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Course Development Decisions
• Expectations Decision: How will I articulate and 

communicate my expectations for student learning?
• Traditional Approach: Prepare a list of topics

• Student Organization Decision: How will students be 
organized as they participate in learning activities?
• Traditional Approach: Students work on activities individually

• Content Organization Decision: How will I organize the 
content for my course? What overarching ideas will I use?
• Traditional Approach: Organize topics in a prerequisite chain

• Feedback Decision: How will I provide feedback to my 
students on their performance and growth?
• Traditional Approach: Provide feedback by returning 

homework and exams



Course Development Decisions
• Gathering Evidence for Grading Decision: How will I collect 

evidence on which I will base the grades I assign?
• Traditional Approach: Exams, writing assignments (e.g., lab 

reports, project reports), oral presentations, homework
• In-classroom Learning Activities Decision: In what learning 

activities will students engage in during class?
• Traditional Approach: Lecture

• Out-of-classroom Learning Activities Decision: In what 
learning activities will students engage outside of class?
• Traditional Approach: Individual homework

• Student-faculty Interaction Decision: How will I promote 
student-faculty interaction?
• Traditional Approach: Place responsibility for contacting 

faculty member on students



Evaluation Standards

• Implementation Standards
– Implementation standards characterize the extent 

to which faculty members must change to 
implement a promising practice.

• Student Performance Standards
– Student performance standards characterize the 

extent to which research supports the efficacy 
(with respect to student learning) of a promising 
practice.



Implementation Standards
• Relevance: Is the option appropriate for the STEM course? For 

example, innovations in laboratory courses would not be 
appropriate for non-laboratory courses.

• Resource Constraints: Is the option feasible within the constraints 
of space, time, and instructional resources (e.g., teaching 
assistants)? Some options may be appropriate for classrooms with
significant computer resources, but not applicable for classrooms 
without these resources.

• Comfort Level: To what extent will an option require a faculty 
member to make adjustments to approaches to teaching? Effort 
expended to adapt an option for a course might be placed in this or 
the preceding category.

• Theoretical Foundation: Is there theoretical support for an option?

Felder, R. M., Woods, D. R., Stice, J. E., & Rugarcia, A. (2000). The future of engineering education II: Teaching 
methods that work. Chemical Engineering Education, 34(2), 26-39.



Student Performance Standards

• Comparison Studies: Comparison of student 
performance and/or learning between a group of 
students using promising approach and a group of 
students using traditional approach

• Implementation Studies: Description of 
implementations in different disciplines at different 
institutions using promising approach with some 
student performance information
– Note:  Comparison studies are a more persuasive 

demonstration of the efficacy of the promising approach



Promising Practice No. 1
Learning Outcomes

• Prepare and use a list of learning outcomes
– Implementation Standards

• Strongly supported

– Student Performance Standards
• Many implementation studies, but no comparison 

studies

• Provides an alternative for:
• Expectations decision



• Frequently mentioned desirable abilities for 
STEM graduates
– Critical thinking
– Self assessment (part of lifelong learning)
– Integrative, interdisciplinary thinking
– Creating/design
– Systems thinking
– …

• Challenge: Often these desirable abilities are only 
articulated in these poorly characterized terms

Promising Practice No. 1
Learning Outcomes



• Critical thinking
– Susan Wolcott, http://www.wolcottlynch.com

• Self assessment
– Alverno College, http://depts.alverno.edu/saal/selfassess.html

• Integrative, interdisciplinary thinking
– (Boix Mansilla & Duraisingh, 2007)

• Creating/design
– ?

• Systems thinking
– ?

