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Introduction

Working Group Goals

Goal: Make it easier for researchers to share
programming snapshot data, analyses, and tools.

Motivation: data can lead to insights and tools that
improve student outcomes.

print("Hello, World!")

;
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Challenges

Challenge: datasets collected by researchers vary
greatly in programming language, program size, and
which metadata was collected

Challenge: the format must be general (to handle
different datasets), but also specific (to allow for
meaningful analysis)
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The ProgSnap2 Format

The data format

e Design goals
e Concrete representation
e Structure and semantics
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Data Format: Design Goals

Desired properties:

1. Capable of modeling data from diverse sources

= working group members had significant experience with
programming activity data

2. Explicitly represent what is known and unknown
= avoid “synthesized” data values; many fields are optional

3. Easily consumed by standard tools and libraries
= tabular data stored in CSV files
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Data Format: Concrete Representation

Three kinds of files:

e (CSVfiles
= Used for all structured data
e (Code states
= Capture student code
e Resources
= Allow associated data to be included
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ProgSnap2 Format

Data Format: Structure and Semantics

File System View ProgSnap2 Format
* Indicates Required Column or Table
I—«> * Main Event Table T .
ventType
DatasetMetadata.csv H— *EventID D <limm'x}>
LinkTables/ * |[EventType EvenType u Sesvion Start . I e a O l |
* |SubjectID D Session.End
Course.csv * | ToolInstances String Compile
1 CourseTerm.csv *
Subject.csv CodeStateID D Compile.Error
Order Integer Compile. Warning
CodeStates/ ServerTimestamp Timestamp Submit .
ﬁlim TR ServerTimezone Timezone Run.Program
ClientTimestamp Timestamp Run. Test
Resources/ ClientTimezone Timezone Debug. Program
II,‘/hlleWtalRmnnr ; CourselD D Debug, Test .
CourseSectionID D Project. Open
TermID D BigjeerClose
" AssignmentID D File. Create
*Dataset Metadata AssignmentlsGraded  [Boolean File.Delete
Version Toteger ProblemID D File.Open .
EventOrderScope EventOrderScope ProblemlsGraded Boolean File.Close
IsEventOrderingConsistent  [Boolean Attempt Integer File.Rename '
ExperimentalCondition |String File Edit

CodeStateRepresentation | CodestareType

EventOrderScopeColumns | String TeamID D File.Focus
LoggingErrorlD D Resource.View
ParentEventID D Intervention
EventOrderScope | [ CodeStateType SessioniD) D X-*
<Enum> <Enum> ProjectlD D
Global Table ResourcelD D EdieType
Restricted Directory CodeStateSection RelativePath <Enum>
None Git DestinationCodeStateSection | RelativePath GenericEdit
Eventlnitiator EventInitiator Insert
Link Table EditType EditType Delete
T T ez CourelD) CompileResult ProgramResult Replace
1D 2 (c:g, TermID) CompileMessageType  |String Move
(additional IDs) CompileMessageData ~ |String Paste
Reouce URL SourceLocation SourceLocation Duplicate
ExccutionD D Undo
o TestID D Redo
" e " S — Refaccor
UserDirectAction CompileResult Score Real Reset
UserlndirectAction __~Ehum> ExtraCreditScore Real
ToolReaction Success ProgramInput String T
ToolTimedEvent Warning ProgramOutput String O i
InstructorDirectAction Ersor ProgramErrorOutput  [String Feedback
e S ExccutionResult InerventionType String Hint
TeamMemberDirectAction R entionCategory | mersnonCorgory e
tAction| 2 ghlig
Xx Success InterventionMessage String CodeChange
Timeout User-defined Columns | ... EarnedGrade
Error XX
TestFailed
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ProgSnap2 Format

Data Format: File System

File System View ProgSnap2 Format

MainTable.csv * Indicates Required Column or Table 01 S Vo
reiree.co] File System View

