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Abstract— Acquisition of programming skills is a key aspect
of computer science curricula. Students who have studied in
their local language have significant difficulty in acquiring
programming skills through English medium instruction.
Given the known benefits of local language instruction, one
approach to tackle this problem is to record the lectures and
provide translated videos to such students. As yet, there is no
experimental data on the effect of teaching programming
using translated videos, on student achievement. In this
paper, we report our findings from a study of three groups
of students learning programming by watching 3-hours of
video lectures on introductory programming. One group of
Hindi medium students watched the videos in English while
a similar group watched the corresponding Hindi videos. As
a baseline, one group of English medium students watched
the English videos. We found that the difference between the
three groups on post-test achievement was not significant.

Keywords- Programming ability; local language learners;
Scaffolding; video instruction.

L INTRODUCTION

Acquisition of programming skills is a key aspect of
computer science curricula. The ACM/IEEE-CS joint task
force has allotted 20 hours to programming, out of a total
of 142 hours for the entire undergraduate computer
science curriculum [15].

India has a large number of students who study in
their local language upto 12" standard and then have to
adapt to English language instruction for their
undergraduate education, since most of the higher
education institutes use English as the medium of
instruction [1]. These students have significant difficulty
in acquiring programming skills, as evidenced by their
low success in the university exams [2,11].

To tackle this problem, one approach adopted by the
National Mission on Education through ICT [3] is to
record video lectures delivered by experts, translate the
videos into local languages, and disseminate the videos
[4,5]. Some benefits of using video lectures, such as low
cost and high availability, are well-known [19, 20].
However, there are no significant studies to determine the
effectiveness of video tutorials for student achievement.

Also, there is a lot of literature on the benefits of local
language instruction [6]. There is also work on the
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effectiveness of using local languages for classroom
teaching of computer science subjects [7,8,9] and
programming [10]. However there is no experimental data
on the effect of teaching programming using translated
video tutorials, on student achievement. Towards this end,
we conducted the following study.

We selected three 1-hour video lectures on
introductory programming, delivered in English by a well-
known professor. The professor repeated the lectures in
Hindi to create the translated videos. We then chose a
reputed engineering college that had a mix of students
coming from English and Hindi medium schools. We
created 3 groups of 31 students each. The control group
had Hindi medium students watching the three lecture
videos in English. The experimental group had Hindi
medium students watching the corresponding Hindi
videos. As a baseline, we had English medium students
also watching the English videos. For our choice of topics
and treatment, we found that the difference between the
three groups on post-test achievement was not significant.

In Section II we present the related work on teaching
programming through local language instruction. In
Sections III and IV, we give the details of our research
questions and methodology, respectively. The results are
in Section V, followed by discussion in Section VI.

II.  REeLatep Work

Experiments for teaching using a combination of
English and local language have been carried out for
subjects like mathematics, physics and chemistry [13,14].
These studies show that there is a benefit in using local
language for instruction. In [13], the authors conducted a
comparative study on English and Korean medium
students and found that Korean medium students have
greater achievement in mathematics if taught in Korean.
In [14], the authors conducted an experiment on teaching
physics to two groups of students and found that using the
local language (Tamil) results in a significant increase in
test-score after treatment.

Programming is taught in various ways, such as
classroom lectures along with laboratory assignments
[22], computer aided learning (CAL) [17], online learning
[16] and blended learning environments [18]. We chose to
explore the use video lectures for teaching programming.
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Some benefits of using video lectures, such as low cost
and high availability, are well-known [19, 20]. Students
and teachers also agree that such videos should be
translated in local languages [21].

However there is not much work on the effectiveness
of translated video lectures for student achievement, nor
on teaching of programming in local languages. We found
only one work [10], that suggests a bilingual model for
teaching programming to undergraduate students in
China, but it is still being implemented and no
experimental data is available. Moreover it uses a
classroom-based model, unlike our video-based approach.
So we feel that our study would be a useful contribution.

1.

We use the term "medium" to denote the medium of
instruction in 12 years of schooling. In our experiment,
the medium could be the same as the local language
(Hindi) or different (English). We use the term "Mol" to
denote the medium of instruction in the treatment. In our
study, the Mol for the video lectures is either English or
Hindi.

At a broad level, our question is: What is the impact of
the Mol on the programming abilities of learners from
various mediums? This is operationalized into the
following specific questions:

1) Do undergraduate Hindi medium students learning
introductory programming by watching three 1-hour video
lectures in Hindi, perform better than similar students who
watch the same lectures in English?

2) Does self-reported prior knowledge play a role in
the students' performance?

RESEARCH QUESTIONS

IV. MEerHODOLOGY

A. Sample:

The sample consisted of 93 engineering 1* year
undergraduate students of a reputed college in North
India. Convenience sampling was used as joining the
training was voluntary.

The sample was divided into 3 groups according to
their prior medium, as shown in Table 1.

