Scientific and Engineering Habits of Mindrefer to the values, attitudes, and thinking skills associated with science
and engineering. Many consider these habits of mindessential 21 century skills?.

Systems thinking provides | earners with the skills to recognize
importantrelationships amongthevarious parts of a system. Itis

important for learners to understandthatsystems may have .
unexpected effects that cannot be predicted fromthe behavior of the

individualsub-systems alone and any system model created
incorporates assumptions andapproximations that affect reliability and . .
precision. Systems thinking is a skill that helps scientists construct .

explanations of natural phenomena and engineers design smartand
enduring solutions to problems.

Creativityisa necessaryelementin scientificand engineeringpractices. Creative thinkingis animportantskill that
is used inscience andengineering to come up with alternative explanations /solutions, devise new ways of testing

ideas, lookatold data in a new light, create new products of value to society (engineering) andidentify new
scientificquestions that have yet to be answered (science).

Skepticism / Optimism Skepticism refers to the nature of scientific knowledge. Itisinherently tentativeand canbe
modifiedif new evidence, interpretations, or better explanations are constructed. Scientists encourage others to
thoroughly analyze the strengths and weaknesses of scientific explanations and scientific tests. Optimism refers to
the infinite possibilities and opportunities inherentinevery challenge thatlead to thoughtful, socially relevant
solutions.

Collaboration Scientists and Engineers belong to and practice within global communities. These communities
provide cultural norms, expectations, and accumulated knowledge, whichare essential to progress. Collaboration

or teamworkis a skill thatleverages each member’s perspective, capabilities, and knowledge to address questions
and challenges.

Communicationskills are essential to successful teamwork, understandingconsumer/societal needs, and
explaining design decisions or interpretations of data related to the challenge or question being investigated.

Ethics In science andengineering, rules of good behavior are essential for maintaining the quality of scientific
explanations or engineering products. Because science and engineering is a human activity, whatisvaluedin
society influences whatis valued inthose disciplines. Scientists and Engineers work withina culture where they
expect each other to scrutinize their explanations andsolutions, be honestand objectiveinreporting dataand
ideas, and creditthedataandideas fromthosethatinfluence their work. When applications of scientificresearch
could poserisks to society, scientists’ decisions to participatein thatresearchare based on personal as well as
professional ethics. Itis crucial for scientists and engineers to understand issues related to intendedand

unintended consequences of their work. This frameworkprovides a flexible structure of meanings to the study of
integrated STEM education.

! This phrase has its origins in the work of the American Association for the Advancement of Science (AAAS) Science for All Americans (1989)
and the 2009 National Academy of Engineering’s Committee on K-12 Engineering Education (NRC, 2009).
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