* Main Event Table

[(atasethetadata cov |- +[EventD m P RS
LinkTables/ * [EventType ExenrType SewionSart : bl
« [Subjecan n Sevion End MainTable.csv
Course.csv * | ToolInstances String et
H CourseTerm.csv +|CodeStatelD D P JoE: e e e
Subject .csv “ompile. Error
Int Compile. Warning
Codestates/ ServerTimestanp Submit
ServerTimezor Timezone Dio
ClientTimestamp Timestamp R D a t ase t M e t ad a t a.csv |
Resources/ ClientTimezone Timezone Debug Program .
CourselD D i
CourseSectionlD D PisjerOfes
TermiD D Project.Close s
AssignmentID D File.Create L in kT a b l es /
*Dataset Metadata AssignmentlsGraded | Boolean File.Delete
Version Tnteger EioblemID 1D File.Open
BiBORleisEope ErenlBeleSicpe ProblemlsGraded Boolean File.Close
KEveiOmdecingConausit  |Boslsn Attempt Integer File.Rename
CodeStueReprosentation [Cossuctie PpesimenniCondiion (Sing File Edic Course.csv
EventOrderScopeColumns | String Teamll D File.Focus
. . LoggingerrorlD 1D Resource.View CourseTerm.csv
ParentEventlD D Intervention .
OS] [CoISuadtyne Sesiontd » xr Subject.csv
<Enum> <Enum> ProjectlD D
Global Table ResourcelD D EdieType
Restricted Directory CodeStateSection RelativePath <Enum>
None Git DestinationCodeStateSection | RelativePath GenericEdit
Eventlnitiator EventInitiator Insert
T EdicType EdicType Delete CodeStates/
DT g CourelD) CompileResult ProgramResult Replace
D2 (q‘; TermID) CompileMessageType  [String Move
(additional TDs) CompileMessageData ~ |String Paste d d . l
- ol SoceLodaton SoumeoLocation | |Duplite Student Code Files
ExccutionlD D Undo
3 TestlD D Redo
T e S - S [ W
UserDirectAction CompileResult Score Real Resct
UserlndirectAction _Eoum> ExtraCreditScore Real Re sources /
ToolReaction Success Programlnput String —
ToolTimedEvent Warning ProgramOutput String e By
InscructorDirectAction Eeror ProgramErrorOutput  [String Fecdback Vs
e =l Il il i Additional Resources
TeamMemberDirectAction Enum>

gt entionCategory [ InersentionCatcgory CodeHighlight

iyl Success InterventionMessage  [String CodeChange
Timeout User-defined Columns _|... EarnedGrade
Error X-*
TestFailed
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ProgSnap2 Format

Data Format: Metadata

File System View ProgSnap2 Format V

* Indicates Required Column or Table
o I L * Dataset Metadata

DatasetMetadata.csv (H— *[EventID D <Brniifs
LifkTables/ *|EventType Benctype | (et
* |SubjectID D SesionEid .
Course.csv * | ToolInstances Strin Sl s/ n Int
— CourseTerm.csv . s Compile €rs10 CoCr
el CodeStateID D Compile. Error
Order Integer Compile. Warning
CodeStates/ ServerTimestamp Timestamp Submit tO S O d S
[ SereiTimezone [ Timerone R Progean EventOrder cope EventOrderScope
ClientTimestamp Timestamp Run. Test
Resources/ SlientTimezone Timezone Debug Program . .
iz | R e R I IsEventOrderingC Bool
Additional Resources : g Tes
A T Eonin i i sEventOrderingConsistent oolean
o [Termd D Project.Close
i D D File.Create
P DiatasdtMatadsia 1| [psmentiGrded[pootean oD odedtate epresentatlon CodeStateType
Version Tnteger [ EioblemID 1D File.Open
EventOrderScope EventOrderseope ! H ProblemlsGraded Boolean File.Close
- L Attempt Integer e Rename 2
IsEventOrderingConsistent | Boolean v p g File. Rename E tO d S 1 St
CodeStateReprosentation [cossactye ||+ | [ExperimentalCondicion [Srring File Edi ven racrscope Columns ring
erScopeColumns [String i TeamID 1D File.Focus
b L " - » .. - oy
o ParentEventlD D Itervention >
rScope| [Codestaretype | |1 ! Sessigull) 10 X*
<Enum> <Enum> vl ProjectlD D
Global Table L ResourcelD D EdicType
Restricted e Vi CodeStateSection RelativePath <Enum>
None Git L DestinationCodeStateSection | RelativePath GenericEdit
L Eventlnitiator Insert
» . EditType EditType Delete
L Link Table P P
e ventOrderScope odeStateType
D2 (C; _I_'”mm) CompileMessageType  |String Move
CompileMessageData ~ |String Paste < > < >
additional 1Dy 8 ¢
ExceutionlD D Undo
Eventinitiator TestD D Redo
Eum> S PosgrainREl Refaccor ( ;10bal I able
UserDirectAction CompileResul Score Real Reset
UserIndirectAction _Eoum> ExtraCreditScore Real
ToolReaction Success Programlnput String T GTReEY . .
ToolTimedEvent Warning ProgramOutput String Eos estricte 1rect0r§7
InstructorDirectAction Eeror ProgramErrorOutput String Feedback
nstructorIndirectAction i
P ExccutionResult InterventionType String Hint
TeamMemberDirectAction . .
o <Enum> InterventionCategory | InterventionCatcgory CodeHighlight N ( ; t
s Success InterventionMessage String CodeChange one 1
Timeout User-defined Columns_|... EarncdGrade
Error X
TestFailed
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File System View

