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Links 
 
The first and second student tests are available when you click on the links below.  
 
First student test: 
With Meta-Cognition Strategy: 
http://cmu.ca1.qualtrics.com/jfe/form/SV_413vfSEbbvSZPgh 
Without Meta-Cognition Strategy: 
http://cmu.ca1.qualtrics.com/jfe/form/SV_6umUIWQFJcrGK57 
 
Second student test: 
Menu-based format: 
http://cmu.ca1.qualtrics.com/jfe/form/SV_1zvKYqUmphLVLHT 
Free-format: 
http://cmu.ca1.qualtrics.com/jfe/form/SV_bNlRGw8Pf4yiMvj 
 
For the data analysis, please go to Qualtrics and use the username and password listed below 
to check the implementation and data collected for the two test.  

1. Go to Qualtrics: www.qualtrics.com 
2. Login: 

username: yeyuw@andrew.cmu.edu 
password: 1q2w3e$R 
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I. Exploring	and	Scoping		
• Relevant	Research	

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 worth of attention. 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. 
 

• Research	Question	and	Scoping	
Only focusing on the domain knowledge is far from enough for the good education. Bain 
(2011) mentioned in his book that the goal of education contains both intellectual and 
personal development. The meta-level regulation can be rooted into the deep part of a person 
and concern a lot about the personal development. From my life experience and listening to 
the life wisdom from the senior, I got the feeling that the certain domain knowledge might 
decay after many years; the thinking pattern and habits generated from every single 
opportunity of learning, however, will last for the lifelong.  
 
So in my initial design for this unit, I would emphasize the self-regulation explicitly, embed 
the self-regulation teaching into everyday classroom and leverage students’ self-regulated 
thinking and strategy, in the long run, serving the ultimate goal of lifelong learning.  
 
A little shift happened after I talked to my advisor of undergraduate, Prof. Guang Chen from 
Beijing Normal University. After listened to my narration, he suggested me to focus on a 
specific and small aspect of self-regulation for my course project. After reading through the 
literatures and conducting cognitive task analysis, I finally decided to scope my research 
questions in one aspect – applying the metacognition strategy in math learning. For this 
project, I planned to run two round of students test to see: 1. Will the certain meta-cognition 
strategy improve student’s domain knowledge learning and meta-cognitive ability? 2. What 
kind of format will benefit students better in domain knowledge learning and meta-cognitive 
ability? Open-ended question (free-format) or menu-based format? 



• Learners	and	Context	
To conduct student tests, I contacted two international high school in Beijing, China – 
Tsinghua International High School and Wangfu High School. Students taking the tests are in 
Grade 10 to Grade 11 has basic knowledge of algebra and statistics.  
 

	 	



II. Goal	Setting	and	Specification	
• Related	Resources	

Even though the students are studying in China, they are going to take SAT or ACT to apply 
for the college in U.S. What’s more, their math teachers, Ms. Jin Qin and Mr. Bessie Tan told 
me that they are following the same syllabus and using the same textbook as the America 
high schools. Taking their advice, I first searched for many materials of permutation in 
algebra II. Here are some resources that I made used of or got inspiration from. 

i. 1. Common Core State Standards for Mathematics 
“(+) Use permutations and combinations to compute probabilities of compound 
events and solve problems.” 
 

ii. 2. 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.  
 

iii. 3. 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.  

iv. Research papers in math education: 
 

