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abstract

This study proposes a learning method, which is focused on the abilities obtained from expe-
riences, and it is evaluated by comparing to a conventional method. This approach is different
from the conventional method that places emphasis on knowledge. I also analyze the program-
ming abilities obtained by experience, and apply the findings to a proposing learning method.
Programming education is a fundamental and important subject in a university information en-
gineering curriculum. However, its learning is not easy, and even if a university student takes a
lecture, it may not be possible to understand the basic contents. Thus, effective learning methods
are required, and research is conducted all over the world. Research on programming education
includes a wide variety of research subjects, including programming languages, teaching materi-
als, models of understanding, and instruction methods. Although those approaches that focus on
how to make most of an understanding and how to apply the understood knowledge as a method
proposed so far, there is no research that is decisively effective as an educational effect. Mean-
while, as a survey of programming ability, there are reports that emphasize experience such as
past programming experience has a great influence, reports that learning time is important rather
than learning method. Also, there are some researches that emphasize an experience (learning
by doing), and there are studies of positions thinking that experience is important. However,
such methods have few theoretical backgrounds and there is no consistent theory and method.
Therefore, there is a problem that the method is not established. In this research, 1 propose a
consistent theory and method of experience—based learning method through theoretical investiga-
tion and practical investigation. Chapter 1 summarizes the above background and the purpose of
this research. Chapter 2 introduces the problems of programming learning and various proposed
methods. In Chapter 3, I summarize the findings about the ability gained through experience as

cognitive scientific knowledge, redundancy of human cognitive ability, multilayered intelligence
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and the theory of parallel processing. In Chapter 4, I propose a hypothesis of a learning method
based on the findings. In chapter 5, I describe a survey experiment on the relationship between
experience and programming ability. As an experiment, I investigated the influence of experience
on programming ability. As a result, in the case of algorithm understanding, there was no score
difference between the groups by experience (p = 0.16), but when implementing it, the difference
in score was significant among the groups due to programming experience (p<0.001). Also, the
reliability of inter-group differences of experience classification was higher than the inter-group
score difference of the other classifications of introductory class (p = 0.11) and applied class re-
sults (p = 0.016). As a next experiment, I investigated the knowledge structure of programming.
I asked 45 problems describing the code output results(Trace task) and classified those problems
by cluster analysis. The parameters used for the analysis were the average point and variance of
the problem and correlation coefficient between the score of trace task and score of writing task.
As a result, typical processing (outputting values of control variables by adding values one by
one) of an iterative statement was classified as easy problem, iteration statement with only char-
acter output was classified as medium level even if the same iteration control, the problem that the
control variable was added more than two was classified as high difficulty. If there is knowledge
of iterative processing defined like a textbook, it is considered that the above result will not be
obtained. In the sense that part of elements are replaced, development of knowledge form as if a
variable is shown, it can be considered as schema which is a representation of cognitive structure
is related to programming knowledge. A schema is a specific knowledge structure (hierarchical
structure, knowledge structure which can be replaced with a slot, default value at the time of in-
formation loss) obtained by a lot of experience. As another investigation, I conducted an analogy
investigation on the ability of the approach other than deduction in programming. Comparing the
score differences between the upper ranking point group and the lower ranking point group of the
programming reading problem, seven out of ten questions differed in confidence intervals of 95%
or more, but the result of programming code modify problem showed only one out of ten ques-
tions differ among the groups. Although the lower ranking point group does not understand the
output result, they showed that it is partially possible to modify the code. The result showed the
possibility that not only deductive method is used but also the analogical method is used together.
Chapter 6 describes a survey on the impact of empirical learning methods on programming skills.

In order to investigate the elements of programming (such as the functions of various functions),
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I compared the scores of the post test after separating into groups that learn code by reading and
learn code by writing. Since the writing learning group was not significantly different (p = 0.07)
as a result of the output result description (trace) task, only the reading learning group was signifi-
cantly different (p = 0.045). Therefore, if the same condition in element learning, reading learning
could be more effective than writing learning. Another experiment investigating the learning of
logic, which is a combination of multiple elements of programming. It compared the group (expe-
rience group) that learns by solving a large number of output results multiple choice problems and
the conventional method (understanding with visualized teaching materials) group (understand-
ing group). The result, which compared with the learning groups, was different depending on the
question type of the posttest. In the experience group, the tracing problem improved (p = 0.003)
but the understanding group did not improve (p = 0.069). However, in the task of memorizing the
code, the opposite result was obtained, and the experience group (p = 0.524) understanding group
(p<0.001) was found. However, the experience group (p = 0.027) was better than the understand-
ing group (p = 0.156) in the reordering task of the code, and a certain effect was recognized. In
chapter 7, as an optimal learning method derived from previous experiments, we propose a method
that improves it based on a large number of output results multiple choice problems at the time of
logic learning. The proposed method is an iterative questioning method of the same problem with
the aim of efficiently acquiring the schema structure. For the purpose of forming slots and default
values, we set up a main problem and iteratively answer it (Mail question — Similar question]l —
Main question — Similar question2 — Main question — Similar question3 ...). In the experiment
compared with the conventional learning method, in the writing task, since the proposed method
(p = 0.004) contributed to the improvement of the pre/post score compared with the conventional
method (p = 0.023), the effect equal to or better than the conventional method. In chapter 8,
I summarize the above research results and make a conclusion. It was shown that the learning
method, which answers many selection problems of output result proposed in this research was
more effective in the writing and reading task in particular than the conventional method. It was
shown that the other tasks were equivalent. A method of setting a main problem and iterating
it is expected to be particularly effective. This method is expected to be useful because it can
be applied to basic learning while paying attention to the ability obtained from experience, and

because it has advantages that it is easy to apply as self learning and tasks.
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C (gcc 4.8, C11) EXPERIMENTAL! Print cutput (drag lower right corner to resize)
see known bugs and report to philip@pgbovine.net

t
5,8,2,1.4
5,8,1,2.4

int main() 5,1,8,2.4
1,5,8,2,4
{ 1,5,8,2,4

int i, j, temp, ar[5]={5,8,2,1,4};

for (1 =0, 1 < 4; i++) {
for (3 =4: 7 > 14: §--) {
if (ar[j-1]1 > ar(jl) {
temp = ar[j-1];
ar(j-1] = ar(jl;

Stack Heap
— ar(jl = temp;
} main
printf("%d,%d,%d, %d,%d\n" ,ar[@],ar[1]),ar[2],ar[3]. int
} b
}
J
return 8; 3
int
1 temp |g
Edit code S :
ine that has just executed ar || ine) | ine| e | e
- rext line to execute 115|2(2|4
Click a line of code to set a breakpoint; use the Back and Forward buttons to jump there
<< First <Back  Step 34 of 63 Farward > Last »>

Fig. 2.2 Screen of a ”C Tutor”[24].
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Table. 2.1 Comparison between conventional methods.

Target Under— Diversity Applied

. ... 0O
Motivation

Method Intro— Appli- | standing | of under— skill Remarks
duction cation standing
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Visualize tool[20][23] v v V¥ v O
Learning time
Demanding to
Extreme apprenticeship [29] v Va! v v ov instructor
Learning time
Theoretical
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Large class
Learning time
Demanding to
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*1 Limited improvement
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000000D0O0ODO Naive mathematics 0 Naive PhisicsO 00 000000000000
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Whether or not schooling is offered, children and adults all over the world develop an
intuitive, naive mathematics. As long as number-relevant examples are part of their culture,
people will learn to reason about and solve addition and subtraction problems with positive

natural numbers.
[1,575000]

Naive physics refers to the commonsense beliefs that people hold about the way the world

works, particularly with respect to classical mechanics.

[1,577000]
gogoboboooobbtoooobbboooobbbooobbbooobbbooono
gobobbobodoooboooooooboboooooobobbooooobbbooooooo
0000000000000 0 RIoODODOODOO100D0O0oOOoD 16e0000ODOODO3S
obOo0bO0o0o0O?20000300000000O000DOD0OO0DODOO0ODO0O0ODODOOD
ggooboboogobobooooobboooboboboooooboooobbooooonoo
goooboooobobbooooobboooobboooobobboooubDboooooo
goooog
ggobobooooboboooobobboooobbboooobbboooobbbooooonoo
goooboooobobbooooobboooobboooobobboooubDboooooo
goobobobbodoouoobboboodooogoobb bbb b0 oLogb o
ggooboboogobobooooobboooboboboooooboooobbooooonoo
o000 BJobo0boooboooobo/Oobo0boooobobooboobooboobOon
gogooboboooobbboooobobbooobobbuoooob bbb bbooono



030 00fj00opooo0d0opooooooopDooo0UoooooUUoDooUoooooDo 20

oo0o0ooOobooooog 4o
obobOooOoboo0ooboobOoooooobOobOobDOob [Sjcoooboboboooboon

gooboboooobbtboooobobbdooobobboooob bbb bbooono

gogooboboooobobobooooobobooooboboooobooo

3.23 000

ggoboboooobobooooboboooobbboooobbboooobbboooonoo
gogoboboooobbbuooobobobooon

Expertise refers to the mechanisms underlying the superior achievement of an expert, that

is, “ one who has acquired special skill in or knowledge of a particular subject through

professional training and practical experience”

(1,298 000]
gogoboboooobbooooboboooobbbooobbboooobbboooonbon
o0000O00o0ooOoooooo [el7jb0oboo0ob0bO0ob0UOobOO0obODOoDOoDOoDOoDOon
600000000D0O0DO0O0 SOb00O0ODObDObObOOoDOobDOoOobDOobbOOobD200bDO0
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
ggooboboogobbooooobbooobobobooooobboooobbooooono
goooboooobobooooobboooobbooooobboooubDboooooo
00000O00O000O0O0obOoOooOobOOobooooOooooD 81O
ggobobooooboboooobobboooobbboooobbboooobbbooooonoo
goooboooobobooooobboooobbooooobboooubDboooooo
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
goobobobodoodooooobooooooooboboooooouobbbooooobo
gooodooooooooobobobobobbbbbbobooodddodoooooo
[1,299000]
ggobobooooboboooobobboooobbboooobbboooobbbooooonoo
oo0o0o0oboOoDooO @Qlobobbooob0oobo0oboob0oobDbOooDbOooDbOooDbOon
gogooboboooobbboooobobbooobobbuoooob bbb bbooono



030 00fj00opooo0d0opooooooopDooo0UoooooUUoDooUoooooDo 21

ggobbooooobooooobod

3.24 00000

ggoboboooobobooooboboooobbboooobbboooobbboooonoo
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
goooo

Cognitive abilities are domain-specific to the extent that the mode of reasoning, structure
of knowledge, and mechanisms for acquiring knowledge differ in important ways across

distinct content areas.
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Table. 4.1 Required learning elements for the proposed hypothesis.

Element

Understanding

Diversity of understanding

Motivation

Applied skill

Remarks

Less explanation
Immediate correct decision

v

v

Continuous question in
a particular format

v

v

Large class

Character based
learning material

Domain
specificities

Schema based
questioning
Iterative questioning
Similar questions

Combined use of
both understanding

and experience
based methods

Low difficulties
Show correct answer
when incorrect
Simple operation

Table. 4.2 Comparison between conventional methods and the proposed hypothesis.

Target

Under- Diversity

. ... 0O
Motivation

Applied

Method Intro— Appli- | standing | of under— skill Remarks
duction cation standing
Conventional[6] v v
Visualize tool[7][8] v v v *1 v 0
Learning time
Demanding to
Extreme apprenticeship [9] v v #1 v v ov instructor
Learning time
Theoretical
Repetitive Lessons [10] v v #1 v v v #1 background
Gamification[11] v v ¥ v ¥l v
Large class
Learning time
Demanding to
Problem based learning[12] v v v instructor
Proposed method v v v v v

*1 Limited improvement
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Table. 5.1 Scores of the algorithm understanding and implementation for each group (Do
programming often group v.s. Do not group)

Understand Development
n M (SD) M (SD)

PG YES | 8 [ 856 (195 | 706 (26.1)
often? NO | 10 | 685 (27.8) | 40 (12.6)
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Table. 5.2 Scores of the algorithm understanding and implementation for each group (Grades
of introductory and advanced programming class)

Understand Development
M (SD) M (SD)
Low 70.0 (—) 0 (—)
Intro Mid 81.1 (27.1) | 18.8 (24.5)
High 712 (25.7) | 543 (45.6)

Low
Advanced Mid
High

790 (20.0) | 80 (17.8)
575 (25.0) | 10.0  (20.0)
827 (26.5) | 583  (39.4)

O B~ | O —||3

O00000000O0@Wnderstand) DO0ODO0OOO0OODOOODevelopment) 0000000
gooooooooobobboooooooboobooooooouobooooonoo
doo0ooO0oOooOoOoOoOoOoOoOoOoOoOoOoOoOoOule =146,p = 1600000000
OO00O0D0O000@Development) 00000000000 00.1%2 000000000000
0t16) =7.12,p < .001
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0000000000 0000000O0O0dTable. 5.2000000000000000O03
00 S,ABC,000,00000000D00DOO0O0OO0ODO0ODOODOODOODObOOObOOn
O0000OHighO S, AMOMidOB,C Lowd OO0, 0000000000000O0O

00000000 (Intro)0DO00D0OOO0OO0ODODODOO0ODOODODOOOODDOOODODOO
0Mo000000000mFR,15 =03,p =073000000000000000
0F(2,15) =25,p = 01100 High, Mid, Low D000 000000000000 0O0OOOOO
000000000000 (Advanced) 00D 00D0O0ODOO0ODOOODOODOODOODOOIODODO
O000D000mF(2,15)=14,p=025000000000000000000M00000
O00O00MOF(2,15 =553,p=001600 5% 00000000000000F00000O
00o00oooEe150000o0onoo30 FOoOp=0.730 pOO0oOoO

