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1 Project	Step	A:	Learners	in	Context	
1.1 Topic	Context	
1.1.1 General	Background	of	Math	Learning	in	China	

 
According to the average score of PISA, (The Program for International Student Assessment) test in 2015, more than one in four students in 
Beijing-Shanghai-JiangsuGuangdong (China), Hong Kong (China) are top-performing students in mathematics, meaning that they can handle 
tasks that require the ability to formulate complex situations mathematically, using symbolic representations. It seems to be a very exciting result 
when I looked at the statistics. However, the problem hiding behind the proud grades is worthy of attention. For example, according to Li (2004), 
the Chinese way of math education basically contains two parts: learning-questioning and learning-reviewing, which indicates the leading roles 
of teachers instead of students. This pattern is not beneficial to foster student’s independent learning ability and thinking ability in the long run.  
 
A lot of effort has been endeavored into explore the problems that emerged in the instructional practice and tapping into the reasons behind the 
results. Self-regulation is one of the focuses that the researchers are paying attention to. According to Elliot’s research (2017), self-regulated 
learning contains the aspect of cognition and metacognition, learning strategy and actions, as well as motivations and emotional management. 
Some researchers looks deeply into the relationship regulation and math achievement of high school students and find out that effort regulation 
can successfully predict student’s math achievement based on the framework of self-regulation theory  (León et al., 2015). Another research 
(Kim et al., 2015) focuses at the role of effort-regulation in the motivation and engagement of student’s math learning and finds out that high 
performance learners are different from the low performance learners in the motivation of math learning. 
 

1.1.2 Relevant	Syllabus	and	Standards	
 
In this project, I am going to center both the domain knowledge and the self-regulation learning in my instructional design. Starting from the 
existing syllabus and standards, I locate the goals more specifically for the certain unit and map them into different categories in the next part 
elaboration. I look into the Common Core State Standards for Mathematic and the Four Pillars of Learning from UNESCO. The first standard 
focuses more on the domain knowledge, which emphasizes the conceptual and procedural knowledge, and general requirement for dispositional 
knowledge, which covers the part of self-regulation. However, the Four Pillars of Learning from UNESCO is more abstract about the whole-
development of individuals, which targets at the dispositional and meta-level more directly. For the specific elaboration, please see the sections 
of goal specification, assessments and instructions.  
 
The relevant standards are listed below: 
2.1.2.1. Common Core State Standards for Mathematics 
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According to Common Core State Standards for Mathematics, the counting and probability is under the general category of Statistics and 
Probability Overview. 
The elaboration of the domain knowledge is listed below: 

“Conditional Probability and the Rules of Probability  S-CP 
Understand independence and conditional probability and use them 
to interpret data 

1. Describe events as subsets of a sample space (the set of outcomes) 
using characteristics (or categories) of the outcomes, or as unions, 
intersections, or complements of other events (“or,” “and,” “not”). 
2. Understand that two events A and B are independent if the probability 
of A and B occurring together is the product of their probabilities, and 
use this characterization to determine if they are independent. 
3. Understand the conditional probability of A given B as P(A and 
B)/P(B), and interpret independence of A and B as saying that the 
conditional probability of A given B is the same as the probability 
of A, and the conditional probability of B given A is the same as the 
probability of B. 
… 

 
Use the rules of probability to compute probabilities of compound 
events in a uniform probability model 

6. Find the conditional probability of A given B as the fraction of B’s 
outcomes that also belong to A, and interpret the answer in terms of 
the model. 
7. Apply the Addition Rule, P(A or B) = P(A) + P(B) – P(A and B), and 
interpret the answer in terms of the model. 
8. (+) Apply the general Multiplication Rule in a uniform probability 
model, P(A and B) = P(A)P(B|A) = P(B)P(A|B), and interpret the answer 
in terms of the model. 
9. (+) Use permutations and combinations to compute probabilities of 
compound events and solve problems.” 
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Different from the domain knowledge, the self-regulation knowledge in the Common Core State Standards for Mathematics is elaborated in the 
inexplicit way. There is a chapter in the beginning part about mathematical practice.  

“1 Make sense of problems and persevere in solving them. 
... 
5 Use appropriate tools strategically. 
6 Attend to precision. 
7 Look for and make use of structure. 
… ” 
 

2.1.2.2. Four Pillars of Learning 
What’s more, UNESCO proposed with the Four Pillars of Learning. In the statement of the Four Pillars, some key ideas like “provide cognitive 
tools required to better comprehend the world and its complexities” is address. For cultivation of the new generation of the future, we, as the 
educator, should step higher and combine more dispositional knowledge and meta-level knowledge into daily instruction to leverage the whole-
development of students.  
 

1.1.3 Bridging	the	Instruction	Goals	with	the	Learner’s	Goals	
 
According to Criddle (2016), the expectancy and value work on the motivation, leading to the goal-directed behavior and supporting learning 
performance. In this instructional design, one of the core goal is to build the awareness of self-regulation and develop the self-regulation skills. It 
seems like adding goals, instructions and assessments are adding extra tasks for the students to finish in the learning unit. However, in the long 
run, the students will benefit a lot from the self-regulated learning and be more effective while learning the new knowledge or address new 
problems in the new scenarios.  
 
One of the goals in the disposition part is to motivate students in math learning. I suppose the students will obtain more learning strategies after 
taking the course, which will facilitate the process of problem solving and help the students, especially for those with strong willing to achieve 
better learning performance, to get a sense of achievement in a positive circulation. Actually it doesn’t really matter whether the student solve 
the problem successfully or not. The more important process of learning is to reflect on the process of problem solve and think about the process 
of thinking. For example, even though the students couldn’t solve an advanced problem in permutation, the reflection will help the students 
know more about what they mastered and what they haven’t mastered. This self-regulation process will diminish the negative emotional reaction 
when facing the failure and help the students to know themselves better in the long run.  
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However, for those who might not have a strong willing of achieving and just want to get things done in the easy way, I would make use of the 
sense of achievement as the later stage of people’s learning. In the early stage, I might use some extrinsic motivation as a starter for them, like 
giving them some bonus score in the formative assessment. Because of the passive and dependent role in learning due to the instructional pattern 
that I mentioned in the first part, this kind of students are very common in the classroom. So I should be more careful about the switching of 
emotion and detect the change when it happens. At the early stage, I will tell them how to take control of the emotion and get motivated for 
learning. As students learn more and more, the educational intervention will be faded and give students freedom to develop their automated 
positive circulation.  
 

1.2 Learning	Context	
 
The learners this course is targeting at are the average high school students in Grade 10 or anyone else interested in certain math topic or self-
regulation. As you can see, this course doesn’t specifically target at the certain group of students, like the honor class or AP class, which are 
targeting at the advanced students with good learning performance. In my perspective, I would say every single student deserves the equal 
chance of getting high quality instruction in their high school year. So my instructional design is rooted in the practical purpose of improving 
students self-regulation in their math learning of daily schooling life. 
 
The school I am going to conduct my instructional design is Tsinghua High School in Beijing, which is the public high school in Haidian District. 
I am very familiar with the campus culture and educational big ideas that the principal holds, since I was graduated there five years ago. The 
campus atmosphere is creative and energetic. The Principal Dianjun Wang is the one of the pioneers in the New Curriculum Reform, which 
advocates the freedom and autonomy of student’s life. The social norm is largely emphasized in the campus; students have to obey the school 
rules. But they don’t feel to be restricted by the rules, since the rules are set up by both student representatives, instructors and administrators in 
the school. It is also a good practice of self-monitoring outside of the domain knowledge and building the awareness of self-regulation.  
 
I am going to apply the course in the blended learning context. The teaching environment is basically in the classroom setting of school, which 
will give the instructors more direct insights about the student’s progression when teaching them face-by-face. The exercises, assignments and 
tasks, however, will be implemented online. By doing that, students can get immediate feedback from the system. What’s more, the formative 
assessment will detect the misconceptions of the students and offers personalized instructions and deliberate practice accommodating to a certain 
individuals. In addition, the way of online assessments on the platforms like OLI will show the instructors the data visualization in the system, 
which will help the instructor to know the learning progression of the whole class and individuals.  
 
For this certain unit of 10-hour mini course, I am going to teach them in the first semester of students of Grade 10 in the first fall semester they 
enter the high school. I decided to focus on the content of Counting and Probability, which includes counting principles, permutations and 
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combinations, and probability. On the one hand, building the awareness and mastering some self-regulated strategies in the very beginning of 
their high school year are very favorable for students’ current and future study life. On the one hand, this part of content is the one that students 
are feeling both intriguing but challenged, according to the heuristic period of informal interview with the math instructor, Ms. Lee (a high 
school math teacher in Tsinghua International High School). What’s more, this part of content involves relatively well-defined problems with 
lots of cognitive and metacognitive process aligning the prior knowledge, which is the perfect content to foster self-regulation for the students 
new to the concept of self-regulation.  
 
For the domain knowledge, working on this unit will help the students to consolidate the previous learning of probability principle and the future 
learning of AP statistics or further college math learning. However, the even more important part is the knowledge component that across the 
domains about the self-regulation in the aspect of cognition and metacognition, learning strategy and actions, as well as motivations and 
emotional management (Elliot et al., 2017). As I addressed in my big idea synthesis, the self-regulation is the treasure that accumulated along the 
process of learning different knowledge components over the year and will last and benefit learning for the lifelong.  
 

1.3 Learner	Profile	as	a	Baseline	
For the learning features in the profile, I categorize them into two dimensions: similarities/differences and stable/changing. I am doing this 
because the four different categories give us different kind of insights about the instructional design. The stable features are the prior knowledge 
that students came into the class with, because of age, cognitive development and so on. The changing features are the features that are changing 
over the time due to the instruction and practice. Individual similarities refer to the common features of students in the class, which will decide 
the overall instructional design, the progress pace and content. Individual differences are the features varying from individual to individual, 
which need personalized instructions and scaffolding from the instructors.  
 
 Individual Similarities Individual Differences 

Stable 
(starting) 

- Cognitive developmental stage 
- physical and social development 
 
-> general instructional design 

- initial domain knowledge base 
- initial self-regulation abilities 
- interests 
- multi-intelligence 
- temperaments 
 
-> grouping 
-> individualized scaffolding or intervention 
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Changing 
(in the 
process) 

- generally growing domain knowledge base 
- generally growing self-regulation abilities 
 
-> change the difficulty level of the instructional 
content 

- individually growing domain knowledge base 
- individually growing self-regulation abilities 
 
-> individualized scaffolding or intervention 

 
1.3.1 Stable	Similarities	

 
In the category of stable similarities, it demonstrates the common features of all the learners in a certain age group, like the cognitive, physical 
and social developmental stages. This kind of feature can be easily observed in the class and offers insight about the general instructional design 
(goal, assessment and instruction).  
According to Piagetian cognitive developmental stage theory, students in Grade 10 are in the format operational stage. In this stage, students can 
do some abstract thinking and reasoning in the high cognitive level. So the course should focus more on the reasoning through process instead of 
the showing the concrete facts to students. As for the physical development, students in this age span are in the adolescence. Students at this age 
are very sensitive to the reaction from the outside world. The emotions are fluctuating in a great way. So it is very important to list the self-
regulation of emotion management as one of our important goals. According to the developmental milestones in the website of Centers for 
Disease Control and Prevention, students are in the critical time for their personality shaping and developing at this time. So it is just about the 
time for them to develop the self-regulated learning.  
 

