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Abstract—Quite a few educational programming languages
have been developed to make programming easier to learn. These
languages have seen very little adoption in academia. This raises
questions about their suitability for their intended purpose as
introductory programming languages. A lot of factors are taken
into consideration in choosing an introductory programming
language. This work presents the results of a survey of computer
science degree programs across the United States. The survey
shows not only which introductory programming languages
are popular but the reasons behind their popularity. It shows
the features that are considered important for an introductory
programming language and how well the popular introductory
languages support those features. This work shows that some
popular educational programming languages do not support
some of those features that are considered important.

Index Terms—Computer, Programming, Language, Education,
CS1, Pedagogy.

I. INTRODUCTION

T is the desire of many educational initiatives to engrain

students with computer programming skills. The choice
of a programming language with which to introduce pro-
gramming is an important part of this process. At some
point the decision must be made as to which programming
language to use in the introductory programming course. The
specific language however, is often viewed as secondary to
core programming concepts. The general perception is that
the language does not matter when it comes to teaching
programming to beginners [1]. The overreaching philosophy is
that the programming language is simply a tool to implement
algorithmic problem solutions. And, that as languages become
outdated, it is the ability to reason logically and program
correctly that matters. This thought is excusable given the
multitude of programming languages that exist and their rapid
evolution.

The introductory programming language however has to
play a pivotal role in students’ ability to learn programming. It
is difficult to imagine there would much interest in computing
if programming had to be taught with punch cards [2]. High-
level languages are designed for instructions to be expressed
in a form that is closer to human language. This high degree
of abstraction is intended to make programs easier for humans
to understand, thereby making programming less error-prone,
and programmers more productive [3], [4]. At a pedagogical
level, high-level languages are very different, and they treat
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important concepts with varying degrees of complexity. The
language does impact the programming [5], [6]. Faced with
the knowledge that the choice of programming language does
collide with the ease of learning for beginners, educators take
various approaches in deciding which language to use.

Quite a few educational programming languages and graph-
ical tools [7], [8], [9], [10], [11] have been created with the
goal of making it easier for students to learn how to program.
Despite works touting their benefits [12], [13], [14], these
languages have seen very little use in academia [15]. This
fact leads to the question as to what languages educators
prefer and why? What do educators look for in an intro-
ductory programming language, and might it explain why
these educational programming languages are not favored?
This work uses a survey of computer science bachelor’s degree
programs in the United States to find out what programming
languages are used for the introductory programming course,
and the important factors that were considered in the decision.
The survey is designed to show not only which introductory
programming languages are popular but the reasons behind
their popularity. It looks at the practical and pedagogical
factors that play important roles in the decision to choose an
introductory programming language, including the features of
the language which is among important factors that should
be considered when choosing a programming language. The
features of a language can affect how complicated the code
is. These features can make it difficult for a human to write
correct, and maintainable code [3], [16].

The survey tries to understand, what features these insti-
tutions consider important for an introductory programming
language to have. It looks at how well the most popular
introductory languages support those features. An attempt is
made to understand how well the educational programming
languages and tools Jeroo [10], Alice [8], Scratch [7] and
Squeak [11] that are designed for ease of learning, support
those features that are considered important. Previous studies
have looked are the popularity of programming languages in
academia but not looked at what language features educators
consider as most important for the introductory programming
course. This work shows that these educational programming
languages do not support some of the features that educators
see as important in an introductory programming language.
The lessons learned from this study will influence the design of
future educational programming languages, as well as provide



a guide on the choice of introductory programming language
at institutions of learning.

The rest of this paper is structured as follows; Section II
presents the approach of the survey and results. Section III
discusses the findings of the survey. Conclusion is presented
in Section V.

II. METHOD AND RESULTS

In the year 2013, we conducted a survey of 200 Computer
Science programs across the United States. The survey aimed
to find out what language was chosen by each program, and
why. Given the vast number of Computer Science programs
in the country, only ABET-accredited [17] programs where
surveyed to focus on a more homogenous subset. The survey
asked two questions; (1) What programming language was
used for the introductory programming course, (2) What was
the justification for the choice of programming language. This
survey had a response rate of 45% and constituted a pretest
for the next survey in 2018, of which this paper is about.

