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Context
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Computing education in K-12

K-12 Computer Science 
Framework - CSTA

● 7 practices
● 5 concepts



Visual programming environment

Algorithms and programming can be taught through app 
development with App Inventor

App Inventor is a visual 
programming language that allows 
to:
● Create Android apps
● Program by drag-and-drop
● Test the application in 

real-time on any Android 
smartphone
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App Inventor interface
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Assessment process via source code
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Assessment of programming activities
Teacher assessment

● Repetitive task
● Different teachers emphasize different 

characteristics
● Consumes considerable time and effort
● Requires substantial knowledge of 

computing

Assessment by an automated analyzer
● Consistency
● Speed
● Frees the teacher to assess other 

aspects and/or help the student
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Automated assessment process
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Proposed model
● Based on learning objectives of levels 1B, 2, 

and 3A from the K-12 Computer Science 
Framework proposed by the CSTA

● Algorithms and programming learning 
objectives related to computational 
thinking practices (P3-6)

Example of learning objectives for the concept algorithms and programming:
Subconcept Level 1B (Ages 8-11)

By the end of Grade 5, students will 
be able to...

Level 2 (Ages 11-14)
By the end of Grade 8, students will 
be able to...

Level 3A (Ages 14-16)
By the end of Grade 10, students 
will be able to...

Variables 1B-AP-09 Create programs that use 
variables to store and modify data. 
(P5.2)

2-AP-11 Create clearly named 
variables that represent different 
data types and perform operations
on their values. (P5.1, P5.2)

3A-AP-14 Use lists to simplify 
solutions, generalizing 
computational problems instead of 
repeatedly using simple variables. 
(P4.1)
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Items creation process
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CodeMaster rubric (excerpt)
CT Sub-dimension Criterion  Performance Level   

0 1 2 3

Algorithms and 
Programming concepts

1. Operators No operator blocks are 
used.

Arithmetic operator 
blocks are used.

Relational operator 
blocks are used.

Boolean operator 
blocks are used.

2. Variables No use of variables. Modification or use of 
predefined variables.

Creation and operation 
with variables.

-

3. Strings No use of strings. Use of creating string 
block to change design 
elements texts.

Creation and operation 
with strings.

-

4. Naming Few or no names are 
changed from their 
defaults.

10 to 25% of the names 
are changed from their 
defaults.

26 to 75% of the 
names are changed 
from their defaults.

More than 75% of the 
names are changed 
from their defaults.

 ... ... ... ... ...

Mobile concepts 12. Sensors No use of sensors. One type of sensor is 
used.

Two types of sensors 
are used.

More than two types of 
sensors are used.

13. Drawing and 
Animation

No use of drawing and 
animation components.

Uses canvas component. Uses ball component. Uses image sprite 
component.

14. Maps No use of maps. Use of a map block Use of map markers 
blocks.

-

  ...  ...  ...  ...  ...
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Proposed model (available online)

Available at http://apps.computacaonaescola.ufsc.br:8080/
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http://apps.computacaonaescola.ufsc.br:8080/
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Evaluation of the CodeMaster rubric
Can we assess App Inventor apps with CodeMaster in a reliable 

and valid manner?

App I01 I02 ... I16

1 3 2 ... 0

2 1 0 ... 2

...

88.812 0 1 2 0

➢ Data: 88.864 apps from the App Inventor Gallery
➢ Items: assessment of 15 criteria of the CodeMaster rubric
➢ Grade: 4-point scale

note: all items considered mandatory
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CodeMaster evaluation - X-ray data assessment

● Of the 88,864 projects, 88,812 
were successfully analyzed

● Item 7 (Events) and 15 
(Screens) have more than 80% 
programs with scores above 0

● Item 14 (Maps) has only 72 
programs with scores above 0



Cronbach alpha values:
0.7 < α ≤ 0.8 ⇾ acceptable
0.8 < α ≤ 0.9 ⇾ good
α ≥ 0.9 ⇾ excellent

We obtained a Cronbach 
alpha of 0,84
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Confiability analysis of CodeMaster rubric
Criterion (or Item) Item-total correlation Cronbach alpha if item dropped
1. Operators 0.694 0.82
2. Variables 0.686 0.82
3. Strings 0.583 0.83
4. Naming 0.585 0.82
5. Lists 0.364 0.84
6. Data persistence 0.325 0.84
7. Events 0.596 0.82
8. Loops 0.286 0.84
9. Conditional 0.618 0.82
10. Synchronization 0.562 0.83
11. Procedural Abstraction 0.548 0.83
12. Sensors 0.448 0.84
13. Drawing and Animation 0.376 0.84
14. Maps 0.015 0.85
15. Screens 0.324 0.84
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Validity analysis of CodeMaster rubric

● Verifying sampling adequacy with KMO index
○ Values near 1.0 support a factor analysis, anything less than 

0.5 is not likely suitable for useful factor analysis
○ We obtained a KMO index of 0.83  =)

● What is the number of factors that should be retained?
○ We used parallel analysis
○ Scree plot suggested 3 factors
○ So, we run a factor analysis...
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Validity analysis of CodeMaster rubric
Criterion (or item) Factor 1 Factor 2 Factor 3
1. Operators 0,325 0,074 0,795
2. Variables 0,453 0,337 0,763
3. Strings -0,028 -0,100 0,801
4. Naming 0,198 0,174 0,659
5. Lists -0,070 0,123 0,690
6. Data persistence -0,093 -0,156 0,786
7. Events 0,178 -0,157 0,868
8. Loops -0,004 0,209 0,768
9. Conditional 0,150 0,048 0,807
10. Synchronization 0,710 -0,336 0,616
11. Procedural Abstraction 0,406 0,241 0,779
12. Sensors 0,713 -0,432 0,453
13. Drawing and Animation 0,752 0,298 0,351
14. Maps -0,123 -0,389 0,403
15. Screens -0,158 -0,339 0,702Factor 3 Factor 1

Factor analysis result: 2 factors as originally proposed
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Conclusion
● CodeMaster rubric

○ Provides automated support for assessing programs created by students in 
the context of K-12 education as a result of ill-defined activities

○ Aligned with the CSTA curriculum guide 
○ Evaluation results show evidence that CodeMaster is valid and reliable

● Future work
○ Evaluate with a database containing recent programs, new components such 

as maps
○ Assess other important 21st skills such as creativity
○ Create a scale using Item Response Theory with pedagogical interpretation 

for the context of K-12 education
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51st ACM Technical Symposium on Computer Science Education

Thank you for your attention. Any questions?

A Large-scale Evaluation of a Rubric for the Automatic 
Assessment of Algorithms and Programming Concepts

Nathalia da Cruz Alves

nathalia.alves@posgrad.ufsc.br

C
od

eM
as

te
r o

nl
in

e



19

Extra slide - CodeMaster full rubric

http://apps.computacaonaescola.ufsc.br:8080/
rubrica_appinventor.jsp

http://apps.computacaonaescola.ufsc.br:8080/rubrica_appinventor.jsp
http://apps.computacaonaescola.ufsc.br:8080/rubrica_appinventor.jsp