1.3.2 Stable	Differences	
 
This category contains the individual differences that might be measured in the diagnose assessment at the beginning or coming from the 
standardized learning portfolio. However, since the features here are stable, we just need to do once diagnose assessment or look through the 
portfolio at the beginning of the semester. There are many types of individual differences, like initial domain knowledge base, initial self-
regulation abilities, interests, multi-intelligence, temperaments, etc. all of the feature above give the instruction a sketchy impression about the 
different students. For example, some students might be good at logic reasoning, while others might be good at verbal and linguistics (multi-
intelligence); some might be introverted, while others might be extroverted(temperaments). So in the instruction, students might be grouped by 
their interest, ability, temperaments and different levels of prior knowledge. In this way, the collaborative learning might be better supported. 
Within the group, the students will have more opportunities to learn from each other. And also, the instructors will identify the students possibly 
struggling in this unit judged by the previous learning records. So extra scaffolding and intervention will be conducted on these students.  
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1.3.3 Changing	Similarities	
 
As the course is going on, in the level of the whole class, some instructional design and instructional methods applied will be changed. When the 
formative assessment is conducted, we know better about the pace of the whole students. According to the book called ABCs: How We Learn, 
the worked examples work better for the novice students, but the deliberate practices should be more targeting at the students with some relevant 
knowledge. So my instruction might be more worked examples at the beginning; the worked example, however, will fade away and the 
deliberate practice is a better way to help students to master the knowledge component.  
 

1.3.4 Changing	Differences	
 
Since different people have different learning curve when learn something new, the timing of fading should depends on individual responses of 
the formative assessment. Here, the changing differences will give the instructor more insights about the how individuals will go through the 
process. So personalized setting will be beneficial under this case.  
 

1.4 Initial	Resources	
 
To be honest, I didn’t enjoy math learning even though I got really good grades in it. Thanks to the flood of practice in high school, I “lost” my 
passion and fun for learning math but did them all anyway. So the domain knowledge is still clearly in my mind when I pick it up now. And 
think about the subject, math, again, I do see the value inside this domain, like the thinking ability and flexibility of problem solving. I want to 
help the students to go through the math learning process more smooth and happier than me by mastering the method of thinking and getting a 
sense of achievements.  
 

1.4.1 The	Experts	I	Can	Turn	to	
 
Domain knowledge: 

Ms. Jin Q. (High school math teacher in Tsinghua International High School) 
Ms. Bessie T. (High school math teacher in Wanfu High School) 

Self-regulation: 
Prof. Sharon Carver (Professor for EGIA) 
Mr. Xiang H. (A Ph.D. student in Hongkong University to study math education. ) 
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1.4.2 Materials	I	can	use	

 
Domain knowledge 
Syllabus: Common Core 
It gives me a general idea about the domain I am going to work on.  

i. Textbook:  
Stewart, J., Redlin, L., & Watson, S. (2015). Algebra and trigonometry. Nelson Education. 
Hall, M. D., & Melvin, M. L. (2017). MATH 131 Algebra and Trigonometry Spring 2017. 
The two textbooks serve as tool books for my instructional design and make sure what I am teaching is based on a certain sequence and logic. 
Basically, I am combining and selecting the parts from these two books and the learning objectives in each textbook help me to learn the 
knowledge component more clear.  

ii. Khan Academy:  
https://www.khanacademy.org/math/statistics-probability/counting-permutations-and-combinations 
I think the videos from Khan Academy models an example of instruction and let me know how to teach using the terms in English, considering 
about my situation of ESL. So it is a very helpful material I can turn to in order to get insights for instruction.  

iii. Research papers in math education: 
Shernoff, D. J., Csikszentmihalyi, M., Schneider, B., & Shernoff, E. S. (2014). Student engagement in high school classrooms from the perspective of flow theory. In 
Applications of Flow in Human Development and Education (pp. 475-494). Springer Netherlands. 
Wei, X., Yu, J. W., Shattuck, P., & Blackorby, J. (2017). High School Math and Science Preparation and Postsecondary STEM Participation for Students With an 
Autism Spectrum Disorder. Focus on Autism and Other Developmental Disabilities, 32(2), 83-92. 
Oreopoulos, P., Brown, R. S., & Lavecchia, A. M. (2017). Pathways to education: An integrated approach to helping at-risk high school students. Journal of Political 
Economy, 125(4), 947-984. 

 
Self-regulation: relevant papers I find 

León, J., Núñez, J. L., & Liew, J. (2015). Self-determination and STEM education: effects of autonomy, motivation, and self-regulated learning on high school math 
achievement. Learning and Individual Differences, 43, 156-163. 
Kim, C., Park, S. W., Cozart, J., & Lee, H. (2015). From motivation to engagement: The role of effort regulation of virtual high school students in mathematics 
courses. Journal of Educational Technology & Society, 18(4), 261. 
Yeager, D. S., Henderson, M. D., Paunesku, D., Walton, G. M., D’Mello, S., Spitzer, B. J., & Duckworth, A. L. (2014). Boring but important: a self-transcendent 
purpose for learning fosters academic self-regulation. Journal of personality and social psychology, 107(4), 559. 
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I think the theoretical rationale behind the instructional design is very important. So I will keep looking for the relevant materials in self-
regulation to make my design more effective and convincing from the prescriptive view.  
 

1.5 Proposed	Focus	for	a	10	Hour	Segment	
I am going to do a 10-hour instructional design for the students. Since every class lasts for 40 minutes, I would like to arrange the course for the 
semester, with two weeks intense lecture and projects group meeting and presentation at the end of the semester. That means students will need 
to learn the unit of Counting and Probability every day for 40 minutes. Before the 10 hours instruction, I would recommend the students to 
review the counting principles and discuss the problems when they review in the first class, which is a format of flipped classroom. The reason I 
design the instruction in this way is that students start their new semester in the high school might come from different Middle schools and 
different communities. Most of the middle schools address the counting principles in Grade 8 or 9. But some don’t address. However, I don’t 
want to waste everyone’s time in the class, so I will give a pre-assignment for the students do some review work by themselves. So everyone 
comes to the class with preparation or clear self-perception of what they already know and what still confuses them, which is a good self-
reflection process. After two weeks of intense instruction, students are going to the next stage of conducting project of The Monty Hall Game. 
The project is the integration of domain knowledge and self-regulation knowledge, solving the real problem. In this process, more self-regulated 
features will be demonstrated, like the effort management, emotion management, self-paced learning and so on.   
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2 Project	Step	B:	Goal	Specification	
 
All of the goal specification below is first generated by the prescriptive CTA - collecting the preliminary materials from the textbooks and online 
resources, then self-reflecting on the instructional design process and think aloud from the domain experts to solve a certain problem. Another 
iteration is from the descriptive CTA - the interview and think aloud from novices trying to solve a certain problem. This process helps me to 
detect the common misconception of the students, so I would address the part more in the instructional design and start with decomposition in 
the first step of goal specification. 
 
In this unit, I segment the content into three parts: counting principles (Review), permutation and combinations, and probability (new 
knowledge). The first part is the foundation of the second and the third. In the following part, I will address the different kind of goals one by 
one. But first, let’s look at the knowledge map of different concepts in this unit. This knowledge map is not only for me to do theoretical 
prescriptive CTA and find the connections between and hierarchy among different concepts, but also a good example that I will show to the 
students about how to organize and manage their knowledge learned along the learning process, knowing how the new knowledge can be 
mapped to the old and learn a certain self-regulation strategy.  
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2.1 Conceptual	Knowledge	
Since the conceptual knowledge in this course are in math language and very abstract. I list the definition first and explain the definition or 
concepts in student’s language.  

c.c.1. Counting	
c.c.1.1. All	the	Subsets	of	a	Set	
c.c.1.1.1. If	two	sets	A	and	B	have	precisely	the	same	elements,	we	say	that	A	and	B	are	equal	and	write	A	=	B.		

(If	the	two	groups	have	the	same	members,	we	can	say	that	group	A	and	group	B	are	the	same.	In	math	language,	we	
call	the	group	a	set.	For	the	members	inside	the	group,	we	call	them	elements.)	
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c.c.1.1.2. If	each	element	of	a	set	A	is	also	an	element	of	a	set	B,	we	say	that	A	is	a	subset	of	B	and	write	A⊆	B.		
(If	every	member	in	group	A	and	also	in	group	B.	We	can	say	that	A	is	part	of	B,	which	in	math	language	is	A⊆B.	The	
special	case	of	this	is	the	situation	that	A	is	equal	to	B.)	
	

c.c.1.1.3. If	A⊆B	and	A	≠B,	we	say	that	A	is	a	proper	subset	of	B	and	write	A⊂B.		
(If	A	is	a	part	of	B	and	A	is	not	exactly	the	same	with	B,	in	math	language	we	can	say	A	is	a	subset	of	B	and	we	can	write	
as	A⊂B.)	
	

c.c.1.1.4. If	A⊆B,	every	element	in	set	A	is	also	in	set	B,	but	B	may	or	may	not	have	additional	elements.	If	every	element	in	A	is	
also	in	B,	and	B	has	at	least	one	element	not	found	in	A.	
(If	A	is	a	subset	of	B,	every	part	in	A	is	also	in	B.	But	every	part	in	B	is	not	necessarily	in	A.)	
	

c.c.1.1.5. Finally,	we	agree	that	the	empty	set,	∅,	is	a	subset	of	every	set;	that	is,	
∅⊆A	for	any	set	A.			
(If	the	set	is	empty.	We	make	a	rule	that	it	is	the	subset	for	every	single	set.)	
	

c.c.1.2. The	Number	of	Elements	in	a	Set	
c.c.1.2.1. If	A	is	a	set	with	n	elements,	A	has	2n	subsets.	

(If	A	has	n	elements,	there	are	totally	2n	possible	subsets.)	
	

c.c.1.2.2. Counting	Formula:	If	A	and	B	are	finite	sets,	n(A∪B)	=	n(A)	+	n(B)	–	n(A∩B).		
(The	counting	formula	is	that	the	number	of	elements	in	A	OR	B	set,	is	the	number	of	elements	in	A	set	adds	the	number	
of	elements	in	B	set	and	minus	the	number	of	elements	in	the	common	area	of	A	and	B	set.)	
	

c.c.1.2.3. Addition	Principle	of	Counting:	If	two	sets	A	and	B	have	no	elements	in	common,	that	is,	if	A∩B	=	∅,	then	n(A∪B)	=	n(A)	
+	n(B).	
(The	addition	principle	of	counting	is	that	if	the	two	sets	has	nothing	in	common,	we	can	calculate	the	number	of	the	
elements	by	adding	the	number	of	elements	of	the	A	set	and	the	B	set.)	
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c.c.1.2.4. General	Addition	Principle	of	Counting:	If,	for	n	sets	A1,	A2,	…,	An,	no	two	have	elements	in	common,	n(A1∪A2∪…∪An)	=	
n(A1)	+	n(A2)	+	…	+	n(An).		
(General	addition	principle	of	counting	is	based	on	the	previous	one.	But	just	increase	the	sets,	instead	of	just	2	sets,	
there	are	totally	n	different	sets	and	the	number	of	elements	is	adding	together.)	
	

c.c.1.3. Multiplication	Principle	
c.c.1.3.1. Multiplication	Principle	of	Counting:	If	a	task	consists	of	a	sequence	of	choices	in	which	there	are	p	selections	for	the	first	

choice,	q	selections	for	the	second	choice,	r	selections	for	the	third	choice,	and	so	on,	the	task	of	making	these	selections	
can	be	done	in	p*q*r*…	different	ways.		
(The	multiplication	principle	of	counting	is	to	multiply	all	the	possible	ways	of	different	steps	and	the	result	is	the	
product.)	

c.c.2. Permutations	and	Combinations	
c.c.2.1. Count	the	Number	of	Elements	in	a	Set	
c.c.2.1.1. A	permutation	is	an	ordered	arrangement	of	r	objects	chosen	from	n	objects.	