0000000000000 00D00O00D00O0000O00DO0O00D0000D0O Tukey O
0000000000000 0O00000000DODOOOHigh-LowODO 50000000
0000000000000 00OMid-Low O High-MidOOODOOODOODOODOOODO



0500000000 -ogoooooooooooooUoooDpDooUoooooooooo 41

Table. 5.3 Summary of the three groups that is divided with clustering method

| Correlation | Mean

Group A Low Low
Group B Middle High
Group C High Low
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Table. 5.4 Details of the three groups that is divided with clustering method

Q | G | Type Description
Task of knowledge
1| A Fill in a blank Declaration of floating point number
2 | B Fill in a blank Selection statement
3| B Fill in a blank Iterative statement
Task of short time descision
1 | C | Two choice question | A valid variable declaration
2 | A | Two choice question | Valid variable declaration
3 | A | Two choice question | A variable declaration with syntax error
4 | A | Two choice question | Variable declarations with syntax error
5 | A | Two choice question | A variable declaration with syntax error (casting)
6 | A | Two choice question | A valid variable declaration (casting)
7 | C | Two choice question | A valid assignment to array value
8 | A | Two choice question | An assignment to an array value with syntax error
9 | C | Two choice question | An assignment to an array value with syntax error
10 | A | Two choice question | An assignment to a variable with syntax error
11 | A | Two choice question | An assignment to an array value with syntax error
12 | A | Two choice question | An assignment to a variable with syntax error
13 | A | Two choice question | An assignment to a variable with syntax error
14 | C | Two choice question | A valid selection statement
15 | A | Two choice question | A selection statement with syntax error
16 | A | Two choice question | A selection statement with syntax error
17 | A | Two choice question | A valid selection statement
18 | A | Two choice question | A valid iteration statement
19 | A | Two choice question | A valid iteration statement
20 | A | Two choice question | An iteration statement with syntax error
21 | A | Two choice question | An iteration statement with syntax error
22 | A | Two choice question | An iteration statement with syntax error
23 | A | Two choice question | An iteration statement with syntax error
24 | A | Two choice question | A valid iteration statement
25 | A | Two choice question | An iteration statement with syntax error
Task of applied skill
1| B Implementation Must use iteration statement
2| B Implementation Can not use iteration statement
3| B Implementation Can not use iteration statement and limit outputs
4| C Implementation Calculation of summation of an array with specified variables
51]C Implementation Calculation of odd value with specified array
Task of recall skill
1| B Implementation Output in iteration statement
2 | B Implementation Variable conversion of iteration specification in addition to the above processing
31C Implementation Output once every 4 times in addition to the above processing
4| C Implementation Output switching with selection statement in addition to the above processing
5|C Implementation Output counter in addition to the above processing
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Table. 5.5 Question list of the experiment.

Stage Type | Detail | Number of questions

Output variable with selection

Output values of an array
Calculation values of an array

1 Writing

Output maximum value of an array
Output
Calculation

Normal

Selection

Iteration 1
Output
Calculation

2 Reading

Syntax error -
Y Selection

Iteration

=W W[ =N O | =D

3 Writing | Output minimum value of an array

OUT-01 (Stage 2 Ql)

printf ("aaa\nbbb\n") ;
OUT-02 (Stage 2 Q5)

int a = 10;

printf ("%d",a+3);
OUT-03 (Stage 2 Q7)

printf ("aaa\tbbb\t");
OUT-04 (Stage 2 Q8)

printf ("%c", 'a’);
OUT-05 (Stage 2 Q9)

printf("$.1£f", 1.1);
OUT-06 (Stage 2 Q10)

printf ("$05d", 101);
OUT-07 (Stage 2 Q12)

int arr[10];

arr[1l] = 13;

printf ("sd",arr[1]);

Fig. 5.1 Questions of Reading task (Output executable). Include and main function statement
is abbreviated. OUT-01 is the name of the question and Q1 is the order in the experiment.

(b) DODOODO2:000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0004500000008000000000000000000000000000000
400000000000000000000002000000000000000000
0000000000000000000 Fig.5.1-5.80000
0000000000000 0000000000000000000000000000
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EOUT-01 (Stage 2 Q2)
printf "abc";
EOUT-02 (Stage 2 Q3)
printf<"abc">;
EOUT-03 (Stage 2 0Q4)
printf (66);
EOUT-04 (Stage 2 Q6)
printf (abc);
EOUT-05 (Stage 2 0Q11)
printf ("It is "THE BEST" car!!");

Fig. 5.2 Questions of Reading task (Output syntax error). The format is the same as Fig. 5.1.

CAL-01 (Stage 2 Q13)
int a=20;
att;a-—;at+;
printf ("%d",a);

CAL-02 (Stage 2 Q14)
int a=21;
printf ("sd",a++);

CAL-03 (Stage 2 Q15)
int a=11;

printf ("sd",a);
CAL-04 (Stage 2 Q18)

int a=15;

a += 1;

printf ("%sd",a);
CAL-05 (Stage 2 Q20)

int a=17;

at+;

printf ("sd",a);
CAL-06 (Stage 2 Q21)

int a=18;

a+5;

printf ("%d",a);
CAL-07 (Stage 2 Q22)

int a=19;

a==10;

printf ("sd",a);
CAL-08 (Stage 2 Q23)

int a=10, b=6;

a =Db = 20;

printf ("%d, %d",a, b);
CAL-09 (Stage 2 Q24)

int a=10, b=5;

a = a<=b;

printf ("%d, %d",a, b);

Fig. 5.3 Questions of Reading task (Calculate executable). The format is the same as Fig. 5.1.

ECAL-01 (Stage 2 Q16)

int a=12;

10 = a;

printf ("%sd",a);
ECAL-02 (Stage 2 Q17)

int a=13;

=a;

printf ("sd",a);
ECAL-03 (Stage 2 Q19)

int a=16;

a.a = 20;

printf ("%d",a);

Fig. 5.4 Questions of Reading task (Calculate syntax error). The format is the same as Fig. 5.1.
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SEL-01 (Stage 2 Q25)
int a=20, b=20;
if (a==b) printf ("a==b");
if (a>=b) printf ("a>=b");
if (a<b) printf ("a<b");
SEL-02 (Stage 2 Q26)
int a=10, b=21;
if (a!=b)
printf ("al=b");
SEL-03 (Stage 2 Q27)
int a=9, b=20;
if (a>b) {
printf ("a");
} else {
printf ("b");

}
SEL-04 (Stage 2 029)
if(1){
printf ("abc");

}
SEL-05 (Stage 2 Q30)
int a=11, b=20;
if (a>b) a=30; printf("sd",a);

Fig. 5.5 Questions of Reading task (Selection executable). The format is the same as Fig. 5.1.

ESEL-01 (Stage 2 Q28)
int a=10, b=22;
if(alb)

printf("al!b");

ESEL-02 (Stage 2 Q31)
int a=10, b=20;
if (a>b) {

printf ("a>b");
} else {
printf ("other");
} else if (a<b) {
printf ("a<b");
}

Fig. 5.6 Questions of Reading task (Selection syntax error). The format is the same as Fig. 5.1.
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ggooboboogobbooooobbooobobobooooobboooobbooooono
ogon

() DO0DOO3: 00002
0000030000000000000010000000000000000000 1
Q700Fig. 570000000000 2Q430000000000000000000 3Ql
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0oo0o0ooooo
00000000000000000000000000000000000000000
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Fig. 5.7 Questions of Reading task (Iteration executable). The format is the same as Fig. 5.1

except Q44, Q45.

ITE-01 (Stage 2 Q32)
int i=0;
for (i=0;1i<3; i++)
printf ("a");
ITE-02 (Stage 2 Q34)
int 1=0;
for (i=0;1i<4; 1i=i+2)
printf ("a");
ITE-03 (Stage 2 Q36)
int i=0;
for (i=0;i==5; i=i+2)
printf ("a");
ITE-04 (Stage 2 Q37)
int 1=0;
for (i=0;1i<3; i++){
printf ("%d",1i);

}
ITE-05 (Stage 2 Q38)
int i=0;
for (;i<3; i=i+2)
printf ("a");
ITE-06 (Stage 2 Q39)
int 1i=0, a=0;
for (i=0;a<3;1i++ ) {
printf ("%d",1i);
a = at+2;

}
ITE-07 (Stage 2 0Q41)
int arr[3] = {2,5,4}, i;
for (i=0;1i<3; i++){
printf("%d,",arr[i]);

}
ITE-08 (Stage 2 0Q42)

int arr[3] = {1,4,3}, a=0,
for (1=0;1i<3; i++){
a = arr[il;

printf ("%d", a);
ITE-09 (Stage 2 Q43)
int arr[3] = {2,5,3}, a=0,
for (i=1;i<3; i++){
if (arr[a] < arr[i]) {
a = 1i;
}
printf ("sd",arr(al);
ITE-10 (Stage 2 Q44)
#include<stdio.h>
#define N 3
int main () {
int arr[N] = {4,3,5}, 1i;
for (i=0; i<N; i++) {
printf ("%d,",arr[i]);
}

}
ITE-11 (Stage 2 Q45)

#include<stdio.h>

#define N 3

int main () {
int arr[N] = {4,3,5}, 1i;
for (i=0; i<N; i++) {

printf ("%d,",N);

i;
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EITE-01 (Stage 2 Q33)
int 1=0;
for (i=0;i<5; i=i-1)
printf("a");
EITE-02 (Stage 2 Q35)
int 1i=0;
for(;;){
printf ("a");

}

EITE-03 (Stage 2 Q40)
int 3=0;
for (; 3<3; )

printf ("a");
j=3+1;

Fig. 5.8 Questions of Reading task (Iteration infinite loop). The format is the same as Fig. 5.1.

goobobodooooobbboooouoobbboooooobobobobbboooooobo
guogoobbooooouooobodoooouoboboooooobobboboboooooo
goobbboooobobboooobobboooobnoo
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ggoboboogobbboooobbbooobbbooonooboboooobboooobo
ObOo0O0oOoDb25000000000000DO0D000ODOO0OODODOOODODbODbOOD
ooo0ooOOoOoOoooOoboOoboobO 100cobooboooobobOoobOooobooboo
OO00OO00OD0OO0OO0oogsooocSb=29200000000000000000O0DO00ODOO
ooooooooobobobobbbobobboobbbboboboboboboboooooooom oo
dodooooooooboobobooobbbobbboboooooooomooooooo
gboobobmoobuoobobooboobobooboom
Ooooooobooobooo scenoooOSD=1300000000000O0O00ODOO
ggooboboogobbooooobbooobobobooooobboooobbooooono
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
ooo0obOOobooO0ooOOooboOoboooobDOobooooooo 400 10D0b0gDOob
goobobooooboboooobobboooobboooobobooooboboooooo
obo0obO0o0O00bOO0oO0bO0bO0oOobOobO0oobOobOO0ObObOODUOObOol40bO0b0DbOOD
ooOobOOooOoo00o0obO0o nNobooboooooobOo tOoobobooooooboo
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Table. 5.6 Score difference between High group and Low group in each code type. (Bonfer-
roni corrected p-values)

Type | Group | Mean(SD) | Difference

High | 61.7 (14.3) ok
Low | 364 (10.4) | t(23)=4.93,p<0.001
High | 73.7(71.3)
Low | 659(9.3) | 1(23)=2.36,p=0.054

w0k p < 001

Executable

Syntax error

Table. 5.7 Characteristics of each variable of the clusters

| Clusterl | Cluster2 | Cluster3 | Cluster4 | Cluster5 | Cluster6

Average High High Mid Low Mid Low
Variance Low Mid High Mid High Mid-Low
Correlation

coefficient Low High-Mid High Mid Low Low

OO0O00OOBonferronn OO OQOOOOO

() DODoooooooooooooo
000000000000 O0Bonferronn 00000000 OO0DOODODOOY23)=4.93,p<0.010
000000000000 Table. 5600000000000 00DOO0O0OOO0OODOOOO

() DOODODODODODOOODODOOOODO
4000000000000 0O0DbDO0OO000ODbDOObO0ODOOOODbUObDOODbDObOOn
goobooog

1. OO0 (variable 1)
2. 00 (variable 2)
3. 000000000000000000DO00O0DO0ODOO (variable 3)

000 60000000000000000000000000000 variable 1 00
00000 0.1% 000 (F(5,39)=28.09,p<.001)0 variable 2 0000000 0.1% 00O
(F(5,39)=39.33,p<.001). variable 30000000 0.1% 000 (F(5,39)=19.20,p<.001).