TABLE L. MEDIUM OF INSTRUCTION FOR VARIOUS GROUPS
Medium in 12" Std | Treatment Group (Name) N
English English Baseline (EE) 31
Hindi English Control (HE) 31
Hindi Hindi Experimental (HH) 31

B. Data collection:

To measure programming ability, performance scores
on a post-test were collected. To determine prior academic
achievement levels, overall percentage of marks in 12" Std
were collected.
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C. Instrument:

We used a 3-item survey to collect data about
students' background. The items for each student were: (i)
Mol in 12" standard (English or Hindi), (ii) Overall
percentage of marks in 12" standard, and (iii) Whether
they have prior knowledge of programming (yes or no).

We used a paper-based post-test containing 14
multiple choice questions, each having exactly one correct
answer. We looked for a concept inventory for
programming but found that the standardization of
assessment instruments for programming ability is still
ongoing [12]. So we created the post-test based on
questions that typically appear in the University exams
and those given in standard textbooks. We included only
those questions that directly mapped to the learning
objectives in our video lectures. We had 14 questions, of
which 8 were at the Knowledge and Comprehension level
and 6 were at the Apply and Analysis level [23]. One
sample post-test question at each level is shown below :-

(Knowledge level) Q1. In the statement int i='a";

What will be stored as value of variable 'i'?
a) ASCII value of character 'a' [ ] b)'aitself [ 1]
¢) Program will return an error [ 1 d)Noneofthem[ ]

(Apply level) Q6. Find the value of i in:
inti=20+6/4

a)21.5[ ] b)21[ ] ¢65[] d) Noneofthem| ]

D. Procedure

1) Survey: We first conducted the survey and then
divided the students into 3 groups, based on the Mol of
their 12" Std, as shown in Table 1. We compared the
means of the 12" Std marks for the groups (EE = 63.73,
HE 61.67, HH 63.44) and found them to be
equivalent. We did ANOVA to confirm the equivalence.
There was no pre-test.

2) Arrangement: We arranged separate classrooms for
the 3 groups. Each classroom was equipped with projector
and sound system.

3) Treatment: We used only recorded video lectures
for the treatment. Our rationale was to eliminate any bias
that may occur due face-to-face communication, such as
the instructor adapting the lecture dynamically based on
cues from the students. The videos were already publicly
available, created under the National Mission of
Education through ICT [3]. They were created by
recording the classroom lectures given for the CS 101
course at IIT Bombay. The videos not only contain the
lectures and slides, but also the screen-capture of
demonstrations for writing, running and compiling
computer programs. The English recordings were created
during normal class hours while the Hindi recordings
were created during extra classes specifically for Hindi
medium students. Although the lectures in the two
languages are not completely identical translations, they
addressed the same Learning Objectives (LOs) in nearly



the same manner. The list of LOs for the chosen lectures
is given below in Table II.

Each group watched three 1-hour video lectures, with
breaks after each video, over a total period of five hours.
There were no additional tutorials or laboratory exercises.
The Mol in the videos was Hindi for the experimental
group and English for the other two groups (See Table 1).
The lectures were on the topics: (1) Introduction to
Computers, (2) Introduction to Cpp, and (3) Numerical
Computing.

means for each group. We used ANOVA to determine
which means are significantly different from one another.
We used factorial analysis to determine the effect of prior
knowledge on the post-test scores.

V. RESuLTS ANALYSIS

The distribution of post-test scores for the three
groups (EE, HE and HH), and their means are shown
below.

PR N S r— Werreres HE = « =p#

- =HH

TABLE II. LEARNING OBJECTIVES
Sr. LO Video | Q. no.
no. (Students should be able to...) no. é
1 |Describe the need and importance of|1 - 53
computer programming. g
2 |Identify all valid/ invalid characters in a|1 -
given cpp program.
3 | Identify valid/ invalid arithmetic operators. | 1 14 Marks
4 | Identify how much memory is reserved for | 2 2 Fig . Marks DistriBuTION OF STUDENTS IN EACH GROUP
a variable of a given data type.
5 |Differentiate between initialization and |2 4,5 TABLE I MEANS OF STUDENTS IN EACH GROUP
declaration statements in a given program. G Mean (out | Percent | Std. | Std. error
roup N
6 |1dentify valid/ invalid use of variable|2 |14 of14) “age dev. | Mean
0,
names, keywords in a given cpp program. HH 3|47 3407% | 150 | 0.27
7 | Identify valid/ invalid use of brackets in |2 12 HE 31 552 3943% | 237 | 043
arithmetic instructions. EE 31 | 5.90 42.14% | 225 | 041
8 | Calculate an expression according to the |2 6
given data types. As seen from Fig I, the representation of high scores
9 |Write a mathematical equation using |2 7 (greater than 7 out of 14) is low in all the three groups,
appropriate  computer  programming particularly HH. From Table III, the percentages of the
expression syntax. means are low and the difference in means does not
10 | Distinguish _ between  valid/  invalid | 2 14, appear to show a difference between the groups.
programming expressions. 11 . .
: : We performed ANOVA to determine the variation
11 |Solve a programming expression b}’ 2 6,13 between groups but did not find the differences to be
executing each operator according to it's significant, as shown in Table IV.
order of precendence.
12 | Determine storage for character variables. |3 8 TABLEIV. ANOVA FOR THE 3 GROUPS
13 |Identify valid/ invalid constants for basic|3 10 Sum of daf Mean F | Sig.
data types. Squares Square
. . . Between Groups 20.409 2 10.204 2.356 |.101
14 ?escrlpe wthat W;H b; sltored in memory | 3 1,9 Within Groups 189.871 9% 433
or a given type of variable. Total 210,280 90
15 | Choose appropriate data type for a|3 3
variable given it's use in a programming To investigate at a finer level, we analyzed the
problem. performance of the groups in two categories of questions.