(Permutation	is	the	ways	of	selecting	r	objects	from	n	objects	and	the	order	of	them	matters.)	
	

c.c.2.1.2. Permutations:	Distinct	Objects	with	Repetition	
The	number	of	ordered	arrangements	of	r	objects	chosen	from	n	objects,	in	which	the	n	objects	are	distinct	and	
repetition	is	allowed,	is	nr.	
(If	we	can	select	from	the	objects	repeatedly,	the	total	number	of	selection	is	nr.)	
	

c.c.2.1.3. The	notation	P(n,	r)	represents	the	number	of	ordered	arrangements	of	r	objects	chosen	from	n	distinct	objects,	where	
and	repetition	r	≤	n	is	not	allowed.	
(The	notation	for	the	permutation	when	selecting	r	objects	from	n	objects	is	P(n,r).)	
	

c.c.2.1.4. P(n,	r)	=	n*(n-1)*(n-2)*…*[n-(r-1)]	=	n*(n-1)*(n-2)*…*(n-r+1)	
(The	formula	of	permutation	in	notation	of	P(n,	r)	is	“n”	times	“n-1”	times	and	all	the	way	down	to	(n-r+1).)	
	

c.c.2.1.5. Permutations	of	r	Objects	Chosen	from	n	Distinct	Objects	without	Repetition	
The	number	of	arrangements	of	n	objects	using	r	≤	n	of	them,	in	which:	
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1.	the	n	objects	are	distinct,	
2.	once	an	object	is	used	it	cannot	be	repeated,	and	
3.	order	is	important,		

is	given	by	the	formula:	P(n,	r)	=	n!/(n-r)!	
(If	we	take	a	closer	look	at	the	permutation	formula.	The	formula	can	be	simplified	to	P(n,	r)	=	n!/(n-r)!,	when	the	objects	
are	all	different,	the	objects	cannot	be	repeatedly	selected	and	the	order	of	the	selection	matters.	)	
	

c.c.2.2. Combinations	
c.c.2.2.1. A	combination	is	an	arrangement,	without	regard	to	order,	of	r	objects	selected	from	n	distinct	objects	without	

repetition,	where	r	≤	n.	The	notation	C(n,	r)	represents	the	number	of	combinations	of	n	distinct	objects	using	r	of	them.	
(The	combination	problem	is	also	about	selecting	the	objects	from	the	whole	set.	The	only	difference	is	that	the	order	of	
the	selection	doesn’t	matter.)	

c.c.2.2.2. Number	of	Combinations	of	n	Distinct	Objects	Taken	r	at	a	Time	
The	number	of	arrangements	of	n	objects	using	r	≤	n	of	them,	in	which	

1.	the	n	objects	are	distinct,	
2.	once	an	object	is	used,	it	cannot	be	repeated,	and	
3.	order	is	not	important,	

is	given	by	the	formula:	C(n,	r)	=	n!/(n-r)!r!	
(The	formula	of	the	combination	is	to	divide	the	formula	of	permutation	with	r!.)	
	

c.c.2.3. Using	Permutations	Involving	n	Nondistinct	Objects	
c.c.2.3.1. Permutations	Involving	n	Objects	That	Are	Not	Distinct	

The	number	of	permutations	of	n	objects	of	which	n1	are	of	one	kind,	n2	are	of	a	second	kind,	…,	and	nk	are	of	a	kth	kind	
is	given	by	
n!/(n1!*	n2!*…	nk!).		
(If	the	objects	are	not	distinct,	the	total	number	of	the	n!/(n1!*	n2!*…	nk!).)	

 
c.c.3. A	probability	model	with	the	sample	space	

c.c.3.1. Probability	Models	
c.c.3.1.1. A	probability	model	with	the	sample	space	
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where	e1,	e2,	…	,	en	are	the	possible	outcomes	and	P(e1),	P(e2),	…,		P(en),	are	the	respective	probabilities	of	these	
outcomes,	requires	that	P(e1)≥0,	P(e2)	≥0,	…,		P(en)	≥0,	P(e1)	+	P(e2)	+	…	+	P(en)	=	1.		
(If	the	e1,	e2,	…	,	en	are	the	possible	outcomes,	the	probability	of	adding	them	together	equals	to	1.)	
	

c.c.3.2. Probabilities	of	Equally	Likely	Outcomes	
c.c.3.2.1. If	an	experiment	has	n	equally	likely	outcomes	and	if	the	number	of	ways	that	an	event	E	can	occur	is	m,	then	the	

probability	of	E	is	
P(E)	=	(Number	of	ways	that	E	can	occur)	/	(Number	of	possible	outcomes)	=	m/n	=	n(E)/n(S).		
(The	formula	of	calculating	the	probability	that	E	is	happening	is	to	divide	the	possible	situation	of	E	happening	with	all	
possible	outcomes.)	
	

c.c.3.3. Probabilities	of	the	Union	of	Two	Events	
c.c.3.3.1. Mutually	Exclusive	Events:		

If	E	and	F	are	mutually	exclusive	events,	P(E∪F)	=	P(E)	+	P(F).		
(If	there	is	no	possibility	that	E	and	F	are	happening	together,	then	probability	of	E	or	F	happening	is	to	add	the	
probability	of	E	and	F	together.)	
	

c.c.3.3.2. Independent	event:	
c.c.3.3.2.1.	When	two	events	are	said	to	be	independent	of	each	other,	what	this	means	is	that	the	probability	that	
one	event	occurs	in	no	way	affects	the	probability	of	the	other	event	occurring.		
(If	the	probability	for	one	thing	to	happen	doesn’t	influence	the	other	thing.	We	can	say	that	they	are	not	dependent.)	
	
c.c.3.3.2.2.	P(E∪F)	=	P(E)	+	P(F)	–	P(E∩F).	
(The	probability	for	E	or	F	to	happen	is	to	add	the	probability	of	E	and	F	and	minus	the	probability	of	E	and	F.)	
	
c.c.3.3.2.3.	P(E∩F)	=	P(E)	*	P(F).	
(The	probability	of	E	and	F	to	happen	is	to	multiply	the	probability	of	the	two	events	together.)	
	

c.c.3.4. Complement	Rule	
c.c.3.4.1. Complement	of	an	Event:	
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Let	S	denote	the	sample	space	of	an	experiment,	and	let	E	denote	an	event.	The	complement	of	E,	denoted	Ē,	is	the	set	
of	all	outcomes	in	the	sample	space	S	that	are	not	outcomes	in	the	event	E.	
(If	the	E	is	happening,	the	complement	of	E	is	the	situation	that	E	is	not	happening.)	
	

c.c.3.4.2. Probabilities	of	Complementary	Events	
If	E	represents	any	event	and	Ē	represents	the	complement	of	E,	then	P(Ē)	=	1	–	P(E).		
(The	probability	of	complementary	of	E	happening	is	1	minus	the	probability	of	E	happening.)	
	

2.2 Meta-Level	Conceptual	
m.c.1. Maintain	the	personal	knowledge	map	every	day.		

Add	the	new	knowledge	into	the	old	map	and	mark	the	connection	between	knowledge	components.		
m.c.2. Predict	the	possible	mistakes	that	might	happen	in	solving	a	certain	problem,	especially	those	committed	by	you	previously.		
m.c.3. Understand	the	reason	why	certain	meta-cognitive	strategies	are	introduced	in	this	course.		

m.c.3.1. Make	knowledge	map:	map	the	new	knowledge	with	the	prior	to	deepen	the	understanding	and	understand	the	
connections	between	the	new	knowledge	better.		

2.3 Procedural	Knowledge	
c.p.1. Using	counting	principles	to	calculate	the	sample	space	

a. IF	there	is	only	one	step	for	each	action	but	several	actions,	THEN	apply	the	general	addition	principle	of	counting:		
i. IF	there	are	more	than	one	action,	THEN	apply	the	formula:	n(A1∪A2∪…∪An)	=	n(A1)	+	n(A2)	+	…	+	n(An).		
ii. IF	there	are	only	two	actions	(A	and	B):		

1. IF	A∩B	=	∅,	THEN	apply	the	formula:	n(A∪B)	=	n(A)	+	n(B).	
2. IF	A∩B	≠	∅,	n(A∪B)	=	n(A)	+	n(B)	–	n(A∩B).	

b. IF	there	is	only	one	action	but	with	multiple	steps,	THEN	apply	the	general	multiplication	principle	of	counting:	p*q*r*…	
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c.p.2. Solve	permutation	and	combination	problems:	
a. IF	the	n	objects	are	not	distinct,	THEN	apply	the	formula:	n!/(n1!*	n2!*…	nk!).	
b. IF	the	n	objects	are	distinct:	

i. IF	the	order	of	arrangement	doesn’t	matter,	THEN	that	is	a	combination	problem	and	apply	the	formula:	C(n,	r)	=	n!/(n-
r)!r!.	

ii. IF	the	order	of	arrangement	matters,	THEN	that	is	a	permutation	problem	of	n	objects	taken	K:	
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1. IF	the	repetition	is	allowed	in	taking,	THEN	apply	formula:	nr.		
2. IF	the	repetition	is	not	allowed	in	taking,	THEN	apply	formula:	P(n,	r)	=	n*(n-1)*(n-2)*…*[n-(r-1)]	=	n*(n-1)*(n-

2)*…*(n-r+1)	
 

 
c.p.3. Apply	the	formula	of	2n	to	calculate	the	number	of	possible	outcomes	of	subsets	in	the	set	with	n	objects.		
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c.p.4. Extending	counting	principles	to	calculate	the	probability	
a. IF	A∩B	=	∅,	THEN	apply	the	formula:	P(A∪B)	=	P(A)	+	P(B).	
b. IF	A∩B	≠	∅,	P(A∪B)	=	P(A)	+	P(B)	–	P(A∩B).	

c.p.5. Apply	the	complement	rule	to	calculate	the	probability	of	E:	P(E)	=	1-P(E).		
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c.p.6. IF	an	experiment	has	n	equally	likely	outcomes	and	the	number	of	ways	that	an	event	E	can	occur	is	m,	THEN	apply	the	formula	

to	calculate	the	probability	of	E	is		
P(E)	=	(Number	of	ways	that	E	can	occur)	/	(Number	of	possible	outcomes)	=	m/n	=	n(E)/n(S).		

c.p.7. IF	the	two	events	cannot	happen	at	the	same	time,	THEN	A	and	B	are	mutually	exclusive	events.		
c.p.8. IF	the	two	events	can	happen	at	the	same	time:	

a. IF	the	one	event	will	influence	the	probability	of	the	other	one,	THEN	they	are	not	independent.		
b. IF	the	one	event	will	not	influence	the	probability	of	the	other	one,	THEN	they	are	independent	

c.p.9. IF	the	two	events	are	independent:	
a. IF	the	question	is	to	calculate	the	probability	of	A	event	happening	AND	B	event	happening,	THEN	apply	P(E∪F)	=	P(E)	+	P(F)	–	

P(E∩F).		
b. IF	the	question	is	to	calculate	the	probability	of	A	event	happening	OR	B	event	happening,	THEN	apply	P(E∩F)	=	P(E)	*	P(F).	
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2.4 Meta-Level	Procedural	
m.p.1. Apply	the	learn	strategies	to	learn	better.	

m.p.1.1. Apply	the	5-step	problem	solving	strategy	to	solve	the	problem.		
- Identify	the	problem	type.	
- Contrast	the	new	problem	with	the	old	one	and	find	the	similarity	and	difference.		
- Find	the	“trigger”	to	transform	the	new	problem	into	the	one	solved	before.		
- Self-check	whether	all	the	sub-problems	are	addressed	one	by	one.		
- Reflect	on	the	problem-solving	process	and	record	the	learning	outcomes	in	the	learning	log.		

m.p.2. Tweak	the	strategies	that	introduced	in	the	lecture	and	customize	to	meet	the	personal	needs.		
m.p.3. Get	to	know	which	part	of	the	knowledge	that	you	already	understand	and	mastered,	which	part	not.		

m.p.3.1. Self-asking	after	solving	one	problem:	did	I	solve	the	problem	successfully?	If	not,	why?	Do	I	understand	now?	
m.p.4. The	strategy	of	handling	a	new	problem:	trigger-finding	and	transforming	process	to	provide	a	universal	pattern	of	solving	

problems.		
 