In January of 2018, we conducted a second survey of 496
computer science bachelor’s degree programs at four-year
institutions across the United States. The information gained
from the 2013 survey formed the basis of the questions
in this survey. With the recent survey, an attempt is made
to understand the reasons behind the institution’s choice
of introductory programming language. The survey is
designed to show not only which introductory programming
languages are popular but also what features are considered
important for an introductory programming language to
have. The survey had a response rate of 31.25%, below
are the questions in the survey and the raw data of the
responses. An analysis of the data is presented in Section III.

Q1: What language is used for the introductory programming
course in the Computer Science bachelor’s degree at
your institution?

TABLE I
RESPONSES TO Q1

Answer % Count
Java 41.94% 65
C 4.52% 7
C++ 19.35% 30
Python 26.45% 41
C# 0.65% 1
Other 7.10% 11
Total 100% 155

Those respondents who chose “Other” for this question
where given the option to provide some text. The
responses were Typescript (1), Ada (1), Javascript (1),
Scala (1), and Racket (1). A respondent indicated C
or Java, while another indicated both Java and C++.

Q2: For how long has the programming language been
in use for the introductory programming course?

TABLE II
RESPONSES TO Q2

Answer % Count
0 - 2 years 9.03% 14
3 -5 years || 23.87% 37
6 or more 67.10% 104

Total 100% 155

Q3: Which of these do you believe are difficult for
beginners to learn in the introductory programming course?
(multiple selection)

TABLE III
RESPONSES TO Q3

Answer % Count
Pointers 17.15% 101
Object-orientation 13.24% 78
Memory management 13.41% 79
Exception handling 10.53% 62
Method overloading 9.00% 53
Operator overloading 10.36% 61
Static data typing 3.57% 21
Dynamic data typing 8.32% 49
Functional decomposition 8.49% 50
Program compilation 1.53% 9
Repetition structures 4.41% 26
Total 100% 589

Q4: Which of these do you believe are important for
an introductory programming language to support?
(multiple selection)

TABLE IV
RESPONSES TO Q4

Answer % Count
Pointers 5.67% 39
Object-orientation 12.35% 85
Garbage collection 3.78% 26
Exception handling 7.27% 50
Method overloading 8.28% 57
Operator overloading 4.65% 32
Static data typing 11.48% 78
Dynamic data typing 6.54% 45
Functional decomposition 14.53% 100
Program compilation 9.01% 62
Repetition structures 16.42% 113
Total 100% 688




Q5: Which of these were factors in the decision to use the cur-
rent introductory programming language? (multiple selection)

TABLE V
RESPONSES TO Q5

Answer % Count
Advice of an advisory board 5.95% 25
Ease of learning of programming 18.81% 79
Institutional tradition 8.57% 36
Job opportunities for students 14.76% 62
Popularity of the language in academia 13.10% 55
Faculty availability or scheduling constraints 5.00% 21
The features of the programming language 26.19% 110
The language for AP Computer Science 7.62% 32
Total 100% 420

Q6: How many more computer programming courses are
required for Computer Science majors after the introductory
programming course?

TABLE VI
RESPONSES TO Q6

Answer % Count
1 12.95% 18
2 28.78% 40
3 58.27% 81
Total 100% 139

Q7: Do all the required computer programming courses
for Computer Science majors use the same programming
language as in the introductory course?

TABLE VII
RESPONSES TO Q7

Answer % Count
Yes 23.19% 32
No 76.81% 106
Total 100% 138

Q8: Does the introductory programming course sometimes
include students from programs other than Computer Science?