Boix Mansilla, V., and Duraisingh, E. D. (2007). Targeted Assessment of Students' Interdisciplinary Work: An 
Empirically Grounded Framework Proposed, The Journal of Higher Education, 78(2), 215–237

Promising Practice No. 1
Learning Outcomes



• Students work on activities in small groups
– Implementation Standards

• Supported, requires new knowledge and skills for faculty

– Student Performance Standards
• Strong support via comparison studies, numerous 

implementation studies

• Provides an alternative for:
• Student organization decision
• In-class activities decision
• Out-of-class activities decision

Promising Practice No. 2
Students Organized in Small Groups
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Promising Practice No. 2
Students Organized in Small Groups



• Learning Communities: One or more structural (and 
pedagogical) mechanisms to help students relate and 
connect across multiple courses
– Relate and connect concepts, ideas, skills, techniques…

– Relate and connect socially
• “In higher education, curricular learning communities are classes that are 

linked or clustered during an academic term, often around an 
interdisciplinary theme, and enroll a common cohort of students. A 
variety of approaches are used to build these learning communities, with 
all intended to restructure the students’ time, credit, and learning 
experiences to build community among students, between students and 
their teachers, and among faculty members and disciplines.”
(http://www.evergreen.edu/washcenter/lcfaq.htm) 

Promising Practice No. 3
Students Organized in Learning Communities



• Organize students in learning communities
– Implementation Criteria

• Fair, requires department or inter-department cooperation, 
cannot be implemented by a single faculty member

– Student Performance Criteria
• Fair support via comparison studies, some implementation studies

• Provides alternatives for:
• Student organization decision
• Content organization decision
• In-class activities decision
• Out-of-class activities decision
• Student-faculty connection decision

Promising Practice No. 3
Students Organized in Learning Communities



• Froyd, J., and Ohland, M. (2005). Integrated Engineering Curricula, Journal 
of Engineering Education, 94(1), 147–164.

• Smith, B. L., J. MacGregor, R. Matthews, and F. Gabelnick. 2004. Learning 
Communities: Reforming Undergraduate Education. San Francisco, CA: 
Jossey-Bass.

Promising Practice No. 3
Students Organized in Learning Communities



• Organize content around carefully posed 
scenarios
– Implementation Criteria

• Strongly supported
– Student Performance Criteria

• Good support via comparison studies, numerous 
implementation studies

• Provides an alternative for:
• Student organization decision (typically)
• Content organization decision
• In-class activities decision
• Out-of-class activities decision

Promising Practice No. 4
Scenario-based Content Organization



• Labels
– Inquiry-based learning

– Problem-based learning
– Project-based learning

– Challenge-based learning 
– VaNTH Engineering 
Research Center (Cordray, 
et al., 2003)

– Model-eliciting activities

– Question-directed 
instruction (Beatty, et al., 
2008)

• Scenarios differ in:
– Length of activity

– Support offered during 
activity (Kirschner, 
Sweller, & Clark, 2006; 
Mayer, 2004)

– Guidelines for 
developing scenarios

Cordray, D. S., Pion, G. M., Harris, A., & Norris, P. (2003). The value of the VaNTH Engineering Research 
Center: Assessing and evaluating the effects of educational innovations on large educational research 
projects in bioengineering. IEEE Engineering in Medicine and Biology Magazine, 22, 47–54.

Beatty, I. D., Leonard, W. J., Gerace, W. J., Dufresne (2006). Question Driven Instruction: Teaching 
Science (Well) with an Audience Response System. In Banks, D. A. (ed.) Audience Response Systems in 
Higher Education: Applications and Cases, Hershey, PA: Information Science Publishing.

Kirschner, P. A., Sweller, J, and Clark, R. E. (2006). Why Minimal Guidance During Instruction Does Not 
Work: An Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-
Based Teaching. Educational Psychologist, 41(2), 75–86.

Mayer, R. E. (2004). Should There Be a Three-Strikes Rule Against Pure Discovery Learning? The Case for 
Guided Methods of Instruction. American Psychologist, 59(1), 14–19.

Promising Practice No. 4
Scenario-based Content Organization
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Course. Journal of Chemical Education, 74(4), 570–574

• Lewis, S. E., and Lewis, J. E. (2005). Departing from Lectures: An Evaluation of a Peer-Led 
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• Roselli, R. J., and Brophy, S. P. (2006). Effectiveness of Challenge-Based Instruction in 
Biomechanics. Journal of Engineering Education, 95(4), 311–324.