• Theoretical	Prescriptive	CTA	–	Hierarchical	Structure	of	Domain	Knowledge	
After going through the relevant materials above, I conducted theoretical prescriptive CTA 
by myself. By identifying the initial states and goals states of the content, I came up with a 
hierarchical structure of the knowledge components and concepts in this unit.  
The way that I found out the final states and initial states are generated from the CTA method 
we learned in the OLI modules. The original version is to identify the initial and final states 
at the beginning and figure out the intermediate states one by one from the initial to the final. 
Each step should contribute to better understanding and make the states one step closer to the 
final states. However, I find it a little hard for me to generate the immediate states in this 
way, because sometimes it is hard to find out whether the specific step will helps moving one 
step forward or just bring “noise (extraneous processing)” for students.  
Then I remember when I conducted the first UCRE project, we had the same confusion about 
theoretical prescriptive CTA. And we turned to Paulo for help. After talked to Paulo about 
this confusion, he suggested us to start with the final and think about what was the previous 
step. I applied this suggestion again for my own project this time. As you can see, the final 
state is in the top of the diagram about solving the advanced permutation problems (“Tie-up” 
and “Circle”). By keeping asking myself what is the prerequisite or the prior knowledge of 
achieving the current sub goals, I broke down the knowledge component into more specific 
and more simple steps, until the sub goals become very easy for students to perform. Then I 
would assume that I find out the initial states of the problem solving.  



 
• Less	Memory	of	Definition	and	More	Deep	Understanding	of	the	Concept	

When I was in high school, one of the routine homework for me was to remember the 
definition of a certain concept. However, the process was time-consuming and useless (from 
my perspective). So in my instructional design, I didn’t set the learning objectives as “recall 
the definition of… ” but “draw the definition of …, given a certain example… ”. It is hard to 
map any assessment questions to this kind of learning objectives, since it is only one step in 
the instructional design. But it is a very important part for students learning and better 
understanding the basic concepts in terms of the lesson.  

• Measureable	Learning	Objectives	(Domain)	and	Map	into	KLI	Structure	
To make the learning outcomes measurable, I applied the Blooming Taxonomy and avoided 
the vague “behavior verb”, like “understand” or “appreciate”. Instead, I used the words like 
“apply”, “calculate” and so on.  
After I generated the first version of the learning objectives, I turned to Ms. Jin Qin (math 
teacher in Tsinghua International High School) for suggestions about the goal setting. She 
suggested me to include the part of the review of fundamental counting principles at the 
beginning of the lesson, since this part is tightly related to the major content of permutation. 



Just in case the students might forget about this part taught in Grade 8, I might need to add 
this content as introduction or warm-up session. So I add the first part as you can see in the 
below table and generate the complete structure of the learning objectives or goal 
specifications for this lesson.  
The specification is based on the knowledge components generated by my theoretical 
prescriptive CTA. And the type of KCs and labels according to the KLI framework are listed 
below:  

 
Goal specification 

Goals Condition to 
response / ver or 
n-ver / r or n-r 

label 

1. Review the 
fundamental 
counting 
principles 

1.1. Calculate the results for each step using 
tree diagram 

V to v, n-verbal, 
non-rational 

rules 

1.2. Draw the definition of fundamental 
counting principles from the examples 

V to c, verbal 
rationale 

concept 

1.3. Apply the fundamental counting 
principles to calculate action numbers.   

V to v, verbal, 
rationale 

principle 

2. Understand two 
kinds of 
permutation (total 
number or “n 
objects taken k”)  

2.1. Given the example, draw the definition 
and formula of the permutation of total 
number. 

V to c, verbal 
rationale 

concept 

2.2. Given the example, draw the definition 
and formula of the permutation of “n objects 
taken r”.  

V to c, verbal 
rationale 

concept 

2.3. Use factorial notation to rewrite 
permutation formula 

C to v, verbal, 
without 
rationale 

skill 

2.4. Apply permutation formula to solve 
basic permutation problems. 

V to v, verbal, 
rationale 

principle 

2.5. Reasoning through to solve basic 
permutation problems.  

V to v, verbal, 
rationale 

Principle  

3. Solve advanced 
permutation 
problems 

3.1. Work out the tie-up permutation problem 
by reasoning through or applying the 
permutation formula.  

V to v, verbal, 
rationale 

Principle  

3.2. Work out the circular permutation 
problem by reasoning through or applying 
the permutation formula.  

V to v, verbal, 
rationale 

Principle  

 
	 	



III. Assessment	Task	Design	
• Assessment	Questions	Mapping	to	each	Learning	Objective	

To align the goals with the assessment questions, I designed assessment questions in pretest, 
formative assessment in the lesson and posttest based on each learning objectives. However, 
for some of the learning objectives, like “Draw the definition of … ”, I didn't map any 
questions to those. The reason was mentioned in the last part.  