TABLE VIII
RESPONSES TO Q8

Answer % Count
Yes 97.81% 134
No 2.19% 3
Total 100% 137

Q9: Which of these appear in the title of the college
(not the department) under which the Computer Science
program is housed? (multiple selection)

TABLE IX
RESPONSES TO Q9

Answer % Count
Computing (or Computer) 7.44% 16
Engineering 26.05% 56
Sciences (or Science) 39.07% 84
Mathematics (or Math) 8.37% 18
Business 3.26% 7
Arts 15.81% 34
Total 100% 137
Q10: Is the Computer Science program accredited
by ABET (Accreditation Board for Engineering and
Technology)?
TABLE X
RESPONSES TO QUESTION Q10
Answer % Count
Yes 52.12% 71
No 47.79% 65
Total 100% 137

QI11: Have you at any time been an instructor for the
introductory programming course?

TABLE XI
RESPONSES TO Q11
Answer % Count
Yes 75.18% 103
No 24.82% 34
Total 100% 137

III. ANALYSIS

The survey shows that the choice of language falls
mainly between three general-purpose languages, namely,
Java, Python, and C++. Table I, shows the distribution of the
choice of introductory programming language. Java is the most
popular with 41.94% of respondents picking it as their teach-
ing language. This is followed by Python, and C++ as the third
most popular. Of note is that the popularity of the languages
used in introductory courses does not quite mirror the general
popularity of programming languages in use. Table XII shows
current rankings, according to the Tiobe index, an indicator of
the popularity of programming languages [18].

With the arrival of the internet, Java was created out of
the need to develop platform-independent programs. Java was
quickly adopted by many academic institutions as a teaching
language [19]. Java remains popular for teaching introductory
programming. Tables XIII and XIV show the duration of use
of the chosen language as indicated by the respondents. Most
responding institutions (104) have been using their language



TABLE XII
GENERAL POPULARITY OF PROGRAMMING LANGUAGES

Programming Language Rank
Java 1
C
C++
Python
C#
Visual Basic .Net

N | W[

for 6 or more years, and most of those (55.77%), use Java
(Table XIII).

Part of the popularity of Java as an introductory language
is due to the fact that Java is the language of choice for high
school Advanced Placement Computer Science (APCS) [20].
Some of the survey respondents have indicated APCS as one
of the reasons for choosing Java (Table V). Java is also seen
as having pedagogical advantages over other languages. These
advantages include its documentation system and vast array
of libraries that allow for development in many application
domains. As more applications are being created by gluing
together existing components, the Java system is seen as
broad enough to permit this style of programming [16], [5].
Interestingly, the data shows that most institutions (57.14%)
that have been using a language for 2 years or less, use Python
(Table XIV). This could indicate a change in trend towards
Python.

TABLE XIII
DURATION OF USE OF CHOSEN LANGUAGE

C++
14.29%
24.32%
18.27%

Java C
7.14% 0.00%
16.22% 5.41%
55.77% 4.81%

No. of Years
0 - 2 years
3 -5 years
>= 6 years

TABLE XIV
DURATION OF USE OF CHOSEN LANGUAGE (CONTINUED)

Other Total
21.43% 14
10.81% 37

3.85% 104

C#
0.00%
2.70%
0.00%

Python
57.14%
40.54%
17.31%

No. of Years
0 - 2 years
3 -5 years
>= 6 years

The languages reported in our survey are structured and
procedural. Structured programming makes use of control
structures such as subroutines and repetition statements. These
control structures are preferable to languages that rely on
jump statements such as goto that make it difficult to write
maintainable code [21]. Procedural programming is a form of
structured programming where problems are decomposed as
a set of procedures, methods or functions. The most popular
languages from the survey (Java, Python, and C++) are also
object-oriented. As discussed later in this section, object-
orientation is one of the features the survey shows as important
in an introductory language.

General-purpose programming languages are all designed
to implement technical solutions to real-world problems. The
difference comes in the syntax, semantics, and features of

the language [3]. It is from these that a substantial part of
the difficulty in learning to program arises. The basis for
comparison of languages does span the theoretical to the
practical [6]. This is evident from the responses when asked
for the reasons for picking a specific language (Table V).
Not surprising, the features of the programming language
was picked by most as the reason for choosing a language
(26.19%). Ease of learning of the language was in second
place (18.18%). This suggests that although ease of leaning is
important to educators, it is not as important as the features of
the language. This also leads to the question, what language is
the most popular for those respondents who indicated that ease
of learning was a factor in choosing a language? Tables XV
and XVI show the languages chosen by respondents against
the reasons they specified as a factor in picking the language
(i.e., Table V). As can be seen in Table XV, Python is the
most popular language (44.30%) for those who specified ease
of learning as a reason for choosing a language.

