more 
disciplines within a class, unit, or lesson. The connection between daily-life problems and the 
engineering design process are covered as cornerstones of STEM education. STEM lessons revolve 
around solving an ill-defined engineering-based problem utilizing the engineering design process. 
Excessive consumption of tea and coffee may cause stains on teeth, tooth decay, sensitivity, enamel 
erosion, and bad breath. STEM education is suitable for solving problems that coffee and tea drinkers 
face in daily life. During the module, preservice teachers first determined the possible dental health and 
oral hygiene problems for coffee and tea drinkers, formulated hypotheses, and found a solution using 
the engineering design cycle. The module content was validated by one chemistry education professor, 
one dentist, and one science educator. Afterwards, the module was assigned to 17 preservice since 
teachers.  Nine steps engineering design cycle for the module was used in the grand design challenge 
with two mini science investigation activities. The grand design challenge named as “Toothpaste 
Formulation for Coffee and Tea Drinkers” was introduced to preservice science teachers. Then, 
participants were requested to complete two mini science investigations called as “Teeth Structure 
and Teeth Health” and “Let`s Discover the Effect of Acid Beverages on Dental Health.” Mini science 
investigations were intended to teach the necessary knowledge and skills for the best solution of the 
grand design challenge. During the first mini-investigation activity, preservice science teachers were 
assigned to learn the parts of the tooth, the cause of tooth decay, and the ways of protecting dental 
health. The second mini science investigation activity required the determination of pH, sugar content, 
and type of organic acids in different beverages and development of a science experiment to show 
the effects of acidic and sugary beverages on tooth enamel after exposure. After mini-investigation 
challenges were completed, preservice teachers were required to design a toothpaste formulation as a 

1  Muş Alparslan University, eminesahin59@gmail.com

2  Istanbul University-Cerrahpaşa, bsesen@iuc.edu.tr
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prototype for the grand engineering challenge. The grand design problem was given as the development 
of a natural whitening toothpaste formulation for coffee and tea drinkers with acceptable taste and 
affordable price. Different factors should be considered when designing toothpaste formulations to 
combat stains on tooth enamel as possible solutions. Preservice teachers were expected to discuss what 
they already know and to identify what they need to learn about toothpaste development including 
determination of the criteria and constraints for the successful solution as step two. The next step 
of the engineering design process is to develop possible solutions. Preservice teachers completed all 
tasks as out of the class activities. Toothpaste formulations designed by the preservice teacher were 
evaluated based on chemical properties (pH), physical properties (taste, smell, texture), and vita scale 
for possible revisions. The design process and scientific investigation activities were recorded as three 
to six min summarized videos and presented to classmates online for discussion by each preservice 
teacher. As a final step, participants were encouraged to market their products through product video, 
advertisement, or product advertisement posters.

Keywords: STEM, STEM module, toothpaste formulation
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  Application and development of STEAM project in Azerbaijan
Iqrar Nazarov1

