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what functions does the concerned RESTful WS/API present.
Furthermore, the discovery of suitable RESTful is heavily rely on the
simplicity of understanding their URI schemas, which recently suffer
Readability methods from critical issues in how to measure their readability. For that,
URI readability WS/APIs developers aspire to measure the readability of RESTful URI
URI schema schemas before exposing them over the Internet to estimate their
usability. Consequently, this research proposes four readability metrics
for the stated purpose namely: Flesch-Kincaid (F-K), Flesch Reading
Ease (FRES), Simple Measure of Gobbledygook (SMOG), and Coleman
Liau Index (CLI). The research identifies the variables required to
calculate the readability metric and formulate the equations for them.
Four experts in linguistics were asked to validate the proposed metrics
and their identified variables. The research successfully conducted
empirical research on 8 well-known RESTful WSs/APIs of the dataset,
and the proposed metrics were implemented on 6952 URIs schemas.
The average values for the aforementioned metrics were 7.41%,
59.63%, 6.73%, and 17.55% respectively, where in certain metrics, a low
average value signifies easy readability, but in others, it signifies hard
readability, and vice versa.
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1. INTRODUCTION

Cloud computing platforms and information technology (IT) companies, like LinkedIn, BestBuy,
Twitter, Facebook, OpenStack, and Google Cloud Platform, have paid close attention to information
systems and software applications that use APIs and WSs [1]. In order to facilitate the greatest possible
number of external users accessing their resources over the Internet, these companies provide their
services using the RESTful architecture style [2]. Nowadays, RESTful-style architecture is considered
popular due to its low cost, ease of use, and flexibility [3].
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The RESTful-style is built on well-known Internet protocols and has lower network needs
compared to the Simple Object Access Protocol (SOAP) architecture and Remote Procedure Call (RPC)
[4]. These properties make the RESTful-style easier and more interoperable than any other
contemporary web architecture style [5]. In recent years, the RESTful-style has been created and
implemented in a wide range of information systems [6]. As a result, the majority of developing modular
distributed software systems have been moved to the RESTful architecture [7]. In a distributed software
system, system resources are exposed as Internet services described by URIs and accessed using the
Hypertext Transfer Protocol (HTTP) [8]. Furthermore, well-named URI nodes may be easier to read and
understand by their consumers (i.e., developers and end-users), which would ease their adoption and
facilitate the task of their discovery [9]. However, URI readability and understandability are the two
most important factors in corresponding RESTful quality and discovery [10]. As a result, developers and
designers must consider both good and harmful practices when naming and documenting URI nodes
during the coding and design phases.

Software developers utilize related natural language words to name software entities (such as
identifiers, resources, variables, etc.). These entities have been found to have a major impact on the final
software product's quality and discoverability. Linguistic relationships between API and WS entities are
definitive in RESTful style; consequently, the absence of such poor naming as well as a linguistic
relationship may hinder RESTful discovery. Palma et al. (2015) and Aghajani et al. (2018) described best
and bad practices for naming software entities as linguistic patterns and anti-patterns[11], respectively.
Furthermore, amorphous and ambiguous resource names are linguistic anti-patterns that describe URI
nodes using untidy and unrepresentative words. The readability of URIs provides an overview of
corresponding API/WS functionality, which is an essential step to ensure that it gets a better rate of
discovery and use. However, based on our knowledge, there is no defined methodology for measuring
the readability of RESTful URI schemas, and there is no reliable metrics for this purpose.

In this research, we aim to measure the readability of RESTful URI schemas by calculating four
proposed readability metrics, and over time, can help developers improve their naming skills. MS-Excel
functions were used to compute the required variable values. Before starting the experiments, the
researcher identifies the variables required to calculate the readability metric and formulates the
equations that calculate them. Thus, an MS-Excel sheet was generated for each RESTful in the dataset.
Due to a large number of URI schemas in the dataset, it is impossible to report all schemas’ readability
values; therefore, the research reported the average values of each metric for corresponding RESTful
URI schemas.