TABLE XV
REASONS FOR CHOSING A LANGUAGE, GROUPED BY CHOSEN LANGUAGE
Language AB Learning Ease || Tradition Jobs

Java 60.00% 37.97% 52.78% 58.06%

C 0.00% 1.27% 5.56% 1.61%

C++ 32.00% 7.59% 30.56% 29.03%

Python 8.00% 44.30% 2.78% 6.45%

C# 0.00% 1.27% 0.00% 0.00%

Other 0.00% 7.59% 8.33% 4.85%
TABLE XVI

REASONS FOR CHOSING A LANGUAGE, GROUPED BY CHOSEN
LANGUAGE(CONTINUED)

Language || Popularity || Faculty || Features || APCS
Java 47.27% 61.90% 38.18% 87.5%

C 0.00% 4.76% 5.45% 0.00%
C++ 20.00% 23.81% 19.09% 6.26%
Python 29.09% 0.00% 29.09% 0.00%
C# 0.00% 0.00% 0.91% 0.00%
Other 3.65% 9.52% 7.27% 6.25%

Other reasons for choice of language include job opportu-
nities for students, faculty and scheduling constraints, insti-
tutional tradition, and the influence of a program advisory
board. ABET-accredited programs typically have program
advisory boards that are comprised of stakeholders, which
might include local employers and alumni. Table XV shows
that for most of those who specified the influence on an
advisory board (AB) in selecting a language, Java is the chosen
language (60%). 52.21% of respondents are ABET-accredited
programs (Table X). The data does not show a significant
difference in choice of languages compared to non-ABET-
accredited programs. There is a slightly higher preference for
Python for non-ABET-accredited programs as opposed to Java
(Table XVII).

The survey asked respondents if they had served as the
instructor for the introductory course. The goal is to see if
there was any difference in responses from those who had to
those who hadn’t. 75% of respondents indicated that they had



TABLE XVII
LANGUAGE CHOICE BY ABET ACCREDITATION STATUS

Language ABET Count || Non ABET || Count
Java 45.07% 32 35.38% 23
C 8.45% 6 1.54% 1
C++ 18.31% 13 18.46% 12
Python 23.94% 17 32.31% 21
C# 0.00% 0 1.54% 1
Other 4.23% 3 10.77% 7

(Table XI). There were no significant differences between the
two groups.

Some college programs in computing do include, as an
objective, student exposure to more than one programming
language since languages all have a variety of relative strengths
and weaknesses. This survey does attempt to find out if there
are more programming courses after the introductory course
(Table VI). It also asks if those courses all use the same
language (Table VII). The results show that there is reasonable
programming language flexibility in each program beyond the
introductory course.

A. What language features are important?

Although the study of language details is seen as detrimental
to learning for beginners [6], [5], language features do come
into consideration when selecting a language for teaching,
as the survey shows. These features cover concepts that
programmers learn and can be significant as the evolution
of languages has been driven by the need to address the
limitations of existing languages.

The five most popular language features survey respondents
noted as important are repetition structures (16.42%), func-
tional decomposition (14.51%), object-orientation (12.35%),
static data typing (11.48%), and program compilation (9.01%)
(Table IV). When asked which features are difficult for be-
ginners to learn, the five most popular features selected are
pointers (17.15%), memory management (13.41%), object-
orientation (13.24%), exception handling (10.53%), and op-
erator overloading (10.36%) (Table III). An explanation of
these language features is presented in section III-B below.
Figure 1 offers a comparison of the most import language
feature against those considered most difficult for beginners.
Objection-orientation is perceived as both important and dif-
ficult for beginners.

B. Do the most popular languages support the most important
features?

Tables XVIII, XIX and XXI present a comparison of the
four most popular languages against the features identified
above, to show their representation across the languages.