What’s more, since the course is first lecture-based then project-based, planning and scheduling are very important when the students are 
doing the project.  
m.p.5. Monitoring	the	progress	of	the	project.	

m.p.5.1. Plan	ahead	for	the	scheduling	and	make	specific	timeline	for	each	subtask.	
m.p.5.2. Predict	the	possible	barriers	and	get	prepared	for	that	in	advance.		
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2.5 Dispositions	

3.5.1. Self-regulation 
Before talking about the specific dispositional goals, I want to talk about three aspects about understanding ourselves: self-confidence, self-
efficacy, and self-concept.  
 
Self-confidence marks level that how confident the students feel about their ability and proficiency; self-efficacy is specified to a certain extent 
or strength of one's belief in one's own ability to complete tasks and reach goals. They will directly influence the motivation of learning. One 
common misconception among the low performance students (even occurs to me since I was very sensitive about failure in adolescence), under a 
fierce competition atmosphere, is that “I don't think I can finish this task, since my intelligence is lower than those who perform well in the 
pervious task.” However, actually the insufficient self-confidence and self-efficacy might lead the students to make bad judge about their ability 
and finally form a wrong self-concept. However, according to Bain (2010), the instructor should hold the belief that the intelligence is not fix, 
which will light the motivation of learning for those low-performance students.  
 
In this unit, I would like to focus on foster the motivation and emotion, which are tightly related to self-regulation. The dispositional goals are 
listed below: 

c.d.1. Manage	your	emotion	and	embrace	the	failure.	
c.d.1.1. Tell	yourself	to	be	happy	when	fail	to	solve	the	problem,	since	you	get	a	chance	to	nail	it	and	find	the	misconceptions	

you	have.	That	is	a	good	experience	that	others	might	not	have.		
c.d.1.2. Persist	in	solving	a	problem	even	the	process	is	better	and	tell	yourself	“I	will	make	HUGE	progress	if	I	solve	this	problem.”	

c.d.2. Learn	to	self-motivated	when	solve	a	problem	successfully.		
c.d.2.1. Self-encourage	to	provide	positive	hints	to	oneself.	
c.d.2.2. Some	extrinsic	motivations	can	be	offered	by	oneself.		

 
Besides self-confidence, self-efficacy and self-concepts that are directly related to self-regulation, math, the specific domain, has its unique 
feature and certain dispositional goals emphasizing self-monitoring.  

c.d.3. Self-check	again	before	moving	to	the	next	problem	to	ensure	the	precision.		
 

2.6 Meta-Level	Dispositional	
m.d.1. When	you	are	not	motivated	or	have	negative	emotion,	you	can	detect	that	and	hold	the	positive	attitude	to	that.		
m.d.2. Evaluate	the	learning	process	and	progression	in	emotional	management	and	self-regulation.		
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m.d.3. Learn	better	about	your	dispositions:	risk-taking	or	conservative?	(For	one	specific	example	instruction	in	the	instruction	part)	
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3 Project	Step	C:	Assessment	Design	
3.1 General	Description	

- Clarifying	Priorities	and	Purpose	
3.1.1 Student	vs.	Program	Focused	

This course is more student focused since the assessment is to help the students to improve their learning. As mentioned before, the instructional 
design not only target on the similarities of students but also the differences. So the prior knowledge and the changing states of students learning 
are assessed during the process.  
Some side product of the assessment is to improve the course by bidirectional evaluation. The evaluation for the students from the instructors is 
for purpose of improving student’s learning, mentioned above. The evaluation for the instructors can help the instructor to identify the common 
misconception and integrate the insights from the formative assessments for the future design of the course.  

3.1.2 Context	Natural	or	Structured	
I think my design is more context structured in the short-term for the one-semester instructional design. In general, the design is to assign the two 
different in the sequence of self-regulation. However, the long-term goal is to foster student’s self-regulation. So some extra observation in the 
other contexts should be addressed, like observing self-regulation of learning in the other domain. But this is not the goal focused for this course 
but some future plans.  

3.1.3 Data	Collection	and	Report	
The data collected will be stored in the student’s learning management system. So students have access to their learning record for the semester. 
The ownership of the data belongs to the school. So after this course, the other instructors will browse the student’s basic information and prior 
knowledge to get a sense of student’s learning. What’s more, the parents will also have access to student’s learning records, if they want to know 
how their children are doing in their school work.  

3.1.4 Core	Level	
Core focus Purpose Timing Assessment type 

(formative and 
summative) 

Frequency 

Domain 
knowle
dge 

Understan
d the basic 
domain 
concepts.  

For students: 
Ensure the students gain deep understand of the domain concepts, since the 
concepts are the base for the future study.  
 

In-class test 
right after 
introducing a 
new concept. 

Formative. Everyday.  
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For instructors: 
Learn the level of students prior knowledge and detect the common 
misconceptions of the whole class and tweak the instruction according to the 
assessment.  
 

After-class 
homework.  

Formative. Everyday.  

Weekly quiz.  
 

Formative. Every week.  

Master 
and gain 
fluency on 
solving 
typical 
problems.  

For students: 
The development of the skills and application of the principles need fluency. So 
practicing is the very important part of it. 
 
For instructors: 
Learn the level of students prior knowledge and understand the thinking process of 
the students and gain inspiration of instructional design from the assessment.   
 

Unit pre- and 
post- quiz. 
 

Summative.  One time 
before the 
unit and one 
time after the 
unit.  

Self-
regulati
on 

Develop 
self-
regulated 
learning.  

 
For students:  
Developing the habit of self-regulation is about accumulating the experience day 
by day. And finally find the set of self-regulation pattern that has the individual 
features.  
Prompting the students to do daily log and knowledge map are only the start of 
building awareness. Hopefully the students will from their own self-regulation 
pattern after the course.  
By observing the knowledge map weekly and compare the knowledge maps from 
the students and the experts, the learning process and how the knowledge is 
organized are clearly show by the evolving of the knowledge map building.  
 
For instructions: 
Learn more about the students perspective about self-regulation and introduce 
more good strategies coming from the classmates that might be suitable for the 

 
Daily log 

 
Formative. 

 
Everyday.  

Knowledge map Formative. Once time 
per sub-unit.  

Self-evaluation 
scale  

Summative. One time 
before the 
unit and one 
time after the 
unit. 
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whole class.  
 

Integrat
ion 

Finish 
integrated 
project.  

For students: 
The project offers a good channel for the students to apply the knowledge they 
learned in the first two-week intense instructions in an authentic and intriguing 
way. What’s more, the project maintains the learning outcome of the lecture in the 
first two weeks. Along the project, the students will review the domain knowledge 
again and also practice their self-regulation learning in a more ill-defined problem.  
 
For instructors: 
Understand the student’s development better when looking at the project they have 
done, with more variant data.  

Project 
documentation 
log.  
 

Formative. Weekly. 

Project 
presentation.  

Summative.  At the end of 
the semester.  

 
3.1.5 Secondary	Level	

For the content in the second level, they are not focused in this course. So there is no assessment for those aspects. The assessments conducted 
are more targeted at the goal I set and align with the instructions.  

3.1.5.1 Recall	and	remember	the	definitions	of	a	term.		
Even though understanding the definitions are very important at the initial stage of learning the new concept, it doesn’t mean we need to totally 
remember the original words of the definition. So I suggest the students to use their own language to paraphrase the definitions, understand in 
their own way and map to their own concept map.  

3.1.5.2 Perform	formula	deduction.	
In this course, the learning objectives are targeting at the problem-solving process, applying the proper formula and equations. For the deduction 
process of a certain formula, I would choose to skip some complicated ones, since some deductions need more knowledge even in the college 
level to perform. I think introducing the deduction of formula might bring too much cognitive difficulties, which might lead to attribution for the 
students in this level.  

3.2 Core	Level	Specific	Description		
- Backward	Design	Starting	from	the	Goals	

3.2.1 Understand	the	basic	domain	concepts;	master	and	gain	fluency	on	solving	typical	problems.	
Cognitio
n 

Observation 
(Format) 

Interpretation (Scoring, reporting, and use of results) 
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(content) 
 

 

Goal The possible student behaviors 
(do/say/create) 

Possible 
scaffolding   

Recording 
technique 

Detailed assessment 
elaboration 
(watching/ask/reviewing
) 

Criteria and rubric Datatype Impact to the 
students 

c.c.1., 
c.p.1. 

Before the class: 
Students will go through the 
online instruction and take the 
quiz. 
 

Feedback 
offered after 
submitting 
the quiz.  

Automated 
online record.  

As soon as the students 
submit the quiz, the 
teacher will see the 
student’s performance in 
the online platform using 
the data visualization 
module, where the 
student’s response will 
be clearly shown.  
 

If the correct rate is 
higher than 85%, the 
students passes the 
quiz. If not, they 
need to go through 
another one until 
they pass.  

Quantitative.  Help students to 
identify the 
misconception 
and solve the 
problem by 
prompts from the 
system.   

In class: interaction with 
teacher and participation in the 
accountable talking, since the 
students already review the 
certain part at home. The 
flipped classroom will target at 
the misconception directly and 
address the most important 
part. 
 

Provide 
hints to 
foster the 
student’s 
learning. 

Camera. Use the extra practices 
targeting on the same 
knowledge component to 
assess student’s learning.  

If the students can 
solve the follow-up 
questions, they are 
regarded to reach the 
mastery level.   

Qualitative. Help students to 
address the 
problem that still 
confuses them.  

c.c.2., 
c.c.3., 
c.p.2., 
c.p.3., 
c.p.4., 
c.p.5., 

In class: formative assessment 
with feedback. 

Provide the 
immediate 
feedback to 
students and 
model the 
process of 

Camera. Use the extra practices 
targeting on the same 
knowledge component to 
assess student’s learning.  