Moreover, the research presents a compilation of readability methods and tools that we have
reviewed during our research. Different academics in linguistics have developed methods to measure
the readability of various textual materials. Our analysis revealed that the majority of the formulas
assessed readability by considering the grading level according to the US grading system. The grading
level at both primary and secondary levels is subject to variation based on geographic location and
environment. However, there remains an unaddressed question regarding the global validity of these
methods. For example, Djoko formula, Fernandez Huerta Index, Kandal and Moles Index, and Al-Heeti
grade level are several methods created by researchers to measure the readability of Indonesian,
Spanish, French, and Arabic texts [12][13][14], respectively. However, the mentioned methods were
applied to texts, paragraphs, sentences, etc., of natural languages but not to the URI schema, which is the
core of this research. The formula devised for non-English text demonstrated a significant correlation
with individuals' existing reading abilities. However, the scores obtained from methods designed for the
English language did not align with the anticipated results. Table 1 lists a sample of readability methods
that have been presented in the literature.

Table 1. Sample of readability methods

No Readability method Description
One of the accurate measures for school text. Higher the score, text is easily
1. Flesch Reading Ease Readability ~ readable, difficulty increases with decrease in score level. Score ranges from 0
to 100.
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No Readability method Description
Inspired by FRE, considers difficult words and sentence length to result Dale-
2. Dale-Chall Read-ability chall score. A score below 4.9 for a text is treated as easily understood by Grade

4 student in US and grade above 10 for college graduates.

Modified version of FRE, Score indicates the grade-school level education
required to understand textual content in US.

Research based on daily newspapers, magazines is the origin of this formula,
4. FOG text with score 7-8 Fog Index is considered as ideal and score above 12 is too
hard for most of the people.

Outputs an approximate grade level required to comprehend the text, for
example US grade Level 1 corresponds to understandable to age 6 to 8 and

3. Flesch- Kincaid Grade Level

> Automatic Readability Index grade 12 corresponds to 17 years old. It is based count of characters and
words.
It approximates US grade level to understand the text based on characters

6. CLI instead of syllables. A grade level of 10.6 is easily understood by 10-11 grade

student whereas 14 is for college level student.

SMOGpredicts two grades higher than Dale-Chall formula. It is considered
7. SMOG appropriate for secondary age. Atext with polysyllabic count 1-6 falls under
grade level 5 whereas 211-240 results a grade of 18.
Best formula to calculate text sample for US grade level, suited best for primary
age children and advised not to use for text for children above age of 10.
Read-X does real-time readability study of web content through using web
9. Read-X search and filtering depending on category level. It then categorizes the search
results according to their themes.
Spache is similar to Dale-Chall readability formula but not ideal for advanced
texts

8. PSK

10. Spache

The majority of the previously published readability formulas took into account
criteria/attributes such as word length, sentence length, total syllables, and the number of complex
words. However, it is important to note that these criteria/attribute have certain restrictions that may
lead to certain outcomes. The developed methods, such as Lexile Framework, ATOS, Read-X, Coh-Metrix,
and the new Dale-Chall readability formula, occurred after the 1980s. These methods assess readability
by considering criteria such as cognitive-structural elements, semantic units, and syntactic structure
complexity. However, according to Pawan Kumar Ojha (2021), he categorized the common attributes
that have a direct impact on the readability level as summarized in Table 2.

Table 2. The Attributes of Readability Metrics

No Readability method Description
FRE, Dale-Chall readability, FKGL, Gunning Fog Index, ARI, FRY, PSK,
1. Sentence SPACHE, CLI, Raygor Estimate Graph, Djoko Formula, Pisarek’s Index,

Fernandez Huerta Index, Kandal and Moles Index, Al-Heeti Grade Level,
The Lexile Framework

2. Syllables FRE, FKGL, FRY.
3. Words FRE, Dale-Chall readability, FKGL, Gunning Fog Index, ARI, PSK, CLI
4. Unfamiliar Words Dale-Chall readability
5 Number of polysyllables SMOG
word count
6. Character count AR, CL], BRI, Gunning Fog Index

The structure of a URI scheme differs from the structure of natural language in terms of linking
words together to form sentences and paragraphs, where the URI schema identifiers are linked together
only through the symbol \ which is considered one of the natural languages’ symbols, and has meanings
depending on its usage context. So, there is a need to bridge the gap between the structure of URI
schemas and the structure of natural language, and find a to find roadmap to apply natural language
readability metrics on RESTful URI schema, in order to help RESTful developers estimate the usability
of WSs/APIs, which is the contribution of this research.

