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Abstract. The article aims to explore the relationship between readability of texts from instructions (assignments texts, technical 
documentation, law/regulation texts) and the corresponding source code (task solution) from a particular education resource for 
programming on the topic with neural/positive sentiment ‘identity documents’. The article examines two types of studies: one of 
applying software metrics and second one from empirical research of text understanding for a target group of 15 years old students 
(on texts and programming source code). The results are a strong foundation for continuing research in order to receive objective 
methodology for readability for the people of this age. This has both research and also publishing companies’ business added value 
as objective recommendations for the authors of the textbooks and also for teachers in Computer Science and languages for general 
teaching practices. 
 
 
 
 

INTRODUCTION 

Readability and comprehension are of the focus for years [3]. The understanding of texts is also reflected in PISA 
international tests for functional literacy. It measures the students' abilities to understand the material studied, deal 
with applied problems based on learning, and to do problem solving. 

Obviously, for most newcomers in learning programming, studying a programming language is similar to studying 
a foreign language. However, to study Computer Science is something more than to study the language. According to 
modern paradigms, it also has to do computational thinking. It is not a secret for educators in this area that if a person 
speaks/knows the English language then learning a programming language is much easier. The huge set of new 
research methods in Computer Science in general and in Data Science in particular as natural language processing and 
biometric-type of research (in Neuroscience) gives new power for readability research. [6] Soon, the results in this 
area will influence the teaching and learning natural languages, too. Now we have the chance to do this research to 
improve the skills for a new generation of learners. 
 

The new methodology of learning Computer Science, as this of the book Computer Science 8th grade [7], is a 
risky mission because of colliding new methodological practices with old executives (people who have some 
stereotypes – teachers, students, parents).  

Generally, the new methodology is embedded in the curricular (MoE) for 8th grade in specialized schools that is 
to apply a software-first approach in learning Computer Science. Authors of the book [7] suggest one more new 
approach in subject Computer Science for students in specialized STEM-like schools in Bulgaria that is the multi-
language programming methodology. The reason why this is done is that the authors recommend to use one 
programming language during labs (practical sessions) but to visualize different approaches of modern programming 
languages and to compare/show analogy, and also to allow the development of these students who already have the 
experience, to use the tetrad (C#, Java, JavaScript, Python). 
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At the same time from a software engineering point of view, the process of code reading is an important skill for 
every programmer in particular and every member in a software team (e.g. code review practical sessions). The coding 
skills are as important as skills in reading and understanding code written before from somebody else. 

 
Up to now, there is not any metric (readability) that can evaluate readability and comprehension in Bulgarian texts 

by age. As an author of textbooks for schools for 20 years, one of the authors of this article meets a lot of 
misunderstandings with editors from publishing companies. In many cases, they (the editors) prefer to force authors 
to simplify texts unnecessarily. There are not (up to now) corpora (from specific subject areas like Computer Science 
or for a specific age, etc.). This research is the first one from a chain of long-term research that also will be scaled up 
to other media (not only text) using UI/UX practices for evaluation of readability of software apps, videos, mobile 
apps, etc. We cannot miss mentioning that we are focused on a future software tool that combines different methods 
and approaches for the sake of truth in readability. 
 
 

RELATED WORK 

Many people have been working on the topic of readability, comprehension, understandability, and cognition since 
the 1960s for both written texts and for programming sources. Some of the first metrics concern word difficulty and 
number of sentences. Research on the readability of technical texts was taken in the early 1970s. One of the most 
popular formulas is that of Rudolf Flesh.  

A formula that received acceptance is the Fog Index. Another technique for evaluating readability is the ‘cloze’ 
technique. The technique requires the deletion of words from a passage and then scoring the reader on the percentage 
of words, he can correctly replace [1].  

 
Software metrics for evaluation of the complexity of the code typically use parameters such as number of objects, 

number of methods, number of comments, number of variables, number of lines code, number of operators, etc. As a 
major metric in most sources, considering the issue of code complexity is considered McCabe’s metric [5]. Although 
some programmers in  criticize the use of McCabe's metrics [2,9] because in some cases the assessment using the 
method based mainly on the number of branches in the program differs from the subjective evaluation of the code 
complexity given by experienced programmers, it has found its place in practice and is present, in both, in the 
developed multilingual libraries for estimating complexity (devMetrics 1.0: http:/www.free-software), Eclipse metric 
plugin [8], as well as in well-established software analysis tools such as Understand [9] and Sonarcube [10]. 

In order to overcome the drawbacks of using cyclic complexity in terms of subjectively assessing the complexity 
of understanding of otherwise complicated testing, due to a large number of possible paths, program constructs from 
Sonar Source offer the use of a modified version that reflects the complexity of the code comprehension process, 
called cognitive complexity [11]. However, it is virtually a slight modification of McCabe's metric, which reduces the 
complexity of case-switch constructs that in the original version lead to high values increment when structures that 
break the flow are nested and ignore shorthand structures that readably condense multiple lines of code into one. 

 
Very interesting are methods and results published from Jbara and Feitelstone [4]. They describe that usually used 

metrics for software complexity are ignoring the sources’ global structure on account of the structure of the modules 
and demonstrate that code regularity – where the same structures are repeated time after time – may significantly 
reduce complexity because once one figure is out the basic repeated element it is easier to understand additional 
instances using the volume of the zipping code. 

  
Some new ideas (formulaic approaches), related to the readability of texts, considering some cognition aspects are 

presenting from Ziafar and Namaziandost [9]. 
  