Table 5.7 0000000000000 00000000 Table5.80000
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Table. 5.8 Categories of each reading task question. The text in a cell (e.g. OUT-01) is the

name of a question showed in Fig. 5.1-5.8

| Clusterl | Cluster2 | Cluster3 | Cluster4

| Cluster5 | Cluster6

OUT-01
OUT-03 OUT-02
OUT-07 OUT-04
EOUT-01 OUT-05 EOUT-03
Output EOUT-04 | EOUT-02 | OUT-06 EOUT-05
CAL-01 CAL-02 CAL-06
CAL-04 | CAL-03 CAL-08
Calculate | ECAL-02 CAL-05 ECALO3 | CAL-07 | ECAL-01 | CAL-09
SEL-02 SEL-01
Selection | ESEL-01 SEL-03 SEL-05 SEL-04 ESEL-02

Iteration

ITE-04
ITE-07
ITE-10

ITE-01 ITE-03
ITE-02 ITE-05
ITE-06 ITE-11
ITE-08 EITE-02
ITE-09 EITE-03 EITE-01

Table. 5.9 Score difference between High group and Low group in each experience. (Bonfer-

roni corrected p-values)

Type | Group | Mean(SD) | Difference
Havent High | 50.1 (19.9) *
aven 't seen
Low | 297 (12.5) | (23)=2.95,p=0.043
v soon High | 66.0 (25.0)
Vi
Low | 50.9(20.2) | t(22)=1.60,p=0.739
, High | 78.6 (19.0)
H tt f
ave wittien a few I row | 612(19.0) | 1(21)=2.15,p=0.261
u [ High [903(139)
ave written a 10
Low | 764(27.2) | t(19)=1.56,p=0.811

(0 00DOO0OOO

*p<.05

ooboobbooboooboo4b000bU00o0bU0O0ObDbOo0ODbOoODbOm g

ggoboboooobboooobobbooobobbuoooobobboooubbboooono

O0OO000O00OBonferronn OO OOOOOODOODOODOOOOODODOODOOODODO

OO00000D0OO00O0O00DO00DDOO00000u23)=295,p<00500n0ooooOonO

O000O0O0000O0O00DOO0O00 Table. 590000
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(d) Dooo2000

000000000000 2Q4300900000000000000000030000
002000000 3Q10000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
Oooo0oooooo

0000 1000000 1Q7000000 2000000 3Q10000000000000
0000000124)=1.77,p=0.090 00 0000000000000 00000000000
00000000 «8)=1.55,p=0.1590
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gogoboboogobobooooobbooooboboboooooboooobbooooobo
godobobuoooobbuoooobbuooobobbuooobobobboooobboo

0000000 L boooobbbooobboboooobbbooobbooog

00001 DO00DO0OO000O0O0000OD00DOO00DOOO0OO0O0oOO
00002 0O000O0O0O0DOOO0O00ODOOO0ODOOO0ODOO 1000000
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Table. 5.10 Abstraction of cluster analysis result. A code in the cell is an example of a
belonging code in each cluster. The second column is the combined result of Cluster]l and
Cluster2. (The code that begin with [c1:] belongs to Clusterl and others belongs to Cluster2)

ClusterI,2 Cluster3 Cluster4
(syntax and typical) (advanced usage) (atypical usage)
cl : printf(abc);
cl: =a;
cl : if(alb)
Syntax printf<’a”>; a.a=10;
printf("%d”, arr[1]); printf(”%05d”, 101); printf("%d”, a++);
Output printf(’\n\t”); at+; a——; att; a=1;;;
Calculate at++; a+=1; a==10;
if(a==b) print("a”);
if(al=b) if(a>=b) print(’b”);
Selection | if(a>b){ }else{} Scope of the selection | if(1)
for(i=0;1<3;i++) for(;;)
for(i=0;i<3;i++) printf(”a”); for(i=0;i==5;i=i+2)
printf(”%d”, 1); for(i=0;a<3:i++) for(i;3;i=i+2)
for(i=0;i<N;i++) a=a+2; for(i=0;i<N;i++)
Iteration printf(”%d”, arr[i]); | Maximum array value printf(%d”, N);

00003 0D00oooooooooooog

00004 DOODODOOOOOOOODODOOOOODODO300OOoOoooog
g

0000 5,6 000D0D000DOOO00D0DOOO0DO0ODOOO0ODDODO0OOOOOOOOOOOD

O0D00D0O0O0DO0O0ODO0ODbO0O0OO TableS.100D0O00DODOO0OD 10000D0OO
ggoboboogobbboooobbbooobobbooonooboooobboooobo
gooboboooobbtboooobbbdooobobboooob bbb bbooobo
ggooboboogobboooobobbooobobobuoooobobbooouobbboooono
ggoboboogooo

o000 200000000000000DO00DO0ODOOO0ODODOODODODO @O
for(i=0;i<3;i=1+1) 0 00 000000000 0OOOOOOOOOOODOOODObODbDODOO
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
goobbuoooobobuooouobboooobbboooobbboooobbboooo

o000 30000000b0000bOo0oOoobD0o0ooO0DOobObOoOoOobDOoooOoDo
gooooboobobooooboobooobob 20b0bob00oooboboboobooboobOoo
gooboboooobbtboooobobbdooobbboooob bbb bbooono
ggooboboooobbooooobbooooboboboooobobbooouobboooono
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000000000000000000000000000000000000000000
0000000000000
00004000000000000000000000C0O000O0SEL-01,SEL-04, ITE-03,
ITE-05 00000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000 (00 for(i=0;i<10;i=i+2), for(i=0;i<10;i=i+3))
0000000000 00000000000000000000000000000

(b) OOODOOOOOOO0OO

0000000000000 0000000000000000000000000000
0000000000 00000000000000000000000000000000
0000 ODOD0D000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000

(c) ODODOoOOOOOOOOOOOOOoOoo

(@DOhooOoobOoboob9UbUObD 30b00bO0O00OUODbDObDUObObOUODbDObOOODbDOD
ggoboboogoboboooobobobooobooboboooooboooobbooooonoo
ooo0oboboo 1gobobo2000b0b000b00o0b0ooD0o0obo0obLDOooDbOobDon
ggooboboooobbtboooobobbooobobbuoooobobboooubbboooono
ggobobooooobooooboboooobboooobboooobbooaon
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ogn
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o0oobOobOOobOobOOooOO0ooO0oOo0oOobOO0obODOobOoDOobOU0OOUOOobUObOo 20000
ggoboboogobbbooooobbooobboobooooobooooobbooooobo
gooboboooobbtboooobobbdooobobboooob bbb bbooono
ggoboboooooboooooo

gogoboboogobbooooboboooobbboooobbboooobboooooo
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O0O0D0OSEL-010SEL-040ITE-030 000 ITE-OSODODOODOOO0OOOOODOODODOODO
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gogoooboood

ogn

[1] Satoru Kikuchi and Kazuhiko Hamamoto. The effects of a schema on applied programming
skills in an introductory class. IEEJ transactions on electronics, information and systems,
136(7):995-1000, 2016.

[2] Mike Lopez, Jacqueline Whalley, Phil Robbins, and Raymond Lister. Relationships between
reading, tracing and writing skills in introductory programming. In Proceedings of the Fourth
International Workshop on Computing Education Research, ICER ’08, pages 101-112, New
York, NY, USA, 2008. ACM.
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Table. 5.11 Question list of the experiment. Both tracing and modification tasks use same question list.

Question name (question ID) | Description

Output 1 (Ot-1) Output of variable

Selection 1 (SI-1) Selection + output

Selection 2 (S1-2) Selection + output

Iteration 1 (It-1) Iteration + output. Afterthought is +1
Iteration 2 (It-2) Iteration + output. Afterthought is +2
Iteration 3 (It-3) Iteration + output. Afterthought is -1
Iteration 4 (It-4) Iteration + output. Afterthought is -2
Nested 1 (Ns-1) Nested iteration-selection + output
Nested 2 (Ns-2) Nested iteration-selection + output
Nested 3 (Ns-3) Nested iteration-iteration + output

54 DOO0OOD0DODOOODODOODOOOOODOOO
oogd

541 O00OOOOOO
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gogobboooobbboooobbbooobobbooobooboooobbooon

goobboooobobboooobbtboooobbboooobbbooubbbooono
ggooboboooobbooooobbooooboboboooobobbooouobboooono
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
goobbooobobbuooouobboooboboboood
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Table. 5.12 Detail of point allocation for each question.

Type | Score | Description
50% Score of output number. (e.g. In case correct answer has 5 output values, subject
Tracing task get 50% points when the subject write 5 values, and get 40% points when 4 or 6

values are written.). The unit of counts are based on output functions usage, so a
different format output is not counted as a correct answer.
30% Score of calculated values. (e.g. In case a correct answer has 5 output values,

subject get 30% points if all written values are correct, and get 24% points when
4 values are correct.)

20% Score of output format. Subject get 20% points if a written answer is a correct
format, and subtracted if the format is incorrect. (e.g. Get no score in case line
break or space are used for separation of values)

50% Score of modification parts. (e.g. In case correct answer has 5 correction parts,
get 50% points when all modification parts are modified, and get 30% points
when only 3 parts are modified. Scores are subtracted in case wrong prats are
modified. Subtracted 25% points if 5 wrong prats are modified)

30% Score of process result values. (e.g. In case a correct answer has 5 output values,

Modification task

subject get 30% points if all written values are correct, and get 24% points when
4 values are correct.)

20% Score of syntax. Subject get 20% points if a written code has no syntax error,
and subtracted 20% points for errors (e.g. forget a semi-colon, forget variable

declaration)

Remarks | Subject gets no point when there is no modification to the code.

Table. 5.13 Classification result of tracing and modification task.

Type | Tracing task | Modification task
High group 11 14
Low group 7 4

5130000

() DO0ODODO0DO0DODOOOODOODOOODODOO

Fig. 59and Fig. 5100000000000 0000O0OODOO0O0OODODOOOUOTable.
5140 00000000000C000DOOC0O0O0ODOO0O0O0OOTable.5.15000000000
0000000000 0DbO0O0b00D0OO WelechO tODODOO0OO0OODOOOODOODOODOO
Bonferrom 0O OO0 OO0O0O0O0ODOODOODOODODOODO-100 400000 40000
0000000000000 0D00000 p=005000000000000O0O0ODOONSs-1O
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Fig. 5.9 Average score of the tracing task for high and low tracing group. X-axis is question
ID, Y-axis is score of the task and error bar shows SD.
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Fig. 5.10 Average score of the modification task for high and low tracing group. X-axis is
question ID, Y-axis is score of the task and error bar shows SD.
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Table. 5.14 Score comparison of tracing task between high group and low tracing group.
(Bonferroni corrected p-values)

ID | Group | Mead (SD) | Difference
High | 982 (4.0)
ot-1 3)23.21.0=0.
Tow | 85708 | '(73)=321p=0.140
High | 94.5(12.9)
SI-1 4)=2.93,p=0.
Low | 743 (15.1) | (1:4=293p=0.133
High | 97.3(6.5)
S = G0y ] (63=239p=0525
g | High [ 937013 *
i Low 33.1 (37.4) t(6.7)=4.16,p=0.046
1o | High | 954(138) *
- Low | 39.1(354) | t(7.2)=4.01,p=0.049
13 | High | 985(5) *
¢ Low | 40.0(34.2) | 6.1)=4.52,p=0.039
1y | High | 995015 *
. Low 39.7 (35.3) t(6.0)=4.48,p=0.042
Ne. | High | 865Q2L5) ok
5 Low | 11.1(165) | ((15.2)=8.38,p<0.001
Nep | High | 845(235) o
5 Low | 103(173) | (15.5)=7.70,p<0.001
High | 90.3(19.1)
Ns-3 .0)=4.16,p=0.032
3 M Low | 259380) | (80=416p=003

gooo0oooOooooooboobOobOobOoboboooobOoboOoboooU400ooDoo
oo0boo0oooooO700b000b0bO00O0DbO0o0oOoDObOo0O0DbOO70000004000
o0o00obOoOobOodbooo30g00ogo0boboOoboooobO0obooboDobooobooo
Table. 5.170 0000000000000 0OOOODO0ODOOOODOOOODOOOOO
OO0O0OCOTable. 5.18000000000000OO0ODOOSOOOOO0OODOOCOOOOOO
o0ooNOOOObOoOoobooboboboobooboooobuoboboobooboobobooo
oooooooobOobobobooboooosSoADCOOoDgooDoOobobooooooooo
jjoboobooboobooboooboboobDbooDbooDboobooboobOoobo
OcCOO0O0ONDOOODOODODOODOODODO
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Table. 5.15 Comparison of modification task between high group and low tracing group.

(Bonferroni corrected p-values)

ID | Group | Mead (SD) | Difference
Ot-1 Izi)g:: 333 832 £(9.9)=0.50,p=1.0
SI-1 E:)g‘: 2::(7) Ség t(6.7)=1.77,p=1.0
SI-2 fi)gvtvl 222 Eij;; 1(8.3)=1.97,p=0.833
It-1 Igzg‘}; 491(2):3 ggg £(8.5)=2.17,p=0.601
It-2 ff: 412?;) ((?;_);) £(6.0)=2.83,p=0.300
wa [ {09603 [ gt
It-4 f;g‘: 715(.)2((;(.);) £(6.0)=1.73,p=1.0
Ne.| | High | 932(154) *

Low | 433(29.6) | 8.1)=4.12,p=0.033
Ns-2 Igz)g‘: gi:g gg?; t(15.5)=2.20,p=0.430
SR BT AT

Table. 5.16 Summary count of introductory programming class grades questionnaire answer

for high and low group of each task.

| Group | Tracing task | Modification task

v High 7 7

es
Low 0 0
High 4

No '8 !
Low 7 4
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Table. 5.17 Summary count of advanced programming class grades questionnaire answer for
high and low group of each task.

Introductory | Group | Tracing task | Modification task

S High 2 3
Low 1 0
High 3 4
A
Low 2 1
High 1 1
B '8
Low 0 0
High 4 5
C 18
Low 4 3
High 1 1
N
Low 0 0

Table. 5.18 Summary count of advanced programming class grades questionnaire answer for
high and low group of each task

Advanced | Group | Tracing task | Modification task
High 3
Low
High
Low
High
Low
High
Low
High
Low
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Table. 6.1 Detail of point allocation for each section

Part Score | Description
Selection 100% Subject get 100% of point if the selected answer is correct.
Tracing 50,100% | Subjects get point if the selected process result is correct (executable, syntax error). In case
the code is executable get 50%, and get 100% in case of syntax error code.
50% Written output result is correct then subject get 50% more.
Write 100% If the answer code has correct structure, subject get 100% of point, then subtracted 10% of

point if the output and variable value is not correct, subtracted points if there is a syntax error
(20% for each), and subtracted 50% of point if the subjects not follow the code requirements
(i.e. Modified wrong part of a code).

