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ABSTRACT

Computer Science (CS) is taught in India, using English as the
medium of instruction, to students whose native language is not
English. This places a high cognitive load on students who learn
programming for the first time and who are not very proficient in
English. The problems these students face become even harder since
learning to program can be an incredibly difficult task. Our study
aims to find out if a student’s native language has any effect on the
student’s ability to learn programming. We taught linked list, a basic
concept in CS, to two groups of undergraduate students for a week
in Tamil Nadu, India. We used English to teach one group of students
and English and Tamil (the native language in Tamil Nadu) to teach
the other group. Our intervention consisted of three lectures and
one live-coding session. We collected quantitative and qualitative
data using technical tests and open-ended feedback respectively.
We found that although teaching programming using both English
and Tamil is no different when compared to using only English
with respect to student learning, students have expressed positive
opinions about teaching and learning CS using two languages.
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1 INTRODUCTION

Students in India learn their subjects during their K-12 (kinder-
garten (K) through twelfth grade (12) ) either in English or their na-
tive/first language (i.e., the language that a person has spoken from
earliest childhood). This choice of language depends on whether the
student studies in an English-medium school or a native-language-
medium school during their K-12. Although there are two mediums
of instruction during K-12, almost all the STEM (Science, Tech-
nology, Engineering and Mathematics) subjects in undergraduate
education are taught mostly in English [1, 12]. Computer Science,
one of the STEM subjects, is also taught in Indian colleges in Eng-
lish. The main reason for teaching CS in English is because software
companies in India use English as their language of communica-
tion as most of them are affiliated with U.S. based companies [3].
Therefore, students who aren’t very comfortable in English (e.g.,
students who studied in a Tamil-medium school during their K-12
and students who aren’t proficient with English even though they
may have studied in an English medium school) find it difficult
to understand programming concepts since the subject is already
new to them and they are also forced to learn it in a language that
they are not comfortable with [18, 22]. As a result, these students
end up failing their programming courses, and eventually develop
inferiority complexes about their programming abilities [17].

Our research started with the following question: Can we re-
duce the difficulties faced by these students by teaching them CS
using both English and their native language? To answer this
question and to better understand the impact of the medium of
instruction to teach CS, we conducted an experiment where we
taught programming using both Tamil and English to a group of
students (experimental group) whose native language was Tamil.
We also taught programming to another set of students (control
group) only in English even though their native language was also
Tamil. We used English along with Tamil to teach the experimental
group since we believe that even though Tamil may help students
to better understand programming concepts, English is needed for
them to communicate with other programmers around the world.
Moreover since the documentation of the programming languages
(e.g., K&R C [13]) and the online programming forums (e.g., Stack
Overflow) are in English, it is very important for these students to
learn English along with programming.
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To teach CS using two languages, we use techniques like code-
switching [8] and translanguaging [9, 16] while communicating with
the students. Code-switching is a technique of alternating between
two or more languages in the same conversation. Code-switching,
especially from the secondary to the primary/native language helps
the students to focus, clarify and reinforce lesson materials that
leads to better understanding of the subject [8]. Translanguaging
is a pedagogical practice where certain aspects of the pedagogy
(e.g., classroom discussion) are done in the primary language and
other aspects (e.g., writing, exams, etc.) are done in the secondary
language. This helps the students to gain a deeper understanding
of the subject matter and to improve their proficiency with the
secondary language [2].

The reason why bilingualism will be beneficial in CS is because
it is one of the subjects where students will be greatly benefited
if they understand the meaning of keywords. Many of the con-
cepts in programming languages would be easy to remember and
recall if students understood the meaning of those words in English.
Examples of such concepts/keywords are static, abstract, virtual,
inheritance, polymorphism, encapsulation, etc. The number of non-
native speakers of the English language (as of 2003) around the
whole world outnumbered the native speakers by a ratio of 3 : 1 [6].
We consider our study to be a small first step towards broaden-
ing the impact of computing education not just to predominantly
English-speaking regions but to the entire world.

