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Abstract. The cognitive complexity of a software determines the 

comprehension effort of a particular individual faces when designing, 

developing and maintaining a software. The comprehension level tends to 

be varied with each human resulting the cognitive complexity a subjective 

measurement. Expressing the cognitive complexity as a form of metric 

quantifies the comprehensibility as a generic value, which does not imply 

the subjectivity of human factor. This study elaborates the significance of 

expressing the cognitive complexity as a form of a subjective rating. The 

cognitive complexity rating has been pioneered with respect to the human 

and programming dependent factors related to human cognition. The 

Divisive hierarchical clustering algorithm has been used to train and predict 

the cognition rating per user. It has been clearly elaborated the subjectivity 

of the cognitive ratings over the quantitative and static complexity values of 

current cognitive and software complexity metrics. Thereby, the concept of 

cognition rates has been proposed as a preliminary step of determining and 

expressing the cognitive complexity.     

1 Introduction 

The software complexity metrics are used to estimate the difficulty experienced in code 

comprehension tasks [1]. Consequently, the considerable efforts of demonstrating the user 

understandability level related to software can be observed in several contexts [2-3]. As a 

result, the concept of cognitive complexity has been introduced to represent the human 

comprehension effort associated with a software [4]. The cognitive complexity is based on 

the cognitive informatics, which in terms helps to analyse the internal information processing 

of a human brain with respect to its logical understanding [5]. The understandability of each 

human tends to be varied so that cognitive complexity should be a subjective measurement. 

However, numerous research works have been conducted to propose the cognitive 

complexity of a given software quantitatively. Each research work is based on the 

determination of different categories of software so that the cognitive complexity has been 

expressed in a diverse context. Noteworthy, the consideration of the quantifiable source code 

aspects inside the software can be observed in majority of these works.  
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 Along with the aspects considered for the cognitive complexity determination, the human 

comprehension has been denoted with the cognitive weightage concept. Cognitive weights 

refer to the effort, time or the level of comprehension difficulty experienced in understanding 

a relevant piece of code [6]. These weightages have been assigned as experimental outcomes 

of a set of users or based on the assumptions that have been made through the cognition 

process [7]. Therefore, the cognitive weights cannot be used to indicate the comprehension 

levels of entire user population, which consequences the problem of generating standardised 

cognitive weightages. Furthermore, different expressions denoted to propose the cognitive 

complexity metric do not tend to retrieve a single generalized metric for the real time usage. 

Subsequently, many research works are incessantly working on the goal of attaining a 

standardized cognitive complexity metric. 

 The cognitive complexity should be stated as a quantitative value in the form of a metric 

to make it easier for the complexity determination and to compare with other related 

complexity measurements. Nevertheless, it should imply the subjectivity to signify the 

human cognition level as well. It can be clearly stated that the ungeneralised cognitive 

weights and different expressions to express the cognitive complexity with different aspects 

cannot be considered for both requirements satisfaction. Herein, we strongly suggest that the 

cognitive complexity should not be constrained into a single quantifiable value as a form of 

metric representation, but it should be expressed as a subjective rating. Thereby, we introduce 

a mechanism to rate the cognitive complexity based on user aspects as it complies the 

comprehension effort of each individual. The user is given the opportunity to rate themselves 

using the qualitative and quantitative complexity aspects proposed by the component, and 

these ratings are validated through a questionnaire given to the user. Then, a training data set 

is organised based on those details. The cognition rating of each individual for the future 

applications is predicated using Divisive hierarchical clustering algorithm, which 

demonstrates the subjectivity of the human comprehensibility.    

 The remaining sections of this paper are structured as follows. Section 2 describes the 

previous research works for the cognitive complexity determination. The methodology of the 

proposed system is elaborated in Section 3. The Section 4 outlines the results and analysis. 

Finally, the conclusion and the future works have been mentioned in Section 5. 

 

2    Literature Review  

The findings to indicate the cognitive complexity have been performed continuously as the 

factors to represent the human cognition are unlimited. Numerous works have been 

conducted to express the cognitive complexity in terms of input, output and the internal 

control flow of the source code through Basic Control Structures (BCS) [8-10], and some 

works have been represented with the identifiers and the and operators [11-13]. The approach 

of considering the spatial aspect of a source code has also been included in [14] for the 

cognitive complexity computation. Furthermore, several computations to determine the 

cognitive complexity for object-oriented source codes can also be detected [15-20]. Most of 

the computations are based on the cognitive weightages to demonstrate the human 

comprehension level and Table 1 presents the weightages that have been proposed for the 

functional programming source codes by several works. 
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Table 1. Cognitive weights for functional programming source codes [8, 14] 

 

 

In addition to that, Table 2 indicates the cognitive weights considered for the human 

understandability with respect to object-oriented source codes [20]. 

