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ABSTRACT
Motivation More and more high schools are teaching program-
ming, and in many cases, teachers teach multiple programming
languages to the same group of students. Objectives The goal
of this paper is to explore the views of high-school teachers on
second and subsequent programming languages, including their
motivation for teaching multiple languages, their struggles, and
their use of transfer strategies when they teach their second or
third programming language. Method The study consists of semi-
structured interviews with 23 high-school teachers in two European
countries. Results Our findings indicate that school pupils face
the same issues as university students when moving from first to
subsequent languages. Furthermore, the teachers’ attitudes towards
second language learning are highly variable, both positive and
negative, with some supportive teaching strategies used, but many
less helpful ones in evidence too. Discussion Our findings suggest
that the value of second language learning needs to be highlighted
in teacher professional development materials more strongly and
that teachers might need more support in implementing transfer
strategies.

CCS CONCEPTS
• Social and professional topics → Computer science educa-
tion.
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1 INTRODUCTION
Computer Science (CS) programs at universities tend to involve
more than one programming language (PL). University sequences
will often include some mix of object-oriented (e.g. Java), systems-
level (e.g. C), and functional (e.g. Scheme) languages, as well as
domain-specific languages, for example, databases and the web,
such as SQL and HTML. Now that programming is increasingly
taught in high school too, national school curricula (e.g. the US-
based K-12 CS Framework [1], and the English CS curriculum for
schools [2]) also include the expectation to teach multiple program-
ming languages.

The learning of a second or subsequent programming language
has been a subject of study for many decades. While earlier work
concentrated largely on the issues faced by professional program-
mers when switching programming languages [3–7], more recent
research has focused on near novice programmers and their pro-
gression from first to second languages [8–13]. Research on pro-
gramming language transfer has reported that conceptual transfer
from the first to subsequent programming language often does not
occur as expected in the classroom. Students often show little abil-
ity to apply knowledge of what they learnt in previous languages
taught in the classroom to new languages, and this is especially the
case for abstract concepts [8, 14–16]. Furthermore, research reports
that negative transfer from the previous language may impede
learning of a new language [3, 11, 17]. Despite the reported failures
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of transfer, some successes have been reported too [5, 10, 14]. These
usually occur when previous languages share syntax and semantic
similarities with new languages.

In order to strengthen transfer, prior work has examined teach-
ing for transfer in programming in higher education [13, 16]. These
studies have shown that when educators focus specifically on trans-
fer in the classroom, it might improve student learning. Therefore
teachers’ understanding of transfer strategies is crucial to the qual-
ity of computing education. Exploring their views and methods of
transfer strategies can allow us to identify specific needs for teacher
education. Unlike prior work, which mostly explored teaching for
transfer at tertiary education institutions, we focus on secondary
education (K-12).

Therefore, the goal of this paper is to report on the current prac-
tices and attitudes of high-school teachers towards second language
learning, and teachers’ awareness, from their own classroom experi-
ences, of the transfer issues. To answer our four research questions,
twenty-three K-12 teachers, each from a different school in two
European countries were interviewed.

As a starting point, we focus on the reasons for teaching multiple
languages. The approach a teacher takes to teaching a second lan-
guage will be significantly shaped by their beliefs on the value and
purpose of teaching the second language, and so our first research
question is:

RQ1: Why do teachers teach a second programming language?

It is unclear whether school pupils encounter the same trans-
fer issues when learning their second programming language as
university students. Hence our second research question is:

RQ2: What kinds of benefits/problems do teachers notice when
teaching second or subsequent programming languages?

We also explore how subsequent programming languages are
taught, with a special emphasis on the transfer strategies between
languages. It could be the case that high-school teachers, who typi-
cally receive more extensive training than university professors, are
already aware of and using methods of teaching that take account
of the positive and negative issues associated with transfer. Hence
our final research questions are:

RQ3: What are the views of computing teachers on the use of
transfer strategies?

RQ4: What types of transfer strategies do computing teachers
use?

Analysis of the 23 teacher interviews supports the following
findings: teachers have a range of motivations for teaching more
than one programming language, some of which are unlikely to
align well with successful transfer learning; transfer issues are
experienced in school classrooms, just as in universities; teachers
are mostly aware of these transfer issues to some extent, but do
little to make use of this knowledge actively in their approach to
teaching a second language; some teachers use supportive teaching
strategies, but many less helpful strategies are used too.

2 BACKGROUND
In this section we discuss prior work on the challenges that students
face when learning programming. We also cover work on trans-
fer between programming languages and existing instructional
strategies favoring transfer.

2.1 Research on different programming
languages

Students in computing education are constantly faced with navigat-
ing between different programming languages in their education.
Many University Computer Science (CS) departments teach stu-
dents multiple programming languages in introductory program-
ming courses. For example, Davies et al.[18] reported nationwide
survey results of 371 undergraduate CS departments in the US on
languages and methods they use in a three-course introductory
sequence (CS0-CS1-CS2).1 This study reported that the most com-
mon languages used in a CS0 course were Alice, Python, Visual
Basic, and JavaScript, with Alice being the most popular. After com-
pleting CS0, students are often required to take CS1 or/and CS2
which mostly teach programming with different object-oriented
languages such as Java and C++.[18]. Teaching of a visual program-
ming language such as Scratch in CS0 before transitioning to Java
in CS1 is also reported in other studies [19, 20]. In some cases,
institutions adopted a text based language such as Python before
transitioning to Java [21].

Similar approaches are adopted at some primary and secondary
schools. For example, in the UK computing curriculum, the require-
ments before age 11 can be fully satisfied in Scratch. However, when
students are at the age of 11–14, the curriculum recommends that
they should use two or more programming languages, at least one
of which is textual, to solve a variety of computational problems [2].

