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The Qualities of an Effective STEM Lab Instructor

Qualities of an Effective
STEM Lab Instructor
Has deep content
knowledge

Understands the
science of learning

Respectful and
Professional

Knowledgeable of
policies and
procedures
Facilitates learning
Communicates
ideas clearly
Uses good classroom
and organization skills

Exhibits enthusiasm
for the subject

Asks good questions

Uses formative
assessment measures
Motivates and
engages students

Values the process and
the product of learning
Embraces diversity and promotes
equitable learning opportunities
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Motivating students to learn: ARCS

Motivation Subtypes
Extrinsic and Intrinsic Motivation
Self-sufficient and Dependent learners

https://notesfromnina.wordpress.com/tag/intrinsic-motivation/

ARCS Table of Motivators
What motivates students to learn?

https://www.youtube.com/watch?
v=LYZRFHuXdOk

Theory and Research-based Principles of
Learning
The following list presents the basic principles that underlie effective learning. These principles
are distilled from research from a variety of disciplines.

1. Students’ prior knowledge can help or hinder learning.
Students come into our courses with knowledge, beliefs, and attitudes gained in other
courses and through daily life. As students bring this knowledge to bear in our
classrooms, it influences how they filter and interpret what they are learning. If students’
prior knowledge is robust and accurate and activated at the appropriate time, it provides
a strong foundation for building new knowledge. However, when knowledge is inert,
insufficient for the task, activated inappropriately, or inaccurate, it can interfere with or
impede new learning.

2. How students organize knowledge influences how they learn and apply
what they know.
Students naturally make connections between pieces of knowledge. When those
connections form knowledge structures that are accurately and meaningfully organized,
students are better able to retrieve and apply their knowledge effectively and efficiently.
In contrast, when knowledge is connected in inaccurate or random ways, students can fail
to retrieve or apply it appropriately.

3. Students’ motivation determines, directs, and sustains what they do to
learn.
As students enter college and gain greater autonomy over what, when, and how they
study and learn, motivation plays a critical role in guiding the direction, intensity,
persistence, and quality of the learning behaviors in which they engage. When students
find positive value in a learning goal or activity, expect to successfully achieve a desired
learning outcome, and perceive support from their environment, they are likely to be
strongly motivated to learn.

4. To develop mastery, students must acquire component skills, practice
integrating them, and know when to apply what they have learned.
Students must develop not only the component skills and knowledge necessary to
perform complex tasks, they must also practice combining and integrating them to
develop greater fluency and automaticity. Finally, students must learn when and how to
apply the skills and knowledge they learn. As instructors, it is important that we develop
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conscious awareness of these elements of mastery so as to help our students learn more
effectively.

5. Goal-directed practice coupled with targeted feedback enhances the
quality of students’ learning.
Learning and performance are best fostered when students engage in practice that focuses
on a specific goal or criterion, targets an appropriate level of challenge, and is of
sufficient quantity and frequency to meet the performance criteria. Practice must be
coupled with feedback that explicitly communicates about some aspect(s) of students’
performance relative to specific target criteria, provides information to help students
progress in meeting those criteria, and is given at a time and frequency that allows it to be
useful.

6. Students’ current level of development interacts with the social, emotional,
and intellectual climate of the course to impact learning.
Students are not only intellectual but also social and emotional beings, and they are still
developing the full range of intellectual, social, and emotional skills. While we cannot
control the developmental process, we can shape the intellectual, social, emotional, and
physical aspects of classroom climate in developmentally appropriate ways. In fact, many
studies have shown that the climate we create has implications for our students. A
negative climate may impede learning and performance, but a positive climate can
energize students’ learning.

7. To become self-directed learners, students must learn to monitor and
adjust their approaches to learning.
Learners may engage in a variety of metacognitive processes to monitor and control their
learning—assessing the task at hand, evaluating their own strengths and weaknesses,
planning their approach, applying and monitoring various strategies, and reflecting on the
degree to which their current approach is working. Unfortunately, students tend not to
engage in these processes naturally. When students develop the skills to engage these
processes, they gain intellectual habits that not only improve their performance but also
their effectiveness as learners.
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Revised Bloom's Taxonomy
The taxonomy or classification scheme for thinking skills, provides a ready
structure for developing effective questioning strategies that can help students
improve their thinking skills.
Published in 2001, a revised Bloom's Taxonomy was revealed that intended to address the
changing nature of education and a more relevant structure for the 21st century. A former
student of Bloom's, Lorin Anderson, facilitated the creation of this revised taxonomy along with
cognitive psychologists, curriculum theorists, instructional researchers, and testing specialists.
Most relevant to this entry is the revised version of the cognitive domains (indicated as levels)
as follows:

Lower Order Thinking Skills
Level

Description

1. Remembering Retrieving relevant knowledge from long-term memory.
2. Understanding Constructing meaning from oral, written and graphic messages.
3. Applying

Carrying out or using procedure in order for implementation.

Higher Order Thinking Skills
Level
4. Analyzing

Description
Breaking material down into constituent parts in order to determine the
relation of said parts.