Abstract
The main goal of the STEAM (Science, Technology, Engineering, Art and Math) project is to develop 
students’ critical, creative thinking, collaboration and ability to use modern ICT equipment. In the 
process of teaching STEAM Azerbaijan project “3D printing”, “Micro:bit   programming”, “Electrical 
engineering”, “Biotechnology”, “Nanotechnology”, “Robotics”, “Gen engineering”, “CNC laser cutters”, 
“Unmanned aerial vehicles (training drones) “knowledge and skills are formed on the curriculum 
program developed for. The STEAM project has partnerships with many different countries. The 
activities carried out by the project are regularly communicated to the followers via the official 
Facebook, YouTube, Instagram, Twitter social networks of the STEAM Azerbaijan project through 
videos and photos. From 2019 The STEAM (Science, Technology, Engineering, Art and Math) project 
implemented by the Ministry of Education focuses on basic education, creative thinking, development, 
etc. The 21st century is not about shaping individual skills, creating creative procedural learning 
opportunities, teaching subjects to develop, but combining them into a single learning model based 
on real-world applications, and increasing the ability to use modern ICT equipment to apply different 
programming languages. In the 2021-2022 academic year, the project will cover 302 secondary schools 
in 50 cities and districts across the country, as well as more than 100,000 students from 15 STEAM 
Centers. In the 6th, 7th and 8th grade students of STEAM secondary schools, STEAM teaching 
process includes “3D printing”, “Micro:bit programming”, “Electrical engineering”, “Biotechnology”, 
“Nanotechnology”, “Robotics”, “Gen engineering”, “CNC laser cutters”, “Unmanned aerial vehicles 
(training drones)”curriculum knowledge and skills are formed. According to the mentioned modules, 
the teacher’s manual and assessment methodical manual reflecting the topics corresponding to the 
class levels of the STEAM teaching process were prepared and made available to the educators. Along 
with the educational process, various festivals, competitions and contests are held within the project 
in order to increase the interest of students in STEAM, to exclude talented students. In order to ensure 
the accessibility of the project to every citizen, along with its implementation in secondary schools, 6 
STEAM Centers were established and put into operation across the country, and 9 more Centers were 
opened to increase the total number of STEAM Centers to 15. Both secondary schools and STEAM 
Centers are equipped with the necessary innovative technologies and equipment. International 
cooperation with various countries is carried out within the STEAM project. Within the framework of 

1  Institute of Education of the Republic of Azerbaijan, iqrar.nazarov@arti.edu.az
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this cooperation, international trainings on “STEAM education, application of innovative technologies 
in the teaching process, as well as projects” are organized for secondary school teachers across the 
country in Turkey and Israel. More than 200 teachers were involved in the international trainings 
organized by the project, and more than 3,000 teachers were involved in the local trainings. A Unified 
Electronic System (VES) has been developed and put into operation, which monitors the activities of 
teachers and students involved in the STEAM teaching process, collects teaching materials, as well as 
various resources in this area. The activities carried out by the project are regularly communicated to 
the audience through videos on STEAM’s official Facebook, YouTube, Instagram, Twitter pages.

Keywords: STEAM Project; creative thinking; cooperation; robotics; innovative technologies
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  An Introduction to Meccano-Like Construction Kits from STEM   
  Education Perspective

Hakkı İlker Koştur1

Abstract 
STEM education approach aims to develop skills which are needed in the 21st century business world 
and it is considered to be one of the most important developments in education field (Bybee, 2010; 
Land, 2013).  This study aims to introduce a toy trend in the history which was back then called 
construction kits (German: baukasten) and discuss and compare the aims and outcomes with current 
education trend, STEM approach.

According to historian Tim Lambert, Meccano was the first invented construction kit toy (Lambert, 
2021). Meccano construction toys system was created in 1898 by Frank Hornby in the United Kingdom. 
The motto of the company was mechanics made easy and toys were described as adaptable mechanical 
toys. This system included reusable metal strips, plates, wheels, axles, gears, girders, nuts, and bolts 
to encourage children build various structures and working models of mechanical devices. After the 
patenting process and release, Meccano toys gained attention and popularity quickly, both paving the 
way to the birth of competitor brands and inspiring already existing toy companies which began to 
produce similar construction toys. Moreover, there appeared many construction toys under the brands 
of many currently known or unknown companies such as American Erector in 1913, German Trix 
in 1930. Fischertechnik, Marklin, Arcano, Stabil, Dux Universal, Structator, Meweka, Mechanikus, 
Möwe, Mignon, Stokys, Technokid, Baufix, Matador, Armator, and Arcano brands are some of the 
examples some of which used very similar system with Meccano and some others created their unique 
connection mechanisms. These brands are compiled based on the technical toys permanent collection 
of the Deutches Museum [DM] in Munich, Germany. Samples of each brand can be viewed in the 
museum (DM, n.d.).