2.2 Issues with Syntax in Programming
Education

Many aspects of learning the first programming language are chal-
lenging. The first issue that learners struggle with is the syntax of
programming languages. The precision that is needed while pro-
gramming is often a factor contributing to the difficulty in learning
programming. It requires “a level of attention to detail that does not
come naturally to human beings" [22]. Denny et al. found that weak
students submit source code with syntax errors in 73% of cases and,
even the best students do so in 50% of cases [23]. Altadmri and
Brown [24] analyzed 37 million compilations by 250,000 students
and found that the most common error to be a syntax error: mis-
matched brackets, which occurred in almost 800,000 compilations.
Other researchers found that common programming languages
like Java and Perl are harder to understand than a random lan-
guage, stressing the difficulties that novices face in understanding
syntax [25]. When it comes to learning the second programming
language, syntax remains an issue. Studies have shown that dur-
ing initial stages of learning a new language, whether program-
ming [26] or natural [27], students make syntax matches between
the prior language and the new language. Attempts to address these

1In this context, CS0 is the introductory course with no pre-requisites while CS1 and
CS2 are the first and second required courses in the sequence respectively



Teachers’ Views and Experiences on Teaching Second and Subsequent Programming Languages ICER 2021, August 16–19, 2021, Virtual Event, USA

syntax transition issues have resulted in tools to support interfaces
with both visual and corresponding text language for students to
form analogies at the syntax level as they transition [10, 12, 28, 29].
Interestingly enough, students assess learning syntax as more prob-
lematic than teachers [30], which might help us understand why
little effort is given to the explicit explanation of syntax in many
programming classrooms.

2.3 Research on transfer between
programming languages

Research suggests that blocks-based programming environments,
although successful in changing attitudes and motivating learn-
ers [8], may not sufficiently prepare them to transition to text-based
programming languages [11, 31, 32]. However, a study by Wein-
trop and Wilensky [11] reported that block-based programming
environments could help if the teacher indeed taught with transfer
in mind. Powers et al. [31] reported transition problems after ob-
serving students transitioning from 7 weeks of learning Alice to
Java within a semester. They reported that the students struggled
with Java syntax and some could not map the concepts such as
object declarations, state variables, and methods in Java with the
concepts they had learnt in Alice. Another study [32] with similar
findings reported that students who had Pascal knowledge andwere
learning Alice could not make the logical connection of control
flow concepts (e.g. loops) between these two languages without
explicit instruction. Weintrop and Wilensky [11] also reported that
students struggled with Java errors such as undefined variables and
incompatible types when transitioning from block-based languages
to Java.

Other studies have reported transition problems that students
often struggle with when transitioning between different textual
languages [14, 16, 17, 33]. For example, in their experiment of stu-
dents transitioning from Pascal to a new Ada language, Walker and
Schach [17] reported that some students preferred to write Ada
programs using a familiar while loop construct from their prior lan-
guage instead of switching to the Ada loop-exit-end structure. This
means that they failed to take advantage of the new features the
new language offered. Another study [16] reported that programs
that students developed in a new language (object-oriented Java)
were influenced by the knowledge from their prior language (Racket
functional language). Other studies reported plan transfer when ex-
perienced programmers solved problems in a new language [3–5].

Despite the negative effects of transfer reported, researchers have
also reported on some positive transfer effects. Successful transfer
occurs especially when the prior language and the new language
are similar. For example, Scholtz and Wiedenbeck [3] reported that
it was easier for students to learn the looping constructs in the new
Icon language because they looked and worked in a similar way
to the looping constructs in the Pascal language that they learned
before Icon.

An effort to help understand the transfer process better is re-
ported in the recent validated Model of Programming Language
Transfer (MPLT) by Tshukudu and Cutts [15]. The MPLT describes
the transition process and how novice programmers’ learning of
programming concepts is affected during the shift [15]. In themodel,

learners automatically effect a transfer of semantics between lan-
guages based on syntax similarities, which can result in both posi-
tive and negative transfer. Furthermore, they suggest that the tran-
sition to new languages may sometimes not be as automatic as
educators may expect and this can be a challenge for relatively
novice programmers. We believe that instruction can be designed
to promote the transfer of learning.

2.4 Known transfer strategies
Thorndike andWoodworth [34] were among the first to assess learn-
ing transfer through formal tests and put forward that learning was
not about general skill. Since transfer involves prior knowledge,
reinforcing initial learning is the first step to consider. Actively iden-
tifying and activating prior knowledge can help transfer instead of
seeing it as a passive process. For example, Klahr and Carver have
assessed LOGO initial learning and linked it to transfer to related
tasks [35]. In addition, context matters, and learning transfer is
enhanced when concepts are taught in multiple contexts instead of
overly contextualised examples [36]. Self-regulation strategies can
help students in the process of learning and transferring knowledge
[37]. Learning transfer also benefits from a more abstract under-
standing of the concepts [35]. This indeed shows a more advanced
stage of learning in the SOLO taxonomy [38], also often used to
assess levels of novice’s understanding in computer science [39, 40].
Developing this more abstract comprehension can be done by high-
lighting the main subgoals in the instructional material [41] or
by comparing and contrasting worked examples [42]. Goletti et
al. [43] also suggest that using explicit instructional practice favors
transfer.

Perkins and Salomon [44] propose two specific techniques to
promote the positive transfer of learning, respectively, Hugging and
Bridging: Hugging is aimed at increasing the similarities between
the learned and target domains while Bridging promotes more
abstract conceptual associations between the initial learning and its
target domain. Prior work that adopted these transfer techniques is
mostly in the context of transfer from block-based languages to text-
based languages [10–12, 45, 46]. For example, in their experiment
of transitioning students from Alice to Python, Tabet et al. [45]
used the bridging techniques to transfer concepts from Alice to
Python. This intervention was carried out by explicitly showing
similar examples in both Alice and Python (e.g. loops, if-statements,
methods) to help students effectively transfer concepts. The results
showed that students who were in the transfer intervention found
it easier to transition from Alice to Python than those who were
not. Another study by Dann et al. [10] used the bridging technique
by using a hybrid environment that allowed students to switch
between blocks and text notation when transitioning from Alice to
Java. These studies show that transfer strategies can be successful
in helping students transfer however they do not cater for negative
transfer, which has been reported to persist in second language
learning [15].