5. Evaluating Making judgments based on criteria and standards.
6. Creating

Putting elements together in order to form a functional whole.

In thinking about the levels shown above, it is important to remember that all levels are
important. In most cases one cannot engage in the higher-level activities around a concept
without having the skills related to the concept in the lower levels.

Three Figures illustrating the taxonomy follow. Each illustration also contains
action verbs that can aid in the development of questions.

Bloom's Digital Taxonomy

Drawing 3: Mind map of Bloom's Revised Digital Taxonomy
Drawing by A Churches created using C-Map Tools

Bloom's revised digital taxonomy map
Bloom's Digital Taxonomy and Collaboration.
In Drawing 3, Collaboration is included as a separate element as well as some elements being shared.
Collaboration can take many forms (see above) and value of the collaboration can vary hugely. This is
often independent of the mechanism used to collaborate. Also collaboration is not an integral part of
the learning process for the individual, you don't have to collaborate to learn, but often your learning
is enhanced by doing so. Collaboration is a 21st Century skill of increasing importance and one that is
used throughout the learning process. In some forms it is an element of Bloom's and in others it is just
a mechanism which can be used to facilitate higher order thinking and learning.
Andrew Churches
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Teaching Principles
Teaching is a complex, multifaceted activity, often requiring us as instructors to juggle multiple
tasks and goals simultaneously and flexibly. The following small but powerful set of principles
can make teaching both more effective and more efficient, by helping us create the conditions
that support student learning and minimize the need for revising materials, content, and policies.
While implementing these principles requires a commitment in time and effort, it often saves
time and energy later on.

1. Effective teaching involves acquiring relevant knowledge about students
and using that knowledge to inform our course design and classroom
teaching.
When we teach, we do not just teach the content, we teach students the content. A variety
of student characteristics can affect learning. For example, students’ cultural and
generational backgrounds influence how they see the world; disciplinary backgrounds
lead students to approach problems in different ways; and students’ prior knowledge
(both accurate and inaccurate aspects) shapes new learning. Although we cannot
adequately measure all of these characteristics, gathering the most relevant information as
early as possible in course planning and continuing to do so during the semester can (a)
inform course design (e.g., decisions about objectives, pacing, examples, format), (b)
help explain student difficulties (e.g., identification of common misconceptions), and (c)
guide instructional adaptations (e.g., recognition of the
need for additional practice).

2. Effective teaching involves aligning the three
major components of instruction: learning
objectives, assessments, and instructional
activities.
Taking the time to do this upfront saves time in the
end and leads to a better course. Teaching is more
effective and student learning is enhanced when (a)
we, as instructors, articulate a clear set of learning objectives (i.e., the knowledge and
skills that we expect students to demonstrate by the end of a course); (b) the instructional
activities (e.g., case studies, labs, discussions, readings) support these learning objectives
by providing goal-oriented practice; and (c) the assessments (e.g., tests, papers, problem
sets, performances) provide opportunities for students to demonstrate and practice the
knowledge and skills articulated in the objectives, and for instructors to offer targeted
feedback that can guide further learning.

3. Effective teaching involves articulating explicit expectations regarding
learning objectives and policies.
http://www.cmu.edu/teaching/principles/teaching.html
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There is amazing variation in what is expected of students across American classrooms
and even within a given discipline. For example, what constitutes evidence may differ
greatly across courses; what is permissible collaboration in one course could be
considered cheating in another. As a result, students’ expectations may not match ours.
Thus, being clear about our expectations and communicating them explicitly helps
students learn more and perform better. Articulating our learning objectives (i.e., the
knowledge and skills that we expect students to demonstrate by the end of a course) gives
students a clear target to aim for and enables them to monitor their progress along the
way. Similarly, being explicit about course policies (e.g., on class participation, laptop
use, and late assignment) in the syllabus and in class allows us to resolve differences
early and tends to reduce conflicts and tensions that may arise. Altogether, being explicit
leads to a more productive learning environment for all students. More information on
how clear learning objectives supports students' learning. (pdf)

4. Effective teaching involves prioritizing the knowledge and skills we choose
to focus on.
Coverage is the enemy: Don’t try to do too much in a single course. Too many topics
work against student learning, so it is necessary for us to make decisions – sometimes
difficult ones – about what we will and will not include in a course. This involves (a)
recognizing the parameters of the course (e.g., class size, students’ backgrounds and
experiences, course position in the curriculum sequence, number of course units), (b)
setting our priorities for student learning, and (c) determining a set of objectives that can
be reasonably accomplished.

5. Effective teaching involves recognizing and overcoming our expert blind
spots.
We are not our students! As experts, we tend to access and apply knowledge
automatically and unconsciously (e.g., make connections, draw on relevant bodies of
knowledge, and choose appropriate strategies) and so we often skip or combine critical
steps when we teach. Students, on the other hand, don’t yet have sufficient background
and experience to make these leaps and can become confused, draw incorrect
conclusions, or fail to develop important skills. They need instructors to break tasks into
component steps, explain connections explicitly, and model processes in detail. Though it
is difficult for experts to do this, we need to identify and explicitly communicate to
students the knowledge and skills we take for granted, so that students can see expert
thinking in action and practice applying it themselves.

