
• Please introduce yourself in the chat window:

– Your name?

– Your position?

– Your city/state?

– Number of years teaching middle school CS?

– Other subject(s) taught?

– Experience as a CS PD trainer?

– Anything else you’d like for us to know!

Welcome to our webinar!
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We want to HEAR from you! Please 

choose the first option in the Audio 

Conference window (Dial-out) in order 

to communicate verbally. If unable to 

receive an incoming call, please 

choose one of the other options listed.
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C
LA

IM
S Design begins 

with the claims 
we want to 
make about 
student learning.

EV
ID

EN
C

E In order to 
support claims 
about learning, 
we must gather 
evidence.

TA
S
K
S Tasks are 

designed to elicit 
evidence about 
student learning 
to support claims.

Evidence-Centered Design: 
A Principled Approach





A middle school CS (programming) curriculum will/should ideally aim for students to learn/understand …

how programs are executed sequentially

how simple loops work (fixed number of repetitions)

how to create different pathways in programs using conditional statements

algorithmic flow of control–how instructions are executed in sequence even when there are loops, except that the set of instructions within a loop are repeated

that in control structures (like loops and conditionals), a collection of an arbitrary number of statements can be declared to act as a single statement by grouping them

what Initialization (in general and of variables, specifically) is, why it is needed, and how to initialize

that variables can only hold one value at a time

how types define the set of values a variable can have, and the set of operators that can be used

how variables are created, used, assigned values, and updated

how variable values change within loops

how to use expressions to make new variables from old ones

Boolean variables, operators & expressions

the idea of controlling loops and conditionals using Boolean conditions (may/ may not involve variables and expressions)

Boolean as a data type

identifying and articulating patterns in real-world phenomena and problems, and abstracting them into structural components of a program (preconditions, repeating logic in a loop, any 
postcondition)

how variables are an abstraction or representation of data in the program and the real world

the importance of planning before programming

the need for breaking down problems into smaller manageable tasks

computational solutions are abstractions; and that these abstractions can be represented in different ways

identifying and articulating patterns and abstracting them into structural components of a program.

Informed by CS Ed literature, Grover, Pea, & Cooper (2015); K–12 Computer Science Framework. (2016); CSTA K-12 CS Standards (2017)



Ability to…

1. Describe the execution that is performed by a (specific) given sequence of instructions (not incl. loops)

2. Describe what a given loop is doing

3. Describe the sequence that is executed in a given program when the program contains things inside and outside of the

loop.
4. *Knowledge that a loop involves a repeating pattern, that will terminate under a specified condition or after a certain

number of repetitions

5. Identify the repeating pattern within a loop

6. Describe the structural components of a pattern

7. Identify a pattern in a situation (could be a real-world phenomenon)

8. Describe how a conditional pathway would operate or create a conditional pathway

9. Create variables, assign values and update variables

10. Describe how a variable changes values in a loop

11. Use a variable within a loop

12. *Knowledge that a variable can only hold one variable at a time

13. Determine what variables are required in a program to achieve the goals of the computational solution

14. Evaluate a Boolean expression

15. Use Boolean operators (And, Or, Not) in a program

16. Create a Boolean expression for a given condition

17. Identify sub-parts of a computational solution

18. Create a Boolean expression to control a loop

19. Identify a constant vs. a variable in a program

20. Decide on an appropriate initial value for a variable

21. Create an expression using existing variables

22. Define an abstraction to represent a general solution

23. Identify the structural (sub-)parts of a program

Intro 
Programming: 

Focal 
Knowledge Skills 

and Attributes
(FKSAs) 







Item FKSA

Coverage

Sub-

parts

Concepts Points

1 1, 8, 13 a Boolean Expression + Conditional 1

b Boolean Expression + Conditional 2

c Boolean Expression + Conditional 2

2 1, 8, 12 a Relational Expression + Conditional 3

b Variables + Conditional 2

3 2,3,9, 10 a Variables + Boolean Expression + Loops 2

b Variables + Boolean Expression + Loops 2

c Variables + Loops 1

4 2,3,4,8, 10, 

11, 14,15, 

16,17,18, 21, 

23

a Abstraction (Pattern Generalization) 1

b Abstraction (Pattern Generalization) 1

c Abstraction (Pattern Generalization) 1

d Variables + Arithmetic Expression 1

e Variables + Boolean Expression + Loops 1

f Variables + Arithmetic Expression + Loops 2

g Variable + Boolean Expression 2

5 14 Boolean Expression 1

6 14 Boolean Expression 2

7 4, 8, 9, 13, 

15, 16, 18, 

19, 20, 21

a Variables 5

b Variables 3

c Variable + Arithmetic Expression 2

d Variable + Arithmetic Expression 2

e Variable + Boolean Expression 2

f Variables + Arithmetic Expression + Loops 2

8 4, 5, 6, 7, 11,

22

a Pattern Recognition 2

b Abstraction (Pattern Generalization) 2

c Loops 1

d Loops 4

e Variables + Loops 4

9 2,3,4,5 Loops 4
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Item 

#

Cronbach’s 

alpha

Difficulty Index 

(average score)