Technical toys collection can be viewed in Deutches Museum’s level 2 since 1984 and its reported that 
there are 249 exhibits in this collection. In the web page of the collection, the explanation contains 
details which are familiar to science educators (DM, 2021):

1  Başkent University, kostur@gmail.com
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“Playing, building and using imagination to create something new are all part of a child’s development. 
Construction sets –standardised parts with limitless possibilities- have been used to recreate objects 
from the modern world for over 200 years.” 

The explanation presented can be related quickly with current science education aims. With the launch 
of STEM approach, such topics of engineering, problem solving, imagination and creativity, recreating 
daily life events at school and much more of those aims of the construction kits have been mentioned 
more than ever. In a nutshell, it can be concluded that foundations of STEM approach laid more than 
a century ago. 

Keywords: STEM, construction kits, technical toys
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  Middle Schools’ Students Approaches to the STEM/STEAM    
  Disciplines in Their Projects

Ramazan Çeken1

Abstract 
Abstract: In recent years, STEM/STEAM education practices in schools have become increasingly 
common. One of these applications is the “This is My Work” project competition, which has been 
organized by TÜBİTAK and MEB since 2005. Although the projects focus on the disciplines of 
mathematics and science at the middle school level, in reality, students focus on solving daily life 
problems by considering topics from many different fields of science together. With the mentioned 
competition, which is held regionally and nationwide, students defend and promote their designs that 
they have developed for their own solutions to the daily problems. Considering the fields of science 
in which STEM/STEAM disciplines are traditionally included, it is naturally expected that students’ 
designs are also developed for certain courses. In this study, it is focused on which science disciplines 
they actually see their designs which they have put forward in the cited competition. For this aim, in 
the catalogues of the projects from 2017 through 2021, it has been tried to determine which science 
field the students study including STEM/STEM disciplines need to be identified. The project catalogues 
of the competition were examined by document analysis. In the study, in which “STEM” or “STEAM” 
expressions were determined as the analysing unit, the determined explanations were subjected to 
content analysis and comments were made on the perspectives of STEM/STESM disciplines in the 
projects of middle school students. The examinations reveal that middle school students have generally 
studied subjects related to mathematics and natural sciences in their projects. In addition, students 
were able to present products and designs in different fields, from language teaching to history, from 
cultural values to different areas of art. The students explained which of the STEM/STEAM education 
disciplines corresponds to each dimension of their designs that concern different fields of science. 
Evaluations show that each teacher or adult involved in the education and training process of the 
students taking care of the natural, social and cultural environment can create a starting point for 
such studies during the understanding of the relevant activities. For this reason, teachers in different 
branches are expected to contribute to the process in such student activities at schools.

Keywords
Interdisciplinary education; student projects; STEM; STEAM; document analysis
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  Workshop: Research & Development Process in Constructing   
  Wooden Technical Toys

Hakkı İlker Koştur1

Abstract
STEM education approach aims to develop skills which are needed in the 21st century business world 
and it is considered to be one of the most important developments in education field. In the Turkish 
2018 science course curriculum, although it is not clearly stated that it is based on STEM approach, 
there are similar STEM education aims in order to develop entrepreneurship, engineering, material 
design, innovative thinking and creativity. In such a learning environment where students design 
materials like engineers, it can be seen that the interactive education process is strongly dependent on 
the research & development (R&D) perspective. In a typical R&D process, companies continuously 
arrange set of innovative activities in order to develop new services or products and improving existing 
ones. In a STEM based learning environment, students carry out similar R&D activities. 

This workshop aims to present the R&D process in several wooden technical toys which are tested by 
tens of students who were enrolled in science laboratory course in Başkent University for more than a 
decade and developed in an amateur home atelier by the instructor. In the workshop, unique examples 
of wooden technical toys which are products of years of experience and years of R&D process will be 
presented to the audience.

Keywords: STEM, research and development, technical toys, material design
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