To cater for both positive and negative transfer, Tshukudu and
Jensen [13] conducted a transfer intervention aligned to the MPLT.
The empirical study aimed to investigate the effectiveness of explicit
instruction in teaching second programming language constructs.
The study was on undergraduate students who were transitioning
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from Python to Java language. Students were allowed to compare
and contrast semantic similarities and differences between equiv-
alent code fragments in Java (new language) and Python (known
language) and any misconceptions were explicitly corrected. The
results showed benefits in conceptual transfer and correction of
misconceptions caused by the negative semantic transfer.

We are not aware of research that investigates current school
teachers’ experiences, attitudes and approaches towards second
language learning, hence we make this our starting point.

3 RESEARCH SETUP
The goal of this paper is to understand computing teachers’
views and practices on the use of transfer strategies in teach-
ing second and subsequent programming languages. To that
end, we have conducted interviews with 23 in-service teachers, 13
in English and 10 in Dutch.

3.1 Participants
Twenty-three K12 computing in-service teachers, each from a dif-
ferent school in two European countries participated in the study:
participants T1-T23. Participation in the study was voluntary, and
the teachers were assured of confidentiality and anonymity of re-
sponses before the interviews. We recruited the teachers via mul-
tiple channels. In Scotland, we made direct contact with a list of
teachers who are interested in CS research. In the Netherlands, we
put an announcement in a weekly newsletter of i&i2: an association
of Computer Science teachers in primary and secondary schools in
the Netherlands. In addition, participants were contacted through
a Twitter account publicly that is followed by many teachers. As a
result, the participants in this study are positioned towards the end
of the spectrum where teachers are actively engaging in research
activities and attending conferences that promote new ideas and
activities in CS education.

Table 1 provides an overview of the teachers’ demographics
and teaching-related information. Their experience in teaching
Computing ranges from 5 years to 35 years. The participants all
teach at public secondary/high schools, while two teachers have
additional teaching load related to the final year of primary school.
The teachers we interviewed teach students with ages ranging from
11 years to 18 years. In terms of the curriculum that the teachers
follow, there are differences between the two countries. In Scotland,
there exists a national CS curriculum where pupils in the first two
years of the secondary/high school (S1 and S2) will typically follow
one 50-minute session per week, although this is sometimes more
or less, and there is no mandatory exam. Starting from the third-
year high school (S3) pupils who select computing science subject
start having between two or four 50-minute sessions per week in
addition to getting examinations. In the Netherlands, there exists
no national curriculum but guidelines on what to teach digital
literacy and computer science in secondary/high school, which are
split into domains or themes. Pupils do not have mandatory exams
when following these domains throughout the years of their school.
As a result, teachers in the Netherlands have more flexibility and
responsibility in deciding what and how to teach when it comes to
Computer Science and how to evaluate it for their pupils.
2https://ieni.org/

3.2 Interview protocol
The semi-structured interviews were conducted by the authors,
the scripted questions were supplemented by follow-up questions,
probes and comments where needed.

In order to answer RQ1 on teachers’ motivation to teach a sec-
ond programming language, we asked them to justify their choice
of programming languages and the learning outcomes they were
pursuing when teaching it. To answer RQ2 on the problems and
benefits of teaching more than one language, we then asked ques-
tions about whether they observed advantages or drawbacks when
teaching a subsequent programming language and whether it re-
lated to the first or previous programming language. To answer
RQ3 on their views on transfer strategies, we asked them questions
on the perceived impact of previously taught languages on stu-
dents learning the second/subsequent programming language and
if they thought it was beneficial to implement transfer strategies.
To answer RQ4 on the transfer strategies they use in their teaching,
we asked them to describe their programming language teaching
methods; specific points of attention were how they referred to the
first or previous programming language(s).

To collect open-ended data on teachers’ thoughts and beliefs
about the transfer and teaching of second and subsequent pro-
gramming languages, semi-structured interviews were used. The
interviews with each teacher lasted 50 minutes on average. All in-
terviews were performed through video calls, recorded, transcribed,
and then coded. All teachers were requested to sign a written con-
sent form. In the form, we briefly introduced the goal of the research
and the guarantees that any data taken from the interviews will be
anonymized. The interview script used for the study can be found
at http://ccse.ac.uk/studymaterials.

3.3 Coding process
A thematic analysis [47] was used to analyze and interpret themes
within the data. The transcribed interviews were imported into
Excel for detailed coding analysis. The coding process was in three
distinct phases. Firstly, each of the four research questions was
coded by one of the four authors individually. The author then
discussed the initial codes with one other author, and conflicts were
discussed and resolved. Small themes of codes were merged, and
larger themes were split using an iterative process. In that process,
we sought to find themes that described the core issues of one re-
search question. We aimed to have about three large themes per
research question, potentially with sub-questions. The discussions
among the first and second coder often concerned the precise group-
ing of themes and sub-themes, as well as the in-depth discussion of
why some quotes were or were not included in (sub)themes.

Finally, all codes and their implications were discussed with the
remaining two authors, who were not involved in the initial coding
process or the subsequent discussion. In this final consolidation
step, the codes were also compared across research questions where
relevant, to prevent overlap between research questions and to find
generic themes to discuss in-depth in the discussion section.