Goal specification Assessment questions 

Goals Condition to 
response / 
ver or n-ver 
/ r or n-r 

label Assessment 
questions  

Question type 

1. Review the 
fundamental 
counting 
principles 

1.1. Calculate the 
results for each step 
using tree diagram 

V to v, n-
verbal, non-
rational 

rules pra.0 Multiple 
choice 

1.2. Draw the 
definition of 
fundamental counting 
principles from the 
examples 

V to c, 
verbal 
rationale 

concept /  

1.3. Apply the 
fundamental counting 
principles to calculate 
action numbers.   

V to v, 
verbal, 
rationale 

principle Eg.1; pra.1; 
pre.1; post.1 

Multiple 
choice 

2. 
Understand 
two kinds of 
permutation 
(total number 
or “n objects 
taken k”)  

2.1. Given the 
example, draw the 
definition and formula 
of the permutation of 
total number. 

V to c, 
verbal 
rationale 

concept /  

2.2. Given the 
example, draw the 
definition and formula 
of the permutation of 
“n objects taken r”.  

V to c, 
verbal 
rationale 

concept /  

2.3. Use factorial 
notation to rewrite 
permutation formula 

C to v, 
verbal, 
without 
rationale 

skill Pre.2, post.2 Multiple 
choice 

2.4. Apply 
permutation formula 
to solve basic 
permutation problems. 

V to v, 
verbal, 
rationale 

skill Eg.2; pra.2; 
pre.3.1; 
post.3.1 

Blank fill-in 



2.5. Reasoning 
through to solve basic 
permutation problems.  

V to v, 
verbal, 
rationale 

Principle  Eg.2; pra.2; 
pre.3.1; 
post.3.1 

Blank fill-in 
with self-
explanation 

3. Solve 
advanced 
permutation 
problems 

3.1. Work out the tie-
up permutation 
problem by reasoning 
through or applying 
the permutation 
formula.  

V to v, 
verbal, 
rationale 

Principle  Eg.3; 
pra.3;Eg.3; 
pre.3.2; 
post.3.2 

Blank fill-in 
with self-
explanation 

3.2. Work out the 
circular permutation 
problem by reasoning 
through or applying 
the permutation 
formula.  

V to v, 
verbal, 
rationale 

Principle  Eg.4; pra.4; 
Pre.3.3; 
post.3.3 

Blank fill-in 
with self-
explanation 

** Please turn to the course links for the first student test to see specific assessment task 
questions. 
 

• Empirical	Prescriptive	&	Descriptive	CTA	
After coming up with two set of the assessment questions, I recruited one novice and two 
experts to do the task. The novice is a current master student majoring in education in 
University of British Columbia. According to the Standards in Chinese Education, the 
students choosing the liberal arts don’t have to learn the content of permutation. She was one 
of the student choosing the “liberal art” track instead of “science” track. So she is eligible to 
be one of my test as novice. The two experts are in different identity. One is a master student 
in CMU studying mechanical engineering and another one is the high school math tutor. 
Since the expert (master student in ME) learned permutation in high school and working with 
some math problem now for his course work, he would be qualified as a candidate of expert. 
All of them are required to do think aloud along the process of solving the problems.  
I first conducted the test of the two master students. Two of them took the assessment 
questions, the novice told me she was fine with the first several questions but has no idea 
about the last two questions (advanced problem of permutation); the expert did all correct but 
also spend 5 minutes on the advanced problems. The result of the test shows that the 
assessment questions about proper, not very hard and not very easy. And I detected the 
difficult factors during the analysis. And start to thinking about the question: how can I make 
the instructional design for students in a better way to help them solve this kind of difficult 
problems more easier? 
For the high school tutor and has some experience of teaching and is familiar with the 
content. So she solved all the problems very quick. There is an interesting finding when 
comparing the thinking process of the expert and novice: the expert tries to think about the 
problem in a more complete way and first thinking about the differences in this problem, 
bringing difficulties; the novice just rushed to the problem-solving and trying to list all the 
possible results and count them out.  
The original scripts are listed: 

Xinke W.: “Oh, that’s different from the previous ones. The previous ones are 
easy… Hmmm… Maybe I can list all the possible results? Yes… I am going to do 
that. 