In table XVIII, the approximate year of inception of each
language is shown to provide some context on programming
language evolution. From the survey results, Python is the
second most popular language but is the only one of the group
that permits dynamic typing (non-static). Python’s typing sys-
tems allow for flexible typing of data. Typing systems provide
rules for data type definition and equivalence. A language

Pointers
Repetition structures
Memory management
Static data typing

Object-orientation . .
Exception handling

Functional decomposition

Operator overloading

Program compilation

Fig. 1. Most important features versus most difficult features

TABLE XVIII
COMPARISON OF MOST POPULAR LANGUAGES

Language || Inception || Repetition || Static Typing || Functions
C 1971 yes yes yes
C++ 1979 yes yes yes
Java 1991 yes yes yes
Python 1991 yes no yes

supports static data typing if it enforces typing rules at compile
time as opposed to runtime (dynamic typing). Static typing
provides the compile-time safety that isn’t available with
dynamic typing [3]. Static typing helps with the understanding
of data abstractions, and statically typed languages do enforce
programming discipline [16]. The survey data shows that static
typing is seen as a more important feature than dynamic typing
(Table IV). The data also shows that dynamic typing is seen
as more difficult for beginners than static typing (Table III).

TABLE XIX
COMPARISON OF MOST POPULAR LANGUAGES

Language Compiler || Objects || Pointers Garbage collection
C yes no yes no
C++ yes yes yes no
Java yes yes no yes
Python no yes no yes

Python is also the only language from the group that does
not have a compiler (Table XIX). In a compiled language, the
source code is checked and converted to machine code by a
compiler program. This conversion happens prior to runtime,
the machine code can then be distributed for execution.
The source code at times needs to be recompiled when the
execution platform is different. The process of compiling helps
ensure attention to data abstractions, and type-safety. It also
provides pre-execution error checking. Survey respondents
indicated that having a compiler is an important feature for
an introductory programming language (Section III-A). In
contrast to a compiled language, in an interpreted language,
the source code is checked at runtime or just before runtime by
the runtime environment. This is without the need for com-
pilation. Because of the late parsing, interpreted languages,
sometimes known as scripting languages, may suffer some
performance drawbacks, in comparison to compiled languages.



Scripting languages such as Python, emphasize flexibility and
expressiveness in language semantics. However, they might
not facilitate programming discipline [16].

The idea of object-oriented programming found promise
in the desire for the development of flexible, modular and
reusable programs. In object-oriented programming, programs
can be decomposed into a set of interacting objects where
each object can encapsulate its own state. The procedural
programming language C is the only language in the group
of the most popular that does not support object-orientation
(Table XIX). The C language was extended to include object-
oriented features, this extension gave rise to C++ [3]. Although
with object-orientation, C++ is much like C and thus supports
a mix of programming paradigms in the same program source
code. This mix of paradigms is not advisable at the introduc-
tory level [22].

Unlike C++, Java is a pure object-oriented language where
source code is a collection of classes. This behavior forces
both students and teachers to think of problem decomposition
in terms of class abstractions [19]. There is a debate on
object-oriented versus procedural programming as the pre-
ferred approach for beginners. Some views are that it is
difficult for students to understand object-orientation without
prior programming knowledge [5]. Others claim that students
encounter problems in switching from procedural program-
ming to object-orientation, but not vice versa [22]. Perhaps the
answer lies in the application domain, and memory limitations
of the execution platform. For some applications on memory-
sparse platforms, the procedural approach presented by C may
be preferable to the object-oriented model [19]. Meaning that
C is preferable for the low-level programming that is needed
for embedded system. Embedded systems applications are
more common in engineering disciplines such as Electrical
Engineering. Table XX shows that of the respondents who use
the C language, most of them (54.55%) are in a college with
Engineering in its name (Table IX). Note that for brevity, data
for Math, and Business have been removed from Table XX.