This article gives the idea to combine well-known software complexity metrics with other methods to obtain results 

that are more related to the environment and the particular case (like educational and learning processes in our case). 
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METHODOLOGY OF RESEARCH 

Software complexity metrics mainly reflect the effort required to write the code, believing that the complexity of 
understanding is almost equal to the complexity of writing. This, however, applies when the code development and 
reading are done by experienced programmers. When it comes to assessing the complexity of the code and its 
understanding of the beginner (trainee) programmers who are not yet familiar with the constructions of the language, 
we can assume that the parameters described above are insufficient for the evaluation and is good with the traditional 
software metrics to add metrics for text comprehension, because in practice for the learner any code is the text written 
in a little-known language. No less important in the training process than the sample codes are the conditions and 
explanations of the tasks, and how clear and understandable. 

 
Determining how novices think about style and readability is crucial for teaching programming effectively and for 

designing tools to support novice programmers [8]. 
 
In this article, an interesting approach is provided to explore simultaneously both reading skills and programming 

readability skills of students in 8th grade in Bulgaria studying Computer Science in an obligatory subject Computer 
Science in schools with a specific profile. The empirical research is done in three of High schools in Mathematics in 
Bulgaria. A task assignment (on page 136 [6]) and its solution as a programming source from the textbook Computer 
Science (grade 8) are analyzed for readability with well-known metrics and an examination of two types of tasks is 
provided with students. 

 
The aim is to figure out relations between the text of the assignment and the source code of a program. 
 
The texts in Test A and the source in Test B are on the topic of Identity Document (a card, driving licenses, etc.) 

– in what age what type of documents are allowed to have in Bulgaria. In Test A (Text Readability) questions are for 
readability only. They explore if students can find or understand facts. Some of the texts are quotes from laws/national 
regulations. In Test B (Source Code Readability/Knowledge in C#) questions could be divided into two subgroups: 
for understanding (readability) and for knowledge of programming. 

Both tests for readability consist of questions about finding facts in the text and raising decisions from text 
statements. In one of the schools (10 % of responders), the students were asked to work in pairs. 

 
For software metrics tests we used two versions of the code for the same problem – the first is optimal from the 

professional programmer point of view (Source 1) and the second was written with the purpose to use as more as 
possible elementary constructions at the expense of efficiency (Source 2). 

 

EXPERIMENTS AND RESULTS 

 The target group of responders consists of 127 students from 8th grades in three schools in the country who answer 
all of the raised questions individually. In addition, there are 10 students working on tests A and B in pairs. The 
empirical research with students was done in February - March 2018. 

Some experiments for relationships between two tests are done in the following way. 
The outliers from the second test are skipped from the analysis number of respondents in this part of experiment 

110. 
The assigned points to questions of both Test 1 and Test 2 are: 
Test 1 (3 questions, total number of points 12) 
Test 2 (10 questions, total number of points 48) 
Test 2.(R) (2 questions for readability, applied in the programming  
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FIGURE 1. The distribution of data in the Test 2.(K) 
 

The average results (in points) are 14.75. The median is 13.5. The mode is 13. 
This experiment does not aim to evaluate the level of knowledge. 
 
The control group for pair testing shows better results than individual respondents. 
 
Related to Jbara and Feitelstone [4] methodology we received for source file (Source 1) the results in Table 1, 

applying the compression algorithms: LZMA, GZIP, and BICOM. 
 

TABLE 1.  Source file volumes 
 
 

 Initial file size LZMA size GZIP size BICOM size 

In bytes 1894 723 605 526 

Percent of zipping  38 % 32 % 28 % 
 
 

As for the software metrics experiments, the Python package Textstat 0.4.1 is used to calculate statistics from text 
to determine readability, complexity, and grade level of a particular corpus. After calculating the values of metrics in 
this library only, the Coleman Liau index is taken into consideration in this article and the results are represented in 
Table 2. 
 

TABLE 2. Coleman Liau index for Source 1 and Source 2 
 

 
Source 1 with Texts in 
Bulgarian in Printing 

Method 

Source 1 with 
Texts in English in 
Printing Method 

Source 2 

    
Coleman_liau_index 33.17 36.96 33.29 

 
Two versions of source code for the same program written on C# are compared, and in the second version, the 

complex combination conditions are converted to more simple, combined with more if-else statements. This is also 
evident from the length of the code, which is twice as much compared to the original version, both for the declarations 
and for the statements (without declaration ones – executive statements). At the same time, the calculated complexity 
indexes are essentially similar in value, practically the same. However, the values of the Fog Index (text complexity 
metric) that is applied to the source of the two versions of the program are lower, which means that especially for 
novice programmers, this code, although twice as long, is easier to understand, especially for young programmers 
(Table 3). 
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TABLE 3. Calculated metrics for Source 1 and Source 2 
 

Metric Source 1 Source 2 

AvgCyclomatic 6 7 

CountLine 50 102 

CountLineCode 47 93 

CountLineCodeDecl 5 8 

CountLineCodeExe 25 59 

MaxCyclomatic 11 13 

MaxCyclomaticModified 11 13 

MaxNesting 2 3 

Fog Index 8.84 8.44 
 
 

CONCLUSION 

Where the evaluation is done for English speaking countries persons we may suggest that there is some connection 
between linguistics term ‘“dependent clause fragments” and conditionals in programming, but evaluating Bulgarian 
students in readability with English texts is testing the triad of understanding in a foreign language, too that is not the 
focus of this research. This will continue in the experiment continuation. 

  
Future research is focused on programming practices in pair-programming practices, cross-language support, 

natural language dependences, brain research, team’s competence, and understanding. 
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