… 
I think I already the same one before… Err… I think I messed it up… I give up… 
Lol…” 
 
Qianqian Huang: “For this problem, I will first think about what make this one 
different… Since it is circular shape, the relative position matters. If the students 
moving one position right together that doesn’t change everything. So there will be 
totally 6 same situations for one type of arrangements. So the result should be 
devided by 6.” 

• Meta-Cognition	Strategy	to	Scaffold	Students	to	Solve	Advanced	Permutation	
problems	

Combining the think aloud from the high school tutor and inspiration from the relevant 
literature (Montague, 2007). I came up with a frame about the problem-solving process that 
imitate the expert’s mind when solving the circular permutation problem.  

 
 
After came up with this frame, I tried to solve the tie-up permutation problem (another 
advance permutation problem). And find out that there is really a pattern for problem-solving, 
at least for the content in this unit. The steps to solve the tie-up problem is mapped to the 
diagram below.  



 

 
  



IV. Instructional	Design	
• Instruction	for	students	in	a	simple	and	easy-to-remember	way	

After I came up with the frame imitating the thinking process of expert solving problems. I 
took a step forward to simplify the frame into following steps in the lesson: 

“Metacognitive strategies in our learning today: 
-Define the problem type 
-Relate new knowledge with previous knowledge by comparison and contrast 
-Transform the problem based on the connection between old and new knowledge 
-Self-checking and monitoring 
-Reflection” 
 

For	specific	example	narrations,	using	the	steps,	are	listed	below.		
Example:  
There are 6 students from your class: Abby, Cassie, David, Emily, Helena, John. They are going 
to stand in a line and take the group picture together. In how many ways can they be arranged in 
a straight line? 

 
This is an example arrangement for 3.1. 
 
Current problem: (solving now) 
Emily and Helena are best friends. They want to stand next to each other for the second group 
picture. In how many ways can they be arranged in a straight line under this circumstance? 

 
This is an example arrangement for 3.2. 
 
 
 
STEP 1 - Define the problem type:  
What is the targeted knowledge component in the problem statement?  
-> 
 Permutation of total numbers 
 
STEP 2 - Compare the current problem with the problem solved before 
What are the similarities and differences between the current problem and the previous problem? 
->  
Similarity: permutation of total numbers 
Differences: Emily and Helena should be arranged next to each other (tie-up).  
 
STEP 3 - Transform the new problem to the problem solved before 
What is the trigger of transformation? 
-> 
two people can be regarded as one person 
 
What is the problem before and after we make the transformation? (Hint: the transformation 
should be based on the similarity that we analyzed in the last section) 
-> 
The previous problem: The permutation of six people taking picture together 
(!) Transformed problem: The permutation of five people taking pictures together 



 
What condition did we change after we make transformation?(Hint: attend to the difference that 
we analyzed in the last section) 
-> 
Previous condition: Emily and Helena stay next to each other.  
Current condition: Emily and Helena are regarded as one person. 
What changed: If Emily and Helena are regarded as one person, we ignored the inner order 
between this two people. However, according to the original condition, Emily on the left with 
Helena on the right is different from the situation that Helena on the right with Emily on the left.  
 
STEP 4 - Use language in math to solve the problem 
What is the math equation or notation of the transformed problem? 
-> 
5p5 = 5!  
 