In the field of this research, it is important to take into account other criteria; furthermore, the
nature of readability depends on only the nodes that have been structured in the RESTful URI schemas,
which means that the number of sentences, syllables, and words are too limited, so that we rely on
experts in linguistics to overcome this challenge.
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2. METHODOLOGY

The initial step of this section is to define the three readability metrics to identify the input of
each metric. These metrics were chosen because they are simple to calculate, are well-known in the
readability field, and are provided by Mashape.com. Further, these metrics were implemented on XML
schemas (i.e., WSDL) [15], and this prompted the researcher to apply them to URI schemas. Experts in
linguistics confirmed that these metrics are appropriate for the desired goal, and they were also asked
to identify from the URI schemas what variables are required to calculate each metric.

2.1. Flesch-Kincaid (F-K)

The F-K readability tests were designed to assess how difficult it was to understand an English
reading text, where the text is any stretch of language that can be understood in the context [16], [17],
[18]. It may be as simple as one or two words (such as a stop sign) or as complex as a novel [19]. The F-
K readability level presents a score as a reader’s ability level, making it easier for designers, high-level
students, end-users, and others to judge the readability level of various texts [20]. The readability level
was calculated by Equation 1 [15].

(Total of Words) +11.8 = (Total of Syllables) _
(Total of Sentences) ! (Total of Words)

0.39 15.5 1)

Equation 1 depends on the average number of words per sentence and the average number of
syllables per word. In this research, the number of sentences represents the number of URIs, whereas
the number of syllables represents the number of nodes per URIL. Each URI for the entire dataset was
analysed independently to extract the required variable values for the F-K calculation. Moreover, the
higher the value of F-K, the higher the grade level for reading and understanding [21].

The higher the URI's F-K value, the more difficult it is to read and understand, while the lower
the value is the lower the required level to read and understand RESTful URI schemas. In other words, a
lower-level F-K value is a higher opportunity of corresponding to a RESTful to discovery [22] [20].

2.2. Flesch Reading Ease (FRES)

In the FRES test, higher values indicate text material that is easier to read and understand,
whereas lower values mark passages that are more difficult and complex to read and understand
[19][23]. The FRES score test was calculated using Equation 2 [15]:

206.835 — 1.015 * ( Total of Words ) —84.6 * (Total of Syllables) (2)

Total of Sentences Total of Words

The lower values of FRES indicate a text that is more difficult to read and more complex to
understand. Equation 2 showed the required variables to calculate FRES. A short node or sentence
containing a few syllable words makes up the URI with a very high FRES. Conversely, the URI with a very
low FRES value consists primarily of very long nodes and many ambiguous words. However, the lower
the URI FRES value, the lower the discovery opportunity. Moreover, it provides a value between 0 and
100. A value of 100 means the URI schema is straightforward to read and understand. A value of 0 means
the URI schema is very difficult to read and complex to read [24][18].

2.3 Simple Measure of Gobbledygook (SMOG)

The SMOG grade measured readability and estimated the years of education needed to
understand a piece of text [20]. Three steps were needed to calculate SMOG: counting the number of
sentences (1 sentence per URI), counting the polysyllables in these sentences (words of three or more
syllables), and finally, calculating the SMOG value using Equation 3 [15]:
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30
Total of Sentences

1.043 * \/Total of Polysyllabes * 3

This metric measures readability and estimates the amount of education needed to understand
a piece of text [15]. In this research, the RESTful users belong to different levels of education and could
be RESTful designers or general users, so the URI schema must be readable and understandable for the
widest range of education levels as much as possible. The SMOG depends on the number of sentences
and the number of polysyllables, where polysyllables are counted with words of 3 or more syllables [24].
Moreover, the value of SMOG indicates the required education level to understand a piece of text, where
a higher value means it is more difficult to understand and requires a higher level of education, while a
low value means it is easy to understand, which requires a lower level of education [25][17]

2.4 Coleman Liau Index (CLI)

The CLI is designed to be easily calculated from a sample of texts. In addition, unlike syllable-
based readability indexes, it does not require analyses of the character content of words; only their
length in characters is required [15]. The CLI was calculated using Equation 4 [15][26]:

0.0588 % L — 0.296 * S — 15.8 (4)

Where L is the average number of letters per 100 words, and S is the average number of URI
schema nodes per. However, CLI is calculated once for all RESTful URI schemas, which means each
RESTful URI has only one CLI value regardless of the number of its URIs.