ProgSnap2 Format

II | Additional Resources

* Dataset Metadata

Version Integer
EventOrderScope EventOrderScope
IsEventOrderingConsistent  [Boolean

CodeStateRepresentation | CodestareType

EventOrderScopeColumns |

ProgSnap2 Format

Data Format: Main Event Table

@} * Indjgaes Reauired Colump or Table
* Main Event Table
[(patasetietadata.csv |— + EventD D)
LinkTables/ * |EventType EventType
* [SubjectID D
Course.csv * [ToolInstances String
] | ggg;zgﬁ;rg‘;csv *|CodeStateID D
Order Integer
CodeStates/ ServerTimestamp Timestamp
ServerTimezone Timezone
“lientTimestamp Timestamp
Resources/ “lientTimezone Timezone

EventType
<Enum>

EventOrderScope “odeStatcType
<Enum> <Enum>

Global Table

Restricted Dircctory

None Git

L Link Table
D 1 (.. CourscID)
ID 2 (c.g. TermID)

. (additional IDs)
Resource URL

EventInitiator

<Enum>

UserDirectAction CompileResult
UserIndirectAction <Enum>
ToolReaction Success

Tool TimedEvent Warning
InstructorDirectAction Error

InstructorlndirectAction

camMemberDirectAct
TeamMemberDire crAAmvn ERGRS.
tAction

ExecutionResult

by Success

Timeout

Error
TestFailed

Session. Start
Session.End
Compile

Compile. Error

Run.Program
Run. Test
Debug.Program

* Main Event Table

D Debug, Test
D Project.Open
TermID D Project. Close
AssignmentID D I |File.Create
AssignmentlsGraded  [Boolean File.Delete
ProblemID D 1 File.Open
ProblemlsGraded Boolean ] [FikeClose
Attempt Integer File.Rename
ExperimentalCondition  [String | File.Edit
TeamID D File.Focus
LoggingErrorlD D I |Resource View
ParentEventID D Intervention
SessionID D I X%
ProjectID D 1
ResourcelD D EditType
CodeStateSection RelativePath | ] <Enum>
DestinationCodeStateSection | RelativePath GenericEdit
Eventlnitiator Eventlnitiator | || [Insert
EditType EditType Delete
CompileResult ProgramResult I |Replace
CompileMessageType  |String 1 Move
CompileMessageData ~ [String Paste
SourceLocation SourccLocation | | |Puplicate
ExccutionID D Undo
TestlD D | [Redo
e 1t P Result Refactor
Score Real | I
ExtraCreditScore Real 1
ProgramInput Steing InterventionCategory|
ProgramOutput String 1
ProgramErrorOutput  [String Feedback
InterventionType String I [Hinc
InterventionCategory  [erventionCatcgory CodeHighlight
InterventionMessage  [String | CodeChange
User-defined Columns EarnedGrade
— = ====1 [
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* % % o %

EventID
EventType
SubjectID
ToolIlnstances
CodeStateID
Order
ServerT'imestamp
ServerI'imezone
ClientTimestamp
ClientTimezone
CourselD
CourseSectionlD

Price et al.

ID
EventType
ID

String

ID

Integer
Timestamp
Timezone
Timestamp
Timezone
ID

ID
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ProgSnap2 Format

Data Format: Link Tables

File System View ProgSnap2 Format

MainTable.csv * Indicates Required Column or Table

* Main Event Table

EventType
DatasetMetadata.csv H— *EventID D J_H. <Em"?‘}>
LinkTables/ * |EventType EventType Session. Start
* [SubjectD D Session.End
Course.csv * [ToolInstances String Compile
1 CourseTerm.csv *
Subject.csv CodeStateID D Compile.Error
Order Integer Compile. Warning
CodeStates/ ServerTimestamp Timestamp Submit
ﬁlis‘m TR ServerTimezone Timezone Run.Program
ClientTimestamp Timestamp Run. Test °
Resources/ ClientTimezone Timezone Debug. Program
[[Prddiionat Resonres et |SomsselD D Debug. Test —> ln a e
' CourseSectionID D Project. Open
i 7 [TermID D Project. Close
" ' AssignmentID D File. Create
*Dataset Metadata il AssignmentlsGraded  [Boolean File Delete
Version Trteger i ProblemID D File.Open
EventOrderScope ErenOrderscope | 11 ProblemlsGraded Boolcan File.Close e O u r S e
IsEventOrderingConsistent | Boolean o Attempt Integer File.Rename . °
CodeStateRepresentation | CodestaeType | 1} ExperimentalCondition | String File.Edit
EventOrderScopeColumns | String b (TeamiDy D File.Focus
.l LoggingErrorlD D Resource.View
L 1 ParentEventID D Intervention
EventOrderScope| [ CodeStareType | 1 | SessioniD) D X-* r m
<Enum> <Enum> . | ProjectlD D & =
Global Table L ResourcelD D
Restricted Directory P CodeStateSection RelativePath
None Git L DestinationCodeStateSection | RelativeP:
i O | [t . .
[ Link Table EditType EditType Delete 1 1 n
esult ProgramResult Replace e e e