 

    

 

 

 

 

Category Subcategory 

Proposed cognitive weight 

[8] [14] 

Sequence Sequence 
1 1 

Branch 

if-then-else 
2 2 

case 
3 3 

Iteration 

for-do 
3 3 

repeat-until 
3 N/A 

while-do 
3 3 

nested control 
N/A 4 

Embedded 

component 

function/method 

call 

2 N/A 

recursion 
2 N/A 

Concurrency 

parallel 
4 N/A 

interrupt 
4 N/A 

Constant data 

constant values 
N/A 1 

Enumerations & 

defined constants 

N/A 1 

Variables 

Atomic & 

elementary 

N/A 1 

Array (1D) & 

structure 

N/A 2 

Multi-dimensional 

array & pointer-

based indirection 

(single)  

N/A 3 

Multiple 

indirections, 

pointer to 

structure, etc. 

N/A 4 
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Table 2. Cognitive weights for object-oriented source codes [20] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to Table 1 and Table 2, different weightage distributions have been used to 

quantify the human comprehensibility based on the architectural aspect of the source code. 

Some of the aspects have been repeated with the same weightage allocations inside the source 

code, while some aspects have not been considered for the weightage allocation. However, 

the methodology used to assign these values as the user comprehension level cannot be 

validated as they cannot be utilized to denote the actual user cognition with its subjectivity. 

As an exemplification, allocating the same cognitive weightage for different source code 

subcategories namely switch-case in branch and for loops in iteration implies the same 

comprehension effort is required. Moreover, the same weightage allocation for different 

subcategories within a single category such as for loops and while loops inside looping 

criteria results a problematic scenario. This situation directs that the comprehension effort for 

different categories inside a source code for all the users should be same, which cannot be 

accepted as a practical situation. Accordingly, the usage of these cognitive weights to denote 

the cognitive complexity of software cannot be verified. 

 Surprisingly, a metric to demonstrate the cognitive complexity by evaluating the control 

flow of the source code has been introduced recently in SonarSource software projects [21], 

which reveals the comprehension dissimilarity along with the same Cyclomatic Complexity 

values [22]. However, considerable works have not been conducted to evaluate the 

subjectivity of the human cognition effort to be aligned with the definition of the cognitive 

complexity, which can be emphasized as the major problem behind the verification of these 

computations. 

 

3  Methodology  

The proposed system is implemented to rate the human cognition based on each user. The 

overall architecture of the proposed system is shown in Figure 1.    

 

 

 

 

 

 

Category Subcategory Proposed 

cognitive 

weight 

Inheritance level Base class 0 

First derived class 1 

Second derived class 2 

Control structures Sequential statements 0 

Branch statements (if – then – else) 1 

Loops (while, for, do-while) 2 

Switch-case statements with n cases n 

Nesting control 

structures 

Sequential statements 0 

Statements inside outer most level of 

control structures 

1 

Statements inside next inner level of 

control structures 

2 
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Fig. 1. Proposed system architecture  

 

According to Figure 1, the users are given the opportunity to rate themselves according to 

both quantitative and qualitative factors related to the human comprehension. The selected 

factors are significantly varied from the existing cognitive complexity metric attributes as the 

current attribute selection is focused to emphasise the subjectivity of the human 

understandability. The factors that have been selected for the complexity rating are as 

follows. 

 

• The developer age – The age of the developer is associated with the individuals’ 

experience of the computing environment [23]. It is particularly believed that a higher 

aged individual can have more experience in the coding environment than a less aged 

individual. Nevertheless, the age cannot be considered as a direct parameter to determine 

the human comprehension as there can be several circumstances of gaining a high 

comprehension by less aged users. 

• Developer experience rate (1-5) – The experience on a computational background lays 

the familiarity of the same context so that the comprehension effort of well experienced 

individual is lesser comparing to a less experienced user. In other words, a developer with 

high experience in the coding background is more likely understand a given software than 

a developer with a less experience on the same background. It is noted that the maximum 

experience is denoted using rate 1 and minimum experience has rated with 5. 

• Programming language familiarity (1-5) – The programming language is a symbolic 

representation of addressing a problem in a coding environment [24]. It is predominantly 

different from the way that a native language is used so that the awareness of using a 

programming language is a vital factor behind the logical understanding of a software.  