The CLI was designed to be easily calculated mechanically from samples of hard-copy texts [27].
Unlike syllable-based readability indexes, it does not require analyses of the character content of words;
rather, only their length in characters is required [15]. It gauges the understandability of a text, and its
output approximates the education level thought to be necessary to understand the text [23][19].
Moreover, CLI is directly calculated from a sentence, paragraph, or text document. Unlike syllable-based
readability indices, it does not require that the character content of words be analysed; rather, only their
length in characters is required. The CLI is calculated by Equation 4, where the average number of letters
per 100 words (L) and the average number of sentences per 100 words (S) are required. However, CLI
is calculated once for each RESTful, which means L and S average values are calculated for the whole URI
schemas in the RESTful.

3. RESULT AND DISCUSSION

Before starting the experiments, the researcher identifies the variables required to calculate the
readability metric and formulates the equations that calculate them. Thus, MS-Excel functions were used
to compute the required variable values, and an MS-Excel sheet was generated for each RESTful in the
dataset. The purpose of these variable values is to calculate the readability metrics for each URI schema
in the RESTful. Table 3 shows the required variable values and the formulas of MS-Excel functions that
were used to compute them.

Table 3. The Formulas of MS-Excel Functions for the Required Variable Values

The Required Variable Description
=IF(LEN(TRIM(x1))=0,0,LEN(TRIM(x1))-LEN(SUBSTITUTE(x1," ",""))+1). Where
x1 represents the node’s cell name

Total of Words for each URI =SUM(x1:xn). Where x1 : xn represent the range of the cells for such URI Schema’s
Schema nodes

=SUM(COUNTA(x1),....,COUNTA(xn)). Where x1 and xn represent the range of the
cells for such URI Schema’s nodes

=IF(xn>3,1,0). Where xn represents the cell’s name that contain the total number of
words for each URI schema

=COUNTA(x1:xn). Where x1 : xn represent the range of the cells for such URI
Schema’s nodes

Total of Words for each node

Total of Sentences
Total of Polysyllables

Total of Syllables
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Due to the large pool of RESTful, there is no obvious reason to choose one over another, and
each RESTful has an equal chance of being selected as a subject. Therefore, this research employed a
simple random sampling method to collect the dataset. It collected the primary dataset from various
repositories for a representative dataset of RESTful. It relied on our previous study, where the dataset
is available on GitHub at https://github.com/Fuad81 /rest-api. Furthermore, the dataset was collected
from 5 publicly available RESTful WSs and APIs, with 6952 URI schemas. Table 4 shows online
documentation of the selected RESTful that made up the dataset.

Table 4. List of 8 RESTful APIs and WSs with their URL

The Required Variable The Function Formula
BestBuy www.bestbuy.com/documentation
Bitly www.dev.bitly.com/api.html
CharlieHarvey www.charlieharvey.org.uk/about/api
Dropbox www.dropbox.com/developers/core/docs
Externalip www.api.externalip.net

This research used a dataset with 8 publicly available RESTful APIs, consisting of 6952 URI
schemas with 21342 corpus nodes. The nodes were analysed, and their syllables were counted, yielding
a total of 25832 words, and the readability metrics were calculated for each URI schema in RESTful. Due
to alarge number of URI schemas in the dataset, it is not possible to report all schemas’ readability metric
values; therefore, the research used the average of the readability values for the corresponding RESTful
URI schemas.

The study used MS-Excel functions such as SUM, SQRT, AVERAGE, and ABS to calculate the
readability values for all URI schemas. Furthermore, the study used the MS-Excel formula to implement
the readability metrics equations, namely Equation 1, Equation 2, and Equation 3.

The study calculated the readability metrics for each URI schema in the dataset, and only the
average value for each metric is shown in this research. Moreover, the four metrices were chosen based
on the recommendation from experts in linguistics, where the metrices’ required variables can be edged,
and then extracted from the RESTful URI schema. The following example shows how to calculate the
readability metrics F-K, FRES, SMOG, and CLI, respectively, for each URI schema in the RESTful:

Example - The MS-Excel function formulas presented in Table 6 were implemented on one of
the Dropbox RESTful URI schemas. The results are shown in Table 5:

Table 5. The Required variable values for the readability metrics

Total of Words Total of Sentences Polysyllable Total of Syllables
6 4 1 4

Based on these variables’ values, the readability metrics can be calculated as the following:

The F-K metric is calculated using Equation 1.