Table. 6.2 Result of selection questions. Rd means the result of reading leaning method. Wr
means the result of writing leaning method. Diff means the difference. (Bonferroni corrected

p-values)
Mean (SD) Diff
After study | Post

sksk

Rd 63.3 (16.2) 47.8 (21.3) t(5)=7.0,p=0.0018
*

Wr 63.3 (12.5) 43.3 (17.3) t(5)=4.4,p=0.014

Diff | t9.4)=0,p=1.0 | t9.6)=0.4,p=1.0

(a) ogoooo

0000b00oooog WelechO tO0000D0O0 20000000000000000000O00
0000DO000000t000bO0bOo0ooO0obO0booOOOdBonferroni 00000000

00000000 Table.6200000000000DO00ODO0ODOOOOOOODOODODOO
00o00o00oo0o0oboob0ooDo0b0ooDo0obO0oobboDbO0obDO0o0bOoD p=0010
O0p=0050000000000D0O00OO

O000DO0O0O0O0OD0OOTable.630000p=00500000000000000O00000
goobboooobobooouooboo

00000000 Table.64000.000000000D00DO0O00ODOODODOO.

ggobobooooboboooobobboooobbboooobbboooobbbooooonoo
oo0oo0bObO000000 BooobboooooooboDbbooooUoooDoboboo
Table. 650 0000000000000 O0DOOODOO0O0O0ODOO0ODOODOODOUOTable.
6600000000 80DOUODODODODOODUOOUOOObOObOObOObOUObODObOObOO
goobboooobobboooobobboooooo



060 00000DOCODO-0D00ODODOOOUOUOODODOUOODODODOOUOODOO

Table. 6.3 Result of trace questions. Format is same as Table 6.2

Mean (SD) Dif
After study | Post
£
Rd 66.7 (9.7) 55.0(10.2) | (5)=33,p=0.045
Wr 53.8 (6.8) 43.8 (5.4) 1(5)=2.8,p=0.07
Diff | 1(9.0=2.7.p=0.052 | (7.6)=2.4,p=0.09

Table. 6.4 Result of write questions. Format is same as Table 6.2

M SD
After studyean |( ) Post Dif
Rd 76.1 (22.6) 74.4 (29.7) (5)=0.2,p=1
Wr 63.3 (34.2) 68.3 (31.4) (5)=0.5,p=1
Diff | «8.7)=0.8,p=0.93 t(10.0)=0.3,p=1

Table. 6.5 Result of only executable trace questions. Format is same as Table 6.2

M SD
After study ean| = Post Diff
Rd 79.2 (9.1) 69.4 (7.8) (5)=2.0,p=0.19
Wr 68.8 (12.6) 54.9 (19.8) t(5)=2‘7.,p=0.08
Diff | t(9.1)=1.6,p=0.27 | (6.5)=1.7,p=0.28

Table. 6.6 Result of only syntax error trace questions. Format is same as Table 6.2

M
ean (SD) Diff
After study | Post
%
Rd 47.9 (14.6) 29.2 (15.1) (5)=4.0,p=0.014
Wr 31.3(27.1) 20.8 (24.6) (5)=1.1,p=0.68
Diff | t(7.7)=1.3,p=0.44 | (8.3)=0.7,p=1

(b)

000000000000 000D00000 Table. 6.7000000000000000O0

ggobobooooboboooobobooon

O0000O0000O000DO0O00DbO0O00b0OOOO0O T Table. 6.5, 6.6.
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Table. 6.7 Selected number of experience answer in tracing questions. A-D means the answer

of experience. A is "Have seen same code”, B is ”Have seen, only the value is difference”, C

is ”"Have seen similar codes” and D is "Haven’t seen before”. (Bonferroni corrected p-values)

| | A[B | c | D] Dif |

After study test | Rd | 20 | 56 38 6

(20 questions) | wr | 22 | 38 | 53 | 7 | P70
Post test 2 7 104 7 Hkok

(20 questions) wr | 11 | 21 60 78 p <0.001

After study test 13 | 37 19 3

(12 executable) | wr | 13 | 25 | 31 3 p=029
Post test 1 5 65 1 Hkok

(12 executable) | wr 6 13 33 20 p < 0.001

After study test 7 19 19 3

(8 syntaxerror) | Wr | 9 | 13 | 22 | 4 p=1
Post test 1 2 39 6 .

(8 syntax error) | wr 5 8 27 8 p=0.07
Post test 0 2 20 8
(5 added) Wr 0 4 15 11 p=047

Table. 6.8 Selected number of experience answer only the executable code in tracing ques-

tions. A-D means the same as Table. 6.7. QA-QC means the type of question. QA is the same

code as in the study section. QB is almost same code, only the value is different. QC is the

arranged code from the study section.

after study post

AlB|c|[D|]A[B|]C]|D

QA |[ 10 | 12 | 8 | O || 1 | 1]28]0

Rd [ QB || 3 |15 5 | 1|03 210
QC |l 0|10 6 |2]0]1][16]1

QA || 8 | 9 |11 | 2|3 |3 |16 |8

Wr | QB || 5 [10| 9 |03 ]7|11]3
QC|llo |6 |11 |1 ]Jo][3]6]9
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Table. 6.9 Selected number of experience answer only the syntax error code in tracing ques-
tions. Format is same as Table. 6.8

after study post

A|lB|lc|D|[A]|B][]C]|D

QA 4 4 4 0 0|0 9 3

Rd QB 2 |12 | 8 2 1 1119 3
QC 1 3 7 1 0 1 11 |0

QA 3 3 5 1 0|0 9 3

Wr | QB 4 7 11 | 2 3 12|15 4
QC 2 3 6 1 2 |6 3 1

(@ 0OOO
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Fig. 6.1 A procedure of the experiment.
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Table. 6.10 Scores of the tracing task

Learning  Num of Mean (SD)

method subjects  Prelearning  Postlearning  One-week-after
Reading 13 2.15(2.32) 4.00 (2.63) 3.77 (2.81)
Visualize 13 2.23 (2.58) 3.92 (2.64) 3.77 (2.81)
Standby 11 2.18 (2.21) 3.27 (2.53) 3.45(2.35)

Table. 6.11 Result of paired ¢ test of the tracing task. (Bonferroni corrected p-values)

C . Learning Difference (p-value)
omparison
P method  All(No.1-8) No.1-48  Nos5-7
Reading #(0.008)  *(0.032)  *(0.024)
Pre VS Post Visualize *(0.033) (0.102) (0.131)
Standby 0.122)  (0.311)  (0.206)
1 skk %
Pre VS Reading 0.009)  *(0.032)  (0.066)
ook gy Visualize *(0.042)  (0.069)  (0.156)
“week-allel Standby £(0.033)  (0.064)  (0.332)
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Table. 6.12 Scores of the sorting task

Learning  Num of Mean (SD)

method subjects  Prelearning  Postlearning  One-week-after
Reading 13 1.31 (1.14) 1.77 (1.37) 1.92 (1.33)
Visualize 13 1.00 (1.36) 1.85 (1.35) 1.77 (0.89)
Standby 11 0.91 (1.00) 2.00 (0.74) 2.55(0.99)

Table. 6.13 Result of paired ¢ test of the sorting task. (Bonferroni corrected p-values)

C . Learning Difference (p-value)
omparison
P method All (No.1-4) No.1-3 No.4
Reading *(0.011) (0.059) (0.248)
Pre VS Post Visualize **(0.008) *(0.033) (0.248)
Standby **(0.009) *#(0.007) (0.285)
1 ek k
Pre VS Rf:adn?g (0.001) (0.027) (0.123)
Visualize *(0.039) (0.156) (0.248)

A-week-afler g iy wRE(<001) R (<001)  * (0.024)
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Table. 6.14 Correct line scores of the Recall task. The pr, ps, and wk means Prelearning,
Postlearning, and One-week-after exam.

Mean of strict marking Mean of loose marking

Code Reading Visualize Standby Reading Visualize Standby

pr ps wk pr ps wk pr ps wk pr ps wk pr ps wk pr ps wk
#includejstdio.hy, 05 05 06 0.8 0.8 07 08 07 09 08 0.6 09 08 09 08 09 07 09
int main () { 010 O 010 O 020 O 06 07 07 081 07 08 08 09
inta=0; 03 03 02 03 03 01 05 04 02 09 09 09 09 1 1 07 1 1
intb=0; 03 03 02 03 03 01 05 04 02 09 09 08 09 09 09 07 1 1
inti=0; 03 02 0.1 03 02 01 05 04 02 08 0.8 0.7 08 08 09 07 1 1
intarr[7] ={ 10, 0,-10,5,5,9999,10}; 0 O O O O O O01 O 01 05 02 01 06 03 07 05 06 0.5
for(i=0;1;=6;i=i+1){ 03 0.1 05 05 03 08 02 05 08 03 0.1 05 05 04 08 03 0.7 038
if(arr[i] == 9999){ 02 02 0 03 01 02 02 01 01 05 04 04 07 05 09 06 0.7 038
break; 08 06 06 0.8 0.8 09 08 08 08 08 06 0.6 0.8 08 09 08 08 0.8
} 09 07 07 08 1 08 1 09 08 09 07 07 08 1 08 I 09 038
if(arr[i] ; 0){ 01 01 0 02030 020 01 0505 04 06 06 07 05 07 06
arr[i] = 0; 0O 020 01 04 01 02 03 01 04 03 06 05 06 06 05 07 0.7
} 07 06 06 0.7 09 08 06 09 07 07 06 0.6 0.7 09 08 06 09 07
a=a+ arr[i]; 0.1 0.1 02 02 03 01 03 03 02 05 04 04 06 05 05 06 0.7 05
b=b+1; 02 02 03 02 03 01 03 03 01 05 05 06 05 06 06 05 07 05
} 06 04 05 0.6 08 07 06 08 07 06 04 05 06 08 07 06 08 0.7
printf(’value is %d\n”, a / b); o 0 o0 O 010 O O O 04 0304 0505 03 05 05 02
return 0; 05 04 03 05 07 04 06 07 05 05 04 03 05 07 04 06 07 05
} 05 03 03 0.6 04 06 05 06 05 05 03 03 06 04 06 05 06 05
(Mean score of all line) 03 04 04 03 04 04 03 03 04 06 07 06 05 07 08 05 07 0.7

Table. 6.15 Continuous correct scores of the Recall task

Learning Num of subiccts Mean (SD) of a strict marking Mean (SD) of a loose marking

method ) Prelearning  Postlearning ~ One-week-after ~ Prelearning  Postlearning ~ One-week-after
Reading 11 2.55(2.90) 4.27 (4.16) 5.55@4.77) 7.73 (4.77) 10.18 (4.97) 9.45 (5.58)
Visualize 11 2.45 (3.06) 4.36 (3.67) 4.18 (3.10) 6.36 (4.16) 10.09 (4.48) 12.09 (4.93)
Standby 10 1.70 (1.42) 3.10 (2.51) 3.80(2.32) 6.90 (3.99) 10.40 (3.58) 10.30 (3.69)

Table. 6.16 Paired ¢ test results of correct line and continuous scores in the Recall task.

(Bonferroni corrected p-values)

Difference (p-value)

Compari- Learning . .
“on method correct line continuous correct
Strict Loose Strict Loose
Pre VS Reading (0.067) **(0.004) (0.067) *(0.032)
Visualize  *** (<.001)  *** (<.001) (0.218)  **(0.002)
Post Standby 0.066)  ##(0.001)  (0.273)  *(0.034)
Pre VS Reading ** (0.005) (0.524)  *(0.027) (0.372)
One week Visualize  *** (<.001) *** (<.001) 0.177)  **(0.007)
after Standby *##(0.003)  *FF* (<.001) (0.085) (0.073)

000000o0O0bO0bO0o02000000000000D00S0DO00DbO0O0ODOODODOD
ggoobobooooobtoooobobboomoooboboooobbbooobLbbouoOoan
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Table. 6.17 The strength of the relationship between learning materials and exams (Bonfer-
roni corrected p-values). R means correlation coefficient.

Learning Task Prelearning exam  Postlearning exam
as

method R P-value R P-value

. Reading  0.69 *(0.019) 0.80  **(0.002)
Tracing .

Sorting 0.81  **(0.001) 0.78  **(0.003)

L Reading  0.46 (0.266) 0.63 (0.055)
Visualize .

Sorting 0.63 (0.057) 0.38 (0.445)
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Table. 6.18 Summary of ¢ test result. The pr, ps, and wk means Prelearning, Postlearning,
and One-week-after exam.

Learning . t test result for each task
Comparison i .
method Tracing  Sorting  Recall
. pr vs ps * *,
Read
cading pr vs wk * * *,
Lo pr vs ps * SR
Visualize pr vs wk i
pr vs ps wx *
Standb
andby prvs wk sksksk k|
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// 0000
#include<stdio.h>
int main () {
int i, arr([5]1={4,3,2,6,8};
for (1i=0;1i<5;i++) {
printf ("%d," , arr[il]);
}

return 0;

// 00001 000000000
#include<stdio.h>
int main () {
int i, arr[5]1={4,3,2,6,8};
for (i=0;i<5;1i++) {
printf ("arr([%d] = &%d," , i, arr[il]);

}
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return 0;

// 00002 OO00DOOO0O0O0OO
#include<stdio.h>
int main () {
int i, arr[5]={4,3,2,6,8};
for (1i=0;1<5;1i++) {
arr[i] = arr[i] + 1;
printf ("%d," , arr([il]);
}

return 0;

// 00003 0000000oao
#include<stdio.h>
int main () {
int i, arr[5]1={4,3,2,6,8};
for (i=1;1i<3;i++) {
printf ("%d," , arr([i]);
}

return 0;

goobboooobobboooobbtboooobbboooobbbooubbbooono

ggooboogobboooobobboooobobobuoooobobbooouobboooono
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Select the appropriate output result of the following programming code
from the answer list.