4 RESULTS
The data revealed several themes, which will be presented in four
subsections corresponding to the research questions.
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Code Gender Country School level (pupils age) Teaching
experi-
ence

Programming languages taught

T1 Male Scotland Secondary/High School (12-18 years) 21 years Scratch, Blocky and micro:bit block edi-
tor,HTML, Python

T2 Male Scotland Secondary/High School (12-18 years) 10 years Scratch, Scratch and micro:bit block ed-
itor,HTML, Python, PHP

T3 Male Scotland Secondary/High School (12-18 years) 18 years Scratch, HTML, Python, PHP
T4 Female Netherlands Secondary/High School (15-17 years) 5 years Python, HTML/CSS JavaScript, C#
T5 Male Netherlands Secondary/High School (15-16 years) 5 years HTML, Scratch, Javascript
T6 Male Netherlands Secondary/High School (15-17 years) 5 years Processing (Java), Arduino, Web (PHP),

Python
T7 Male Netherlands Secondary/High School (16-18 years) 11 years HTML, Python, Java
T8 Female Scotland Secondary/High School (12-18 years) 15 years Blocky, Scratch and HTML, Python

and SQL, Python, HTML/CSS Javascript,
MySQL and PHP

T9 Female Scotland Secondary/High School (12-18 years) 30 years Blocky, Scratch, Python
T10 Male Scotland Secondary/High School (12-18 years) 35 years Blocky, Scratch, Java, HTML
T11 Male Scotland Secondary/High School (12-18 years) 16 years Blocky, Scratch ,Javascript and VB,

Javascript

T12 Female Scotland Primary school (8-11 years)
Secondary/High School (12-18 years) 19 years Scratch, micro:bit block editor, Turtle

Python, Python
T13 Male Netherlands Secondary/High School (16-18 years) 35 years HTML, JavaScript, PHP, Python
T14 Male Scotland Secondary/High School (12-18 years) 24 years Scratch(S1), HTML/CSS SQL, VB,

Javascript, PHP MySQL
T15 Male Scotland Secondary/High School (12-18 years) 15 years Scratch, Python
T16 Male Scotland Secondary/High School (12-18 years) 23 years Truebasic, Scratch,VB, Python, Java
T17 Female Netherlands Secondary/High School (16-18 years) 14 years HTML/CSS, Flowcharts Flowgarithm,

Python
T18 Male Netherlands Secondary/High School (16-18 years) 3 years Python, Database SQL, JavaScript
T19 Male Netherlands Secondary/High School (13-18 years) 14 years Scratch, Python
T20 Male Netherlands Secondary/High School (16-18 years) 5 years HTML/CSS, JavaScript, AJAX and JSON,

PHP MySQL, Python
T21 Male Netherlands Secondary/High School (16-18 years) 32 years Python, PHP

T22 Female Scotland Primary school (11-12 years)
Secondary/High School (12-18 years) 23 years Micro:bit block editor, Scratch, Python,

Javascript SQL HTML/CSS, PHP
T23 Male Scotland Secondary/High School (12-18 years) 15 years Scratch, Python

Table 1: Details over the participating teachers. Teacher’s code reflects the order of their interview, where T1 is the first inter-
viewed and T23 is the last interviewed.

4.1 RQ1: Reasons for multiple languages
When exploring the reasons high-school teachers provide for teach-
ing multiple languages, we found three main reasons: languages
are part of the curriculum or there is teaching material for specific
languages (7 teachers), starting with a simple language (13 teach-
ers), and different languages have different impacts on students (10
teachers). The latter two categories can be further subdivided, as
we will explain in the remainder of this section.

4.1.1 Part of the curriculum or materials. We firstly see reasons
why teachers teach multiple languages which are not directly re-
lated to specific programming languages or teaching practices.

Seven teachers named such reasons, for example, a set curricu-
lum as the main reason to teach different languages or the fact that
materials were available for specific languages.

4.1.2 Start with simple language. The biggest category that we
found among the 23 interviewed teachers, named thirteen times, is
that teachers want to start with a simple language. Often, but not
always, this simple language is a block-based language. Teachers
explained that at one point, simpler languages do not suffice any-
more because children outgrow them, or they do not offer enough
possibilities to teach with. At that point, there is the need for a
second or third language. We distinguish four subcategories in the
overarching category of “Starting with a simple language”.
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Category Number of teachers
Part of the curriculum 7
Start with a simple language 13
- Simple language provides engagement 8
- Simple language avoids errors 5
- Simple language builds confidence 4
- Simple language supports focus on concepts 3
Different languages have different benefits 10
- Different languages have different applications 4
- Knowing different languages gives a different perspective 6

Table 2: Reasons teachers provide for teaching multiple languages

Simple language provides engagement. The first reason we ob-
serve named by eight teachers is that a simple language helps
students to quickly get engaged in programming. For example, T1
states that “We start with a simple language so we don’t scare them”.
T8 adds that “[Scratch] is easier and [uses] blocks and students can
throw in something really quickly.”

Simple language builds confidence. Five teachers name the fact
that a simple language build self-confidence in students, to increase
the chances that they will enjoy programming. For example, teacher
T16 states that they “start with blocks to avoid frustration”.

This seems to be related to the fact that, as we know from prior
research as described in Section 2, syntax can be a large barrier for
students. Starting with a simple, often block-based, language helps
to push the syntax barrier to later in the course when students
might feel more prepared for programming.

Simple language avoids errors. Five teachers indicate that they
specifically start with a simple language because a simple language
makes it easier for students to avoid syntactic mistakes. For example,
teacher T9 states “We start with Scratch to ... eliminate Syntax errors
(S1-S2).”

Teaching multiple language is seen as an opportunity to teach
students in thinking about programming languages and their differ-
ences. For example, T5 explains that “we explain that with Scratch
you cannot make a website, that makes the student want to move to
a new language.” Avoiding errors can be related to our previous
category of building confidence.