STEP 5 - Self-check and iteration 
What is the problem brought by transformation? 
-> 
We didn’t consider the inner order between Emily and Helena.  
How to address the problem in Q1? 
->  
Go through the iteration from STEP 1 to STEP 5. 
STEP 1: Identify the problem 
Two steps are combined together of the picture taking problem: 
Permutation of five objects 
One of the five has two different arrangement 
So this is a problem using fundamental counting principle.  
 
STEP 2: Compare the current problem with the problem solved before 
This is a two-step action, which can be address by using fundamental counting principle. 
 
STEP 3: Transform the current problem to the problem solved before if difference exists 
No difference.  
 
STEP 4: Use language in math to solve the problem 
nstep1 * nstep2 

 
STEP 5: Self-check and iteration 
Since there is no transformation, I don’t have to do iteration.  
 
STEP 6 - Reflection 
Go through the process again and think: 
What is the current problem I solved? 
Tie-up problem of permutation  
What trigger did I use for transformation? 
Regard the two people next to each other as one object with two inner orders.  
What mistake did I commit / what lesson I should learn from this problem? 
I should remember to self-check on the changed condition brought by the transformation. It is the 
place that I may make mistakes without self-checking. 
  

• Apply	proper	instruction	for	different	knowledge	components.		

Goal specification Instruction type 

Goals Condition to 
response / 
ver or n-ver 
/ r or n-r 

label KLI 
categories 

Instructions 



1. Review the 
fundamental 
counting 
principles 

1.1. Calculate the 
results for each step 
using tree diagram 

V to v, n-
verbal, non-
rational 

rules Induction 
and 
refinement 

/ 

1.2. Draw the 
definition of 
fundamental counting 
principles from the 
examples 

V to c, 
verbal 
rationale 

concept / / 

1.3. Apply the 
fundamental counting 
principles to calculate 
action numbers.   

V to v, 
verbal, 
rationale 

skill Induction 
and 
refinement  

practice 

2. 
Understand 
two kinds of 
permutation 
(total number 
or “n objects 
taken k”)  

2.1. Given the 
example, draw the 
definition and formula 
of the permutation of 
total number. 

V to c, 
verbal 
rationale 

concept /  

2.2. Given the 
example, draw the 
definition and formula 
of the permutation of 
“n objects taken r”.  

V to c, 
verbal 
rationale 

concept /  

2.3. Use factorial 
notation to rewrite 
permutation formula 

C to v, 
verbal, 
without 
rationale 

skill Induction 
and 
refinement 

practice 

2.4. Apply 
permutation formula 
to solve basic 
permutation problems. 

V to v, 
verbal, 
rationale 

skill Induction 
and 
refinement 

practice 

2.5. Reasoning 
through to solve basic 
permutation problems.  

V to v, 
verbal, 
rationale 

Principle  Understandi
ng and 
sense-
making  

self-
explanation 

3. Solve 
advanced 
permutation 
problems 

3.1. Work out the tie-
up permutation 
problem by reasoning 
through or applying 
the permutation 
formula.  

V to v, 
verbal, 
rationale 

Principle  Understandi
ng and 
sense-
making 

self-
explanation 



3.2. Work out the 
circular permutation 
problem by reasoning 
through or applying 
the permutation 
formula.  

V to v, 
verbal, 
rationale 

Principle  Understandi
ng and 
sense-
making 

self-
explanation 

 
• Decide	Instructional	Content	and	Sequence	
- 1st	Version	&	2nd	Version	(After	Empirical	Prescriptive	CTA)	

For the 1st version of my instructional design, I follow the sequence “definition – formula – 
example – practice”. So I intended to give the definition and formula at the beginning of the 
course and apply the formula in the examples and practice. So they will have more 
opportunities to apply the formula better.  

 
However, after I showed the design to Ms. Qianqian Huang (the high school tutor), she told 
me it will work better according to her experience if the sequence is “examples – definition – 
formula – practice”. Her suggestion was that instead of giving the definition and formula 
directly, the instructor should probably show some examples at the beginning and guide the 
students to draw the definition and formula by themselves, which will foster student’s deeper 
understanding of the content.  