If the students can 
solve the follow-up 
questions, they are 
regarded to reach the 
mastery level.   

Quantitative.  Help the students 
to understand the 
concepts and 
procedures of 
solving a 
problem.  
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c.p.6. problem-
solving.  
 
 

 

After class: homework doing 
online.  

Provide an 
opportunity 
to gain 
fluency in 
different 
types of 
problems.  

Automated 
online record. 

The correct rate will be 
factor that influences the 
number of assessment 
questions that students 
will receive.  

The algorithm 
(Bayesian knowledge 
tracing) will be 
embedded in to the 
exercise system. 
According to the 
algorithm, the 
mastery level of the 
certain student will 
be predicted and the 
assessment will be 
individualized to 
different person.  
 

Quantitative.  Help the students 
to gain fluency 
and mastery in 
different types of 
problems. 

3.2.2 Develop	self-regulated	learning.	
Cognitio
n 
(content) 
 

Observation 
(Format) 
 

Interpretation (Scoring, reporting, and use of results) 

Goal The possible student behaviors 
(do/say/create) 

Possible 
scaffolding   

Recording 
technique 

Detailed assessment 
elaboration 
(watching/ask/reviewing) 

Criteria and rubric Datatype Impact to the 
students 

m.c.1., 
m.c.2., 
m.c.3. 

Students might create the 
knowledge map.  

Demonstrat
e the 
worked 
example of 
making a 
knowledge 

Camera (if 
work on 
paper); 
MindManage
r or other 
tools on the 

Review the maps that 
students make.  

Please see the 
Appendix: 
knowledge map 
making criteria.  

Qualitative.  Help the 
students to 
reorganize the 
knowledge in 
their own way, 
which helps 
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map.  laptop.   them learn 
better.  

m.p.1., 
m.p.2., 
c.d.1., 
c.d.2., 
c.d.3., 
c.d.4., 
m.d.1., 
m.d.2. 

Students might try to apply the 
strategy introduced and revise 
that based on their personal 
experience. They might 
encounter the failure.  

Personalize
d coaching.  

Students 
daily log.  

Review the daily log and 
write down feedback. 

Please see the 
Appendix: student’s 
daily evaluation 
form.  

Qualitative.  Help the 
students to 
monitor their 
learning process 
and manage 
their emotions.  

3.2.3 Finish	integrated	project.	
Cognitio
n 
(content) 
 

Observation 
(Format) 
 

Interpretation (Scoring, reporting, and use of results) 

Goal The possible student behaviors 
(do/say/create) 

Possible 
scaffolding   

Recording 
technique 

Detailed assessment 
elaboration 
(watching/ask/reviewing) 

Criteria and rubric Datatype Impact to the 
students 

All the 
goals 
together.  

Students will record the 
progression of the project 
weekly.  

Personalize
d coaching. 

Project 
documentatio
n sheets.  

Read the project 
progression sheet and ask 
the students individually 
about the specific 
questions.  

There will be a 
student’s project 
documentation form 
to record the process 
of the project.  
 
 

Qualitative Students will 
receive 
personalized 
instruction, 
which will 
benefit more in 
both domain 
knowledge but 
self-regulation.   

Students will present the 
outcome of the project.  

Peer 
feedback 
and 
critiques.  

Camera.  The instructor and peers 
will give feedback to the 
student project. Through 
this collaborated 
learning, students will 
learn from others.  

There will be a 
student’s project 
presentation criteria.  
 

Qualitative.  
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3.3 Justification	and	Rationale	
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4 Project	Step	D:	Instructional	Design	
4.1 General	Description	
4.1.1 Learning	Environment	

The classroom, even though in a relevant small size, about 20 students in one course, is a complete social system. The roles of the individuals in 
the system, the interactions between different individuals are important for students’ learning and the development of learning community. In 
particular, as a new mode of instructional design, putting self-regulation in the core status and high priority, all the design need to be based on a 
comfortable and open climate, which will help the students immersed in the course gain high self-confidence and self-efficacy in developing 
their self-regulation. In this part, I am going to explain the learning environment in two dimensions, citing the big ideas and elaborating how to 
apply the big ideas in the practical setting.  

4.1.1.1 Social	Space	and	Classroom	Climate		
The big ideas related to social space and classroom climates are as followed: 
[LC-2].1. Set proper and comfortable climates (e.g. belonging, listening and sharing).  
[LC-2].2. Give the students freedom and autonomy to set the norm of the class. 
(Please refer to the big idea synthesis file for detailed elaboration about “what”, “why” and “how”.) 
To apply the big idea into the classroom and foster the student’s self-regulation, I will explain how to and create a good learning environment at 
the initial point and how to maintain it in the following learning process.  
Big Ideas 
Targeted 

Specific 
Features  

Create the Climate Maintain the Climate 

[LC-2].1. Belonging The first instructional part is based on the online 
course. Since the prior knowledge of different people 
are different, the online review unit of “Counting” will 
be assigned to finish before the class. Because of 
asynchronism of the online education, the power of 
learning community will help to solve this problem. 
The teacher will encourage student to post their 
questions in the forum and help others to solve 
problem, which not only promote student’s learning in 
the domain but also increase the sense of belonging.  

As the students get to know each other, the instructor will 
praise the behavior of answering questions in the forum as 
positive feedback and maintain the high-interactive 
environment.  

  In a classroom, establish the norm of sharing and 
collaborative problem solving. In every class, students 

As the students get to know each other, the instructor will 
drop by each group one by one for every class. And talk to 
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will be asked to work together to solve a problem. At 
the beginning, the instructors will encourage the 
students to form a group with different classmates and 
offer a channel for them to communicate.  

the students about how they get on with others recently 
individually.  

 Listening 
and 
Sharing 

Setting a “supporting group” for the students to express 
their confusions about their learning and life. In the 
session, students can share whatever confused them in 
their life.  

As students see the benefits of the “group”, they will value 
listening and sharing.  

  The teacher will set the norm of listening to others and 
sharing ideas in the class discussion session. When the 
students break the norm, like interrupting others or 
laughing at others, the instructor need to stop the 
behavior.  

As students get used to the norm, they will feel common to 
listen and share with others. So the teachers don’t bother to 
keep emphasize the importance of that.  

[LC-2].2. Freedom  Teacher will introduce some self-regulated learning 
strategies to the students and help them to get started. 
Students need to try different strategies one by one and 
finish the relevant tasks. 

After the students get a glimpse of self-regulation, they are 
encouraged to customize the strategies to their own needs or 
create their own self-regulated learning strategies. So a 
creative and free climate is built in the process.  

 Autonomy Teacher will propose some main areas of the norms and 
collect the student’s idea about the specific rules of the 
class. Whether a rule will pass or not will be decided by 
student’s votes.  

As the course is progressing, students will find more rules 
and norms to set up or revise the current ones to meet their 
needs better. As an instructor, one needs to stay open to the 
proposals of the new norms but at the same time take some 
control in a way, to ensure everything is in the good track.  

 
4.1.1.2 Physical	Setting	
4.1.1.2.1 Learning	Space	Design	

To facilitate the supportive social space and classroom climate, the classroom and the learning space need to be designed. For example, the desks 
and chairs should be mobile, which will help the students to form the groups to discuss the problem in the class. The norms can be hung on the 
walls to remind the students to build and follow. In a certain area, a “self-regulated learning” corner shows the different types of learning 
strategies by sticky notes. And students can add more different but effective strategies to share with their peers.  
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4.1.1.2.2 Access	to	Relevant	Facilities		
To make best use of the resources in the school, the students, enrolling in the course, will get the access to enter the computer lab to take the 
online instructions, or use the Makerspace for the final projects. In this way, students will be engaged more in the course and find more 
interesting to do the assignment while using different tools.  
 

4.1.2 Overall	Routines	and	Norms	
As mentioned above, to set a climate with freedom and autonomy, the specific norms and rules are decided by the students. The norms building 
process, however, will started by the basic frame generated by the instructor. For the specific routines and norms, please see the appendix – 
Routines and Norms.  
 

4.1.3 Syllabus	and	Timeline	
4.1.3.1 Overview	of	the	Instructions	

Like mentioned above, the instruction can be segmented into three major phases: online review unit, formal in-class instruction about domain 
knowledge and self-regulation, and collaborative project based on the groups. Since some students might not learn this part yet and some learned 
it already, it is optional, which considers the diverse levels of different individuals. This phase is marked by green color in the table. From the 
second phase, this is compulsory to anyone decided to select this course. It is marked by the yellow color. And for the last one, the team project, 
it is marked by orange color. For the detailed segments for each lesson, please see 5.2. part. The specific contents, activities, instructional type 
and WHERETO elements will be elaborated.  

4.1.3.2 Detailed	Schedules	
 Date Contents and Topics Goals Targeted Big Ideas 
1 7.30 Pre-test of “Counting” unit To test whether students have 

prior knowledge for the certain 
unit.  

 
 

2 8.01-8.20 [Optional] 
Online Review Unit: Counting 
(Only for those students without prior 
knowledge of counting or volunteering to 
review the unit) 

c.c.1., m.c.1., c.p.1.,  [I-1].1. Ease the process of learning and reduce the 
cognitive load (e.g. triggering the prior knowledge 
before the class, use worked examples for the proper 
content).  
[A-1].1. Offer immediate feedback in the practice 
system for the students to aware their learning process 
better (e.g. undoing to overcome the misconceptions).  
[A-2]. Motivate and engage the students to do the 
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“boring” deliberated practices until mastery (e.g. 
rewards). 
 

3 8.20-8.25 For those taking the course, take another 
test to see whether they mastered the 
“Counting” part.  

To test whether students have 
prior knowledge for the certain 
unit. 

 

4 9.01 Launch the class: 
Briefly introduce the content of the class.  
 
In-class session: 
Answer the questions for the Counting 
unit and set up the norms and rules for the 
whole class.  
 
Self-regulation 1: Monitor your own 
knowledge  
 

c.c.1., m.c.1., c.p.1., m.c.1., 
m.c.3., m.p.3.,  

[I-2].1. Draw attention and excitement to get ready for 
the new content.  
[I-2].2. Promote the participation of each students in the 
class and after-class project. 
[I-3].1. Apply effective learning strategies to make 
sense of the new knowledge (e.g. analogy, contrast, 
elaboration, self-explanation, self-teaching…).  
[A-1].1. 
 

5 9.04 Count the number of elements in a set.  
 

c.c.2.1., c.p.1.,  [I-2].2. 
[I-1].1. Ease the process of learning and reduce the 
cognitive load (e.g. triggering the prior knowledge 
before the class, use worked examples for the proper 
content).  
[I-1].2. Model the “recommended” thinking process 
(e.g. question-driving) 
[A-1].1. 
 

6 9.07 Combinations.  
 
Self-regulation 2: Introduce a meta-
cognition strategy.  
 

c.c.2.2., c.p.2., m.c.2., m.p.1., 
m.p.2., c.d.3., 

[I-1].1.  
[I-1].2. 
[L-3] Identify the different features of the students and 
offer personalized instruction about the learning 
strategies. 
[I-2].2. 
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[I-3].1. Apply effective learning strategies to make 
sense of the new knowledge (e.g. analogy, contrast, 
elaboration, self-explanation, self-teaching…).  
[A-1].1. 
 

7 9.10 Using permutations involving n 
nondistinct objects.  
 

c.c.2.3., c.p.2., c.p.3., m.p.4., 
m.p.5. 