Simple language supports focus on concepts. The final reason that
three teachers specifically choose a simple language is because
they believe that a simpler language makes it easier for students
to focus on programming concepts rather than on syntactic issues.
For example, T17 states “We use Executable flowcharts, because they
help to explain the three basic concepts: sequence, selection, iteration.
We then “dress it up” with a textual programming language.”

4.1.3 Different languages have different benefits. The third main
category is that the use of different languages has different educa-
tional benefits for students. Ten teachers name this as a reason for
using multiple languages. For example, T20 states “I specifically use
different languages for different goals. First HTML/CSS to show them
code is everywhere”. We divide this main category further in to two
subcategories.

Different languages have different applications. One of the reasons
that it can be beneficial to teach multiple languages, named by four
teachers, is to show students that different programming languages
have different applications. If you want students to see how broad
programming is, that can be done with different languages. T6
explains “Different programming languages help to teach different
parts of programming. For example C++ is difficult, but helps to teach
hardware.”

Knowing different languages gives a different perspective. Finally,
six teachersmentioned the fact that students’ knowledge ofmultiple
languages will give them a better perspective on programming
languages. For example, T21 hopes that “students will learn a new
language sooner if they have seen two [languages] already.”

4.2 RQ2: Problems/benefits of teaching
multiple languages

Teachers were asked to reflect on benefits and problems they ob-
serve in students when they transfer to another programming lan-
guage. We categorized their answers into a list of benefits and
another list of problems. Table 3 provides a summary of both the
benefits and problems categories.

4.2.1 Benefits observed when moving to another programming lan-
guage. We categorize the benefits into twomain categories: Positive
effect on understanding programming concepts in PL2 (15 teachers),
and Positive effects on cognitive abilities (7 teachers).

Positive effect on understanding programming concepts in PL2.
This is the biggest category under the benefits, highlighted by 15
different teachers. We distinguish here three subcategories. First,
students transfer the understanding of basic programming con-
cepts from one language to another. For example T4 states that
students “understand how they can use if-statements in VB because
they have learnt that in Scratch, it happens quite naturally”. Similarly,
T9 highlights that students “automatically transfer the concept of
the if-statements and repeat statements from Scratch”. Second, the
understanding of concepts benefits from students making an ex-
plicit connection to the previous programming language to help to
solve problems in the new language. This connection could come
from only remembering the concept from the first language or due
to teachers repeating the concept again. For example T4 highlights
that “Sometimes students themselves say “you would do this in Python
like this or that, but in C# I do it differently now””. According to
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Benefit Category Number of teachers
Positive effect on understanding programming concepts in PL2 15
- Transfer the understanding of basic programming concepts from one language to another 11
- Students make the connection/link to the previous language 7
- Happens only under specific conditions 2
Positive effect on cognitive abilities 7
- Transfer of problem solving skills and abstract thinking 4
- Broadening students perspectives 3
Problem Category
Negative effect of syntax transfer 8
- Context switching is difficult and takes time 5
- Mixing syntactic elements from two languages 5
Negative effect of semantic transfer 10
- Misconceptions: Students making assumptions on semantics 6
- Struggle with semantics 6
Students make no connection to/with previous language 4
Students demotivated or less confident to learn a new language 3
- Students making generalizations on lack of ability based on a bad previous experience 3
- Stuck in one language that they know 1

Table 3: Benefits and problems highlighted by teachers of teaching multiple languages

some teachers, this connection could lead to students learning PL2
more quickly, as T6 puts it: “concept repetition, [and then] you have
the basis to pick up another language quickly”. Third, some teach-
ers stress that for any benefit on understanding to occur, specific
conditions should apply, such as “good instructions, peer discussion
among the pupils and focus on code comprehension questions”, as
highlighted by T15.

Positive effect on cognitive abilities. Teachers recognize that mul-
tiple languages benefit developing cognitive abilities linked to pro-
gramming. Under this category we recognize two subcategories.
First, teachers report that students transfer problem solving skills
and higher level thinking from PL1 to PL2. T7 explains that “stu-
dents learn that when they have a problem they need to split it to
parts and then they can solve those small parts one by one. By doing
multiple programming languages students would see that the way
of thinking remains the same”. T19 adds that learning multiple lan-
guages “helps more in the thinking process, higher level thinking over
what programming languages do”. Second, some teachers stress that
learning multiple languages broadens students’ perspectives on
programming languages and their applications: “Knowing multiple
languages allows the student to do different things” according to T20,
and students then know that “a specific programming language is
not sacred” according to T18.

4.2.2 Problems observed when moving to another programming lan-
guage. Teachers on the other hand identify problems when students
move from PL1 to PL2. We categorize these problems into four main
categories: Negative effect of syntax transfer (8 teachers), Nega-
tive effect of semantic transfer (10 teachers), Students make no
connection to/with previous language (4 teachers), and Students
demotivated/less confident to learn a new language (3 teachers)

Negative effect of syntax transfer. Teachers identify syntax as a
major issue when transferring to a new programming language. We

have under this category two subcategories. One subcategory re-
lates to students’ context switching from one language to another is
difficult and takes time, taking into account that syntax differences
between languages “are sometimes big”. T1 believes that students
“struggle with syntax more than concepts” while T2 says that a new
language “throws a barrier with syntax”. The second subcategory
focuses on the problems that rise from students mixing syntactic
elements from two languages. For example, T21 mentions that “
students write php sometimes in the python style: colon instead of, or
mixed with, parenthesis for loops”.