Promising Practice No. 4
Scenario-based Content Organization



• Design a systematic plan for formative 
assessment activities primarily for the purpose of 
providing feedback to students about their 
learning
– Implementation Criteria

• Supported

– Student Performance Criteria
• Fair support via comparison studies, some implementation 

studies

• Provides an alternative for:
• Feedback decision

Promising Practice No. 5
Feedback through Systematic Formative Assessment



• “A recent review (Black and William, 1998) 
revealed that classroom-based formative 
assessment, when appropriately used, can 
positively affect learning.....students learn more 
when they receive feedback about particular 
qualities of their work, along with advice on what 
they can do to improve” (National Research 
Council, 2001)

• National Research Council (2001). Knowing What Students Know: The 
Science and Design of Educational Assessment. Washington, DC: National 
Academies Press.

• Black, P., & Wiliam, D. (1998). Assessment and Classroom Learning. 
Assessment in Education: Principles, Policy & Practice, 5(1), 7–74.

Promising Practice No. 5
Feedback through Systematic Formative Assessment



• Approaches for formative feedback
– Classroom assessment techniques (Angelo & Cross, 1993)

• Minute Paper (Stead, 2006)

– Classroom response systems
• Summary (Fies & Marshall, 2006)
• Peer Instruction (Mazar, 1997; Crouch & Mazur, 2001)

• Angelo, T. A., & Cross, P. K. (1993). Classroom Assessment Techniques: A Handbook for 
College Teachers (Second ed.). San Francisco, CA: Jossey-Bass.

• Stead, D. R. (2005). A review of the one-minute paper. Active Learning in Higher Education, 
6(2), 118–131.

• Fies, C., & Marshall, J. (2006). Classroom Response Systems: A Review of the Literature. 
Journal of Science Education and Technology, 15(1), 101–109.

• Mazur, E. (1997). Peer Instruction: A User's Manual. Upper Saddle River, NJ: Prentice Hall
• Crouch, C.H., and Mazur, E. (2001). Peer Instruction: Ten years of experience and results. 

American Journal of Physics, 69(9), 970–977

Promising Practice No. 5
Feedback through Systematic Formative Assessment



• Design in-class activities to actively and 
purposively engage students in a variety of 
challenging exercises that extend beyond 
listening
– Implementation Criteria

• Solidly supported

– Student Performance Criteria
• Strong support via comparison studies, numerous 

implementation studies

• Provides an alternative for:
• In-class activities decision

Promising Practice No. 6
Designing In-class Activities to Actively Engage Students
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(2007). Prescribed Active Learning Increases Performance in Introductory Biology. Cell Biology Education, 6, 132–
139.

Promising Practice No. 6
Designing In-class Activities to Actively Engage Students



• Undergraduate research
– Implementation Criteria

• Significant resources to support one-to-one relationships, 
other models may offer opportunities for greater student 
participation

– Student Performance Criteria
• Some implementation studies, no known comparison 

studies
• Supported via literature on the value student engagement 

with faculty

• Provides an alternative for:
• Multiple decisions

Promising Practice No. 7
Undergraduate Research



• Seymour, E., Hunter, A.-B., Laursen, S. L., and Diatonic, T. (2004). 
Establishing the Benefits of Research Experiences for 
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Study. Science Education, 88, 493–534.

• Lopatto, D. (2004). Survey of Undergraduate Research Experiences
(SURE): First Findings. Cell Biology Education, 3, 270–277..

• Hunter, A.-B., Laursen, S. L., and Seymour, E. (2007). Becoming a 
Scientist: The Role of Undergraduate Research in Students’
Cognitive, Personal, and Professional Development. Science 
Education, 91, 36–74.

• Russell, S. H., Hancock, M. P., and McCullough, J. (2007). Benefits of 
Undergraduate Research Experiences. Science, 316, 548–549.

Promising Practice No. 7
Undergraduate Research



• Require students to make initial contact with 
faculty, use multiple communications channels to 
maintain contact
– Implementation Criteria

• Easily adapted, with possible exception for large classes
– Student Performance Criteria

• Some implementation studies, no known comparison 
studies

• Supported via literature on the value student engagement 
with faculty

• Provides an alternative for:
• Student-faculty interaction decision

Promising Practice No. 8
Faculty-initiated Approaches to Student-faculty Interactions