[I-2].2. 
[A-1].1. 
[I-3].1. 

8 9.13 Probability models. 
 
Self-regulation 3: How to manage my 
emotion.  
 

c.c.3.1., c.p.4., c.d.1., c.d.2., 
m.d.1.,  

[I-2].2. 
[A-1].1. 
[I-3].1. 

9 9.16 Probabilities of equally like outcomes.  
 

c.c.3.2., c.p.6. [I-2].2. 
[A-1].1. 
[I-3].1. 

10 9.19 Probability of the union of two events.  
 
Self-regulation 4: How to make plan for 
the project – goal setting.  
 

c.c.3.3., m.p.5., m.d.2. 
 

[G-1].2. Guide the students to set goals by themselves. 
[A-1].1. 
[I-3].1. 

11 9.23 Complement Rule 
 

c.c.3.4., c.p.5.,  [I-2].2. 
[A-1].1. 
[I-3].1. 

12 10.1 Introduce the selectable projects and 
group assigning.  

All the cognitive and meta-level 
goals about conceptual 
knowledge, procedural 
knowledge, dispositional 
knowledge are probably 
involved. 

[L-2].2. Group the different individuals into different 
groups and offer a channel for them to show their 
expertise and learn from the group members. 

13 10.15 First project documentation due.  [A-1].2. Self-evaluate the “already-known” and “not-
clear” knowledge. 
 

14 10.30 Second project documentation due & 
Personalized instruction for different 

[L-2].1. Set up self-confidence and motivate students 
by one-to-one communication.  
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groups about the first documentation.   
15 11.15 Third project documentation due & 

Personalized instruction for different 
groups about the second documentation. 

16 11.30 Presentation.  [A-1].2. 
 

4.2 Specific	Activities	
In this part, I will show the detailed example of the typical instructional activities. 

4.2.1 Example	of	Flipped	Class	for	Review	(Domain	knowledge)	
4.2.1.1 Online	Unit	

Example: Introducing Counting Principle (Multiplication Principles). Please see the appendix of the slides for the certain lesson.  
Time 
length 

Instructional Activities Teaching Approaches Student’s Possible Interactions Big ideas 

2 min State the learning 
objectives in this lesson.  

Direct instruction.  Read the learning objective descriptions 
and possibly think about what is the 
relation  

 

3 min Giving an example of 
“Airline Choosing” 
problem.   

Direct instruction. Read the problem.  H 

~ Let students think about the 
solution. At the same time, 
students can ask for hints if 
they are clueless.  

Guided exploration.  Students might pause the video for a 
while. Different students might use 
different amount of time. Some students 
who are good at math might come up 
with the solution very quickly; while 
some might use 1 or 2 minutes to find 
the clue of solving this problem.  

E(equip), 
E(self-
evaluate) 

5 mins Explain and teach the 
solution. List the tree 
diagram at the beginning to 
find out all the solutions.   

Direct instruction. Watch the explanation video carefully.  T 

2 mins Give the student an Practice and feedback.  Students might type down the R 



	 41	

opportunity to self-report 
about their confusion and 
acquisition from this 
example.  

knowledge I learned from the example 
or the confusions they had while trying 
to solve this problem out. By collecting 
the self-report or response students are 
prompt to rethink about their problem-
solving process, at the same time, the 
teacher will detect the common 
misconceptions among the students.   

2 mins Give the second example 
of “letter symbol”. 
Different from the problem 
in the last example, the 
concreteness fades and 
“push” the students 
abstract the common 
pattern from the concrete 
fact. This one is actually a 
scaffolding prompt for the 
students the conclude and 
draw the formula of the 
principle.  

Guided exploration. Students might have some trouble about 
solving this problem because there is no 
way they can related the problem with 
daily facts. But the hint will help them 
start to find the pattern and analogy with 
the concrete example.  

E(equip) 

3 mins Remind the students to 
rethink about the examples 
and give the students 
chance to draw the formula 
by themselves instead of 
just giving them.  

Guided exploration.  Students might figure out what is the 
multiplication principle by solving these 
two problems.  

E(self-
evaluate) 

3 mins Give the formal definition 
and formula of the 
principle and ask whether 
the students got right about 
their deduction.  

Direct instruction. Students can show their sense of 
achievement if they successfully find 
the formula; and the others will explain 
why they were stuck.  
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2 mins  Wrap up the unit.  Direct instruction. Students might integrate this knowledge 
component into their knowledge map.  

 

~ Make the students to do the 
“Checkpoint” practice.  

Practice and feedback. According to the intelligent tutoring 
system, student’s correct rate will 
determine how many problems are there 
for them to finish, which saves time for 
those already master this knowledge 
component and offer sufficient 
problems for those need more practices 
to gain mastery.  

 

 
4.2.1.2 In-class	Q&A	Session	

The in-class Q&A will be optional for the students to attend and the synchronized web-seminar is also available for those cannot get to the 
classroom and join in remotely. At the beginning, the teacher will teach the questions will highest error rate and the key concepts or points. And 
then students will work in a group to solve the problems they have. If they find someone hard to be worked out, the teacher will stop the 
discussion session and ask the class whether anyone have idea about how to solve the problem. If someone volunteer to teach this problem, that 
will make the student become the “teacher” and teach the class about how to solve this problem. According to the big idea, people will listen to 
the “teacher” and share their ideas when the “teacher” finish his explanation. If no one know how to solve this problem, the teacher need to 
explain the process of problem-solving and observe the facial expression of students to figure out where exactly they are stuck.  
After the session, the students are asked to write down the things they learn from this Q&A session in their self-evaluation form.  

4.2.2 Example	of	Teaching	Self-regulation		
Time 
length 

Instructional Activities Teaching 
Approaches 

Student’s Possible 
Interactions 

Big ideas 

2 min State the learning objectives in this lesson.  
Narration: “Today we are going to learn 
the lesson: Probability of the union of two 
events: independent events. What’s more, 
there will be activities in the second half 
of the class to play Yahtzee together! 
Excited, huh? But before that you will 
need to master the knowledge about what 

Direct 
instruction.  

Might get excited about 
the class.  

Evoke student’s excitement about the 
coming class.  
 
Make the expectation clear.  
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is independent events and how to calculate 
the probability of the two independent 
events. I believe you will be a better 
player after you learn the relevant 
knowledge!” 

 
Slides: specific learning objectives listed.  
 

3 min Introducing the concept of independent 
events. 
Content: Given the example of coin 
tossing and dice throwing, ask question 
and guide the students to think about the 
independent events.  
 
Narration: “Now get a coin in your 
pocket, toss it now… What’s your 
result?... Now toss it again… What’s your 
result? … Do you think the result of the 
second one is influenced by the first 
one?... Yes, they are independent... But for 
the example of card drawing we talked 
last lesson, they are not independent, they 
are dependent. Now could you please tell 
me some examples about independent 
events and dependent events in your life?” 
 

Direct 
instruction 
& guided 
discovery. 

They will gain deeper 
understanding about 
independent events when 
comparing the examples 
of coin tossing and card 
drawing and giving 
examples about the daily 
events. 

Use question-drive method to scaffold 
student’s independent thinking ability.  

	
 

~ Compare the independent events and 
mutually exclusive events. (5 min) 
Instruction: Make analogy and contrast 
about the independent events and mutually 
exclusive events. Go through the process 

Guided 
exploration.  

Learn the similarity and 
differences about the two 
concepts. Students might 
use this way to 
reorganize the knowledge 

Model the recommended thinking 
process for the students to imitate.  
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with students.  
 

and organize the future 
knowledge using the 
same strategy.  
 

5 mins Calculate the probability of event A AND 
B happening. (5 min) 

Direct 
instruction 
& Practice 
and 
feedback. 

Observe the teacher to 
solve the problem. And 
think about how to solve 
the problem by 
themselves.  

 

2 mins Calculate the probability of event A OR B 
happening. (5 min) 
 

Direct 
instruction 
& Practice 
and 
feedback. 

Observe the teacher to 
solve the problem. And 
think about how to solve 
the problem by 
themselves. 

 

2 mins In-class quiz about the content just 
learned. (20 min) 
The system will provide immediate 
feedback when the students submit one 
answer. But the feedback is not the direct 
answer but the hint for next step thinking. 
Since the students are applying the 
problem solving strategy introduced in the 
previous course. The intelligent system 
will detect what is the misconception and 
provide individualized feedback to each 
student. More practice or homework will 
be generated based on the student’s in-
class test.  
 

Practice 
and 
feedback 

They might understand 
when they read the 
feedback. And they will 
get the practice exercise 
based on their 
performance.  
 

Provide individualized instructions to 
increase learning efficiency.  
 
Make students realize which part is 
“mastered” and which “needs extra 
work”.  
 
Individualized feedback will help the 
students to realize the part they don’t 
understand and provide more feedback 
they really need.  
 

3 mins Break. 
Chat with students about their feeling of 
the course. 

Guided 
exploration.  

Chat with the teachers.  Set proper and comfortable climates (e.g. 
belonging, listening and sharing).	
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3 mins “What’s your choice?” – play Yahtzee 
together. 
8.1. What’s your choice, if you get 
“12456” for the first round? 
Time length: 10 min 
Instruction:  
First give some simple introduction about 
Yahtzee (The rules are already sent to 
students a week before the class and 
suggest them to play with their family and 
friends).  
Cast a question:  What’s your choice, if 
you get “12456”? 
Give students 1 min to think through and 
make decision to move to the area of 
“throw again” or “stick to the current”.  
Ask the students to talk about their 
rationale behind the reason. The 
calculation process applies the formula 
introduced today.  
Along the process, write down the 
rationale in the whiteboard about the 
thinking process. During the process of 
making decision, students will learn better 
about themselves: more advantageous 
(risk-taking) personality and conservative 
(steady) personality? 

	
 

Direct 
instruction. 

Students can show their 
sense of achievement if 
they successfully find the 
formula; and the others 
will explain why they 
were stuck. 

Use game to engage students and 
motivate students to learn math. 
 

2 mins  Review the content learned today about 
the definition of independent events, the 
formula to calculate the probability of the 

Direct 
instruction. 

Students might integrate 
this knowledge 
component into their 

Make students realize which part is 
“mastered” and which “needs extra 
work”.  
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two events happening and apply the 
formula to solve problems in the in-class 
test and Yahtzee game.  
Release the homework: 
- Self-evaluation log form.  
- Extra practice if not doing well on the in-
class practice 
- Maintain the knowledge map.  
- Play Yahtzee with parents and friends 
and trying to apply the strategies we 
taught today.  
- Think about the project, since today’s 
class is tightly related to one of the final 
project.  
 

knowledge map.   
Use game to engage students and 
motivate students to learn math. 
 
Organize knowledge using some learning 
strategies and tools, like knowledge map.  
 