Discrimination 

Index
1 0.81 0.87 0.37
2 0.81 0.36 0.62
3 0.82 0.55 0.46
4 0.79 0.63 0.61
5 0.84 0.83 0.35
6 0.83 0.92 0.20
7 0.79 0.72 0.51
8 0.80 0.70 0.50
9 0.81 0.71 0.68

All 0.82 0.68 0.49

• High internal consistency among the items

• The assessment items reflected a fairly high level of 
reliability at 82%

• Item #2 most difficult (ambiguous wording)
• Item #6 – very easy and low DI
• Task difficulty levels range from .55 to .87

• Discrimination analysis revealed that items targeting 
combinations of programming concepts rather than 
individual concepts (#4, #7, #8, #9) had higher 
discriminatory power 

Analysis and Results









• Piloted with N=108 students (6th: n=48; 7th: n=40; 8th: n=20)

• Some minor edits made based on piloting the revision

• Many 6th graders do not understand the relational operator (<, >)

• The majority of students did not know about the “join” operator and that [join 

“hi” <answer>] will concatenate “hi ” and the value in the variable <answer>. 

• Many students’ explanation for part (b) suggested that the problem with the 

code was that does not have it saying “Hi Jenny” anywhere ➔ They did not 

understand that “answer” is a variable that contains a string value (“Jenny”)

CSTA standards for 6-8 mentions understanding variables and variable types.

Example: Alternatively, students could write a program that prompts the user for 

their name, stores the user's response in a variable (e.g. userName), and uses this 

variable to greet the user by name.









Thoughts? / Questions?

• How do you think your students would fare? (6th / 7th /8th grade?)

• Are there topics you don’t cover? (or don’t cover well?)

• Are items (or sub-items) that you think some of your students might struggle with? Why?

• Any other thoughts?



shuchig@cs.stanford.edu

http://shuchigrover.com

mailto:shuchig@cs.stanford.edu
http://shuchigrover.com/




(a) Write down, in order, what will appear on the screen in the 
fox’s speech box, after the green flag is clicked.

(b) Does the value of                       change in the loop?  
☐ Yes       ☐ No
If Yes, explain how it changes.

(c) Does the value of                                 change in the loop?  
☐ Yes       ☐ No
If Yes, explain how it changes. 



A

Let’s count!

Counter

Last number!

 B.

Let’s count!

0

2

4

6

8

Last number!

8

C

.

Let’s count!

0

2

4

6

8

Last number!

10

 D.

Let’s count!

Counter

Counter

Counter

Counter

Counter

Last Number!

Counter

(a) After the green flag is clicked, what will the fox say?



“the degree to which evidence and theory support the  interpretations of test scores entailed 
by proposed uses of tests” (AERA, APA, NCME, 1999, p.  9) 

• Focuses on supporting assessment inferences through —
• Test Content
• Student Response Processes
• Internal Structure
• Relations to other Variables 
• Testing Consequences

• Collected validity evidence based on test content and student responses processes to help 
us refine and improve the assessments

• Test content (Expert Review for alignment between the FKSAs & learning goals
• Student response processes (Cognitive think-aloud interviews with students)

Validity



Item 

#

Cronbach’s 

alpha

Difficulty Index 

(average score)

Discrimination 

Index
1 0.81 0.87 0.37
2 0.81 0.36 0.62
3 0.82 0.55 0.46
4 0.79 0.63 0.61
5 0.84 0.83 0.35
6 0.83 0.92 0.20
7 0.79 0.72 0.51
8 0.80 0.70 0.50
9 0.81 0.71 0.68

All 0.82 0.68 0.49

• Principal Factors Analysis using the pre-post scores 
data at the item level indicated that the assessment 
was measuring one overall factor    → high internal 
consistency among the items

• The assessment items reflected a fairly high level of 
reliability at 82%

• Item #2 most difficult (badly worded)
• Item #6 – very easy and low DI
• Task difficulty levels range from .55 to .87

• Discrimination analysis revealed that items targeting 
combinations of programming concepts rather than 
individual concepts (#4, #7, #8, #9) had higher 
discriminatory power 

Analysis and Results:  Validity Evidence Based on Internal Structure



• We are currently finalizing the details for an 

entire year’s worth of activities in the 

community. 

• Follow us on Twitter (@csforalltchrs) for the 

latest updates.

Upcoming Activities
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Membership is FREE! Sign up in order to:

• Connect with other CS teachers

• Participate in free webinars

• Access free resources

• Learn more about ECS and CSP curricula 

• Download the latest ECS assessments

https://csforallteachers.org/user/register

Are You a Member of CS for All Teachers?
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https://csforallteachers.org/user/register


CS for All Teachers

Email: csforallteachers@air.org

Website: https://csforallteachers.org/

Twitter: @CSforAllTchrs
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