Studyid: 102

#include<stdio.h>
int main () {
int i, j;
for (i=0; i<2; i+=1) {
for (j = 0; j < 3; j+=1) {
printf("i=%d, j=%d¥n", i, j);

}
return 0;
b

Answer list

i=9, j=0
i=1, j=0
i=2, j=0
i=9, j=1
i1, j=1
i=2, j=1

e e b b e
IRl
Ailase

Fig. 7.1 Screen of a multiple-choice question.
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42min | Pre-test
Iterative questioning Visualize-based learning
learning
1. Iterative multiple-choice 1. Read a textbook
questions (20 min) (Iteration of C language)
36min 2. Read a textbook 2. See four Visualized
(Iteration of C language) programming codes
(See all steps)
3. See five codes and
process results 3. Answer a writing task
4. Answer a writing task
b \//
42min ( Post-test

Fig. 7.2 A procedure of the experiment.
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Table. 7.1 Questions type, time limit and description of the pre-test and post-test.

Pre | Post
test | test Limit
ID ID Task (sec) Description
1 1 Triple nested iteration.€
Write? | 1080 [—t S .
2 2 Triple nested iteration & caluculation.
3 3 Quadruple nested iteration.
WriteP 840 . — .
4 4 Triple nested iteration & caluculation
5 5 Triple nested iteration.
6 6 Triple nested iteration & caluculation
7 7 Triple nested iteration.
Trace 600 i - Tere
8 - Selection statement.
- 8 Triple nested iteration & selection.
- 9 Triple nested iteration & selection.

aCode writing task without a sample code.
PCode writing task with a sample code.
€Quadruple at the post-test.

Table. 7.2 Question type and order of Iterative questions group.

ID | Type ID | Type ID | Type ID | Type ID | Type
1 a 6 a 11 g 16 B 21 A
2 b 7 e 12 a 17 A 22 E
3 c 8 a 13 h 18 C 23 A
4 a 9 f 14 a 19 A
5 d 10 a 15 A 20 D

@Main code 1 : A code of iteration and output.
b-h Arranged code of a.

AMain code 2 : A code of iteration and calculate.
B-F Arranged code of A.
aefAC The codes used as a Visualize code.
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Table. 7.3 Point allocation details for each question. In writing task, the output results of a
written code is scored. In tracing task, the written output code is scored.

Score | Description

0.333 | The score of formats. Subject get the full point
if the format of an output result (e.g. line break,
space, and comma) is correct. If the format is
not correct, the subject gets no point. ( Only the
format is a target of the scoring. The output value
is not scored. )

0.333 | Score of output number. (e.g. In case correct
answer has five outputs, subject get full points
when the answer has five outputs and get 80%
points when the answer has 4 or 6 outputs.). The
unit of counts is based on output functions usage
in the writing task and line breaks in the tracing
task.

0.333 | The score of output values. (e.g. In case correct

answer has five outputs, subject get full points
when the answer has five correct values and get
80% points when first four values are correct. If
there is a wrong value in the answer, following
values in the answer is not scored. )

Table. 7.4 Scores of pre-test between the learning groups.

Mean (Standard Deviation)
Task - - - t df p
Iteration Visualize
Write | 0.57 (0.85) 1.22 (1.09) -1.568 | 189 | 0.13
Trace | 2.08 (0.77) 1.85 (0.93) 0.657 19.3 | 0.52

All 2.66 (1.34) 3.07 (1.96) -0.577 | 17.7 | 0.57
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Table. 7.5 Comparison of points between pre-test and post-test in Iterative learning group.

(Bonferroni corrected p-values)

Task Mean (Standard Deviation) ) af »
pre-test post-test
Writel 0.17 (0.34) 0.59 (0.32) -3.210 | 10 | 0.019*
Write2 0.12 (0.23) 0.42 (0.35) -2.460 | 10 | 0.067
Write3 0.18 (0.32) 0.43 (0.39) -2.097 | 10 | 0.125
Write4 0.10 (0.25) 0.55 (0.34) -2.906 | 10 | 0.031*
Trace5 0.84 (0.20) 0.84 (0.24) 0.085 | 10 | 1.000
Trace6 0.73 (0.29) 0.73 (0.39) 0.009 | 10 | 1.000
Trace7 0.51 (0.40) 0.59 (0.38) -0.769 | 10 | 0.920
Write All | 0.57 (0.85) 1.99 (1.07) -3.688 | 10 | 0.008*%*
Trace All | 2.08 (0.77) 2.16 (0.93) -0.403 | 10 | 1.000
All 2.66 (1.34) 4.15(1.42) -4.075 | 10 | 0.004%%*

*Results are significantly different at p < 0.05.
**Results are significantly different at p < 0.01.

Table. 7.6 Comparison of points between pre-test and post-test in Visualize learning group.

(Bonferroni corrected p-values)

Task Mean (Standard Deviation) ) daf »
pre-test post-test
Writel 0.29 (0.38) 0.61 (0.33) -2.557 | 10 | 0.057
Write2 0.15 (0.27) 0.50 (0.33) -3.531 | 10 | 0.011*
Write3 0.38 (0.33) 0.51 (0.34) -1.719 | 10 | 0.233
Writed 0.40 (0.32) 0.47 (0.31) -1.119 | 10 | 0.578
Trace5 0.74 (0.29) 0.78 (0.23) -0.736 | 10 | 0.957
Trace6 0.64 (0.41) 0.79 (0.40) -1.616 | 10 | 0.274
Trace7 0.47 (0.35) 0.69 (0.36) -1.728 | 10 | 0.230
Write All | 1.22 (1.09) 2.09 (1.21) -3.420 | 10 | 0.013*
Trace All | 1.85(0.93) 2.26 (0.82) -1.963 | 10 | 0.156
All 3.07 (1.96) 4.35(1.95) -3.095 | 10 | 0.023*

*Results are significantly different at p < 0.05.

gogobobbooooboboooooon

00000 Trace8 O Traced DO DD ODOODOOODOODOODOOOODOODOOOOODOO

0000000000000 00000000 Trace8DODOODOOODOODOODOOODODO
00000000 Fig. 740000

000000 600000D0DCDOUO0DOUOOODOODOUOOD Trace8UOODODODO9OO

0000 Visualize OO O0OO0OO0ODOODOODODODODOODODODOODOOODODO

000000000000 D0O0OD0 Trace8OODO 9000000 Trace5-70000000O



o700 00000000000DO0OO0ODOO0O0OOODOODOODOOO 99

Iteration Visualize
4- .
[ ]
[ .
3-
° ®e M
e, N : '
b oy .
- iy
N
N
[ ]
0- osne . . A
pre—test post-test pre—test post-test

Fig. 7.3 Boxplot and scatter plot of the writing task for both interventions.
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Fig. 7.4 Histogram of Trace8 in pre-test, Trace5—7 in post-test and Trace8-9 in post-test for
both Interventions.
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Fig. 7.5 Scatter plot of the learning time and post-test score of each interventions.
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Fig. 7.6 Scatter plot of the answered number at intervention of iterative learning and the post-test score.
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13 zmsmos. BERELECARCESESCREY L
R

#include <stdlo.h>

int main(){
int 4
ek e KKK
printf("[E8xd] -, 1);
Fokok Fohok
return 9;

WATHS R

[ 0] [8 5 2] (85 3] (8 54] [#55]

Fig. 8.1 Fill in a blank tasks for Experiment1.
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int value 100;

float price=1000, tax = 0.8;
int 100;
int price=1000, float tax = 0.8;

float (int)value =10.1;

float value =(int)10.1;

int arrayl[30];
array[10] = 10;

int array[30];
array[5.5] 10;

int array[30];
array[100] 10;

abc
abc;

int
200

10;

int
150

array[301];
array[10];

int abc;

int 100;

if (1) printf("abc");

if (int i1=10) printf ("abc");

int abc =10;

if (abc= 100 < 200)

printf ("abc");

if(100==100)

printf ("abc");

int i;
for (i=0;1<100;i++)

printf ("abc");

int i;

for (i=100;i>=0;1i—-)

printf ("abc");

int i;
for (1i=0;1<100)

printf ("abc");
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int i;
for (i<100;1i=10) printf ("abc");

int 1;
for (i<100;1i=10;i--) printf ("abc");
int 1;
for (i=10;1i<100;i--) printf ("abc");
int i;

for (i=10;1<100;i=1+42) printf ("abc");

int 1;
for (i=10;1<100;i=i) printf ("abc");

goobobuoooobbooon

// 000 for DOOODOODOO
// O0O00printf("[abc]™); 00000
// 00000 [abc] [abe] [abe] [abe] [abce]
#include<stdio.h>
int main () {
// D000000O00O0O0OOCOO0OO0
return 0;

// O000Ofor OOOOOODOODO
// 00000 [abc] [abe] [abe] [abe] [abce]
#include<stdio.h>
int main () {
// 000000000000DoOood
return 0;

// O0Ofor DODOOOODOOO
// OO0O0printf OODO0OOOODOO3
// 00000 [abe] [abe] [abe] [abce] [abc]
#include<stdio.h>
int main () {
// 00000O0oo0oooooooooo
return 0;

// 0001 0010 D0O0OO0OO0OO0ODDOOOODOOOOO
// 000000 for OOODOOOOO
// 00000000 int a,b,c,d,e; DO00OO0O0DMOOOOODOODOODOOOOOOO
// 0000055
#include<stdio.h>
int main () {
int a,b,c,d,e;
// 0000000000000 O00OO0O
return 0;

// 0001 0011 D00000ODDOOO00OODO0O0O0

// 000000 for DODOOOOOO

// 00000000 int a(b5]; DOOO0OD0DMMOOODODOODDOODDOOODOO
// 00000

#include<stdio.h>
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int main () {
int al[5];
// 000000000000o00od
return 0;

gooboboooobobooo

#include<stdio.h>
int main () {
for (int i1=1930;1<=2014;i++) {
printf("$0d\n",1);0

return 0;

#include<stdio.h>
int main () {
int start = 1930, end = 2014;
for (int i=start;i<=end;i++) {
printf ("$0d\n",1i);
}

return 0;

#include<stdio.h>
int main () {
int start = 1930, end = 2014;
for (int i=start;i<=end;i++) {
if ((i-start) %$4==0) {
printf("$0d FIFA OOOOODOOOONNn",1);
}
}

return 0;

#include<stdio.h>

int main () {
int start = 1930, end = 2014;
for (int i=start;i<=end;i++) {

if ((i-start) %$4==0) {
1if (1i==1942 || i==19406) {
printf("$0d OO0O0OOOO\n",1);
} else {

printf("$0d FIFA O0O0O0O0O0O0O00O\n",1);
}
}
}

return 0;

#include<stdio.h>

int main () {
int start = 1930, end = 2014, count = 0;
for (int i=start;i<=end;i++) {

if ((i-start) %4==0) {
1f(i==1942 || 1==1946) {
printf("$000000000Od\n",1);
} else {

count += 1;
printf("$0d O0%0d FIFA OJOOOOOON\n",i, count);
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}

return 0;

000000000000 Fg. 8200000000000 0DO0DOODOODOODOO

00@mo0o0o000m@mOooo0o00o0000o00o000000D000 20140 70 110 (O0) 12:10 0 UTC URL:http://
ja.wikipedia.org/wiki/%E3%83%90%E3%82%B1%E3%83%83%E3 %83 %88 %E3%82%BD%E3%83%BC%E3%83 %88

0000000000 0000O Fg. 830000
0000000000 0D00Db Fg. 840000
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2-A 7)Y X LA

IIBER, 1omTLAR A OWTORBERET,
L FEERah a7 LAz Lk #A TERL T,
Lifg, Thict ohErETIhET.