The familiarity of a particular coding language deviates with the amount of effort utilized 

for the understandability of a source code. The comprehension effort of a given source 

code becomes low when a users’ analytical level of its programming language is high. On 

the other hand, it the problem is addressed using an unfamiliar programming language, a 

considerable effort has to be taken to understand the logic behind it. Noteworthy, the 

aptitude level of Java programming language has been considered in this constituent as 

the proposed system has been implemented through Eclipse Integrated Development 

Environment (IDE)†. The highest and the lowest familiarity levels are expressed using the 

rates 1 and 5 respectively. 

 
† https://www.eclipse.org/ 
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• Software architecture and the frameworks familiarity (1-5) – The background that the 

software is implemented and the supported functionalities assist to understand a source 

code logic comparing to a source code implemented without a proper computational 

background. As an exemplification, a source code implemented in an IDE is more 

understandable than the same implementation with a notepad due to the facilities that has 

been arranged in IDE s to increase the understandability and the usability. The 

functionalities include the supported libraries and other code segments to assist for 

coding, which reduces the user cognitive load comparing to the effort utilized to build the 

same functionalities from the beginning. Similarly, the highest familiarity impresses the 

rate 1 and rate 5 indicates the lowest familiarity.   

• Number of project activities – Practically, a developer in a software team has not been 

assigned for a single software processing at a specific duration. Further, the number of 

projects determine the workload that an individual should process, thereby it directs for 

the duration and the amount utilized for comprehension. Therefore, a lesser number of 

projects that each individual deals creates an opportunity to comprehend a particular 

software accurately than dealing with high number of projects concurrently.  

• Number of long project activities – A project with higher duration for the completion 

indicates its high number of functionalities along with its higher complexity.  Thereby, 

the projects which acquire a higher duration require a considerable effort for its logical 

comprehension.  

• Size of the software – It has been found that the spatial capacity of a source code is a 

direct indicator of cognitive complexity [14]. The size of a software is generally denoted 

using Lines Of Code (LOC) [25]. A source code with higher LOC tends to be more 

complex than a source code with a lesser LOC value. Nevertheless, there can be a certain 

number of circumstances where a higher LOC source code addresses a simple logic, and 

a lesser LOC source code indicates a complex logic. Accordingly, a high LOC software 

can be resulted with a less cognitive complexity, while a lesser LOC software tends to 

have a high cognitive complexity. On the other hand, the spatial capacity can be referred 

to the distance between a module/method call to its actual implementation. If the distance 

of a module/method call to its implementation is less, the user requires a less effort for its 

logical memorization. Further, a higher distance between a module/method call to its 

definition implies a high comprehension effort that the user should acquire. Subsequently, 

the LOC value and the distance between a module/method call to its implementation 

represent vital roles of determining the cognitive complexity.  

• Current software complexity – Current software complexity metrics quantitatively 

compute the complexity of software with respect to certain software attributes. Thereby, 

it is expected to retrieve the measurements of current software metrics to ascertain the 

relation between their computations and the subjectivity of the human cognition. For this 

purpose, LOC [25], McCabe’s Cyclomatic Complexity (CC) [22] and the cognitive 

complexity computation used in [2] have been used.    

 

The user ratings based on the above attributes are then passed to the validation component to 

verify their accuracy levels. The users are evaluated against a questionnaire which has been 

developed according to the rating factors. The user rating verification is approved for 80% 

thresholding marks obtained through the questionnaire. The correlations between the rating 

factors have been validated through Spearman method [26].  70% of data has been used for 

the training dataset and remaining 30% has been used as the testing data. Since the data set 

is un-labelled dataset, it was trained using Divisive hierarchical clustering method [27].  

 As the next process, each user can upload the future applications to the system to express 

the cognitive rating. The factors of the uploaded project are explored through the training 

dataset, and the cognitive rating of particular user with respect to the project is going to be 
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predicted and displayed. The system is capable of indicating the user cognition rate within 1-

10 range, where the minimum cognition rate implies with 1 and the uppermost cognition rate 

expresses with 10. 

 

 

4 Results and Discussion 

4.1 Training the dataset with user responses 

Through the proposed system, more than thousand user responses were collected as the 

preliminary data set for pre-processing and training. Following machine learning algorithms 

were used to train the dataset as shown in Table 3.  Accordingly, Divisive hierarchical 

clustering algorithm is selected for the training process due to its high accuracy level 

comparing to the other algorithms. 