 
 
 

4.2.3 Example	of	the	Meeting	Session	for	the	Project	
4.2.3.1 Introduction	of	the	Project	

Before the session of introduction of the final projects, the students are assigned to 5 groups (4 students in each) for the final project, based on 
their prior knowledge, interest and some other personal characteristics. And the project problem will be released in the session. There are totally 
three selectable projects: 

- The	Monty	Hall	Game.		
o Research	the	Monty	Hall	Game	and	Deal	or	No	Deal.	
o In	the	Monty	Hall	Game,	what	is	the	probability	that	a	contestant	wins	if	she	does	not	switch?	What	is	the	probability	

of	winning	if	she	does	switch?	Perform	a	simulation	to	estimate	the	probabilities.	Do	the	values	agree	with	your	
research?	

o Suppose	the	game	Deal	or	No	Deal	is	played	with	only	three	suitcases.	Explain	why	this	game	is	not	the	same	as	the	
Monty	Hall	Game.	
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o Suppose	the	game	Deal	or	No	Deal	is	played	with	26	suitcases	and	the	contestant	is	not	allowed	to	switch	at	the	end.	
What	is	the	probability	that	the	contestant	will	win	the	grand	prize?	

o Suppose	the	game	Deal	or	No	Deal	is	played	with	26	suitcases	and	the	contestant	is	allowed	to	switch	at	the	end.	
Perform	a	simulation	to	estimate	the	probability	that	the	contestant	will	win	the	grand	prize	if	he	does	not	switch	at	
the	end.	

o Repeat	the	last	problem,	but	assume	that	the	contestant	will	always	switch	at	the	end.	
- Use	the	probability	knowledge	to	analyze	the	game	“Yahtzee”.	

o Get	familiar	with	the	rules	of	the	game.		
o Identify	the	pattern	of	playing	the	game.		
o Come	up	with	a	“Winner	Secret	Manual”	for	the	game	player	to	win	the	game	using	certain	strategy	by	involving	

math	deduction.		
- Come	up	with	a	new	game	applying	the	math	elements	inside,	like	“Yahtzee”.		

o Making	rules	of	the	game	and	calculate	the	probability	of	winning	to	make	sure	that	it	is	not	too	easy	or	too	different	
to	win.		

o Write	down	the	elaboration	and	the	mechanism	(math	knowledge	related)	of	the	game.		
4.2.3.2 Weekly	Meeting	

The students need to schedule a weekly meeting with the teacher to discussion the progression about the project. For the content of meeting, 
students can prepare the questions and write down on the learning journal. During the meeting session, the teacher will give aids to the students 
and offer possible related resources to the students to ensure they are in the right track. After the meeting, students are going to summarize the 
meeting and make the plan for the project.   

4.2.3.3 Final	Presentation		
All the students are required to attend the session of the final presentation. They can make the presentation for about 10 minutes and the class is 
going to discuss the certain project for about 5 minutes. The format of presentation can be chosen by themselves in videos or posters or slides or 
any other ways they want, as long as the idea is well developed. The teacher will offer her suggestions and comments on the project, which is 
also a typical instructional process.  
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5 Project	Step	E:	Evaluation	Research	Design	
5.1 Research	to	Evaluate	Educational	Implementation	
5.1.1 Fidelity	Check	of	Teacher	Following	the	Proposed	Instruction	and	Assessment	Design	

For this course, there will be two teachers taking charge of the class. On the one hand, only one teacher might be overwhelmed by a lot of stuff 
for setting and adjusting goals along the semester, offering in-class and face-to-face personalized instruction and multi-format assessments. On 
the other hand, two teachers co-teaching this course will benefit the fidelity of teacher conducting the course and ensure that the teachers are 
following the purpose instructional and assessment design. The in-class session can be video-taped and re-watch afterwards to see whether the 
instruction keeps the fidelity and whether there are certain ways to improve the instruction.  
On the other hand, the assessment system is bi-directional: the teachers can assess the learning outcome of students; at the same time, students 
can give feedback about the instructor’s teaching. In this way, the fidelity can be more ensured.  

5.1.2 Fidelity	Check	of	Students	Participating	in	Instruction	and	Assessment	as	Anticipated	
To check whether the students are participating well in the course as anticipated, there are basically three dimensions that the instructors can 
look into.  
First, the teachers can review the record that students have along their schooling to detect individual differences among the students. Also, the 
students learning log and knowledge map are gradually enriched as the course and project going on. By look into the records like that, the 
instructors can find out which students are going on well and which are facing some challenges or getting stuck. (This is extremely important 
especially for the team project.)  
Second, the instructor can ask the students about their learning process. For the summative assessment, the pretest, mid-test and posttest contain 
the self-evaluation scale to assess student’s self-regulation. In terms of the scale, I went through the relevant literature about self-regulation and 
find one scale used widely for assessing student’s self-regulation (Pintrich, 1991). For the formative assessment, the instructors can tell whether 
students think their self-regulation get progression through their self-report.  
However, only the data from student’s self-report is not sufficient. Whether the fidelity is ensured should also be detect through the observation 
of the students, which requires the instructors to be perceptible about the change in student behavior. More importantly, they might need to 
develop a rubric to assess the student’s self-regulation. One can step back to observe and document while the other takes the lead.  If they take 
turns, that would add to the reliability. After the qualitative data is collected, they can code the behavior according to the data together to ensure 
the reliability.  

5.2 Research	to	Evaluate	Educational	Impact	
5.2.1 Research	Questions	

In terms of the research question I am interested in testing, I want to explore the optimal instruction pattern of teaching self-regulation. To keep 
it simple for the first round of research, I am going to focus on the essential question about the instruction sequence of the course. In other words, 
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I want to know which way to organize the content of self-regulation is better: teaching self-regulation at the beginning of the course or teaching 
self-regulation throughout the course (e.g. in the first, fourth, eighth lessons), which is mass or spaced instructional design.   

5.2.2 Experimental	Design	
There will be two groups in the experiment: group 1 learns self-regulation at the beginning and group 2 learns self-regulation throughout the 
course. The students enrolled in the class will be randomly assigned to two groups. The key is to make sure the only thing varying is the 
sequence of instruction. How to do that? First, I would prepare the instructional design and content together and try to make the two groups 
equivalent in content and amount of time. So the only thing varying would be the instructional sequence.  

 Date Group 1: Spaced Group 2: Mass 
1 7.30 Pre-test of “Counting” unit Pre-test of “Counting” unit 
2 8.01-8.20 [Optional] 

Online Review Unit: Counting 
(Only for those students without prior knowledge of counting or 
volunteering to review the unit) 

[Optional] 
Online Review Unit: Counting 
(Only for those students without prior knowledge of counting or 
volunteering to review the unit) 

3 8.20-8.25 For those taking the course, take another test to see whether they 
mastered the “Counting” part.  

For those taking the course, take another test to see whether they 
mastered the “Counting” part.  

4 9.01 Launch the class: 
Briefly introduce the content of the class.  
 
In-class session: 
Answer the questions for the Counting unit and set up the norms and 
rules for the whole class.  
 
 

Launch the class: 
Briefly introduce the content of the class.  
 
In-class session: 
Answer the questions for the Counting unit and set up the norms and 
rules for the whole class.  
 
 

5 9.04 Count the number of elements in a set.  
 
Self-regulation 1: Monitor your own knowledge  
 

Self-regulation 1: Monitor your own knowledge  
 
Self-regulation 2: Introduce a meta-cognition strategy.  
 
Self-regulation 3: How to manage my emotion.  
 
Self-regulation 4: How to make plan for the project – goal setting.  
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6 9.07 Combinations.  
 
Self-regulation 2: Introduce a meta-cognition strategy.  
 

Count the number of elements in a set.  
 
 
 

7 9.10 Using permutations involving n nondistinct objects.  
 

Combinations.  
 

8 9.13 Probability models. 
 
Self-regulation 3: How to manage my emotion.  
 

Using permutations involving n nondistinct objects.  
 
Probability models. 
 
 

9 9.16 Probabilities of equally like outcomes.  
 

Probabilities of equally like outcomes.  
 

10 9.19 Probability of the union of two events.  
 
Self-regulation 4: How to make plan for the project – goal setting.  
 

Probability of the union of two events.  
 
 

11 9.23 Complement Rule 
 

Complement Rule 
 

12 10.1 Introduce the selectable projects and group assigning.  Introduce the selectable projects and group assigning.  
13 10.15 First project documentation due.  First project documentation due.  
14 10.30 Second project documentation due & Personalized instruction for 

different groups about the first documentation.  
Second project documentation due & Personalized instruction for 
different groups about the first documentation.  

15 11.15 Third project documentation due & Personalized instruction for 
different groups about the second documentation. 

Third project documentation due & Personalized instruction for 
different groups about the second documentation. 

16 11.30 Presentation.  Presentation.  
 
 The independent variable is the sequence of the instruction content. There are two kinds of dependent variables: the improvement for domain 
knowledge and improvement for self-regulation aspect. The possible covariates might be the prior knowledge of individuals in both domain and 
self-regulation. So the score of pretest might be one of the covariates.  
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5.2.3 Method	
The subjects are the students, who are willing to take this course and also pass the test of domain knowledge. The whole process would be:  

è Domain	knowledge	pretest	of	“Counting”.		
è (If	the	student	failed	the	domain	knowledge	of	“Counting”,	they	can	choose	to	take	the	online	unit	and	take	another	pretest	to	gain	

access	for	the	course.)	
è Formal	pretest	of	domain	knowledge	and	self-regulation	for	those	officially	enroll	the	course.		
è Instruction	(Please	see	the	instructional	part).		
è Posttest	of	domain	knowledge	and	self-regulation.		
5.2.4 Data	Collection	and	Scoring	

For the domain knowledge, there will be two sets of tests with equal difficulty level. For the quantitative data, the scores of the domain 
knowledge and self-regulation can show the improvement in the within-subject experiment. Some other quantitative data can be collected 
through the online cognitive tutoring system, like how much time the students are spending on the course, the log data can show the student’s 
self-regulation behavior in an indirect way (the behavior sequence of learning, like whether the students go back to the previous instruction when 
they made mistakes.) 
What's more, the qualitative data are also very important to indicate student’s learning by reviewing, watching and asking. 

5.2.5 Hypotheses	and	Related	Predictions	
To be honest, which way works better doesn’t have a clear tendency. The instruction at the beginning has the pro that it gives the students all 
kind of strategies, methods, and tools. However, the con is that students might feel overwhelmed when given so many new stuff at one time. 
They may not have enough time to try those one by one.  
If the instructions are spaced into different lessons along the domain knowledge, the students can try the specific method combining the domain 
knowledge. However, the flaw of that might be some strategies might not work perfectly for each learner. In this way, they don't have many 
options for the first several courses if the strategy doesn’t work out. The time will be wasted.   
The more important thing to make sure the research or experiment is rigorously conducted, the instructors might need to make sure the fedality 
and reliability is met well.  

5.2.6 Assessment	of	Design	Quality	
5.2.6.1 Sampling	

Since the participants are not selected randomly (they volunteer to take the course), the thing I can make the experiment as rigorous as possible 
is to assign the treatment to the students and conduct the matched pair study to balance the distribution by selection (e.g. the ratio of gender, high 
performance students with prior knowledge and so on.)  
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5.2.6.2 Validity	
The internal validity is to ensure the measurement is tapping to the goals and instruction targets. In other word, is the independent variable 
causing the different results in the end? Is there any lurking variables or confounding variables causing the changes? To address that, the 
independent variable is the only factor varies during the research. For the other factors, like the content of the self-regulation course, the 
assessments along process etc., they are all the same.  
The design to test both domain knowledge and self-regulation in self-report and behavior are proper way to test the improvement, which ensures 
the conduct validity.  
What’s more, the external validity might not be easy to improve, since the sample is those who has curiosity to explore self-regulation and are 
willing to spend time on it. So it might be problematic to generalize the conclusion to the students in other schools with different compositions 
and backgrounds.  