4) Posttest: To investigate the effect of the Mol on
achievement scores, we conducted a post-test using the
instrument we had designed earlier. The mapping of post-
test questions to learning objectives in the videos, is also
shown in Table II. Each student had to attempt the post-
test individually, within a time limit on thirty minutes.
There was no negative marking.

5)  Analysis: We performed quantitative analysis of the
post-test scores for the different groups. We computed the
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Category 1 consisted of questions at the Knowledge or
Comprehension level (Q1, Q3, Q6, Q7, Q8, Q11, Q13),
while Category 2 consisted of questions at the Apply or
Analysis level (Q3, Q6, Q7, Q11, Q13, Q14). The number
of students who answered the questions correctly in each
group is shown below (Fig II). We did not observe any
clear pattern in the Category 1 questions. In Category 2
questions we saw that for each question number of
students who answered them correctly is highest in group
EE, followed by HE and HH.
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Fig II.  PERFORMANCE IN THE TWO CATEGORIES OF QUESTIONS

In order to see if there is a difference between the
post-test score of sub-groups that have prior-knowledge
(PK) of programming, we determined the means for
various sub-groups as given in Table V.

TABLE V. SUB-GROUP MEANS
Students Stats. EE HE HH
Total Students N 31 31 31
M 5.90 5.52| 4.77
SD 225 237| 1.50
Has prior knowledge of N 16 12 5
programming (PK) M 6.63 542| 520
SD 2.09 343 1.17
No prior knowledge of N 15 19 26
programming (NPK) M 5.13 5.58| 4.69
SD 2.09 2.52| 148

Although the prior-knowledge is self-reported and not
determined through a pretest, we found that it plays a role
when the medium and Mol are matched (EE and HH
groups), with mean scores for EE being greater than HH.
To delve further, we carried out pair-wise paired sample t-
test between the sub-groups within each group. We found
there is no difference between the sub-groups for any
group at 0.05 significance level.

To investigate further, we plotted the interaction effect
between Mol and prior knowledge for Hindi medium (HE
and HH groups), which is shown in Fig III.
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Fig III.  INTERACTION PLOT OF PRIOR-KNOWLEDGE WiTH Mol ror HINDI MEDIUM

Since there appears to be interaction between the
factors, we carried out a factorial analysis of variance
using ANOVA but did not find them to be significant
(Table VI).

TABLE VL FAcToRIAL ANALYSIS OF VARIANCE USING ANOV A
Source df SSQ MS F p
Mol 1 3.25 3.25 0.80 0.38
PK 1 0.32 0.32 0.08 0.78
Mol x PK 1 1.20 1.20 0.29 0.59
Error 58 235.89 4.07
Total 61 240.66
VI.  Discussion AND CONCLUSION

Our treatment of teaching introductory programming
using videos of 1-hour lectures in English versus Hindi,
did not result in any significant difference between post-
test scores of experimental, control and baseline groups.
One reason for the lack of difference could be that the
mean scores are consistently low for all three groups.

Some reasons for the mean scores being low could be:

1) Treatment: It is difficult for students to be actively
engaged while watching three consecutive 1-hour lecture
videos, even with breaks. Moreover, all the students had
to watch the video simultaneously, without any scope for
watching at their own pace. Hence the actual learning for
any group, as measured by post-test scores, was low.

2) Instrument: The lack of standardized assessment
instruments is a major hurdle. Although our post-test was
based on questions from the University exams and the
standard textbook, it is possible that they were difficult for
the students, either at a conceptual level or with respect to
the time limit (2 minutes per question).

3) Topic: The topics chosen were of introductory
nature, so it is possible that the corresponding learning
objectives and questions are not much influenced by Mol.

4) Subject: Computer programming is inherently an
application-oriented skill and needs laboratory / tutorials.
So a treatment of only watching lecture videos may not be
appropriate for this topic, leading to low scores for all the
groups.

Hence, generalizing our results to conclude that
providing translated videos to local language learners is



ineffective, is also not correct. More experiments are
required in order to determine: (i) the type of topics as
well as the duration of the videos for which such treatment

could be effective,

and (i) type of treatment for

programming and duration that would be effective for
local language learners. In our future work, we propose to
address the latter, by various experiments.
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