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Execution frequencies will be recorded at 

recording phase (see Figure 2) by embedding two 

additional steps (the italicized ones). First, before 

conducting pseudo-execution, it will prepare an empty 

array to store execution frequencies. Second, 

according to executed instruction, it will increment 

given array content; the array will be then included as 

the result of recording phase.  

Resulted array from recording phase will be 

displayed at visualization phase (see Figure 3) by 

embedding two additional steps (the italicized ones). 

First, before visualization starts, it will define the 

highest frequency as maximum threshold according to 

resulted array. This maximum threshold is required to 

define the most prominent color in gradation equation. 

Second, during visualization, the background of each 

line will be recolored based on resulted color 

gradation. To keep instruction text still readable, 

foreground color of each instruction text will be 

inverted toward its background color. 

 

Figure 2. Recording Phase 

 

Figure 3. Visualization Phase 

In order to generate color gradation, two color 

equations are proposed according to [15]: RGB-based 

and CMYK-based equation. Both of them accept three 

parameters per instruction: execution frequency (ef), 
maximum frequency threshold (mf), and target color 

(in either RGB or CMYK format). User can select one 

of these equations at CPyn's setting. 

RGB-based color equation generates the color of 

each instruction by combining red, green, and blue 

color component from (1), (2), and (3) respectively; 

R', G', and B' are the color components of target color. 

Since black is RGB's default color where all 

components are assigned as 0, resulted gradation will 

be assigned from black to target color (higher 

frequency refers to brighter color). An example of 

CPyn's source code display resulted from such 

gradation can be seen on Figure 4. It becomes dark-

themed; RGB-based color equation uses black as its 

initial color. 

R = (R'*ef)/mf  (1) 

G = (G'*ef)/mf  (2) 

B = (B'*ef)/mf  (3) 

In contrast, CMYK-based color equation generates 

the color of each instruction by combining cyan, 

magenta, yellow, and black color component from (4), 

(5), (6), and (7) respectively; C', M', Y', and K' are the 

color components of target color. Different with RGB-

based color equation, resulted gradation will be 

assigned from bright to target color (higher frequency 

refers to darker color); white is CMYK's default value 

where all components are assigned as 0. An example 

of CPyn's source code display resulted from such 

gradation can be seen on Figure 5. It becomes bright-

themed; CMYK-based color equation uses white as its 

initial color. 

C = (C'*ef)/mf  (4) 

M = (M'*ef)/mf  (5) 

Y = (Y'*ef)/mf  (6) 

K = (K'*ef)/mf  (7) 

Access frequency refers to how many times a 

particular variable has been accessed while running 

the program. Displaying such information is expected 

to provide further understanding about program-to-

variable dependency; variable that is more depended 

by given program (i.e. variable with higher access 

frequency) will be displayed in more-prominent color.  

Displaying access frequency is implemented in 

similar manner as displaying execution frequency. It 

only differs in four aspects. First, prepared data 

container at recording phase is replaced with a key-

value pair set where key refers to variable name and 

value refers to its frequency (in this work, we assume 

variables are distinguishable through its name). 

Second, update mechanism at recording phase will be 

conducted by comparing the value of recorded 

variables from current state with its adjacent previous 
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state. For each variable, if its value is changed, its 

access frequency on prepared data container will be 

incremented by 1. Third, the highest frequency at 

visualization phase will be defined based on prepared 

key-value pair set. Last, color gradation will be 

displayed on variable display instead of source code 

display (see Figure 6 for an example of CPyn's 

variable display resulted from RGB-based gradation 

and Figure 7 for an example of CPyn's variable display 

resulted from CMYK-based gradation). Resulted color 

for each variable entry refers to how many times that 

variable has been accessed from initial to current 

visualization state; brighter color refers to higher 

frequency. 

 

Figure 4. An example of CPyn's source code display resulted from RGB-based color gradation 

 

Figure 5 An example of CPyn's source code display resulted from CMYK-based color gradation 
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IV. EVALUATION  

In order to evaluate proposed uses about color 

gradation, two evaluation scenarios are conducted: 

functionality-based and questionnaire-based 

evaluation.  Functionality-based evaluation validates 

whether proposed uses are implemented correctly. 

Each implementation is evaluated by comparing its 

resulted color gradation and frequencies with 

manually-calculated result. Seven source codes are 

considered per implementation; each code covers 

different introductory programming materials. 

According to our functionality-based evaluation, both 

uses are implemented correctly; their resulted color 

gradation and frequencies is similar to manually-

calculated result on all codes. 

 

Figure 6. An example of CPyn's variable display 

resulted from RGB-based color gradation 

 

Figure 7. An example of CPyn's variable display 

resulted from CMYK-based color gradation 

Different with functionality-based evaluation, 

questionnaire-based evaluation validates whether 

proposed uses are useful in practice from human 

perspective. It involves 20 undergraduate students 

where each user (i.e. student) is asked to answer 11 

questions related to practical values of both uses. 