2 RELATED WORK

Pal and Iyer analyzed the effects of medium of instruction on
acquiring programming abilities among students in North India
whose native language is mostly Hindi [19-21]. Programming was
taught to two groups of first-year undergraduate students from
Hindi-medium background (i.e., students who studied in Hindi-
medium schools during their K-12) using English-only, and Hindi-
only medium of instruction. The programming abilities of the two
groups of students were tested and compared, and it was found that
the students from Hindi-medium background learnt programming
better when they were taught in Hindi when compared to when
they were taught in English. Our work differs from this work in
various aspects. First of all, the native language that we used in
our study was Tamil (a South-Indian language, spoken by people in
Tamil Nadu) which is a completely different language than Hindi
(spoken by people in many parts of India but not in Tamil Nadu).
We don’t use Tamil-only to teach programming but instead we use
a combination of Tamil and English to teach programming since
we recognize the benefits of using both languages. We don’t target
students who are from a Tamil-medium background but instead
we target all students whose native language is Tamil, even though
they may have studied in an English-medium school during their
K-12. We compared the effectiveness of our approach by using the
gain and the post-test score while Pal et.al. used only the post-test
score to compare the effectiveness of their approach even though
they had conducted a pre-test in their study.

Lau and Yuen studied the impact of medium of instruction on
teaching and learning computer programming [14]. They conducted
their study among two groups of K-12 students from Chinese-
medium and English-medium schools in Hong Kong. They taught
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bubble sort using either C or Pascal to these students, and reported
that Chinese-medium students appear to understand programming
concepts better than their English-medium counterparts. In our
study, the students were not separated into two groups based on
their medium of instruction during K-12 since CS is taught using
English as the medium of instruction in undergraduate colleges in
India, irrespective of the students’ prior medium of instruction.

Boulet studied the role of language in teaching and learning
of Mathematics [4]. The author addresses some specific issues
pertaining to languages that students use to define mathematical
terms to read and interpret mathematical notations, and to describe
mathematical processes. The teacher’s role to foster productive
mathematical discourse in the classroom using their language as a
tool is also highlighted. In our study too, we used all the technical
terms in CS as it is in English. For example, the terms like linked
lists, arrays, pointers, structures, etc, were used as they are used in
English. Tamil was used only to explain the programming concepts.

Probyn interviewed some teachers in South Africa who use Eng-
lish along with Xhosa, an official South African language, to teach
Science [22, 23]. The study shows that the language of learning
and teaching frequently creates a barrier to learning when it is not
the native language of the learners. The benefits of code-switching
between the two languages for increased comprehension among
students is also highlighted. We consider our study as an extension
to this study where we try to find if the vernacular has any effect
on learning programming, mainly by measuring student learning
using pre-and-post technical tests.

Fennema-Bloom studied the value of naturally occuring code-
switching during bilingual content instruction in Mandarin/English
among non-traditional immigrant high school students [8]. The au-
thor found that code-switching is a valuable pedagogic tool used by
bilingual teachers to make content more comprehensible. Our work
targets on finding the value of code-switching for CS Education.

3 RESEARCH QUESTIONS

Our research aims at addressing the following questions:

(1) Does using the native language (Tamil) along with English for
teaching programming have any effect on student learning when
compared to teaching only in English?

(2) What are the students’ opinions about using their native lan-
guage along with English for teaching programming within the
classroom?

Our hypothesis is that using the native language (Tamil) along
with English for teaching programming will have a positive impact
on student learning when compared to using only English, for first
year undergraduate students whose native language is Tamil.

4 METHODOLOGY

In this section, we explain the methodology that we used to conduct
the experiment and to collect the data.

4.1 Participants

The experiment was conducted in a well reputed Engineering col-
lege in Tamil Nadu. Two groups of first-year students, enrolled in
two different sections of a data structures course were selected for
the study. One group was treated as the control group and the other
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group was treated as the experimental group. The total number of
students in the control and experimental group were 52 and 51 re-
spectively. All these students have previously taken a programming
course in C [13] and data structures was their second programming
course. There was only one student in the experimental group who
was from a Tamil-medium background during K-12 and there were
two such students in the control group.