[/ yby—R]

LT A OEEE mEE THSEE mED A EARLTEE EZ RO ED rUE
ROl S, wOT —5REFELT, £7-FENL T Vr il T, ZOMEN Do/ 1,
BRI VIR GRS TV VS EE I L, F -8V - RN TER,
T SR SN U R T

2014487 §u1 B (@) 12510 UTC
URL:kttp://fawikipedia.org,/wiki/ ¥ Es%83 % 0ok Es k82X B R Es B8 ¥ s R Es X s A8 Es %2 X BDX Ea s X BCRE K 83588

Fig. 8.2 Algorithm leaning task for Experiment1.
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2-B 78

Ab—FEig

DOOCOODHE

\

v

L

B —F—BFEIE

CV—bEhi-h—FES
(EAaTFic SM8(1-0))

2TEEROCIRCE A~ L T, DUFOEEE e 2L THZEN,
R T EIFP R TLEIOTEEL T8,

Fig. 8.3 Algorithm card task for Experiment]1.
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2-C IRE viromsrnlirsby— &MU TRMNan®d RAEE 041 BilarrAnsic AL . ITR-L0EY 7 ME(1-9) T

Frtd,
EHR- K- FRFI T < THIRT S, ERCMFRL T~TERR-FTANTEIE, £A00F. BFERFIIEARE.,
EHEEV-FTRIE LW (ETE RTEREALERCRhER

EIE

#include <stdio.h>

int main(){
int arr[8] = {1,3,2,4,4,2,1,2};
int bucket[5] - {8,0,0,0,0};
int arrAns[B8] = {8,08,08,0,8,8,0,8};
M EHIEBIIEELTLL

TR

1,1,2,2,2.3.44,

Fig. 8.4 Algorithm implementation task for Experiment1.
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TRTSIVT DEBREANRENICER

Tr—k
BEROEEEEEHCREEIEHRRLTEAL &
| —
4
AR
3TRISIVIAMORE [ | REE
KADRBROBIRFEA SR R
i-S
4TOTSIVIISRAOEE [ | A
XE D RN OBIREH DR i-B
i:C

5IRERRBLUNTTOY SISV ETIH
(B 1338 1 EREE AR HE)
OiEey Onkz

1 Y—RO—FERihREE
ERRLGAMEET—Aa—F IR &,

Fo, BLEI—FIZET 3 E5ORBRITON T, BE TS
LOERRE SRR S,

WY —RO—F|ORHITOVTHE

-EEICEETRHM T AL (RARITLEERL T,
ANSI C89#HLO /A STHRITIHREE#LT D)

CRITAREGLECE MBI RERTHEITH
hE EREE. DR, RELE . EOLS5HNEE
SEHELTERL,

2TORNT. EBDEOHEHNTEIEL,
(IXXF/BFIDHDHEAITEIETHD, =150,

ho=R"1EBINETB)

FOREF SN TVWSNEBELEBLTIIESAL

CETHELEHOVHEL. —D DB THY. RIS
ERDMPENERIC A>T =ELTEH, £MEED
EREBYELANEBEREHT LI L,

B EHL-NEORER I OLNTHE

+)—RO—RFTHELTWSRBREREE &,

‘BEFTREOMEORBRERESEIC. TAhTLD
EIERIZZETHEDICOMEDITL,

GBEDRRBRT, EREAVEIXEG-TERENDY—X
a—FK ORBABHLEERCIIE. HYELEBZE L,

SBEICREELf KELY—Ra—FDO—E45ELT.
BFHETREL-LEERZR LI-56L BRHYL
EEE &,

FIREDIEERF

BL  ERELBERICRE/BV-E0EVLE)

R RECEFEHEN, BB EFAL

EL BoBNVEEBRANEBIGHLLELD

E£2 BoEVERNMOEULEHLERELS

FEICETHHE EER 2015458

ID: 1/ 7

R -1
abcDETRADEEZH T HNEEREHE L.
KEHODHENEL->TH. RRDELZH N T H0EEREH
&k, FILENFETHIGEIE. EAMIDEH AT EHIL,

ETHR [30 |
EBLAEOER | %6120

Y—R3—K L [z [=s (23
#include<stdio.h>
int main(){

int a=10, b=20, c¢=30;

return O;
1

W1 -2
abcDIET2EBICKEMERH T HNEFTH L &,
XEHDOWHENEH->TH, 2B BIZKESMEZE TS
NIBEEH T K, abcDEL. DT ELDENAOTINS
DET B,
ETHER [20 |
EEHL-NEORE | &uICO

Y—Ra—F L[5 [2o [23
#include<stdio.h>
int main(){

int a=10, b=20, c=30;

return O;

}

Fig. 8.5 Problem paper 1 of 7 in experiment 2.
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TRV ORBRENERENIERLLEICETHHME EER 2015458

W1 -3
BeSlarrDEREIRICH T HNBERRHE &,
XEHONHIELTERNAE L TH, BEROBEIRICH N

THMBERBE & BE NHSEDo1IBE (L BIDNLT
DERICELLEENADLDETS B,
EITHER [12,15,14,20,10, |

EHLLEOEE lléi%':l:o

Y—Zza—K [zl &[22 (B3
#include<stdio.h>

#define N 5

int main({

int arr[N] = {12,15,14,20,10};

return O;

}

ID: 2/ 1

W1 -5

ESlar DEXDEDBINZE K N T ENBEETHE &,

XKEHODNENEHL>TH. EXRDEDRIZEZH TS
MBEREH T &, BB NN EDL--I5EE. BEIDET
DERIELLEBHHSAZELNDET D,

ETHEER [11 |

SEEHL-NEBEORER ll 2ZH1Z0

y—Ra—F [zl |8 |20 (B3
#include<stdio.h>

#define N 5

int main(){

int arr[N] = {12,15,14,20,10};

return 0O;

}

W5 -4
EHarrDEFRZRDIEBECTHEATIUNEBEZREHE &,
2,14,36,587,109,12,11 - (BIEFEHZNES)
KEHOUBRECEBNGEL>TH, EROEZIEEDIE

ICH AT HNEBEREH T & BHE NIEDHSBE L. BRI
DETHERITHULBHMNADLDET S,
EITHR [15,12,20,14,10, |
REL-NEOREER | ZBICO

Yy—23—K 5L [8 [20 [23
#include<stdio.h>

int main({

#define N 5

int main(){

int arr[N] ={12,15,14,20,10};

return O;

W1 -6
B HarrDERTROFEETWNVE AT IUNEZREH E &,
1%2 + 2%3 + 34 + 4%5 + 5%1 (HIEIFERDES)
KUTOV—RA—FOMEME {24315 DHEEDFEIT
2%4 + 43 + 31 + 145 + 5%2 = 8+12+3+5+10 = 38
KEROMHPENEDL>TH, EEDHERREZH AT
WNEBEEHE L BB NIEDLIGEIE. EHDET
DEZRITHLLBHENADLDLT S,
EITHE [38 I
EHLNEORE | 3ZUIZ0

Yy—2a—K L[z (2o (22
#include<stdio.h>

#define N 5

int main({

int arr[N] = {2,4,3,1,5};

return 0O;

}

Fig. 8.6 Problem paper 2 of 7 in experiment 2.
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TSIV ORBENRERANICEZDEEICEATIME EE 2015558

ID: 3/ 1

W1 -7
ESlarrDERTRADEEE AT H0ELTH L L.
XEBODHENEH-TH, ERDBADEEE HTS

MBERHE L, BH. NS Ebo= 58, BINST

DERIEULBEAADZEDET B,

EITHE [20 I
ERL-NEDRER 1|§§é'|(:o

Y—ZRa—F L |8 [0 ]2z
#include<stdio.h>

#define N 5

int main({

int arr[N] = {12,15,14,20,10};

return O;

Fig. 8.7 Problem paper 3 of 7 in experiment 2.
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TSIV ORBENHENICEZDEEICETHMET FER 2015558

ID: 4/ 7
Fl2 RITHERICMERE W2 -1
ZNZTRORIBEDNCEEY—RXa—RIZDWT, LT OFIZES 1 |printf(” aaa¥nbbb¥n”); E=T#HE [z3 [15-less
BRESEICLT RTREILTHARE (BERIBS) & 2 HhfER
[EER I ETHE L, 3
g@guL (B [20 (B2
M523 7E1 W2 -2
1 [#tinclude<stdio.h> E2T#E [Ex 65> |57 1|printf “abc”; R [zz [zs—Jess
2 |int main(){ HAER 2 HAOER
3| printfff(); 3
4| return O; xE& |§L2 R [E0 |23 o A A A BT
5} mR2-3
1|printf<”abc”>; =R [Ez [zs—[esy
W[5 2-5I7E2 2 HAhfER
1] printf("aa”); =R [E®) [z5—lesv| 3
HAER |aa o e A EIETNET
W2 -4
BRg|aL [R |22 |€D | 1]printf(66); =R (Ez [rs5—[wsy
2 HAOkER
XBIET LB DY —Ra—R (3, £BTHHNE, HIE1D 3
Y—RIA—RITEE1,2450EBREINTEY, ITHE3IC e A M EIETNET
HUTHMEOHATHIN TS, WmfE2-5
1linta=10; 2TEE [z2 [rs5—[ess
2 |printf("%d” ,a+3); HAER
BIETHERILTHARERIOTHICOLNTHE 3
R RO I MBI T ES TR b, a2 6 #RluL (5 [# [#5
CETHRIE. UTORTRERDESEIZ. Fh " = . . % oo Ty
Zho EERISHET HE0ICOMEDF &, printf{abo) RITER |Ew |15 |#oT
-I%E*ﬁ’éi%#%u:iﬁéli\ Hf.b%ﬁ%;*fﬁl:%ﬁf&@.‘ﬂjj g AR
WHR%Z tEtE &, EELUSNEERLIZIGSIE. BA
BEMEEMTLL, mps 7 el n [e0les
5,
EITHEXR 1 |printf(” aaa¥tbbb¥t”); E=T#HE [Ex |z5-|gsy
EE EELE(EHERESTHTS) 2 HAOER
XEBREBICKYEENHIAREELNHDIEELEHTELL, 3
I5—: O (LT S5— A A I A T
BoF  RENEERL—JEZTLEN EDLALY) | |EfE2-8
1 |printf("%c”, 'a’); ETRE |E2 |zs—[rev
EIRER I DOLTHE 2 HAO#ER
—ZRA—FTEELTLARBREES &, 3
EE I TROMEOEREESE. ThEND wBluL |7 |20 |2
&% ST 5L0IZOMED &, mE2-9 i _
SBEDERT, THAPEERA-CERFQY—2 | ] printiCRIF 1.1; RTHER (E% |1o-luey
1—F OEBABBIEBELNE. BYLESE L, 2 TR
BEICEBLE A=Y —2a—RFO—E5ELT. 3
APMETCEELMELER LBAt. BRAHYE wRluL B [ (&3
EEH &, W2 - 10
1 [printf("%05d”, 101); =27RE [za [z5—|#s7t
BREDREREK 2 HAOfER
LU BRELGEEICRE/ENVE-E0L0V0EE) 3
B BCEEHDN. BBV EFAL gL |8 (20 (22
2L Ao EVBRBRABEHIEELD W2 - 11
E2% BoEVNVERBEMOEULEHDERELD 1 |printf("It is “THE BEST” carl”), |RATHE [E2 [r5—[®ov
2 HAOER
3
gL |8 (20 [22

Fig. 8.8 Problem paper 4 of 7 in experiment 2.
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TOYSIVT ORBRENERENICTEZDZEICEETHHE HER 2015558

ID: 5/ 1
W2 -12 W2 -23
1[int arr[10]; FTEE [ [z5—[#s7]| 1[int a=10, b=6; FTERE [E2 [z5-[#sv
2larr[11=13; HAOKER 2|a=b=20; HAOER
3|printf("%d” arr[1]); 3 |printf(“%d, %d” ,a, b);
RER IEL R \|EL |EE 258 Ifail, R \|EL |EE
W2 -13 W52 - 24
1int a=20; E2TRR [Ez |z5—|wss| 1]int a=10, b=5; =2THE [z [zs5—[esy
2|at+ta——att; HAfER 2|a = a<=b; HAER
3 |printf(“%d” a); 3|printf(“%d, %d” a, b);
ex |7Jl, e b 3] |7JL R (&) 182
W2 - 14 W2 - 25
1|int a=21; E=1T#HE |E% |z5—[#s¥] 1]int a=20, b=20; 2R (E2 |>—|gsy
2 |printf("%d” a++); HAOfER 2 |if(a==b) printf("a==b"); HAOfER
3 3|if(a>=b) printf(“a>=b");
B8 aL |8 [& [&% | 4[ia<b) printf(“a<b”); g@mlurl |8 |20 23
W2 - 15
1/int a=11; 2THE |[E2 [z5—[esv|MG2 - 26
2la=1;; HAO#ER 1|int a=10, b=21; ETRE (Ez [15—|gey
3|printf(“%d” a); 2 |if(a'=b) HAOfER
1RER |7§3L B [E4 |£% | 3] printf("al=b");
W2 -16 _ ER |7§?L R |20 |E%
1/int a=12; £THE [ [rs—[esv|M§2 - 27
2/10=a; AR 1int a=9, b=20; BTRE |Ea [rs5—|wsy
3|printf(“%d” a); 2|if(a>b){ HAfER
RER |7f+‘b R [EL |EZ | 3] printf("a”);
W52 - 17 4|} else { REx |7f+‘l, e
1/int a=13; £TER |E2 [rs-—lwss| 5| printf"b");
2|=a; HAHER 6]}
3|printf(“%d” a);
i3ty |7?IL, B |24 |22 (HHE2-28
WRE2 - 18 1|int a=10, b=22; 2R (E2 |>—|gsy
1]int a=15; RTRERE |Ex [r5—|s¥| 2|ifab) HAER
2|a+=1; HAER 3| printf(“alb”);
3 |printf("%d",a); g@mluzl |8 |20 23
BRuL |8 |&#0 2z |WBE2-29
WR52 - 19 1[ifC1 ETHE (B2 [z5—[#ss
1lint a=16; E2TRER |E2 |5 |#sy] 2| print(“abe”); HAfER
2la.a = 20; HAh#ER 31
3 |printf(“%d” a); b3ty |7§TL, ) E N EE 2
RER Ifil, B |24 |22 (H[E2-30
W2 - 20 1[int a=11, b=20; =272 (2 |zs—|gov
1|int a=17; E27R [E2 [zs—lros] 2[ifa>b) a=30; printf("%d” a); | HiE R
2|at+; HAkR 3
3 |printf(“%d” a); RER |7f+‘l, R \EL |ES
gL (8 lzo (22 |ER2-31
WR2 - 21 1[int a=10, b=20; ETHE |Ex |zs—[#ss
1[int a=18; E=THE |Ex |zs5—[#s¥] 2|if@b) HAOsER
2|a+5; HAO#ER 3| printf("a>b”);
3 |printf(“%d” a); 4|} else { RER |7QIL R \|EL |EE
iRER |7‘;l, B |24 |Z% | 5] printf("other”);
W2 -22 6} else if(a<b) {
1[int a=19; 2R [Ex [z5—[#sv]| 7| print("ab”);
2|a==10; HAkR 8]
3 |printf(“%d” a);
A NI ETN ETS

Fig. 8.9 Problem paper 5 of 7 in experiment 2.
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TRV OBRBRENRENICEASFEICET SR EEKR 2015558