TABLE XX
LANGUAGE CHOICE BY COLLEGE NAME
Language || Computing || Engineering || Sciences Arts
C 9.09% 54.55% 27.27% 9.09%
C++ 12.24% 24.49% 38.78% 14.29%
Java 7.59% 27.85% 39.24% 15.19%
Python 3.51% 21.05% 40.35% 17.54%

C and C++ allow for low-level manipulation of memory
through the use of pointers (Table XIX). A pointer is a
variable whose value is a reference to some memory location.
They allow for memory data to be accessed directly by the
programmer. Pointer arithmetic permits for direct traversal
of array elements. The compiler, however, is not required
to check that the element is within the bounds of the ar-
ray [3]. Pointers and arrays are often interchangeable, and this
confuses the beginning programmer. Another problem with
the use of pointers is the unintended overwriting of memory
which corrupts programs. Debugging of pointer errors is often
problematic for beginners, which is consider a pedagogical

weakness [6], [19]. The survey suggests that pointers are
difficult for beginners (Figure 1).

Operations on data in programs tend to cause the allocation
of memory for the storage of data objects. As the program
runs, deallocation needs to happen for unused memory objects
otherwise the program may fail as it runs out of memory.
This is phenomenon is known as a memory leak and can be
observed especially in long-running programs. In the C and
C++ programming languages, deallocation of memory objects
that are no longer needed in the program must be specified
explicitly by the programmer. Thus, the programmer needs
to pay attention to deallocation operations. In Python, and
Java, deallocation is performed implicitly. That is, the run-
time environment will reclaim memory objects when they
are no longer reachable within the program. This behavior
is known as garbage collection [3]. Garbage collection frees
the programmer up from specifying deallocation tasks, thereby
simplifying the programming and reducing the risk of memory
leaks and accidental deallocation. Java and Python, the two
most popular languages in our survey support garbage collec-
tion as feature (Table XIX). This feature helps with memory
management which is considered difficult for beginners (Fig-
ure 1).

TABLE XXI
COMPARISON OF MOST POPULAR LANGUAGES

Language || Operator overloading || Exception handling
C yes no
C++ yes yes
Java no yes
Python yes yes

In some languages, ad hoc polymorphism for methods and
operators is provided through a technique called overloading.
In overloading, an identifier or symbol may have more than
one meaning or refer to more than one object in a specific
context. In C and C++, most operators including arithmetic
operators can to extended so that the behavior is dependent
on the arguments used. Some programming languages allow
for methods to be overloaded so that more than one subroutine
may share the same identifier. Overloading provides a lot of
flexibility for the programmer but tends to make languages
more complex for beginners, especially when operators are
overloaded [19]. This fact is also captured by the survey
(Figure 1). Java, the most popular language, does not support
operator overloading (Table XXI).

Programming languages are notorious for issuing errors
messages that are ambiguous and confusing for beginners.
Exception-handling provides mechanisms for detecting and
managing runtime errors. Languages such as C that just gener-
ate error codes, require some level of expertise to understand.
Some languages are better than others at managing errors
in the sense that they permit the extension of existing error
codes in the form of user-defined exceptions and exception
handling. This feature does lead to the display of more useful
error messages that make debugging easier for beginners,
but sometimes at the expense of less complex code [6]. The
three most popular languages in the survey do provide some



support for exception handling (Table XXI). The survey shows
exception handling as one of the most difficult for beginners
(Figure 1)

C. Do educational programming languages support the most
important features?

Covered in this section are languages that were designed
for ease of learning of programming [10], [13], [14], [11].
These languages which emphasize simplicity, often come with
a visual programming environment that has animated sprites.
The environments show varying degrees of code and attempt
to overcome the syntax hurdle for beginners. These languages
however, see very little use outside of their originating insti-
tutions [15], a fact that is supported by this survey as none of
the responding institutions indicated use of these languages.
Compared here is how well these languages support those
features that the survey data captures as the most important
for introductory programming.

TABLE XXII
COMPARISON OF EDUCATIONAL PROGRAMMING LANGUAGES

Feature Jeroo || Alice || Scratch Squeak
Repetition yes yes yes yes
Static Typing no no no no
Functions yes yes no yes
Compiler no no no no
Objects yes yes yes yes

All the languages incorporate some control statements that
allow for the repetition of instructions. They also all have some
facilities for the instantiation of objects. Jeroo [10], Alice [14]
and Scratch [13] allow the user to create objects from an
existing collection of objects. These objects have predefined
properties through which the object’s state can be modified.
This form of object use is somewhat restrictive as the user is
not able to define new classes.