Negative effect of semantic transfer. This relates to the students
understanding of the semantics of particular symbols or constructs
in a new programming language. We recognize again two sub-
categories. First, students hold misconceptions based on previous
knowledge. This could be knowledge from another domain, such
as math or knowledge acquired from a previous programming lan-
guage. For example, T1 says that “the = symbol is a problem, they
transfer the math equal”, and T17 “for example with Structurizr you
had to put an and instead of a + in Python to concatenate strings”. The
second subcategory relates to a general struggle with semantics. A
big part of this struggle stems from moving between strictly and
less strictly typed languages. T10 highlights an example: “When
students switch to Java from Python, parameter passing is a challenge
because Python does not explicitly ask you to declare your data types
while Java does”.

Students make no connection to previous language. This main
problem category points out the case of transfer being unsuccessful
as students fail to make the connection between the same concept
in different languages. We note that the four occurrences of this
category are when students transfer from a block-based program-
ming environment, Scratch, to another programming language. For
example, T8 describes the issue: “ I think they have transfer problems
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to Scratch, I think it’s because they are given a block in Scratch and
they don’t think what’s inside the blocks so they just pull them in,
they don’t notice it’s a repeat block which is the same as a for-loop in
Python”

Students demotivated or less confident to learn a new language.
The motivation to learn a new programming language could be
affected according to three teachers. This happens as students make
generalizations on their lack of programming ability based on a
first “bad” experience with programming. For example T23 thinks
that “when pupils go onto a second language but are not confident
in the concepts and structures that appear in both, it can make them
less confident”. The second subcategory relates to students who
remain stuck in one programming language. According to T19, this
happens either because they they master one language and see no
value in learning another one, or because they look down on other
languages.

4.3 RQ3: Views on the use of transfer strategies
When exploring the views of computing teachers on the use of
transfer strategies, we found that there are three main teachers’
views. Table 4 provides a summary of these views.

4.3.1 Do not believe they have to implement transfer strategies. The
results reveal that a considerable number of teachers (12) do not
believe they have to implement transfer strategies in the classroom
when teaching second or subsequent programming languages. The
rationale for this belief is divided in five subcategories.

Implementing transfer strategies takes time. Four teachers ex-
pressed that it takes a lot of time to implement transfer strategies
given that they are restricted by the class time. For example, T10
said, “It takes an awful lot of time to teach for transfer and use it
as an opportunity for learning. It takes time to unpack the concepts
students are learning but there is no time”.

Implementing transfer strategies confuses students. Two teachers
expressed that transfer strategies might not always yield positive
results. These teachers believe that implementing transfer strate-
gies in the classroomwill confuse students because it might become
complicated. For example, T2 states, “If I introduce the deeper se-
mantics of a language, it’s too early, I loose too many, we don’t want
it to get overly complicated”.

Implementing transfer strategies puts students off . Two teachers
also believed that transfer strategies might yield negative results
such as demotivating students to learn a new language. For example,
T8 stated that, “we don’t teach for transfer, we don’t go that far. I am
always worried about putting them off”.

Mapping prior language to new language is difficult. Two teach-
ers expressed that they find it challenging to map a block based
environment to a text-based environment. For example, T1 states,
“Its difficult to convert a game environment from Scratch to Python”.

Assume students transfer implicitly therefore no need for transfer
strategies. The last reason teachers (2) don’t implement transfer
strategies is because they believe students automatically transfer
without the need for help. For example, T11 states, “I believe transfer
happens quite naturally for students from Scratch to VB”.

4.3.2 Believe transfer strategies are important and knowledge of
more than one language helps foster transfer. Nine teachers believe
that transfer strategies are important andwhen students knowmore
than one language, it gives them the ability to transfer conceptual
knowledge from one language to the other. For example, T19 states
that, “There are analogies between languages, but students do not see
that for themselves, someone needs to tell them. With more concepts
and analogies, students can learn a new language faster. Students
become more resilient to new materials/products because they have
seen something similar, helps more in the thinking process, higher
level thinking over what programming languages do”.

4.3.3 Don’t think students have strong comprehension of the first
language for any benefits of conceptual knowledge to carry over to a
new language. Four teachers highlighted that students do not have
strong understanding of the first language which then results in
students having almost nothing to transfer to the new language.
These teachers believe that a lot of teachers do not focus enough
on the development of conceptual knowledge when teaching first
programming languages. For example, T23 said, “I think the biggest
risk is not teaching the first language in a comprehensive way, espe-
cially Scratch, when it is sometimes seen as an “introduction” rather
than a learning tool”. A similar view is shared by T3 who states that,
“We then don’t teach the constructs of the first language, but rather
the game environment”.

4.4 RQ4: Types of transfer strategies
When looking for the specific strategies teachers use to teach for
transfer, we noticed that among the 23 interviewed teachers only
nine intentionally use transfer strategies and one that did it unin-
tentionally. The most notable transfer strategies were grouped in
three different categories and are presented in Table 5.

4.4.1 Referring to the first programming language. The first main
category of strategies is referring to the first programming language
when teaching the second one. This category contains the three
following strategies:

Explicitly referring to the first programming language. Six teach-
ers used references to the first programming language. This strategy
aims at bridging the gap between a concept used in the first lan-
guage and its reuse in the second one. For example, T20 says that,
when teaching a new language he would “just repeat the concept
briefly, but not too deeply in the new language. Indicate what differ-
ences and similarities are with the previous language”.

Comparing code in different programming languages. Five teach-
ers reported illustrating a concept by showing two versions of the
same program, one in the first programming language and one in
the new language. Sometimes, teachers even show both versions
at the same time or, going even further, explicitly detailing the
translation process from a representation to another (block to text,
text to text, flowcharts to text). For example T13 says that: “For most
concepts I introduce through the course I map them to the Scratch ones
to show how they work in both languages”. T15 said he would “for
example show a JavaScript program on the whiteboard and together
with students transform it to PHP”.