4.2 Experimental Design

The experiment was conducted using a nonrandomized control group
pre-test post-test design [7]. In this design, the participants were not
randomly assigned to groups but remained in their pre-assigned
groups. This increases the external validity of the design by re-
ducing the reactive effects of the experimental procedure [7]. We
acknowledge that the problem with this approach is that even if
there are any post-test differences between the groups, they may
be attributed to characteristic difference between the groups rather
than to the intervention. We take this issue into consideration in
our result analysis by choosing our statistical models for pre-test
post-test comparison very carefully (see Section 5 for more details).

The reason behind using this experimental design is that we
didn’t want the students to know that they were part of an experi-
ment comparing the effects of teaching programming using their
native language along with English versus using only English. We
felt that if students knew these details about our experiment before
our intervention then the results may be unreliable since some
students may try to bias their test results based on their preferred
method for learning programming.

We coordinated with the two teachers who were teaching data
structures for these two groups so that we can teach linked lists at
the appropriate time during the course. The teachers introduced
the researcher (and the observer) as guest lecturers to the students.
The researcher taught the students and the observer took field
notes during the intervention. After our intervention was over, we
informed the students that they were part of a teaching intervention
and gave them the option to withdraw their test and feedback data,
if they didn’t want them to be included in our study. No student
withdrew from our experiment.

4.3 Experimental Procedure

The following activities were performed with both the control group
and the experimental group as a part of our intervention. There
was a pre-test, three in-class lectures, a live-coding session, and a
post-test. The programming (coding) was done in C [13] (a high-
level programming language) and the questions in the pre-test and
the post-test were in English for both groups. We collected an open-
ended feedback from the students in both groups to understand
what they felt about our intervention.

4.3.1 Pre-test. A pre-test was conducted to determine the stu-
dents’ understanding of key programming concepts like pointers,
structures, and concepts about stack and heap memory in C pro-
gramming. There were a total of 10 questions in the pre-test. There
were 4 questions on pointers, 2 questions on structures, 2 ques-
tions on stack and heap memory, and 2 questions on some basic
concepts in C. The pre-test was conducted for a total of 10 points,
one point for each question. The pre-test (and post-test) questions
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were chosen from a set of frequently asked programming interview
questions [11].

These topics were tested in the pre-test as they are the pre-
requisites for learning linked lists in C. We also wanted a way
to determine how much the students learnt during the one week
session, so the pre-test scores were used as a baseline for each
student. The complete pre-test can be found at this link:
http://bit.do/pretest_questions.

4.3.2  Three lectures on linked lists. Three classroom-based lec-
tures, each of 50 minutes duration, were taught for both groups.
The basics of linked lists were taught in those three lectures. Topics
discussed were: declaring a node structure for the linked list, adding
a node at the beginning of the linked list, deleting a node from a
linked list, calculating the length of a given linked list, printing a
linked list, etc. The same topics were taught to both the groups.

The main differences between the lectures for the two groups
were the following: The lectures were taught only in English for
the students in the control group. Also, the students in the control
group were required to communicate with the instructor and their
classmates during the lecture only in English.

On the other hand, the lectures were taught using both English
and Tamil in the experimental group, and the students were free
to communicate in any of those two languages, whichever they
felt more comfortable with. The instructor used both English and
Tamil nearly equally (i.e., 50% time in English - 50% time in Tamil)
while teaching the experimental group. Based on the observer’s
field notes, we found that more than 90% of the questions that were
asked by the students in the experimental group during the lecture
were in Tamil. The instructor answered the questions during the
lecture using the same language (either English or Tamil) in which
they were asked.

The instructor used code-switching between Tamil and English in
the following way. He used English to introduce a topic, to explain
the syntax, and to explain some technical terms (e.g., self-referential
structures). He switched to Tamil whenever he felt that a particular
topic needed detailed explanation in order to help the students
understand the idea in a better way (e.g., How to change the head
of a linked list when we add an element at the beginning?). The
instructor used translanguaging as follows. He used Tamil only for
oral explanations, discussion, and answering students’ questions.
He wrote all the content (e.g., code snippets, definitions, etc.) on
the chalk-board during the lectures only in English.