ID: 6/ 1
W2 - 32 W2 - 41
1[int i=0; £E [Ez [zs—[wss| 1]intar31={254) i E2TRE |Ez |rs-|esy
2 |for(i=0:i<3; i++) HAOER 2 |for(i=0;i<3; i++){ HAfER
3| printf("a”); 3| printf("%d,” arr[i]);
o wEaL (8 [20 [E2 | 4] #gBrL R |20 [z
W52 - 33
1lint i=0; ETRE [Ez |z>—|esy|MRE2-42
2| for(i=0;i<5; i=i-1) HA#ER 1lintarr[3]1={1,43}, a0, i; |ETRE |[Ez [z5-|gsv
3| printf("a”); 2 |for(i=0;i<3; i++){ HAER
RER |le, R [E4 |1E% | 3] a=arri];
W2 -34 41} 2ER |7f+‘L, B M EE 2
1[int i=0; ETRE |E2 |5 |®s¥| 5printf"%d” a);
2|for(i=0;i<4; i=i+2) HAOER
3| printf("a”); W52 - 43
BmlzL |8 [2o gz | 1intar(31={253),a=0,;; |ETRE |2 [z5—|ssy
W52 - 35 2|for(i=1;i<3; i++) HA#ER
1[int i=0; 2R |Ex [rs-—lws¥| 3| ifarral <arrlil)
2|for(;){ HAh#ER 4| a=i A NI ETN ETS
3| printf("a”); 5]}
4]} wruL & [20 (2% |6)
7 lprintf("%d” ,arr[al);
W2 - 36
1[int i=0; £TRE |E2 |5 |usy
2|for(i=0;i==5; i=i+2) HOHER MU T DREIRE44,45 (£, V—RO—FOEBETHT L TOITA
3| printf("a”); LHEHINhTWS,
o REx |7.’£L R &L |ES ”
W2 - 37 W2 -44
1[int i=0; E=T#E |E% |z5—[#s¥] 1|#include<stdioh> =742 (£ [z>—[esv
2 |for(i=0;i<3; i++){ HAfER 2 |#define N 3 HAO#ER
3| printf("%d”,i); 3|int main({
4|} BglaL |8 (24 |#% | 4) intarN]={435) A NG EPN ETS
5| for(i=0;i<N;i++)}{
W2 - 38 | | 6| printf("%d,” arr[i]);
1|int i=0; FITHRE [Ex |zs—|#go¥| 7| |}
2|for(;i<3; i=i+2) HAkR 8]
3| printf("a”);
®ex |f°tl, B |24 (2% W2 -45
W52 - 39 1 |#tinclude<stdio.h> E=2TE (2 |zs—|goy
1int i=0, a=0; ETREE |E% |15 |#s¥| 2|#define N 3 HAfEE
2 |for(i=0;a<3;i++ | HAfER 3|int main({
3| printf("%d”,i); 4| int arr[N] = {4,3,5}, i; 1A TN CE EVN ETS
4| a=at2; BRaL |8 |80 &5 |5 for(i=0iKN;i++)
51} 6| printf("%d,” N);
7}
W2 - 40 8|}
1/int j=0; 2R (E2 |>—|gsy
2 |for(;j<3; ) HA#ER
3| printf("a”);
4| =i, #ruL (8 |20 (23

Fig. 8.10 Problem paper 6 of 7 in experiment 2.
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TOSIVT DRBENRRENCEZDELEICET HME FER 2015558

ID: 7/ 1
B3 V—RO—FEERERE WR3 -1
TR LG HILEE U — 20— F IR & BSlarrDEXRTROOEEL HTHNEEEHE L,
Ffo. Rt LIa—RIZE T 3 ELDERICONT, BLT5 MEMONBBENEH>TH. EROBIDBEHNTS
HLDEERFREYERE L, NBHFEH L BH NN ELOHEIE. BEIDET
DERICELLEMHSADLDET B.

WY —Ra—F|ORHKIZOVTHE E1THEE [10 I

CEERCEETENT AL (AHRILBEALT, . L

ANSI CB9#EHT /A STHRITREERELT D) . . RELELEOER LBSIC0

A AR B CE D R E BT N Th J—A3—F L[ [2ofEs]

niE ERES. Sl RELE, EOLS550EE #include<stdio.h>

FHLTHEL, #tdefine N 5

RTOHNE. ZHOEDOAERATHE, int main(){
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return 0;

Fig. 8.11 Problem paper 7 of 7 in experiment 2.
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00000000000 00000000000included0 return 00000000000
Output 1 (Ot-1).

int a=20, b=40, c=10;

a = 10;
b =15 + b;
c =10 + a;

printf ("%d, %d,%d", a, b, c);

Selection 1 (SI-1).

int a = 20;

if(a > 30){
printf("%d,", a);
a = a + 40;

} else {
printf ("%d,", a);
a=a + 10;

}

printf("sd", a);

Selection 2 (SI-2).

int a = 20;

if(a > 35){
printf("%d,", a);
a=a + 20;

} else {
printf ("%d,", a);
a = a + 30;

}

printf("sd", a);

Iteration 1 (It-1).

int a = 0, 1i;
for (i=2;i<=6;1i++) {
a=a + 1i;
printf ("%d-%d,",1i, a);
}
printf ("$d",a);

Iteration 2 (It-2).

int a = 0, i;
for (i=2;1<=6;1i=1i+2) {




gbooboooogoo

125

a=a+ 1i;

printf ("%$d-%d,",1i, a);
}
printf ("%sd",a);

Iteration 3 (It-3).

int a = 0, 1i;
for (i=6;1i>=2;1i=1i-1) {
a=a + 1i;

printf ("%d-%d,",1i, a);
}
printf("sd",a);

Iteration 4 (It-4).

int a = 0, 1i;
for (i=6;1i>=2;1i=1-2) {
a=a+ i;
printf ("%d-%d,",1i, a);
}
printf("sd",a);

Nested 1 (Ns-1).

int a = 0, 1i;
for (i=1;i<=5;1i++) {

if (1>=3){

a=a + ij;

}

printf ("%d-%d,",1i, a);
}
printf("sd",a);

Nested 2 (Ns-2).

int a = 0, 1i;
for (1i=0;i<=5;1i++) {
1f(1%2==0) {
a=a+ 2;
}
printf ("%d-%d,",1i, a);
}
printf("sd",a);

Nested 3 (Ns-3).

int a = 0, i, 3Jj;
for (1=0; i<=1; i++) {
for (3=0; 3j<=2; j++) {
a=a+ 1;
printf ("%d-%d-%d,",1i, J, a);
}

}
printf ("sd",a);

O0000DO0OD000O00b00DbO0bOobDO0bDU00b0U0ODInclude 00 return 000000

gogoo

Output 1 (Ot-1). Preferred result: 20,50,55
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int a=30, b=10, c=30;

a = 20;

b =30 + a;

c =25+ ¢c;

printf ("%d, %d,%d", a, b, c);

Selection 1 (SI-1). Preferred result: 30,80

int a = 30;

if(a > 10){
printf ("%d,", a);
a = a + 50;

} else {
printf("sd,", a);
a=a + 20;

}

printf("sd", a);

Selection 2 (S1-2). Preferred result: 15,55

int a = 15;

if(a > 20){
printf ("%d,", a);
a=a + 10;

} else {
printf("sd,", a);
a = a + 40;

}

printf ("%d", a);

Iteration 1 (It-1). Preferred result: 1-1,2-3,3-6,4-10,5-15,6-21,21

int a = 0, 1i;
for (i=1;1i<=6;1i++) {
a=a + ij;

printf ("%d-%d,",i, a);
}
printf("sd",a);

Iteration 2 (It-2). Preferred result: 1-1,3-4,5-9,9

int a = 0, 1i;
for (i=1;1<=6;1i=1i+2) {
a=a+ i;

printf ("%d-%d,",1i, a);
}
printf("sd",a);

Iteration 3 (It-3). Preferred result: 6-6,5-11,4-15,3-18,2-20,1-21,21

int a = 0, 1i;
for (i=6;i>=1;i=1i-1) {
a=a+ i;

printf ("%d-%d,",1i, a);
}
printf ("%sd",a);

Iteration 4 (It-4). Preferred result: 6-6,4-10,2-12,12

int a = 0, 1i;
for (i=6;1i>=1;1i=1-2) {
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a =a + i;

printf ("%$d-%d,",1i, a);
}
printf("sd",a);

Nested 1 (Ns-1). Preferred result: 1-0,2-2,3-5,4-9,5-14,6-20,20

int a = 0, 1i;
for (i=1;i<=6;i++) {
if (1>=2) {
a=a + i;
}
printf ("%$d-%d,",1i, a);
}
printf ("$d",a);
Nested 2 (Ns-2).

Preferred result: 0-2,1-2,2-2,3-4,4-4,5-4,6-6,6

printf ("%d-%d,",1i, a);
}
printf ("%$d",a);

Nested 3 (Ns-3). Preferred result: 0-0-1,0-1-2,1-0-3,1-1-4,2-0-5,2-1-6,6

int a = 0, i, 3J;
for (i=0;i<=2;i++) {
for (3=0; j<=1; j++) {
a=a+ 1;
printf ("%d-%d-%d,",1i, J, a);
}
}
printf ("%d",a);
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gogoboboooobbooooboboooobbbooobbboooobbboooobon

gogoboboooooobm

question:Haskell 0 0 0000000000 OOOOO
ansl:0 00O

ans2:0 0000

ans3:0 0000000

ans4:0 0000000

question:Haskell 0 D 00000000000 ODOO
ansl:0 000

ans2:0 000000

ans3:0 0000

ansé:0 00000

question:Haskell 0 Umax 0 000 000000000000 DOOOOOOOO
ansl:max (10 5)

ans2:max (10, 5)

ans3:max 1050 0

ans4:max 10, 5

question:succ9 000000000 DODOOOOOOO
ans1:0

ans2:9

ans3:10 0 O

ans4:18

question:10divd 00 0000000000000000
ans:000000

ans2:0 000

ans3:0 000

ans4:0 000

question:J 0000000000 OOOOO
ans1:bigNumber

ans2:BigNumber O O

ans3:bignumber’

ans4:bignumber999

question:0 0000000000 ¢C)LDO00O0OO0OO0OOOODOOOOOOOODOO
ansl:0 00000

ans2:0 0000000

ans3:0 00000

ansd:0 000000000000

questionnJ 0 0000000000000 OOODOOOOOOOOO
ansl:00000O0O0O0O

ans2:0 0000000

ans3:0 00000

ans:0 0000000000
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question:0 00000000000 O00OOOOO
ansl:-1

ans2:0 0 O

ans3:1

ans4:10

question:0 00 000000000000 OOODOOODODO
ansl: 00000000000 DOOO

ans2:0 0000000000
ans3:0000000000000000

ans40 0000000000000

question:0 00 000000000000 OOOOOODODOO
ansl:0 0000

ans2:0 0 00O

ans3:[]0 00O

ansé:NULL 00O 0O

question:0 00000000000 ODOOOO
ansl:0 0

ans2:0 0

ans3:0 000

ans4:00 O

question:J 0 OO0 000OO0OOOOOO
ansl:0 00000000

ans2:0 0000000000

ans3:0 0000000

ans4:0 0 000000000OC0O

question:0 00 000000000000 OOODOODODOO
ansl:0 00000000000 OOOO

ans2:0 00000000

ans3:0 00 0000000000O0O0O0

ans4:0 0000000000000

questionn0 000000000 zipOOOODOOODOOOOOD
ansl:0 00O

ans2:0 00 0000000000000

ans3:0 00 0000000000000 OO0OOOOOO
ans4: 0000 NULLOOOOOOOOODOOOOOOOOOO

gogobobooooboooooooon

main = do {
print ( 2000 - 1950 );
}

main = do {
print ( 5 + "llama" );

main = do {
print ( min (9 10) );

main = do {
print ( \‘div\' 92 10 );

main = do {
print ( min 5 4 = 5 );
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tripleMe x = x + X + X
main = do {
print ( tripleMe 50 );

MrHaskell = \"It’s a-me, Mr.Haskell!\"
main = do {

print ( MrHaskell )

}

doubleUs x y = x * 2 + y * 2
main = do {
print ( doubleUs 4 9 );

main = do {
print ( [3,4] ++ [11,12] ++ [20,21] );

print ( [1,2,3,4] + [5,5,5,5] );

main = do {

print ( \"Steve Jobs\" : 6 );
}
b=101,2,3,4]1, [5,3,3,31, [1,2,2,3,4], [1,2,3] ]
main = do {
print (b 'l 2 );
}
main = do {

print ( head [6,3,8,9,1] );

main = do {
print ( head [] );

main = do {
print ( take 2 [5,4,3,2,1]1 );

main = do {
print ( 4 \‘elem\‘ [3,4,5,6] );

main = do {

print ( ["a’ rz"1 )
}
main = do {
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main = do {
print ( take 10 (repeat 5) );

main = do {
print ( [x%*3 | x <= [1..5], x / 2 == 11 );
}
main = do {
print ( [x*2 | x <= [1..1011 );
}
removeletter st = [ ¢ | ¢ <- st, ¢ \‘elem\" ['A’'.. "2'] ]
main = do {
print ( removeLetter \"Hahaha! Nahaha!\" );

}

main = do {
print ( fst (8,11) );

main = do {
print ( zip [1,2,3] [9,9,9] );
}

ggobboboooobobobooon

// 0000030
// 000000000000 main do = {} D00O0OO0OOO0OO0ODOOOOOOOOO
// 0000000000
doubleUs x y = x
main = do {
print ( doubleUs 5 10 );
}