 
So I took her advice and change the sequence of instruction as she suggested.  

• Instructional	Design	Principles	
In the design of the online lesson, I applied several instructional design principles from the 
textbook. The common instructional design principles are modality principle, personalization 
principle and contiguity principle. And the innovative factor is different for the two groups: 
one applies the meta-cognition strategy I came up with to teach the examples; the other one 
doesn’t apply the meta-cognition strategy but just the traditional way to solve the problem 
one by one. The innovative factor is also the active ingredients for the next part of research 
and data analysis.  

- Modality	Principle	
The modality principle means the text with audio works better than the text alone (Clark & 
Mayer, 2016). So I borrow the idea from Khan Academy, which is a successful example for 
math education for the high school level. So I made the video to explain about the examples 
and some instructions. And the audio narration is along the process of writing down the key 
words of the problem-solving, which makes use of the visual and listening channels of the 
students.  

 



The videos are available if you go to the links provided in the preface. So you will get a 
better sense of applying the modality principle.  

- Personalization	Principle	
The personalization principle indicates that the conversational style and nice words will 
engage active processing (Clark & Mayer, 2016). So in the instruction, I used the words like 
“Let’s solve this problem together!” instead of “I will tell you how to solve the problem”.  

- Contiguity	Principle	
The contiguity principle contains two aspects: 1. place the printed words closer to the 
graphics; 2. synchronize spoken words with graphics (Clark & Mayer, 2016). This principle 
is targeting at the solving the problem of limited capacity and reduced the cognitive load by 
applying this principle. For example, during my CTA to the novice, she had trouble 
understand the meaning of the question. So I moved the graphics that explains the situation 
into the same page of the problem narration.  

 
 

- Meta-Cognition	Strategy	(Innovative	Factor)	
The innovative factor is different for the two groups: one applies the meta-cognition strategy 
I came up with to teach the examples; the other one doesn’t apply the meta-cognition strategy 
but just the traditional way to solve the problem one by one. The innovative factor is also the 
active ingredients for the next part of research and data analysis. For example, you can tell 
the screenshot of the group with meta-cognition strategy, I taught the example using the 5 
steps explicitly. And for the group without meta-cognition strategy, I taught the example just 
in regular steps without mentioning the meta-cognition strategy.  



 

 
For better detail, please turn to the instructional links.  
  
  



V. Student	Test	and	Data	Analysis	
• Research	Question	

The research question for the first round of student test is that whether introducing meta-
cognition strategy will generate better learning outcome of the domain knowledge and the 
meta-cognitive abilities. To test the active ingredient (independent variable), I randomly 
assigned the students into different groups. The independent variable is whether to introduce 
the meta-cognition strategy. And the dependent variables are the improvement in domain 
knowledge learning and the ability to use meta-cognition strategy.  

• Internal	Validity	
To ensure the internal validity and make sure that each group gets the same instruction with 
one feature varying, I deliberately made the video using the same style of narration and make 
the video length as similar as possible to make sure there is no other factors to influence.  

• Conduct	Validity	–	How	to	Measure	the	Dependent	Variables	properly?	
For the improvement in the domain learning, I collected the data from pretest and posttest 
using the assessment questions for the students to solve and compare the correct rate of each 
student using the within-subject test (repeated measurement).  
The biggest challenge was that how to test the improvement in meta-cognition. At the 
beginning, I thought I could use the wide-used scale about self-regulation and select several 
questions about metacognition (Pintrich, 1991). However, Prof. Koedinger reminded me that 
only self-report about their meta-cognition would not be enough, since that only covered the 
part “how they think they are” but not covered “how they behave indeed”. So making 
students to externalize their meta-cognition became a critical issue for me. Finally, I decided 
to apply self-explanation in the instruction and assessment parts. On the one hand, it is a good 
way for the students to externalize their thoughts by writing them down. On the other hand, 
the knowledge component about understanding and sense-making need the instructions like 
self-explanation to foster.  