4.3.3  Live coding session. Following the three classroom-based
lectures on linked lists, a live-coding session [25] was conducted
for about 90 minutes. The instructor projected his laptop on a
screen, and wrote C code for the following linked list functions
from scratch: adding a node at the beginning of the linked list,
printing all the elements in the linked list, deleting all the nodes
from the linked list.

The instructor was thinking aloud throughout the live-coding
session. He showed the students how he would go about writing
the code for these three functions. He also showed them some
common sources of errors while writing code for linked lists. The
content taught during the live-coding session was the same for
both the control group and the experimental group.
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4.3.4 Post-test. The post-test consisted of 15 questions on linked

lists from the following three categories:
(1) Syntax of linked lists (5 questions - 1 point each)
(2) Conceptual understanding (5 questions - 2 points each)
(3) Predict the output (5 questions - 3 points each)

All the questions on the post-test were based on the material
taught during the classroom-based lectures and the live-coding
session. The post-test was conducted for a total of 30 points. The
complete post-test can be found at this link:
http://bit.do/posttest_questions.

4.3.5 Open-ended feedback. We collected open-ended feedback
from the students about our bilingual teaching methodology. All the
students in both groups wrote their feedback in English, although
the choice of language for the feedback was left to the students.
Sample feedback from students is shown in Section 5.3.

5 RESULTS

The mean of the pre-test scores and the post-test scores for the two
group are shown in Table 1 and Table 2 respectively.

Table 1: Mean of pre-test scores for the two groups

Group N | Mean | Std. Dev. | Std. Error of Mean
Control 52 | 33.9 15.2 2.1
Experimental | 51 | 25.3 14.5 2.0

Table 2: Mean of post-test scores for the two groups

Group N | Mean | Std. Dev. | Std. Error of Mean
Control 52| 76.7 17.3 24
Experimental | 51 | 65.4 17.4 24

The mean of the pre-test score for the control group is higher
than the mean of the pre-test score for the experimental group (see
Table 1). This indicates that the control group and the experimental
group were at different levels with respect to the prior knowledge
in programming before our intervention. We were aware that this
issue may occur in our results since we used a nonrandomized
control group pre-test post-test design. In order to account for these
initial differences between the two groups, we did the following to
measure student learning:

(1) Compared the gain scores using Independent Samples t-test
(2) Compared the post-test scores using ANCOVA (ANalysis of
COVAriance) with the pre-test score as a covariate.
According to the literature on measuring change using a pre-test
and post-test, both the gain scores [26] and the post-test scores [15]
are considered to be good indicators of student learning [5]. Hence,
we compared both these metrics using appropriate tests of signifi-
cance to find out if there was any statistically significant difference
between the two groups due to our intervention. We used an alpha
level of .05 for all statistical tests.

5.1 Comparison of Gain Scores

The mean of the gain scores for the two groups are shown in Table 3.
The mean gain for the control group is higher than that of the
experimental group. We performed Independent Samples t-test [10]
to compare the gain scores between the control group and the
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Table 3: Mean of gain scores for the two groups

Group N | Mean | Std. Dev. | Std. Error of Mean
Control 52 | 42.8 18.8 2.6
Experimental | 51 | 40.1 20.1 2.8

experimental group and found no significant difference in gain scores
(t(103) = .702, df = 101, p = .485).

5.2 Comparison of Post-Test Scores

The pre-test scores of the students in both the groups varied signifi-
cantly before our intervention. We performed Independent Samples
t-test to compare the pre-test scores between the control group and
the experimental group and found a significant difference in pre-
test scores (£(103) = 2.92, df = 101, p = .004). Therefore, we cannot
directly compare the post-test scores between the two groups us-
ing Independent Samples t-test as we did for the gain scores [7].
Instead we use a statistical model to analyze and find if there was
a significant effect on the post-test score of a student (response
variable) because of the student’s group (categorical variable) while
controlling for the pre-test score of the student (predictor variable).
Hence, we performed ANalysis of COVAriance (ANCOVA) [10] on
post-test scores of the two groups as described below.