  

Table 3. Accuracy levels obtained through different algorithms 

 

4.2 Subjective cognitive complexity 

Along with the training and test data set, the cognitive complexity rating for the future 

applications for each user has been predicted. Initially, a sample GitLab project ‡(sila_java) 

(project ID 4205706) with 509 LOC has been selected to predict the cognitive rate. The 

project has been tested among 30 different individuals, and the variation of their cognitive 

ratings and the complexities derived through CC and the Cognitive Complexity defined in 

[2] have been illustrated in Figure 2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
‡ https://about.gitlab.com/ 

Algorithm Training data accuracy Test data accuracy 

K-means 82.5 58.0 

Agglomerative hierarchical 

clustering 
94.6 85.4 

Divisive hierarchical 

clustering 
98.3 92.8 
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Fig. 2. Cognitive complexity rating with current complexity metrics for single project  

 

According to Figure 2, it can be clearly observed that CC and Cognitive complexity [2] has 

not been changed with respect to each individual. This implies the current software 

complexity and cognitive complexity metrics are being independent from the difficulty levels 

of each user, which do not represent the subjectivity of the human factor associated with 

complexity determination. Accordingly, the problem arising with the limitation of the 

quantitative and objective factors consideration with these metrics can be verified again. 

However, the proposed cognitive ratings can be observed as varied through each user, so that 

the subjectivity of each individuals’ comprehension effort can be evidently detected.  

 Similarly, the cognitive ratings of 30 individuals through another 9 different GitLab 

projects were performed, and Table 4 posits the variation of the cognition rates among the 

objective complexity computations along with the Figure 2 outcomes. It should be noted that 

the average cognitive ratings of 30 users have been calculated for the easier demonstration. 

 

 Table 4. Cognitive ratings for sample Java projects 

Project (Project ID) LOC CC Cog. Complexity Avg. Cog. Rate 

sila_java (4205706) 509 7 9 5.37 

skytec-test-java (38828805) 476 6 7 6.12 

Java (12958040) 19 1 1 2.14 

Simple Java (28693061) 29 1 1 4.99 

gemseo-java (31201354) 623 7 7 6.26 

lox-java (23403357) 5153 65 102 8.85 

websitecarbon-java 

(24783461) 
642 23 36 5.27 

Approvals Java (25989825) 745 12 15 6.45 

java-gradle (8368700) 88 1 1 6.78 

java-threads (12257822) 546 8 11 7.45 
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Since the values obtained through LOC, CC and Cognitive Complexity [2]  are objective 

measurements, a variation of these measurements cannot be accepted between each user with 

respect to a single project. Nevertheless, a linear relationship between these objective metrics 

cannot be observed. In other words, complexities derived for CC and Cognitive Complexity 

[2] are not directly proportional to LOC computations, as CC and Cognitive Complexity 

values do not deviate along with the LOC measurement. Moreover, there are several 

instances which can be observed with equal CC and Cognitive Complexities. That situation 

has occurred due to the number of BCS and information categories considered in CC and 

Cognitive Complexity determinations respectively. Even though the average cognitive rates 

have been calculated for each project, a linear relationship cannot be observed with the other 

metrics as shown in Figure 3. 

  

 
Fig. 3. Cognitive complexity rating with current complexity metrics for multiple projects  
 

The reason for this situation can be claimed to retain the problems arising with the 

comparison of subjective cognitive rates with the objective complexity values. Hence, the 

significance of including the comprehension effort as the person factor inside current 

software and cognitive complexity metrics can be highlighted. Thereby, the mechanism of 

introducing cognitive rates can be validated to demonstrate the subjective human 

comprehension levels in real software applications to indicate the software complexity.    

5 Conclusion and future work 

This research work is carried out to introduce a subjective rating procedure for the cognitive 

complexity by highlighting the drawbacks of the traditional aspects used in the human 

cognition quantification process. Majority of the computations have not addressed the 

subjectivity of the human comprehension, and some works have indicated it through non-

standardized cognitive weightages. Hence, the standardization process of the cognitive 

complexity into a generic metric has been reached to an unsolvable state. In this rating 

system, each user is given an opportunity to rate themselves according to the quantitative and 

qualitative aspects with regard to their cognition levels. Then, each user rating is validated 

against 80% accuracy through a questionnaire, which has been created with same aspects. 

The rating dataset has been trained and tested with Divisive hierarchical clustering algorithm, 
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and the cognition rating for future projects is predicted as the output. It has been clearly 

observed that the proposed rating system can directly demonstrate the human comprehension 

subjectivity, which can be further used to represent as a direct factor of the cognitive 

complexity of a source code. As the future work, it is expected to introduce a generalized 

cognitive complexity metric along with the current cognitive rating, which denotes both 

qualitative and quantitative aspects of user comprehension effort. 
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