Before answering these questions, each user is 

required to complete 30 problems related to execution 

and access frequency using CPyn in 30 minutes; each 

problem is related to introductory programming 

material and its expected solution is only about one to 

three words. Such prerequisite aims to provide a real 

experience for users about both uses when learning 

programming.    

Questions used in this survey are classified into 

three categories: scale-based, feedback, and bug report 

question. Scale-based question asks about user 

agreement toward predefined statement in 7-points 

Likert scale (1 refers to completely disagree, 4 refers 

to neutral, and 7 refers to completely agree). Nine 

questions fall into this category where their question 

ID and statement can be seen on Table 1. 

Table 1. Statements involved in scale-based questions 

ID Statement 

Q1 

Color gradation in source code display helps the user 

to determine which instruction is either the most or 

the least frequently-executed one. 

Q2 

Color gradation in variable display helps the user to 

determine which variable is either the most or the 

least frequently-accessed one. 

Q3 

Color gradation in source code display helps the user 

to determine non-executed instructions regarding to a 

particular input set. 

Q4 

Color gradation in variable display helps the user to 

determine non-accessed variable regarding to a 

particular input set. 

Q5 

Color gradation in source code display, at some 

extent, helps the user to understand program 

complexity. 

Q6 

Dark-themed color gradation (i.e. RGB-based color 

gradation) in source code display is convenient to be 

used. 

Q7 

Bright-themed color gradation (i.e. CMYK-based 

color gradation) in source code display is convenient 

to be used. 

Q8 

Dark-themed color gradation (i.e. RGB-based color 

gradation) in variable display is convenient to be 

used. 

Q9 

Bright-themed color gradation (i.e. CMYK-based 

color gradation) in variable display is convenient to 

be used. 

 

According to the result of scale-based questions 

(see Figure 8 where vertical axis represents resulted 

scale and horizontal axis represents the questions), all 

statements are positively agreed; they are assigned 

with mean score higher than 4 (tend to positive). In 

other words, it can be stated that color gradation is 

considerably beneficial when used as a part of PV 

features. Among these statements, Q1 is assigned with 
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the highest mean (6.25 of 7); the difference between 

the most and the least frequently-executed instruction 

is shown clearly in contrast coloring. It is true that 

such contrast coloring is also found on variable display 

(referring to Q2 statement). However, according to 

respondents' informal feedback, program-to-variable 

dependency (i.e. Q2's target information) is less useful 

than program complexity (i.e. Q1's target information). 

Q8 is assigned with the lowest mean (4.7 of 7) 

when compared to other statements. Further 

observation shows that dark-themed gradation causes 

some texts on variable display are unreadable. It is true 

that such issue should also be found on source code 

display (referring to Q6 statement).  However, 

according to respondents' informal feedback, text on 

source code display is rarer to be read than text on 

variable display when learning through visualization. 

 

 

Figure 8. The result of scale-based questions 

When perceived from the variability (i.e. standard 

deviation) of resulted means, Q1 is assigned with the 

least-varied result (0.786). Hence, it can be stated that 

all respondents share similar perspective about Q1; 

they strongly agree that color gradation in source code 

display helps the user to determine which instruction is 

either the most or the least frequently-executed one. 

On the contrary, Q8 is assigned with the most-varied 

result (1.301). In other words, it can be stated that not 

all respondents share similar perspective about Q8. 

Some of them do not slightly agree that dark-themed 

color gradation in variable display is convenient to be 

used. 

Feedback question is an open-ended question 

asking about respondents' feedback about proposed 

uses of color gradation. Generally speaking, most 

respondents only strengthen their answers on scale-

based questions (e.g. reclaiming that color gradation 

helps the user to determine which instruction is either 

the most or the least frequently-executed one). Only 

one respondent provides different answer. He states 

that displayed font should be bigger for high 

readability. We will solve such issue on future work 

by providing resize-able font as a feature. 

Bug report question is an open-ended question 

asking about bugs found by respondents while trying 

the prototype application (i.e. CPyn). Two bugs are 

found which are about reset button that does not work 

and variable display that shows inconsistent content on 

a particular occasion. Both bugs have been fixed at the 

time of writing this paper. 

V. CONCLUSION AND FUTURE WORKS 

In this paper, two uses of color gradation as a part 

of PV's features have been proposed. One of them is 

related to program complexity while the another one is 

related to program-to-variable dependency. According 

to our evaluation using CPyn (i.e. a prototype PV 

specifically designed to implement such uses), both 

uses are effective to help students for learning 

programming.  

For future work, we plan to evaluate proposed uses 

based on students' grade in real courses. To be 

specific, a quasi-experimental design [16] will be used 

to compare students' grade on two materials: time 

complexity in Algorithm Strategy course and program 

optimization in Competitive Programming course. The 

first material is related to program complexity while 

the latter one is related to program-to-variable 

dependency. 
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