Teachers’ Views and Experiences on Teaching Second and Subsequent Programming Languages ICER 2021, August 16–19, 2021, Virtual Event, USA

Category Number of teachers
Do not believe they have to implement transfer strategies 12

-Implementing transfer strategies confuses students 2

-There is not enough time to implement transfer strategies 4

-Mapping prior language to new language is difficult 2

-Assume students transfer implicitly 2

-Implementing transfer strategies puts students off 2

Believe that knowledge of more than one language helps in transfer 9
Do not think students have strong comprehension of the first language
for any benefits to carry over to a new language

4

Table 4: Views on transfer strategies

Category Number of teachers
Referring to PL1
- Explicitly referring to PL1 6
- Comparing code in different programming languages 5
- Discussing similarities 4
Favoring transition
- Putting the accent on concepts 8
- Using visual representations 4
- Using dedicated activities 3
- Avoiding language specific constructs 1
Preparing for transfer
- Referring to everyday life 3
- Reinforcing first PL knowledge 1

Table 5: Types of transfer strategies

Discussing similarities. Four teachers mentioned especially point-
ing out similarities and differences between two different versions
of a resolution in two different programming languages. By asking
questions to student as “How would you do it in C#/Unity?”, for
example.

4.4.2 Favoring transition. This category consists of four instruc-
tional strategies favoring the transition from a first programming
language to a second one.

Putting the accent on concepts. Eight teachers mentioned putting
the accent on concepts as a strategy for transfer. For example nam-
ing and abstracting concepts when seeing them for the first time
in the first programming language. This allowed reminding previ-
ously seen concepts in the second language. Sometimes referring
explicitly to the first language sometimes just mentioning the con-
cept. For example, T22 says: “We teach concepts that we have taught
before, but we flag what they looked like in the first language when
we introduce them in the second language.”

Using visual representations. Four teachers use an intermediate
representation such as flowcharts to abstract the concept and make
it more generic before reusing it in a second programming language.
For example, T19 said: “I teach them the logic flow in flowcharts first

and when I move to Python I keep showing the flowcharts in one
charts.”

Using dedicated activities. Three teachers reported favoring the
transition between programming languages by using pedagogical
strategies or specific tools. One strategy mentioned was allowing
students to solve an assignment in the language of their choice. To
reduce the load inherent to the problem, T21 gives to students the
same assignment in the second language as in the first so that they
can focus only on the new syntax. We regrouped in this category
the use of specific tools such as developing environments that allow
the students to switch from blocks to text and back, like T11 do. A
last activity worth mentioning is T15 proposing assignments where
students have to mix two different languages, forcing them to pay
attention to the differences in syntax.

Avoiding language specific constructs. Finally, T20 says he “tries
to stay away from very JavaScript-specific concepts” when another
more generic syntax was available so that the “switch is easier”.

4.4.3 Preparing for transfer. One last smaller but interesting cate-
gory are efforts made by teachers to anticipate transfer. In particular,
for the following example, we argue that they reinforce students
engagement.
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Referring to everyday life. Two teachers mentioned that they look
at websites students know and look at the code there. Another, T13,
compared objects properties in an object oriented class to the fields
of an element in a software they used earlier in class.

Reinforcing first programming language knowledge. One teacher
mentioned transfer can only occur if a strong understanding of
the first programming language is built. Therefore, T23 said that
"concepts transfer if students have a strong comprehension of their first
language and first language understanding is stronger if students had
a chance to discuss, debate and interrogate concepts". Even though
he is not recognising this as a strategy by himself.

5 DISCUSSION
5.1 Reflections on Research Questions
5.1.1 RQ1: Reasons for multiple languages. There is a wide varia-
tion in teachers’ reasons for teaching multiple programming lan-
guages. Some feel they have to because it is part of the curriculum.
Most of them tend to associate the reasons with increasing students’
engagement and excitement in programming; they entice the stu-
dents with the first simple language before laying the hard graft
on them with the second. These reasons appear to be justifiable
considering that prior work has stressed the difficulties that novices
face in understanding syntax [23, 24, 48]. These kinds of teachers
do not believe that the first language should even teach concepts,
hence they focus on creating games as part of their classes.

The deficit views are rather an issue for concern; not that they are
necessarily wrong, but most teachers in our study did not mention
being motivated to teach multiple languages because they can help
students develop conceptual understanding. Some prior work has
proposed that if students learn second/subsequent programming
languages appropriately, their conceptual knowledge develops and
becomes restructured [15]. Furthermore, the Computing curricula
in earlier years had courses such as Comparative Programming
Languages which were popular with common aims of deepening
students’ conceptual understanding [49].

5.1.2 RQ2: Problems/benefits of multiple languages. Teachers re-
vealed that their students experience transfer problems. Most of
these issues are captured by the prior programming language trans-
fer research. Without explicit instruction, students can experience
negative effects of semantic transfer from prior languages when
learning constructs in a new language [15]. The other issues re-
ported are when students fail to connect common concepts between
the two languages, which usually occurs when they learn abstract
concepts in a new language [14, 31, 32]. Other issues such as syntax
problems have been reported in prior work, which investigated
near novices problem-solving in new languages [3, 8, 11].

Despite these reported failures of transfer, teachers also reported
some successes of conceptual transfer. These usually occur when
students learn constructs that share similar syntax and semantics
in the previous language and the new language [15]. Other positive
issues such as transfer of problem-solving skills have been reported
in [3–5], and they are also attributed to language similarities.

These results show that the same issues arise in schools as have
been reported at universities, and this gives us a clear purpose in
attempting to roll out transfer intervention strategies in schools.

These interventions can have a much higher chance of success if
done well; as school systems share curricula and teachers have a
culture of adopting materials rather than developing them from
scratch.

