Executive Summary
The twenty-first century is typified by rapid changes in many areas of life: globalization, migration, technological and communication developments, and changes in knowledge, science, and characteristics of the labor force. Twenty-first-century skills are definitive in the scholastic credentials and capabilities that education systems wish to impart to their alumni in order to promote optimal social and occupational integration. These new skills are essential for meeting the changing demands of the labor market and the society, as demonstrated emphatically at the present time of uncertainty occasioned by the coronavirus and the (vague) future that lies beyond.
At the request of the 5p2 Initiative, we focus in this study on the skills that promote excellence in the STEM (Science, Technology, Engineering, and Mathematics) disciplines:
1. Teamwork, cooperation and partnering, interpersonal communication.
2. Self-learning, lifelong learning.
3. Solving complex problems, critical thinking.
4. Initiative, innovation, creativity.
5. Intellectual and emotional flexibility, rapid adaptability, mental resilience.
6. Intercultural awareness, global fitness, accommodation of difference.
7. Taking responsibility, decision-making, and ethical and moral awareness.
These skills are defined as significant in articles, research studies, websites, books, conferences, and a large majority of researchers and practitioners in this field in Israel and abroad. Apart from a small number of “islands of excellence,” however, Israel’s education system has not assimilated them. For this reason, we were asked to identify the factors that determine the application of twenty-first-century skills around the world. We chose to conduct this investigation in the post-primary education system, with emphasis on high schools, in five countries: Estonia, Finland, Singapore, the Netherlands, and Ontario province, Canada.
Research questions
1. Have the five countries formulated the skills that promote STEM excellence in accordance with economic and social needs, and in what way?
2. Have these skills been applied in the national-level curricula, and to what extent?
3. Have these skills been applied in evaluation and measurement processes in the education system, and to what extent?
Within the frame of this study, the processes used to formulate and choose the skills were examined: contents and methods of teaching, learning, experiencing, and study materials as specified in the curricula; main aspects of the national testing system, including the age of those tested; the objectives and methods of evaluation; centralization or decentralization of evaluation; and publishing the results and making them accessible to students, parents, teaching faculty, decision-makers, and policymakers.
Main conclusions and insights of the study
· The aforementioned skills are worded identically or very similarly to the skills that promote excellence in the STEM disciplines as set forth in the advanced education systems of the five countries’ curricula and evaluation and measurement systems. In the current pandemic era, the importance of these skills generally, and of intellectual and emotional flexibility, initiative/innovation/creativity, and cooperation and partnering particularly, has come into sharper focus; some observers literally regard them as survival skills.
· It is widely agreed that devising and applying a structured, systematic, and sustained process strongly abets the application of these skills in the education system. The process, including mapping and identifying the skills, developing scholastic and teaching contents and materials, formulating methods of teaching, learning, and experiencing, and developing evaluation and measurement methods, lasts at least three years, with six- to ten-year cyclicality. The process should be sharing and shared among all relevant stakeholders: policymakers and decision-makers at the Ministry of Education and other relevant government offices, school principals, leading teachers, parents, pupils, leaders of industry and the economy, teachers’ organizations, directors of municipal education departments, experts and researchers in academia, education ethicists, moralists, and philosophers, and public figures.
· To assimilate and apply the skills, it is helpful to limit the topics of STEM contents in the curricula and to match the skills with relevant school subjects. Developing, publishing, and assuring access to diverse scholastic, teaching, and experiential materials for various population groups, along with evaluation and measurement methods equipped with detailed indicators, also promote the assimilation of these skills. Concurrently, frontline personnel in municipal authorities, school systems, and schools themselves have been given pedagogical and executive autonomy (with differentiation among schools in accordance with their maturity and readiness to accept this kind of responsibility). To trust teaching faculty, transparency is needed on the one hand and authority on the other, and objectives and metrics concluded with Ministry of Education officials and school principals must be attained. Schools have been provided with the tools, the budget, and the professionals (leading teachers from other schools) that are needed to make the process succeed.
· In the curricula, the skills are worded in performative behavioral terms and the demands that pupils must satisfy to reflect the level of proficiency in the skills acquired are expressed clearly and lucidly. In addition, couching all documents associated with the twenty-first-century skill imparting program (position papers, staff papers, curricula, learning and teaching materials and tools, methods of evaluation and measurement, etc.) in simple, jargon-free, clear, and focused language, comprehensible to rank-and-file teachers and the public at large, enhances the public’s trust in, and support of, the education system as it goes about assimilating the skills.
· In all the advanced education systems examined in this study, interdisciplinary and multidisciplinary subjects such as sustainability, technology and life, health, and globalization were developed. These subjects create easier and more natural opportunities to integrate pro-STEM skills into contents, teaching and learning methods, the experiential environment, and formative and summative evaluation. Similarly, innovative teaching and learning methods were developed and applied, e.g., project-based study built around makers combined with hackathons; teaching, coaching, and mentoring by multiple teachers of multiple subjects (e.g., those in science and technology) together; reference by mathematics and science teachers to applications in technological areas of life; and reference by technology teachers to the scientific and mathematical principles that underlie applications of relevance to pupils’ world.
· [bookmark: _GoBack]Evaluation and measurement play a significantly role in shaping behavior generally and learning behavior specifically. Since evaluation takes place for the sake of learning itself and not only as a way of adding up learning achievements, it should be an inseparable part of the learning process. In the countries studied, teachers and outside players (people from the worlds of industry and the social services, inspectors and counselors, and academics) integrated formative process evaluation into summative evaluation of the national and international exams. Diverse methods of evaluation are used (observing the learning and experiencing process, interviewing pupils, reasoned and grounded presentation of personal and group data, exams with open and closed questions, etc.), and evaluation tools available to school faculty, including clear indicators that make pupils’ proficiency in the skills acquired easier to evaluate. The findings of the indicators may be presented on the rulers of pupils’ profiles in order to illuminate various aspects of their command of skills that promote excellence in STEM. The information amassed in the evaluation processes is made accessible to teachers, pupils, parents, higher-education institutions, decision-makers, and the public at large, for their use.
· Imparting skills that promote excellence in STEM in informal-education settings as well, e.g., activity groups, museums, and external research institutes, in a way that corresponds to and regulates the inculcation of these skills in formal education, may do much to encourage the instilling of these skills overall. Similarly, concerted action with the higher-education system for the inclusion of twenty-first-century skills in screening tools and terms of admission to advanced scholastic institutes, and learning from the Israel Defense Forces’ evaluation and screening tools for twenty-first-century skills, may be helpful in assimilating these skills in the education system and among the population at large.