100"'%4

Post-test Scores

n

0 10 20 30 40 50 60 70 80 90 100

Pre-test Scores
4+  Control Group's Data Points == Control Group's Regression Slope
O  Experimental Group's Data Points = Experimental Group's Regression Slope

Figure 1: A scatter plot showing each student’s pre-test score plotted on the
x-axis and the post-test score plotted on the y-axis. The regression lines are
also plotted for each group which shows the relationship between the
pre-test and post-test score.

We plot a scatter plot in Figure 1 using the pre-test and the post-
test scores of the students in both the groups. In this scatter plot the
x-axis represents the pre-test scores of the students and the y-axis
represents the post-test scores of the students. The two lines shown
in this scatter plot are the regression lines for a particular group that
summarizes the relationship between the post-test score and the pre-
test score for that group. The regression lines for both the groups
have nearly equal positive slopes (0.26 for the experimental group
and 0.39 for the control group) which means that our intervention
had a similar positive effect on both the groups. The y-intercept of
the control group’s regression line (63.51) is slightly higher than
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the y-intercept of the experimental group’s regression line (58.98)
which means that for a given pre-test score, a student in the control
group had a better post-test score when compared to a student in
the experimental group. The homogeneity of the regression slopes
tells us that it is valid to create an ANCOVA regression model for
finding out if there was any significant difference between the two
groups due to the native language.

The results from our analysis of covariance are shown in Table 4.
The p-values shown in this table are for the interaction of each
variable with the response variable (i.e., post-test score).

Table 4: ANCOVA Results

Variable p-value

Pre-test score 0.000324

Group 0.016056

Interaction between the pre-test .
score and the group

The pre-test score of a student had a significant effect on the post-
test score of the student after controlling for the effect of the stu-
dent’s group (p-value = 0.000324). This means that irrespective of
the group that a student belongs to, generally, if a student did well
on the pre-test then that student also did well on the post-test.

The group of a student had a significant effect on the post-test
score of the student after controlling for the effect of the student’s
pre-test score (p-value = 0.016056). This is due to the fact that
even before our intervention, the control group was better than the
experimental group with respect to the knowledge of programming.

The interaction between the pre-test score and the group of a stu-
dent has no significant effect on the post-test score of that student. In
other words, the post-test scores of two students with the same pre-
test score were not statistically significant based on the student’s
group. This means that the post-test scores of the two groups are
not statistically significant due to our intervention.

5.3 Sample Students’ Feedback

Tamil was used to explain difficult concepts in the experimental
group. All the students’ comments about the usage of Tamil to ex-
plain programming were very positive. Selected comments include:
“Your class made me more attentive in the class.”; “Ihe lecture was
really very useful and it was easy to understand since the mixture of
English and Tamil language helps us to learn better.”; “The usage of
both the languages Tamil and English actually kept us engaging.”
Some students in the experimental group also mentioned that
they felt more comfortable within the classroom during our inter-
vention. We believe that the usage of the native language within
the classroom may be one of the main reasons for these students
to have felt this way. Some sample students’ comments: ‘Tt is very
helpful for us to understand the concept. I really felt comfortable in
learning this topic that taught us in both the languages. ”; “Ihis class
was just rocking, we feel comfortable when we are taught in both the
language. As far from my part linked list is the toughest portion in
C programming, but you made us understand easily. There was full
freedom throughout the class (with respect to using the language of
our choice).”; “Really the lectures are awesome. It is very useful for
us. The method is really good. I feel very comfortable and it is little
easy to understand when compared to normal teaching (using only
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English).”; “Ihe lecture was simply awesome. True to my heart it was
excellent. It was very comfortable for me to learn programming in
this way.”

The feedback from the control group was also positive about our
intervention. A detailed analysis of the comparison of students’
sentiments between the two groups can be found in this study [24].

Il Yes for 2 languages [ No for 2 languages |

3

g 100 | 96 -1

15}

(=]

w0

o 80 -

o

% 60 -1

=

3 40

g)D 33

[+

=

g 20 -

(5]

=

& o ——
Control Experimental

Figure 2: The student responses to the survey question “If given an option
would you learn programming in a classroom where the teacher would use
both English and Tamil to teach the concepts in programming?”