None of the languages allow for the static typing of data,
nor do they have compilers, two of the most important features
that our respondents indicated in the survey (Section III-A).
Based on their support for these features, it should be noted
that these languages are most similar to Python, the second
most popular language in the survey (Table I). As discussed
previously in Section III, Python is the language most chosen
by respondents who indicated that ease of learning was a factor
in picking a language (Table XV). Table XXIII shows those
features respondents have indicated as important, grouped by
the language used. Surprisingly, Python users chose the same
features at a similar rate as Java users, including static typing
and the need to have a compiler. There is however a slight
preference for dynamic typing amongst Python users. Python
is a popular language in industry (Table XII), unlike the
educational languages discussed here.

The initial programming course should introduce students
to reasoning about formulating solutions to problems. These
solutions must then be expressed as algorithms, and finally
these algorithms implemented in a programming language. All
the parts of this process are important. The problem solving
and algorithm construction are indeed language-independent.

TABLE XXIII
IMPORTANCE OF FEATURE, GROUPED BY CHOSEN LANGUAGE

Feature Java Python C++
Pointers 4.20% 5.11% 7.53%
Object-Orientation 15.03% 11.36% 10.96%
Garbage collection 4.20% 3.98% 2.74%
Exception handling 8.04% 7.95% 6.16%
Method overloading 9.09% 7.95% 8.90%
Operator overloading 5.24% 1.70% 6.16%
Static data typing 10.84% 10.80% 10.96%
Dynamic data typing 5.94% 8.52% 5.48%
Functional decomposition 12.94% 16.48% 13.70%
A compiler 8.74% 7.39% 12.33%
Repetition structure 15.73% 18.75% 15.07%
Total 100% 100% 100%

Expressing the algorithm, is not language-independent. Al-
though the problem-solving is the most important objectives
in a first programming course, its achievement is leveraged
upon the ability to express the solution in a programming
language [30]. In an introductory programming course, they
should be taught in an integrated and wholistic manner.
The programming language serves as the tool through which
the problem solving is realized. Educational programming
languages however, in an attempt to get begginers over the
syntax hurdle, minimize the language-independent aspects of
programming.

IV. RELATED WORK

This work attempts to shed some light on the various
reasons behind the choice of an introductory programming
language, it does not delve into the ease of assimilation of each
language by beginners. Different pedagogical approaches are
also not assessed. Some works have addressed these issues [1],
[51, [22], [19], [23], [24], [25], [26].

Rabai et. al. [15] present the results of their 2010 and
2013 surveys on the adoption of programming languages
in academia and industry. Their survey focuses on general
adoption and not use in the introductory course. They also do
not consider the reasons for the adoption.

Koorsse et. al. [27] conduct a review of the programming
tools including Scratch [13], to assess their suitability for
introducing programming to IT students at the secondary
school level in South Africa. Kereki [28] looks at the use of
Scratch to teach CS1 at Uruguay University. Also discussed is
the effectiveness of Alice [14], and Jeroo [10]. These works,
amongst others [29] focus on specific programming tools.
Results on their effectiveness vary greatly and are at times
contradictory.

V. CONCLUSION

This work showed the most popular languages for intro-
ductory programming as well as which language features are
considered important for an introductory programming lan-
guage to support. The most important features include a static
typing system, object-orientation, and the use of a compiler.
Some educational programming languages and tools that are
designed for ease of learning of programming, are compared



against these features. The results show that the educational
programming languages do not support the static data typing
and compile-time type-checking that is seen as important
for introductory programming courses. These languages focus
more on problem solving and algorithm construction and less
on the language-independent part of expressing the algorithm.
The design of educational programming languages should
leverage and provide support for the important features of
existing popular languages that educators most desire. It
would also be worthwhile to provide some flexibility in their
configuration to allow for the educator to select what features
to incorporate in the introductory course.
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