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Read comments
Search by tool
Read documentation
= Notes
= Organizational
® Program comprehension
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public void method name () {
int arrayl[] = {2, 19, 17};

}
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= \ Motivation: Program Comprehension

A Neuro-Cognitive Perspective of Program Comprehension

Software Engineering

(===

‘ Programmlng Languages
int result = array[0]
for (int i : array) Education & Training
if (array[i] > result)
result = arrayl[i]; @E

System.out.println(result); Bﬂ

public void method name () {
int arrayl[] = {2, 19, 17};

}
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A Neuro-Cognitive Perspective of Program Comprehension
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Observe Measure
subjective view behavioral data
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Comprehension Task

2

S §> 5

Observe Measure ) Measure
subjective view coanitive process || - behavioral data

functional magnetic resonance imaging (fMRI)
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Add Eye Tracking? @@
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—— Meaningful identifiers sort ()
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BOLD Response in %
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Mirror Plastic Screen

N B\

\‘ \/ \‘% Eye Tracker
methodA() {
0] -

, < Projector

Participant fMRI Scanner

Eye tracking in the fMRI scanner is technically challenging!

288888804
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CodersMUSE

@ w CodersMUSE (fMRI and Eye-Tracking Data Exploration Tool) | v0.1.0
Participant: p01 Psycho-Physiological Data .
Stimoli: | amayAversgeTD_B pog B Heart Rate: -256.0 Respiration: -368.5 Pupil Dilation: 1641.1 P hy SIO D a‘t a
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L
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Eye Tracking Explore Data &
‘ ‘ Hypothesis Generation

fMRI Data: Full By
Highlighted area in

Scan 3

g L 8

¥ is shifted forward by 6 seconds (3 scans) Brain ACtivation

Behavioral Data
[ESRElick | Response time: 26.59 sec | Click time: 123 msec

Behavioral Data
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Bottom-Up Comprehension Top-Down Comprehension
éublic ?tatic void main () {
aie?fig text = "The quick brown fox jumps";

System.out.print (getLengthOfLastWord (text));
)

int lengthOfLastWord = 0;

I
2
3
4
5
6 static int getlLengthOfLastWord(String text) {
7
8 boolean isLastWord = false;

v

for (int i = text.length() - 1; i >= 0; i--){
10 char ¢ = text.charAt (i);
1l if ((c >= 'a' &6 c <= "2') || (c >= 'A' €& c <= "'Z')){
12 isLastWord = true;
13 lengthOfLastWerd++;
14 | else |
15 if (isLastWord)
16 break;
17 )

18 J

19

20 return lengthOfLastWord;
21 )

Observe
subjective view

Measure
coanitive process

?

Measure
behavioral data
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Top-down

comprehension Locate syntax errors
in 4 variations

Bottom-up
comprehension

RQ1: Difference between top-down and bottom-up comprehension?

RQ2: How do beacons and layout affect top-down comprehension?

sort (int[] numbers) {} L a.
method name (int[] array) {} — IE
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285 | Cognitive Perspective: Results (RQ1)

s Top-Down Comprehension
mmm Bottom-Up Comprehension

BA44 | BA21
 Neural Efficiency « Semantic Chunking
« Increased neural efficiency for top- » Evidence for semantic chunking during
down comprehension bottom-up comprehension
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0.6 1 mmm Beacons, layout pretty
I mmm Beacons, layout disrupted
0.4 1 s No beacons, layout pretty
° © No beacons, layout disrupted
£
o 0:27
wn
c
(=]
7l
$ 0.0
o«
Q
o)
b —0.2 1
—0.4
1 | I 1 1 I
BA 6 BA 21 BA 40 BA 44 BA 39 left BA 39 right

Brodmann Area

- No significant differences?
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—— Meaningful identifiers
0.4- -~~~ Meaningless identifiers