5.2.6.3 Reliability:	
The co-teaching mode is a good way to ensure reliability - With two instructors, one will step back to observe and document while the other 
takes the lead.  

5.2.6.4 Equity:	
Since the contents of the groups are the same, there is nothing concerning about the equity. The equity is addressed when the beginning of the 
instructional design.  
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6 Project	Reflection	
6.1 Self-Assessment	of	the	Project	PRODUCT	
6.1.1 How	well	aligned	are	your	goals,	assessment	and	instruction?		

I think my goals, assessments and instructions are aligned well. I always thought that the alignment between different parts of the instructional 
design are very important for student’s learning. After I went through the instructional design process, I find out that making all the elements 
aligned actually make things easier. When the goals are well-set, the assessments and instructions are designed to align the goals. So when I am 
not sure about how to design a certain assessment task or instruction, I kept asking myself: is it aligned to my goals? If it is not, how could I 
make it aligned? 
 

6.1.2 How	did	your	age	level	focus	impact	the	design,	compared	to	similar	units	that	have	been	or	could	be	designed	for	
younger	and	/	or	older	age	levels?	

The age level I am targeting at is the high school students. As I discussed more thoroughly in the learner and context part, the special age span of 
adolescent makes the students sensitive to failure and have an eager of showing off their knowledge. So I address those by setting the 
dispositional goals “Embrace failure” and some projects based on the group to engage and motivate the students. However, if my students are 
different from the high school level, the similarity and differences regards of the stable features should be addressed in the different aspects. For 
example, the younger students might not have the ability to do self-regulation because of the young age and lack of experience of the domain 
knowledge. So some of the self-regulated learning features might be removed, like planning the project.  
 

6.1.3 In	what	ways	does	your	design	exemplify	course	principles	(i.e.,	utilize	your	big	ideas)?			
I first developed my big ideas and made the instructional design along the semester. And during the process of the instructional design, I 
redesigned the big idea synthesis iteratively. So in my project, I cited the big ideas and justify the instructional design I made. To make the 
abstract design idea concrete, I add description, example lessons, and lesson materials (e.g. slides, evaluation form) in the appendix. 
  

6.1.4 How	clearly	have	you	described	all	five	sections	of	your	design?	
In the project report, I describe the five sections one by one and elaborate them into detail by covering all the aspects in the project direction that 
sent out to us in the lecture. And I find out that the instructional design is well elaborated and depicted by following the instructions and work on 
the feedbacks from the instructor and peers along the process. In different parts, I always start with the general description and then followed by 
the detailed narration to make the design idea clear.  
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6.1.5 What	are	the	innovative	aspects	of	your	design?	
I think the innovative aspects in my design are generated from the topic I picked in the beginning: self-regulation. Even though we always talk 
about meta-level knowledge during the lectures, the meta-level knowledge and self-regulation is not paid attention in the real life in-class 
education. So in my design, I created some unique form of instructions and assessments for the course to tap into student’s self-regulation in the 
three dimensions. For the cognition and meta-cognition, I developed the five-step meta-cognition strategy to scaffold student’s thinking and 
problem-solving and ask the students to apply when doing the practice; for the motivation, I integrate the game activities into the class to make 
the students think the formula I learned in the class can be used in such an interesting way; for the strategies, I suggest the students to create and 
maintain the knowledge map, and compare their knowledge map to the expert one to find out the different patterns of student’s organizing their 
knowledge.  
 

6.1.6 How	did	you	incorporate	peer	feedback	to	enhance	your	project	product?	
I have the lovely peers in this class, especially for the feedback group. For example, Cherie told me that some of the slides of the lectures might 
be useful to articulate my design idea. And after I finished the slides, I found out that it is true that I show my instructional design principles with 
concrete examples. And in the poster session, Samantha, who is not a current student but took this course before, offered me a good idea about 
make documentation about the knowledge map and analysis the ways that students organizing the knowledge. I agree with her idea and I think it 
will be very interesting to be looked into. So I changed the assessment description for the knowledge map. Instead of submitting the final version 
of the knowledge map, I ask them to keep all the versions so I can get a deeper sense of their learning and meta-cognition.  
 

6.2 Self-Assessment	of	the	Project	PROCESS	
6.2.1 What	were	the	strengths	and	weaknesses	of	your	individual	project	design	process?		

Actually during the process of instructional design, I thought about changing the domain from math to some other subjects, like geometry and 
coding. The content in those domains has a natural magnetism to students and is appealed to students. However, math seems to be boring and 
people more or less have the stereotype that math is not such an interesting topic to be learned. The thought of changing subject haunted for 
about one week. And one day I suddenly find out that it is not a task that can be avoided. Math, anyway, need to be taught in student’s learning. 
The most important thing is to tap into the nature of the subject and find out the beauty and interest of the subject and make students falling in 
love with it. So I guess my strength is that I tried to came up with many different way to engage the students, like game activities and projects.  
 
For the weaknesses, I guess the math learning is a spiral process according to the Common Core Standards. So I tried to cover every aspects in 
the certain unit and kind of get lost in the detail, which in the end might bring some problem about the scheduling of the course. So I tailored 
some of the content into the online-version. But lacking of teaching experience, I feel those content left might be a little bit more than expected 
and might need more instructional time to finish.  
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6.2.2 What	challenges	did	you	face?			
The challenges I faced is that I was a little ambitious at the beginning of the design process. And I searched for a lot of resources and tries to 
bring all the great stuff to the students. However, they might be more than 10-hour course. So I need to prioritize the content.  
 

6.2.3 How	did	you	overcome	them	and/or	why	do	some	remain?		
At the beginning, I thought I should make the “Counting” part as the formal instructional content as well. However, I find out later that this 
might be a little easy for the students in Grade 10, according to the data I collected from the student test for Ken’s class. So I talked to myself 
that maybe I can make this part as a prerequisite and only accept those coming with sub prior knowledge. And for those don’t have the prior 
knowledge, they can take the online unit to learn this part and make it before the course started. So the content is shorten and more focused on 
the content that is in the center of the probability part.  
 

6.2.4 How	did	the	experience	of	giving	and	receiving	peer	feedback	impact	your	project	process?	
I have to say I did not think of the wonderful teamwork for the peer feedback. I discussed self-regulation in class with Anita (sorry about the 
possible mis-spelling) and got inspiration for thinking about this issue. And I got feedback from my feedback group for my big idea and the 
poster. Take the poster as example, Jonathan told me his previous experience about last year and told me about the way to organize the content 
will be more clear. Cherie majoring in design to me how to draw people’s attention by making use of the elements in the poster. I think I really 
learned a lot from them. And by going through their work, I found out that they have so many innovations and novel idea about instructional 
design that I never thought before. And by critiquing their work, I also find out some of my mistakes during the process. So it in the end helped 
me to polish and refine my work.  
 

6.2.5 What	are	your	next	steps,	either	with	respect	to	this	project	if	you	plan	to	continue	it,	or	with	respect	to	other	
projects	that	could	benefit	from	this	approach?			

My next steps might be developing the course better and make the online version more delicate with all the evaluation forms and placards. That 
will be my instructional design sample with solid rationale behind and special feature of self-regulation embedded. I think that lesson can be put 
into my personal portfolio to demonstrate my instructional design ability.  
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6.2.6 The	next	time	you	have	an	opportunity	to	begin	a	new	project,	how	do	you	plan	to	proceed	differently	than	you	
have	on	this	project?			

Since the biggest challenge I have for this project is about the estimation of the quantity of the content. Next time, I might turn to the domain 
instructor first to evaluation whether the content is a lot or not sufficient. So I can tailor the content and meet the requirement as much as 
possible.  
And I will start with the research questions. On the one hand, I want to pursue the Ph.D. in the future. So first having a research idea in my mind 
is a good way to conduction instructional design and combine research and design together. On the other hand, when I know what question I 
need to answer, I will know what data I want to collect and what instructional design should I conduct, if I want to answer the questions and 
collect the data. Even though Sharon emphasize to think about the research in advance, I didn't realize how important it is. So I will change the 
sequence of design in the next time by first thinking about the research questions.  
And I wish I could talk to the other peers more outside the feedback group, since many people I met in the poster session they provided me a lot 
of suggestions that never occur to me.  
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Appendix - Routines and Norms 

Routines and Norms 
Hi, welcome to this math unit. In this unit, we are going to learn the math knowledge and foster the self-regulation along the learning process. 
The course can be divided into 3 parts: online review unit, formal in-class instruction about domain knowledge and self-regulation, and 
collaborative project based on the groups.  For the overall setting and each part of the course, I hope we could decide the norm and routines 
together. Here I have some basic aspects listed below we need to focus on. Please leave your proposal and comment using the “comment” 
function in the Google Doc. And you a very welcomed to suggest more questions about the norm in the sub-categories.  
 
Please finish commenting before the end of July. So I have time to organize them all and schedule the meeting for voting.  
 
General Setting: 

• For	the	norms	itself,	what	is	the	criteria	for	the	proposed	norm	to	pass	or	not?	
• What	is	the	norm	for	the	physical	space?		
• What	is	the	norm	of	scheduling	the	labs	and	common	meeting	room?	
• How	to	form	the	group	for	the	final	project?		
• …	

	
Online review unit: 

• How	to	deal	with	students	failing	to	finish	the	online	unit	on	time?	
• What	reward	can	be	given	to	the	ones	posting	meaningful	questions	and	provide	constructive	feedback?	
• …	

	
Formal in-class instruction about domain knowledge and self-regulation: 

• Whether	to	hold	a	learning-strategy	experience	sharing	session	for	5	minutes	in	each	class?	
• How	to	deal	with	the	behavior	of	keep	talking	when	the	teaching	is	telling	an	important	concept?	
• …	

	
Collaborative project based on the groups: 

• How	to	assess	the	team	member’s	contribution	in	a	whole	group?	
• …	
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Knowledge Map Making and Using  
 In this part, let’s look at the knowledge map. The knowledge map is the useful tool for you to organize the knowledge and reflect on the old 
knowledge. For example, there are some good tools that you can use to make your knowledge map, you can use your notebook or some online 
tools like the “SmartChart” and so on.  
However, the content is more important than the format. Here is the hierarchy structure that we learned in the previous course. The steps to make 
the knowledge map are as follow: 

1. Identify	the	key	concept	of	the	knowledge.		
2. Compare	the	knowledge	with	the	prior	knowledge.		
3. Mark	the	similarities	and	differences	of	knowledge	components	with	different	colors.	For	example,	red	color	for	the	similarities	and	

green	color	for	the	differences.		
4. Maintain	the	knowledge	map	every	day,	when	taking	the	courses	and	learning	new	stuff.	

	 	
The purpose of doing this is to help you figure out the connections and relationships among all the knowledge components. What’s more, it will 
be easier to identify the real problem when failing to solve a problem in the practice. You can identify the knowledge components and find out 
what are the related knowledge components. Maybe the problematic knowledge component will be more precisely detected.  
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Student’s Daily Evaluation Form  

 
The daily evaluation form just takes students one or two minutes to fill in, which, however, will have impact on student’s self-regulation. There 
are some short questions about the emotion and reflections on the knowledge learned in the lesson.  
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Slides of the Online Unit Example  
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Game Activity in the Probability Lesson 
(White-board	instruction	example)	

 