We also asked the following question in the feedback that we
collected from the students at the end of our intervention: If given
an option would you learn programming in a classroom where the
teacher would use both English and Tamil to teach the concepts in
programming?

This question was asked to students in both the groups, even
though we didn’t use Tamil in the control group. We wanted to get
a sense of what might be the difference in students’ opinions about
learning using two languages between the two groups, one of them
exposed to such an intervention while the other wasn’t.

The student responses for this question are shown in Figure 2.
The percentage of students favouring the use of both the languages
was higher in both the groups.

6 DISCUSSION

Our study tried to find if using the native language (Tamil) along
with English for teaching programming had any effect on students’
learning of programming when compared to using only English. We
measured the student learning in terms of gain scores and post-test
scores.

The difference between the two groups with respect to the gain
score is not statistically significant (see Section 5.1). This shows
that there is no difference between teaching programming using
only English and teaching programming using the native language
(Tamil) along with English.

Also, the difference between the two groups with respect to
the post-test score (with the pre-test score as a covariate) is not
statistically significant (see Table 4). Therefore, based on these
ANCOVA results we understand that since our intervention had
similar positive effects on both the groups, we need more quanti-
tative experiments in this area to better understand the impact of
the native language on students’ understanding of programming.
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This further confirms that there is no difference between the two
teaching methodologies on student learning.

Our finding that using the native language (Tamil) along with
English is no different from using only English for teaching pro-
gramming is different from the findings of Pal and Iyer [19-21]
which suggests that the native language (Hindi) had a significant
positive effect on students who did their schooling in a Hindi-
medium school. The main reason for this difference is that in our
study even though the native language of all students was Tamil,
the majority of students (100 out of 103 students) studied in an
English-medium school during their K-12. On the other hand, 50%
of students in Pal and Iyer’s study were from a Hindi-medium
background. Also, while their study compared the difference be-
tween using Hindi-only and English-only medium of instruction,
our study compared the difference between using two languages
(English and Tamil) with English-only medium of instruction.

The feedback received from the students about using their native
language (Tamil) along with English for teaching programming
were completely positive. No student had any issues or concerns
with using their native language for teaching programming within
the classroom although they were only used to an English-only
medium of instruction within the classroom until now. Also, many
students in the experimental group have expressed that they felt
very comfortable during our lectures since we used both the lan-
guages for instruction within the classroom. The students in the
experimental group have expressed more positive opinions about
learning using two languages when compared to those in the con-
trol group. We believe that the reason for this increased interest
among the experimental group may be due to the fact that they
were exposed to the teaching methodology of using two languages
while the control group wasn’t. Therefore, our other finding is that
almost all the students exposed to our bilingual teaching methodol-
ogy have preferred it over the current practice of teaching only in
English.

One limitation with our study is that since we used the non-
randomized control group pre-test post-test design, the two groups
varied significantly with respect to their programming knowledge
before the start of our intervention. Although we have taken this
pre-test difference into consideration in our analysis of results, we
acknowledge that the results would have been more reliable if these
initial differences didn’t exist among these groups. To minimize
the effects due to the initial differences among the two groups, as a
part of our future work, we plan to conduct more controlled exper-
iments with a randomized control group pre-test post-test design [7]
to better understand the effects of the native language for learning
programming. Another limitation with our study is that we did not
control for the students’ English proficiency which we plan to do in
our future experiments by conducting tests for English proficiency.

7 CONCLUSIONS

Our study didn’t find any significant impact of using Tamil along
with English on student learning of linked lists. We conclude that
we need more studies in this area to verify if there is any significant
difference in student learning between teaching programming using
only English and using two languages (English and Tamil). We also
conclude that, even though the effectiveness of using Tamil and
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English for teaching programming with respect to student learning
is still unknown, students have expressed positive opinions about
learning programming using the two languages. We believe that our
work has potential implications in making CS education accessible
to everyone around the world irrespective of their native language.
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