D 1 (.. CourscID)

- eMessageType  |String Move
ID2 (o8, TermiD) CompileMessageType  |String v
CompileMessageData ~ [String Paste
. (additional IDs) . 2
SourceLocation SourceLocation Duplicate
Resource URL ¢
ExccutionID D Undo
Eventinitiator TestID D Redo I
<Enum> o ~sult P Result Refactor
UserDirectAction CompileResult] Score Real Reset
UserIndirectAction o ExtraCreditScore Real
ToolReaction Success ProgramInput String TGy
Tool TimedEvent ‘EV“"""g ProgramOutput String <Enum>
immmor:>l:«n\;“on Hor ProgramErrorOutput  |String Feedback
nstrucorlndirectAction oo nterventionType String i
TeamMemberDirectAction E ;' < 4
— num entionCategory | InterventionCategory CodeHighlight
iyl Success InterventionMessage  [String CodeChange
Timeout User-defined Columns _|... EarnedGrade
Error p &
TestFailed
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Case Study: Compiler Error Metrics

Goal: Evaluate how well ProgSnap?2 facilitates
answering authentic research questions with data

Compiler Error Metric: Quantifies a student's struggle
with compiler errors based on log data

e EQ: Error Quotient (Jadud, 2006)
e Watwin Score (Watson et al., 2013)
e RED: Repeated Error Density (Becker, 2016)

T.W. Price et al. “ProgSnap2: A Flexible Format for Programming Process Data.” Proceedings of the 2020 ACM Conference on Innovation
and Technology in Computer Science Education.
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]
Datasets

We used 5 datasets from CS0/CS1 courses:

e (Collected from different systems and universities
o Varied in programming language, size, students, etc.

e 3 could not be shared with the analysis authors

System CC CWO BlockPy | PCRS ITAP
Language | C Java Python Python Python
Students | 90 (-4) | 410 (-3) | 647 (-6) | 1192 (-56) | 73 (-16)
Exercises | 86 50 244 99 38
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R
Results: Correlations

All error metrics predicted
students' grades:

- Varied across datasets
- Weak correlations, not
highly predictive

All error metrics are highly
correlated.

Significance codes (p <): * = 0.05; ** = 0.01; *** = 0.001

ProgSnap2: Format for Programming Data

Dataset EQ RED Watwin
RED 0.988***

CC Watwin | 0.963"** | 0.988"**
Grade -0.409"" | -0.467**" | -0.374™*
RED R

CwoO Watwin | 0.871**" 0.903***
Grade -0.363*** | -0.357*** | -0.300***
RED 0.991***

BlockPy | Watwin | 0.860** | 0.854™*"
Grade -0.254™** | -0.244™* | -0.190***
RED 0.983**

PCRS Watwin | 0.923"** | 0.912***
RED 0.946***

ELAE Watwin | 0.900*** 0.788™**

Price et al.
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Results: Distributions

BlockPy cC CWO ITAP PCRS
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Distribution of metrics
varied across datasets,
but not across metrics.
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Discussion

ProgSnap2 simplified analysis:

e Asingle script let us consistently apply the metrics
e Analysis code ran smoothly on unseen datasets
e Converting to the format took minimal effort

It did not remove some challenges of research:
e Still had to clean data, verify results, fix bugs
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Future Work

ProgSnap2 has the potential to greatly facilitate:

- Collaboration
- Data sharing
- Gaining insight
The next step is wider adoption. We're looking for collaborators to:

- Produce / convert data sets to ProgSnap2 format
- Develop new logging systems guided by ProgSnap2
- Use and contribute to cross-dataset analysis code

SPLICE can help fund this work through mini grants!

ProgSnap2: Format for Programming Data Price et al. ITiCSE 2020
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How to Get Involved

ProgSnap2 was developed by a working group from CS-SPLICE
(cssplice.org)

- Join the discussion: email David Hovemeyer (daveho@cs.jhu.edu)

- Check out the spec: bit.ly/ProgSnap2

- Code & public datasets:
github.com/thomaswp/ProgSnap2Analysis

ProgSnap2: Format for Programming Data Price et al. ITICSE 2020
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