// O00000([(1,"one"), (2,"two"), (3,"three"), (4, "four"), (5,"five"), (6, "six")]
// 000000000000 zip ODOOOOOO
// 0000000000
main = do {
print ( zip [1..5] ["one", "two", "three", "four", "five"] )

}

// 0000030
// 0000000000000000C0O0O0D0O0000 sanbai OO0O0O0O0O0O0O00OO
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#include<stdio.h>

int main () {
int a = 0;
int b = 0;
int i = 0;
int arr(7] = {10, 0, -10, 5, 5, 9999, 10};
for (i=0;i<=6;i=1+1) {
if(arr[i] == 9999){
break;
}
if (arr[i] < 0){
arr[i] = 0;
}
a =a + arr[i];
b=Db + 1;

printf ("value_is_%d\n", a / b);
return 0;

0000000000 0DO000000D000 includeOO remrnO00000000ODO0O

int a = 10;

int b = 8;

int ¢ = 5;

if (a + b > 15) {
printf ("ABC\n");

}

if (b > a && b > ¢c) {
printf ("DEF\n");
}

’

if (a == |l b + 2 == a) {
printf ("GHI\n")
}

int 1 = 0;
for (i=0;i<=2;i=1+1) {
printf("i_is_%d\n", 1i);
}
int a = 0;
int 1 = 0;
int arr[5] = {2,5,3,8,2};
for (i=0;1i<=4;1i=1+1) {
a =a + arr[i];




gbooboooogoo

133

}
printf ("$d\n", a);

int a = 0;
int i = 0;
int arr([5] = {2,5,3,8,2};
for (i=0;i<=4;i=1i+1) {

if (arr[i] > a){

a = arr[i];

}
}
printf ("$d\n", a);

int 1 = 0;
int j = 0;
for (i=0;1i<=1;1i=1i+1) {
for (j=0; j<=1; j=3+1) {
printf ("i=%d, j=%d\n",
}

i, J);

int a = 0;
int i = 0;
int arr[3] =
for (i=0;1i<=1;1

if (arr|

for (i=0;i<=2;i=1+1) {
printf ("arr([%d]=%d\n", 1,

}

arr[il]);

int a
int i
int 7 = 0;
int arr[5] = {9,4,3,7,1};
for (1i=0;1<=3;1i=1+1) {
for (j=0; j<=3; j=3+1) {
if (arr[j] > arr[j+1]
a = arr[jl;
arr[j] = arr[j+1]
arr[3+1] = a;

’

o O

’

o

}
}
for (i=0;i<=4;i=1+1) {
printf ("arr[%d]=%d\n", 1,

}

) o

’

arr[il]);

int a = 3;
int b 0;
int 1 = 0
int arr[1
for (i=0; i
if (arr

b =

~

0] = {9,4,3,3,1,8,4,
<=9;1i=i+1) {
[1] == a){
b + 1;

}
}

printf ("count_of_%d_is_%d\n",

2,5,9};

a, b);
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000000000 0D0Db0bD0b0b0000 includeOO reurn 00000000000
ggoboboogobbbooooobbooobboobooooobooooobbooooobo
gogobbuoooobobuooouobbuoooobbboooobbboooobbboooo

int 1 = 0;
for (i=0;1<=6;1=1+2) {
printf("i_is_%d\n", 1i);

// printf("end\n");

// printf("a is %d\n", a);
// for(i=0;1i<=6;1=1+1){
// for(i=0;1<=10;i=1+2) {
//  1f(i>2){

int i = 0;

for (i=0;1<=3;1=1+1) {
printf ("aaa\n");

}

printf ("end\n");

// for(i=0;i<=2;i=1i+2){

// for(i=0;i<=2;i=1i+1) {

// if(a > 3){

// printf("$d\n", 1i);

// printf ("abc\n");

// printf("a\n");

// printf("a\n");

// printf("a\n");

int a = 0;

int 1 = 0;

for (i=0;1i<=4;1i=1+1) {
a=a + i;

printf ("a_is_%d\n", a);

// int a = 12;

// if(a > 1i)A{

// for(i=0;i<=3;i=i+1){
// for(i=0;1<=10;1=1+2){
// printf("i is %d\n", 1i);
// printf("end\n");

// a = 5;
// a = 1i;
// 1 =a + i;
int 1 = 0;
int j = 0;

for (1i=0;i<=2;i=i+1) {
for (j=0; j<=2; j=3+1) {
printf ("i=%d, j=%d\n", i, J);
}

// a = 10;

// if(i == j){

// for(i=0;i<=2;i=1i+2){

//  for(j=0;3j<=2;j=3+2){(

// printf("i is %d, 3 is 8d\n", i, 7);
// printf("end\n");

// a = 1i;

// 1 =a + 1i;

goo0oobOo0ooobOoboooobOoboo4000b00DbOO0ObOODbDODbOODODO
goobooood
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a+ b = 30 and a » b = 200

a + b = 30

a x b =200

a is 10 b is 20
a + b = 30 and a » b = 200

a + b = 30
a x b =200

int a = 10;
int b = 20;
if (a > b){
printf ("A\n");
} else {
printf ("B\n");

/ *

B

*/
Y
/%

A

*/
y—
/ *

A

B

*/
Y
/ *

AB

*/

int a = 10;

int b 20;

int ¢ = 100;

if (a + b > 20 && a b > ¢)
printf ("ABC\n") ;

}

if (¢ > a && ¢ > b)) {

{
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printf ("DEF\n");

if (a == || a » 10 == c)
printf ("GHI\n");

{

int 1 = 0;
for (i=0;i<=3;i=1i+1) {
printf("i_is_%d\n", 1i);

int 1 = 0;
for (i=0;1i<=2;1i=1+1) {
printf ("abc\n");
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*/

int 1 = 0;
for (i=12;i<=15;i=i+1) {
printf ("$d\n", 1i);

/ *
12
13
14
15
*/
Yy
/ *
12
*/
P
/%
27
*/
e
/%
12
15
*/

int i = 0;
for (i=0;i<=6;i=i+2) {
printf("i_is_%d\n",

i);
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int 1 = 0;
int arr[5] = {5,6,2,8,1};
for (i=0;1<=4;1=1+1) {

printf ("%d\n", arr[i]);

int a = 0;

int i = 0;

for (i=0;i<=4;i=1i+1) {
a=a + i;

printf ("$d\n", a);

int a = 0;

int i = 0;

int arr[5] = {1,4,3,5,0};

for (i=0;i<=4;i=1i+1) {
if(arr[i] > a){
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a = arr[i];
}

}
printf ("&d\n", a);

/%
1,4,3,5,0
*/

int a = 0;

int i = 0;

int arr([5]

for (1i=0; i<=
a = a + arr

}

printf ("$d\n", a);

10,5,2,3,5
*/

/A

/ *

10

*/
/==

/%

2

*/

int 1 = 0;
int j = 0;
for (i=0;i<=1;i=1+1) {
for (§=0; §<=2; §=3+1) {
printf("i_is_%d,.Jj is_%d\n", i, J);

}

}

/===

/ *

i is 0, j is 0
i is 0, j is 1
i is 0, j is 2
i is 1, j is O
i is 1, j is 1
i is 1, j is 2
*/

/)=

/%

i is 0, j is O
*/

Y
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*/

/)=

J *

i is 0, j is 0
i is 1, j is O
i is 0, j is 1
i is 1, j is 1
i is 0, j is 2
i is 1, j is 2
*/

int a = 0;

int i = 0;

int arr[5] = {8,2,3,4,0};

for (i=0;1<=4;1=1+1) {
if(arr[i] > 1)
a = arr[i];

—

}
}
printf ("$d\n", a);
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OO0O000000D0O0O0DO0OOWritelto40OD0OOO0ODOOODOOODOOOOOODOODOO
gobbbbodoooouoboobbodooobb oo buobobbbobooLoobo
0000000000000 0DO0O0ODO0O0O0OO0DbDO0O0OWritel OO [ printf(C’i=%d, j=%d,
k=%d\n”,1,j,k); ]000000000000000O0O0O0O0OOOOOO0OOOODOODOOO
OO000O00D00O00DO0oO0oo0ooDoOOWritel OOOOODODOOO include OO return
gogobooooooo

// Writel
#include<stdio.h>
int main () {

int i, 3, k, m;
for (i = 0; i < 3; i+=1) {
for (j = 0; J < 3; j+=1) {
for (k = 0; k < 3; k+=1) {
printf ("i=%d, j=%d, _k=%d\n", i, j, k);

// Write2

int i, 3, k, a=0;

for (i = 0; i < 3; i+=1) {
for (3

printf ("i=%d, ,j=%d, _k=%d, _a=%d\n", i, j, k, a);

// Write3
int a, b, ¢, d;
for (a = 5; a < 8; a+=1) {
for (b = 10; b < 15; b+=2) {
for (¢ = 5; ¢ > 3; c—=1) {
for (d = 0; d < 3; d+=1) {
printf ("a=%d, _b=%d, _c=%d,_d=%d\n", a, b, c, d);
}
}
}

}
printf ("end\n");
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// Writed
int i, 3, k, a = 0;
for (i = 0; i < 3; i+=1) {
for (j = 0; J < 3; j+=1) {
for (k = 0; k < 3; k+=1) {
a += 1i;

printf ("i=%d, _j=%d, _k=%d,_a=%d\n", i, 3, k, a);
}
}
}

printf ("a=%d\n", a);

// Traceb
int i, Jj, k;
for (1 = 0; i < 2; i+=1)

{

for (j = 0; J < 2; j+=1)

for (k = 0; k < 3; k+=
j=

// Traceé
int i, j, k, a=0;
for (i = 0; i < 3; i+=1) {
for (j = 0; J < 3; j+=1) {
for (k = 0; k < 3; k+=1) {
a += 1i;

printf ("a=%d\n", a);

// Trace7
int i, j, k;
for (i = 5; 1 > 3; i-=1) {

for (j = 10; J > 6; j-=2) {

for (k = 100; k > 98; k-=1) {
printf("i=%d, _j=%d,_k=%d\n", i, 3, k);

}

}

}
printf ("end\n");

// Trace8 pre-test

int a,b;
a = 10;
b = 20;

if (a > b) {

printf ("a=%d\n", a);
}
printf ("end\n");

// Trace8 post-test
int i, j, k, a=0;

for (i = 0; i < 3; i+=1) {
for (j = 2; j < 5; j+=1) {
for (k = 0; k < 3; k+=1) {
if (k == 2) {
a += k;

-
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}
printf ("a=%d\n", a);

// Trace9
int i, j, k;
for (i = 1; i < 3; i+=1) {
if (i==1) {
for (j = 0; J < 3; J+=1) {
if (3==1) {

for (k = 0; k < 2; k+=1) {
printf ("i=%d, _3j=%d, _k=%d\n", i, J, k);

0000000000000 0OO00DO000O000O0DOOO0ODOO0ODODOODO Visualize O
000000000000 include00 return D 000000000

// Main code 1 (code ’"a’ at Table II)

int i, Jj, k;
for (i = 0; i < 2
for (j = 0; j <
for (k = 0; k

}

// Arranged code of ’a’ (code ‘e’ at Table II)
int i, j, k;
for (i = 10; 1 > 5; i-=2) {
for (j = 0; J < 3; J+=1)
for (k = 0; k < 2; k+=1
printf ("i=%d, j=%d, _k
}

// Another arranged code of ’a’ (code ’'f’ at Table II)
int i, j, k;
for (i = 0; i < 2; i+=1) {
for (j = 0; J < 3; j+=1) |
for (k = 0; k < 3; k+=1) {
printf ("i=%d,_j=%d,_k=%d\n", i, j, k);
printf ("abc\n");
}

// Main code 2 (code A’ at Table II)

int i, 3, k, a=0;

for (i =
for (3

printf ("a=%d\n", a);
}
}
}

printf ("finish:a=%d\n", a);
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// Arranged code of ’A’ (code ’C’ at Table II)
int i, j, k, a=100;
for (i = 0; 1 < 2; i+=1)

for (3

printf ("finish:a=%d\n", a);




145

L] [

gogoboboooobbooooboboooobbbooobbboooobbboooobon
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
ggooboboooobbooooobbooooboboboooobobbooouobboooono
ggoboboogobbboooobbbooobbbooonooboboooobboooobo
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
ggoobooooooo

gogoboboooobbooooboboooobbbooobbboooobbboooobon
gogoboboooobbboooobobbdooobbbuoooob bbb bboooono
ggooboboogobbooooobbooobobobooooobboooobbooooono
gogobobooooboo

gogoooooooobobbbobbbobob 0l ouuoboobooboboo
ggooboboogobbooooobbooobobobooooobboooobbooooono
goooboooobobooooobboooobbooooobboooubDboooooo
ggobboooobobooooboboo

goboboboboooguobooooboboboooouoobbbooooooooobbooooooo
oo oboboboboobbbobdddooooooooooboo bo
ggoodoogooooooobobbbtbboood000 oo boooooboobo
ggoobooobodo gooooboobuooodoobbobboooooobobbo ooooobob o
goooboooobobooooobboooobbooooobboooubDboooooo
gogooboboooobbboooobobbooobobbuoooob bbb bbooono
ggooboboogobbooooobbooobobobooooobboooobbooooono
goooboooobobooooobboooobbooooobboooubDboooooo
gogooboboooobbboooobobbooobobbuoooob bbb bbooono



oo 146

ggooboboooobobboooobobboooboboboooobobboooobboooono
ggoboboogobbbooooobbooobboobooooobooooobbooooobo
gooboboooobbtboooobobbdooobobboooob bbb bbooono
ggooboboooobobboooobobboooboboboooobobboooobboooono
gooobooobobooooon

oo oboboobobobbbbbbobobddddooUUUUoG@
ggoobooooooo