5.1.3 RQ3: Views on the use of transfer strategies. The beliefs ex-
pressed by teachers in answering RQ1 have significantly shaped
their views and approach in teaching second languages. For in-
stance, a majority of the teachers in our study do not believe that
implementing transfer strategies in the classroom is a priority in
teaching a second language. They report their own perceived ideas
of the challenges that might arise when implementing transfer
strategies. Their views mostly imply that they do not have much
faith in the conceptual knowledge that the students have acquired
in the first language. MPLT [15] has, however, shown that in most
cases, students automatically effect semantic and conceptual trans-
fer from prior languages based on syntax similarities. If teachers
are not aware of these transfer mechanisms, it can impact learn-
ing of the second language negatively, as shown in RQ2 results
and as confirmed in prior work [10, 13]. The 39% of the teachers,
however, do believe in the importance of transfer strategies and
appreciate that students’ knowledge of multiple programming lan-
guages can help foster conceptual knowledge transfer and deepen
conceptual understanding. As a result, these are the teachers who
try to implement some form of transfer strategies in the classroom
(RQ4).

5.1.4 RQ4: Types of transfer strategies. The transfer strategies re-
ported in the study mostly include referring back to the first pro-
gramming language. Strategies that put emphasis on conceptual
transfer by showing different versions of the same code in the prior
language and new language, or giving the same assignment in two
different languages are in line with Hugging and Bridging tech-
niques [44]. Other strategies use the idea of showing a concept
in a different context [36]. These explicit transfer strategies have
been used in prior work and have been reported to be successful
in helping students transfer to new languages [10–12, 45, 46]. One
teacher also explicitly mentioned paying attention to a strong un-
derstanding of the first programming language which aligns with
reinforcing initial learning [35]. Although these are commendable
efforts, only 39% of the teachers use transfer strategies and some
of these transfer strategies seem to be rushed and informally im-
plemented. For instance, teachers mention words like: “I repeat the
concept briefly, but not too deeply” and “I flag concepts”.

5.2 Implications for CS Education
The findings emerging from this research indicate that a good
number of teachers’ transfer strategies reflected a range of good
approaches widely promoted in the transfer literature [13, 44]. How-
ever, a majority of teachers did not believe they have to implement
transfer strategies in the classroom. Based on these results, we give
specific recommendations to teachers, researchers, and curriculum
designers on areas where more should be done to support teachers
in adopting transfer strategies in the classroom.

5.2.1 Recommendations for teachers. We recommend that teach-
ers should consider their students’ prior programming language
knowledge and design classroom activities that engage their initial
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understanding to help them evolve their conceptual knowledge
as they learn new programming languages. Furthermore, teachers
should use explicit instruction to help their students correct nega-
tive syntax and semantic transfer from prior languages [13]. Lastly,
teachers should be strongly encouraged to add to their reasons for
teaching multiple languages the benefit of deepening conceptual
understanding about programming language concepts. By doing so,
it will support the development of much stronger computational
thinking skills in their students.

5.2.2 Recommendations for researchers. If transfer strategies are
to be used effectively by computing teachers, a carefully planned
pedagogy is required. Therefore this presents an opportunity for
researchers to work with experienced teachers to develop, imple-
ment and evaluate a pedagogy where transfer interventions tackle
specific student transfer problems (e.g. concepts, syntax, and se-
mantics) presented in this study and transfer research [3, 11, 15, 50].
The analysis of insights and views collected from researchers is an
important step toward improving second and subsequent program-
ming language teaching. In addition to existing work on transfer
interventions [10, 12, 13], further research is also required to under-
stand how teaching for transfer can deepen conceptual knowledge
and improve learning to program.

5.2.3 Recommendations for curriculum designers. CS curricular de-
signers should draw on research and use it as guidance to design
teaching material that aims to promote transfer as students transi-
tion between programming languages. We believe that the aims of
any curricula should be to facilitate transfer and learning progres-
sion and development of conceptual understanding. Furthermore,
teachers should be allowed to participate in a professional develop-
ment program on transfer that covers the value of teaching multiple
PLs to develop conceptual knowledge, benefits and challenges of
second language learning, and teaching techniques for transfer.

5.3 Threats to validity
The goal of this paper is to understand the views of teachers on
transfer and transfer strategies. This study suffers from a number
of threats to validity. Firstly, we only interviewed teachers in two
European countries, making it harder to generalize our findings,
since the situation in other countries could be different. Secondly,
we only concentrated on the situation in high schools, while many
schools nowadays also teach programming at younger ages. As
such, specific transfer issues experienced by children coming into
high school with programming experience are outside of the scope
of this paper.

6 CONCLUDING REMARKS
This study aims to understand the views and strategies high-school
teachers employ when teaching a second or subsequent program-
ming language. To that end, we have conducted interviews with 23
in-service teachers. Our most important findings include the fact
that many teachers initially use simple programming languages,
hence creating an opportunity for transfer learning (RQ1). Further-
more, teachers recognize both benefits and problems from transfer
from PL1 to PL2. The benefits reported relating mainly to the role
that PL1 can play in preparing for PL2. The problems reported by the

teachers include; syntax problems, semantic difficulties (especially
holding misconceptions), and the fact that students sometimes fail
to see the connection between the two languages (RQ2). We ob-
serve that teachers mostly don’t see the need to implement transfer
strategies and don’t capitalize upon the opportunity transfer could
bring (RQ3). Finally, we see that some teachers do use well-known
transfer strategies (RQ4). That indicates that future work could
build on that willingness and spread the use of efficient transfer
strategies.

Our paper opens up several other avenues for further research.
For example, initial studies have shown that learning outcomes
could be improved if teaching methods were adjusted in line with
the predictions of MPLT [13, 14]. However, these interventions
have not been explored in the context of high schools, and have
not been used to study the transfer of block-based to text-based
languages. In-depth experiments like [15] in these contexts would
be a valuable next step. Researchers can carry out future work
on transfer with teachers who already consider the importance of
conceptual development and who already use transfer strategies.
If this leads to better outcomes, the findings can underpin wider
teacher professional development programs on transfer.
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