• Result	and	Insights	
- Domain knowledge: 

 
(1) As you can see from the diagram, both groups got progression in posttest 

compared to the pretest, which indicates that the instruction was good and foster 
students to transit from the unlearned stage to the learned stage.  

(2) The improvement of the score for the experimental group (with meta-cognition 
strategy) is bigger than the control group, which might indicate the strategy 



worked. However, I am not 100% sure about this, since the pretest seems to be 
very different for the two groups. Maybe the groups are not randomly assigned. 
So for the second around, I will pay more attention to the random assigned groups 
of the experiment.  

(3) Certain assessment questions about the fundamental counting principles are way 
too easy, that everyone got correct in that question. So I will remove the easy one 
to improve learning efficiency for the students.  

- Meta-cognition: 
(1) After I got the scores for the meta-cognition scales, I conducted the independent t-

test to test whether there is a significant difference between the two groups.  
According to the result, they are not significantly different since the p-value is 
better than 0.05.  

 
I think the possible reason behind could be that applying meta-cognition strategy 
is a habit need a long time period to foster or conduct educational intervention. 
Such a short-term of 1 to 1.5 hours cannot really change student’s habit of 
applying the meta-cognition strategy. So I am not surprise to see the result that is 
not significant.  

(2) The self-report shows that there are some students finding this strategy useful but 
some not.  
Useful: 

 
Not useful:  

 
(3) The way students do self-explanation showed how they really behave in problem 

solving after the strategy is introduced. Some more evidence showed the they 
employed the strategy in the self-explanation for the problems for the 
experimental group. But for the control group they just describe the process they 
solve the problem. 

 
 



VI. Second	Round	of	Student	Test	
• Research	Question	

From the qualitative data from the last test, here are some positive feedback about the 
strategy saying that it is useful. And some think it is not that useful in some other reasons. So 
I generate some new thoughts: the response to the strategy introduced might influenced by 
the level of students’ meta-cognition they have now.  
Based on the previous one, I conducted the second round of test. This time, professor 
koedinger suggests to look into another interesting topic about the ways of prompting student 
to use the meta-cognition strategy. The free-format and menu based explanation, which one is 
better. So two groups are using two different formats to see the different response to the 
strategy.  
Menu-based: (the students are prompted to do self-explanation after every step and get 
feedback step by step from the system.) 

 
Free-format: (the students are prompted to do self-explanation as a whole process and get 
feedback after finishing all the parts.) 

 



 
Maybe they will feel the menu-based is better since they can get feedback step by step. Or 
they might think it is bad since the process is so rigor and they don't have freedom to choose 
the method by themselves. My thought is I can use the meta-cognition survey score as 
covariant and see the difference between the high meta-cognition level individuals and low 
ones.  
However, the second student test failed. I told the high school teacher to assign the group 
randomly, she just let the students to choose by themselves. And all the 21 students chose the 
first group. So I didn’t get the result from the second test, which makes me upset since I 
already designed a lot and curious about the result of that.  
 
  



VII. Future	Work	
Since the second round of student test failed, I am thinking about finding another opportunity 
to conduct another test. What’s more, I think Qualtric is not a very good tool for educational 
research, since the data I want to collect and conduct analysis on failed to be collected from 
the system. For example, some behaviors might indicate student’s meta-cognition. For 
example, the behavior of making mistakes and referring to the previous instruction are 
indicator of meta-cognition.  
What’s more, if condition permitted, I am willing to conduct a long-term course lasting for a 
semester embedding the self-regulated feature in the daily life. This semester, I also took 
Prof. Sharon Carver’s course, called EGIA (Educational Goals, Instructions, and 
Assessments). For that course project, I depicted the whole series of courses in a more bigger 
scope about self-regulation. If I would have a chance to practice that, it will be great. And 
this project could be a pilot study and found out a lot of interesting insights for the following 
steps.  
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