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                    Abstract
In the learning design community, there has been an increasing recognition of the value of positioning teaching as a design science, in which teachers craft and test effective learning conditions through a goal-oriented and evidence-based procedure. However, the existing models and tools supporting teachers’ design practice focus primarily on learning task configurations; very little account has been taken of the later phases of the design lifecycle, such as evaluation and redesign. The shortage of tools for articulating and supporting reflective design practice is a major barrier preventing design science from growing into mainstream educational practice. To bridge the gap between research and practice, this paper proposes an outcome-oriented and pattern-based model, capable of enabling teachers to design a course and test its effectiveness using principled methods appropriate to a design science. This model conceptualizes course design as a goal-oriented process of crafting and strategizing the use of design patterns to address different types of learning outcomes, and conducting pattern-informed learning analytics to inform intervention and redesign. When applied to the development of a real course, the preliminary results suggest that the model has some potential in engaging the teaching team in exercising reflective design practice featured with a disciplined course design procedure, rigorous testing, as well as evidence-based intervention and redesign, which in turn led to improved learning outcomes. This paper concludes with a discussion on the limitations of the model and the directions for future research.
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Appendix 1: coding frame, coding frequency, agreement rate and intercoder reliability
Appendix 1: coding frame, coding frequency, agreement rate and intercoder reliability

                  	Code
	Code description
	Coding frequencies
	Agreement rate %

	Course information
	Segments describing information of the objective, timing, structure, and the teaching team of the course
	44
	99

	Defining
learning outcomes
	Segments describing the teaching team’s practice in defining the course learning outcomes
	10
	95

	Analyzing context
	Segments describing the teaching team’s analysis of the learning context, e.g., the motivation, capacities of students, limitation of study time, etc.
	37
	92

	Generating solutions
	Segments describing the teaching team’s practices and conversations in generating solutions to address the targeted learning outcomes, incl. elements designed, iterations & revisions, thinking aloud, reasoning, and discussion
	52
	88

	Articulating previous practice
	Segments describing the teaching team’s previous practice and experience in course design
	36
	82

	Perceived usefulness
	Segments describing the teaching team’s report or reflection on the usefulness of the model
	22
	85

	Reported difficulties
	The teaching team reported or gave direct examples of the challenges, difficulties, uncertainties, lack of clarity, or any concern associated with using the model
	13
	99

	Changes in thinking and practice
	The teaching team described or gave direct examples of the changes associated with their design thinking and practice after adopting the model
	31
	88

	Improvement in learning
	Segments describing improvements in learning outcomes
	9
	97

	Features of course design
	Segments describing feature of course design, incl. structure and relationship between elements
	23
	80

	Evaluations
	Segments describing the evaluations carried out by the teaching team, incl. planning for analysis, data collection, analysis, results and visualizations
	68
	74

	Interventions and redesigns
	Segments describing the teaching team’s discussion, reflection, intervention and redesigns based on the results of design evaluations
	49
	98

	Observed
difficulties
	Segments describing the researcher’s observed difficulties, frustration and communication breakdowns the teaching team experienced while engaging with the model
	13
	75

	Agreement rate over all codes
	 	89

	Intercoder reliability for all 13 codes
	κ = 0.782
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