(Total of Words) (Total of Syllables)
0.39 = +11.8 —
(Total of Sentences) (Total of Words)

15.5

F-K =039 Z +11.8 *g— 15.5

=0.59+7.87-15.5
=-7.13 The absolute value
F-K =713

The FRES metric is calculated using Equation 2.
FRES =206.835 — 1.015 * ( Total of Words ) —84.6 * (Total of Syllables)

Total of Sentences Total of Words
=206.835 — 1.015 * 2 — 84.6  °
=206.835 - 1.52-126.9
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FRES =78.92

The SMOG metric is calculated using Equation 3.
SMOG = 1.043 * JTotal of Polysyllabes *

= 1.043 * /4 x ? +3.1291

=571 +3.1291
SMOG = 8.84

30
Total of Sentences

+3.1291

The CLI metric is calculated using Equation 5.
CLI=0.0588 * L — 0.296 * S — 15.8
=0.0588+ L —0.296 * S — 15.8
=0.0588 *10.78 — 0.296 * 25.94 — 15.8
=0.63 — 7.68 — 15.8
= —22.85 The absolute value
CLI=22.85

The example above shows the calculation of readability metrics for one URI schema. However,
the calculation was performed on the first URI schema in each RESTful and the calculations for the
remaining URI schemas were made using MS-Excel features, namely DRAG TO EXTEND SERIES. Then,
the research computes the average value for each metric for each RESTful URI schema in the dataset.
The average values were computed by the MS-Excel AVERAGE function, as shown in the screenshot of
the Bestbuy sheet in Figure 1. The average readability metrics for the RESTful in the original dataset are
shown in Table 6.

3504 v i Jx =AVERAGE (52:5503)
G D E F K L i} (u] R S W
=
£ = = -
; £ |2 | & g
s s | 2|5 | % g 7]
Node_1 Nodz_2 | Node 3 | Nod=_4 = 5 g = = E »4 =]
s o & B = [ & =
5 = = s = g 4
= = 13 P «n =
o = i B
&
bestbuyapis bestbuy cli 3 22 2 0 2 64.46 8.60 5.90
bestbuyapis bestbuy cli network | members 5 36 4 1 4 58.94 13.22 14.54
bestbuyapis bestbuy cli stargazers 4 32 3 1 3 61.02 11.48 16.22
501 445 138 8 1443 | 10434 1092 | 116 | 1092 58.03 9.11 8.49

Figure 1. The average values of the readability metrics for the Bestbuy URI schemas

Table 6. The average values of the readability metrics for the original Dataset

RESTful F-K FRES SMOG CLI
BestBuy 9.11 58.03 8.49 19.10
Bitly 7.54 61.14 2.3 22.64
CharlieHarvey 7.39 67.61 7.9 22.10
Dropbox 5.81 72.99 8.15 22.51
Externalip 8.74 69.52 8.85 17.00
Facebook 6.73 3241 5.63 15.84
GoogleBook 6.71 72.84 6.87 12.25
Average 7.41 59.63 6.73 18.80

As shown in Table 6, the average values for F-K, FRES, SMOG, and CLI were 7.41%, 59.63%,
6.73%, and 18.80%, respectively. In more detail, the F-K level for BestBuy URI schemas represents the
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most difficult URI schemas to read and understand, where its value was the highest among the rest of
the RESTful. On the other hand, the level of Dropbox was the easiest to read and understand in the
original URI schemas. In FRES, the level comparison is the opposite, whereby the lower level is harder
to read and understand. Most of the readability levels in the URI schemas were similar, except for
Facebook. In the SMOG metric, BestBuy and ExternallP URI schemas were the harder levels of reading
and understanding, while Bitly schemas were the lower levels. schema, while Instagram was the lowest
level. GoogleBook was the lowest level of CLI in the original URI schemas, so it was the easiest to read
and understand, whereas Bitly was the hardest.

4. CONCLUSION

The goal of this research is to propose metrics to measure the readability of RESTful URI schema.
Four readability metrics were used for this purpose, namely, F-K, FRES, SMOG, and CLI. However, the
proposed metrics were implemented on 8 well-known RESTful WSs/APIs of the dataset with 6952 URI
schemas. Although the results of the research suggested an acceptable level of accuracy for pattern
prediction, with 82.61% of recall, 97.34% of precision, and 88.41% of F-measure. This research shows
how this technique can contribute to facilitating the readability and understandability of RESTful URI
nodes. In the future, this research aims to extend the proposed prediction technique to address more
types of anti- patterns, and also predict the patterns for different types of RESTful documentation, such
as Web application description and Swagger. Moreover, another research direction is to measure the
positive impact of predicting tidy and readable URI node patterns on RESTful Services/APIs
understandability and discovery.
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