BOLD Response in %

BOLD Response in %

BA 6 BA'ZI BA'40 -0.1 T T : T ; : ;
Brodmann 0 5 10 15 20 25 30

Time in Seconds

- No significant differences?
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Measure
coagnitive process

Measure
behavioral data

Theory of Program Comprehension
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Framework

fMRI & Eye Tracking

Top-Down Comprehension

Multi-Modality

Reading Order

Tool Support

Novice & Experienced
Programmers
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public static void main() {
String text = "The guick brown fox jumps";
System.out.print (compute (text));

}

int result = 0;
boolean flag = false;

|
2
3
4
5
6 static int compute(String text) {
2
8
9

for (int i = text.length() - 1; i >= 0; i--){

10 char c

1 if ((c >= 'a' && c <= "'z2") || (c >= 'A' && c <= "2")){
12 flag = true;

13 result++;

14 | else |

15 if (flag)

16 break;

17 }

18 }

19

20 return result;

text.chardt (i);

Measure
subjective rating

Measure
cognitive process

Measure
task performance

Size (LOC)
Vocabulary (Halstead)

Control Flow (McCabe)

Data Flow (DepDegree)
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Up to 60s Task -- Up to 60s Task -- Up to 30s Control

.

Program Program
comprehension comprehension

Locate brackets
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225, | Code Complexity Metrics: Study Design
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Code Size  Vocabulary  Control Flow Data Flow

Snippet (LOC)!  (Halstead)!  (McCabe)!  (DepDegree)?

Up to 60s Task -
Average of array

Contains substring

17

| 12.64 17
Count vowels in string 19 : 22
Program
comprehension

Greatest common divisor

Loop

20
17
17

h index
Length of last word

Palindrome check

Square root of array

10

Binary to decimal

Cross sum

Factorial

Recursion

Fibonacci variation

Power

Contains yes or no

Hurricane check 17

If/Else

Sort four elements
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Behavioral Data Brain Activation Subjective

RQ2 RQ3
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Behavioral Data Brain Activation

P

T correlation  Correctness  Time T correlation BAG6 BA 44/45
Size -.46 22 Size 26 43 17 15
Vocabulary | -.45 24 Vocabulary | .38 .32 40 17
Control Flow | -.09 .06 Control Flow | .04 .09 .07 -.04
Data Flow -.41 .26 Data Flow 32 A1 .36 22
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Subjective Complexity

Subjective SIippes Low — Medium — High
Average of array . — =
Contains substring o [—
Count vowels in string —_—
§' Greatest cOMMmMON (IVISOT s ——
=~ h index
. o Length of last word = —— e
1
Palindrome check e} —_—
: Square root of array = —_—
Size 16 Binary to decimal —_— L
£ Cross sum I —
Vocabulary | .20 % S =3
&  Fibonacci variation o] =
Control Flow | -.07 Power Jr— —
v  Contains yes or no -
Data Flow 16 E Hurricane check -
a Sort four elements [==]
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Code Complexity Metrics: But what about my metric...?

COGNITIVE
COMPLEXITY

A new way of measuring understandability
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B>, = Code Complexity Metrics: Conclusion
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| public static void main() {
2 String text = "The guick brown fox jumps";

3 System.out.print (compute (text));

¢ Size (LOC)

6 static int compute(String text) {

7 int result = 0;

8 boolean flag = false,

o for (int i = text.length() - 1; i >= 0; i--) | Vocabulary (Halstead)

10 char ¢ = text.chardt(i);

11 if ((c >= '3! && c <= "'z"') || (c > "A' && c <= "'2")){

12 flag = true;

13 result++;

i viatea | Control Flow (McCabe)

15 if (flag)

16 break;

17 }

18

5 ! Data Flow (DepDegree)

20 return result; L
21}

Only to a limited degree
A * No all-encompassing metric

* Individuality of programmers

¢
el
£ > Startlng Pomt for a more empirical-driven search of
Measure Measure Measure CO e Comp Xlty metI'ICS
subjective rating cognitive process task performance
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