6. Effective teaching involves adopting appropriate teaching roles to support
our learning goals.
Even though students are ultimately responsible for their own learning, the roles we
assume as instructors are critical in guiding students’ thinking and behavior. We can take
on a variety of roles in our teaching (e.g., synthesizer, moderator, challenger,
commentator). These roles should be chosen in service of the learning objectives and in
http://www.cmu.edu/teaching/principles/teaching.html
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support of the instructional activities. For example, if the objective is for students to be
able to analyze arguments from a case or written text, the most productive instructor role
might be to frame, guide and moderate a discussion. If the objective is to help students
learn to defend their positions or creative choices as they present their work, our role
might be to challenge them to explain their decisions and consider alternative
perspectives. Such roles may be constant or variable across the semester depending on
the learning objectives.

7. Effective teaching involves progressively refining our courses based on
reflection and feedback.
Teaching requires adapting. We need to continually reflect on our teaching and be ready
to make changes when appropriate (e.g., something is not working, we want to try
something new, the student population has changed, or there are emerging issues in our
fields). Knowing what and how to change requires us to examine relevant information on
our own teaching effectiveness. Much of this information already exists (e.g., student
work, previous semesters’ course evaluations, dynamics of class participation), or we
may need to seek additional feedback with help from the university teaching center (e.g.,
interpreting early course evaluations, conducting focus groups, designing pre- and
posttests). Based on such data, we might modify the learning objectives, content,
structure, or format of a course, or otherwise adjust our teaching. Small, purposeful
changes driven by feedback and our priorities are most likely to be manageable and
effective.

Theory and Research-based Principles of
Learning
The following list presents the basic principles that underlie effective learning. These principles
are distilled from research from a variety of disciplines.

1. Students’ prior knowledge can help or hinder learning.
Students come into our courses with knowledge, beliefs, and attitudes gained in other
courses and through daily life. As students bring this knowledge to bear in our
classrooms, it influences how they filter and interpret what they are learning. If students’
prior knowledge is robust and accurate and activated at the appropriate time, it provides
a strong foundation for building new knowledge. However, when knowledge is inert,
insufficient for the task, activated inappropriately, or inaccurate, it can interfere with or
impede new learning.

2. How students organize knowledge influences how they learn and apply
what they know.
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Students naturally make connections between pieces of knowledge. When those
connections form knowledge structures that are accurately and meaningfully organized,
students are better able to retrieve and apply their knowledge effectively and efficiently.
In contrast, when knowledge is connected in inaccurate or random ways, students can fail
to retrieve or apply it appropriately.

3. Students’ motivation determines, directs, and sustains what they do to
learn.
As students enter college and gain greater autonomy over what, when, and how they
study and learn, motivation plays a critical role in guiding the direction, intensity,
persistence, and quality of the learning behaviors in which they engage. When students
find positive value in a learning goal or activity, expect to successfully achieve a desired
learning outcome, and perceive support from their environment, they are likely to be
strongly motivated to learn.

4. To develop mastery, students must acquire component skills, practice
integrating them, and know when to apply what they have learned.
Students must develop not only the component skills and knowledge necessary to
perform complex tasks, they must also practice combining and integrating them to
develop greater fluency and automaticity. Finally, students must learn when and how to
apply the skills and knowledge they learn. As instructors, it is important that we develop
conscious awareness of these elements of mastery so as to help our students learn more
effectively.

5. Goal-directed practice coupled with targeted feedback enhances the
quality of students’ learning.
Learning and performance are best fostered when students engage in practice that focuses
on a specific goal or criterion, targets an appropriate level of challenge, and is of
sufficient quantity and frequency to meet the performance criteria. Practice must be
coupled with feedback that explicitly communicates about some aspect(s) of students’
performance relative to specific target criteria, provides information to help students
progress in meeting those criteria, and is given at a time and frequency that allows it to be
useful.

6. Students’ current level of development interacts with the social, emotional,
and intellectual climate of the course to impact learning.
Students are not only intellectual but also social and emotional beings, and they are still
developing the full range of intellectual, social, and emotional skills. While we cannot
control the developmental process, we can shape the intellectual, social, emotional, and
physical aspects of classroom climate in developmentally appropriate ways. In fact, many
studies have shown that the climate we create has implications for our students. A
http://www.cmu.edu/teaching/principles/teaching.html
http://www.cmu.edu/teaching/principles/learning.html

negative climate may impede learning and performance, but a positive climate can
energize students’ learning.

7. To become self-directed learners, students must learn to monitor and
adjust their approaches to learning.
Learners may engage in a variety of metacognitive processes to monitor and control their
learning—assessing the task at hand, evaluating their own strengths and weaknesses,
planning their approach, applying and monitoring various strategies, and reflecting on the
degree to which their current approach is working. Unfortunately, students tend not to
engage in these processes naturally. When students develop the skills to engage these
processes, they gain intellectual habits that not only improve their performance but also
their effectiveness as learners.
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