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Abstract—The purpose of this study is to investigate
whether does the redundancy principle occurs or not in
the learning of C++ computer programming using
screencasting. This principle was discovered by Mayer’s
Cognitive Theory of Multimedia Learning (CTML) and
stated that students learn better from graphics, and
narrations than from graphics, narrations and on-screen
text. There were mix outcomes pertaining to this
principle, and the result might be due to the various
topics learn by the students. Therefore, the subject
introduction to C++ computer programming was chosen
in this study to determine whether the redundancy
principle occurs or not in the learning of C++ computer
programming using screencasting. A true experimental
pre-test and post-test research design was conducted, and
sample were 65 first-year undergraduate students (aged
19-22). Samples were chosen based on the criteria that
they have never attended any formal computer
programming course prior to the study and were
randomly assigned to two types of learning modes. The
first group received the screencasting and narration (SN)
mode whereas the second group received the
screencasting, text, and narration (STN) mode. Results
showed that the SN mode students outperformed the STN
mode students in the post-test.

Index  Terms—Redundancy,
computer programming

screencasting, C++

I. INTRODUCTION

Computer programming has been a universal problem
in the computer science curriculum. Generally, it has high
failure rates and withdrawals even at the initial stage of
introductory courses [1, 2]. There are many teaching
materials such as books and slides available to assist
educators in delivering the knowledge to the students, but
the problems remain unresolved [3]. One of the reasons
that contribute to the failure of these teaching materials is
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due to the static nature of the traditional teaching tool.
Students having difficulties in understanding the dynamic
nature of computer programming when static presentation
mode being used [4]. Hence, a dynamic teaching material
that incorporates the use of multimedia such as
screencasting will be able to increase the understanding
of computer programming especially to the Net
Generation [5-7].

Screencast is defined as a video recording of the
activity on a computer screen activity and usually
accompanied by audio narrations [8]. This method of
teaching and learning has been utilised and can be shared
and published via a famous website such as YouTube and
Vimeo [9]. It has gained a lot of popularity among the
Net Generation, and showed great potential in the
education world due to its similarity to YouTube [6].
Therefore, it is important to investigate the redundancy
effect in the learning of C++ computer programming
using screencasting to determine the effectiveness of this
teaching tool.

The Redundancy Principle (Mayer & Clark, 2011)
stated that students learn better from graphics, and
narrations than from graphics, narrations and on-screen
text. In other words, similar information presented
simultaneously in two or more different modes might
impair the learning process [10]. This happens when both
the on-screen text and narrations are presenting the same
contents simultaneously. According to Mayer’s Cognitive
Theory of Multimedia Learning, there are three
assumptions, i.e. there are two separate channels for
processing information, limited channel capacity, and that
learning is an active process. During active learning
process (Fig. 1), it requires the allocation of a certain
amount of learning materials channelling to the sensory
memory which are the ears and eyes [11]. By providing
similar content to two or more sensory memory, this
leads to an increased load of working memory [12].
Numerous researches have investigated the redundancy
effect in terms of multimedia instructional design and
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there were mix outcomes depending on the topic learn by

the students [13-17].
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Fig.1. Cognitive Theory of Multimedia Learning [11]

Traditional teaching methods using static material such
as PowerPoint slides and books do not seem to be an
effective teaching materials in the teaching of computer
programming [18]. Moreover, the materials are unable to
explain effectively the dynamic concept of computer
programming. Due to that, students fail to understand the
dynamic nature of computer programming whenever
static materials are used to explain to them [19]. Hence,
one of the teaching methods that fulfils most of the
requirements in the learning of computer programming is
by using screencast [18]. Screencast consists of dynamic
elements that support spatial and visual capabilities that
accommodate the nature of learning computer
programming [19]. However, there are not much studies
that can prove the effectiveness of screencast in the
teaching of computer programming. Therefore, the
researcher has decided to conduct this study to ascertain
the effectiveness of screencasting in the teaching of C++
computer programming. Furthermore, the study is also
conducted to determine whether the effect of redundancy
principle do occur or not in the learning of C++ computer
programming using screencast.

Il. RELATED WORKS

It is a common belief by the majority of the population
that the availability of a similar on-screen text with
spoken narrations during a presentation is better for
learners. However, this conclusion is not supported by
much evidence. Evidently, the contrary happens and
impairs the learning process when both on-screen text
and narrations are used simultaneously [20]. As a result,
the redundancy effect happens.

According to the research done by Sweller [21], the
redundancy principle occurs when redundant material is
presented and leads to an increase of extraneous
cognitive load. This happens when learners not only
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required to attend to the core information, but also need
to engage with irrelevant information which leads an
increase of working memory [22]. Moreover, the
redundancy effect creates an incidental process which
reduces and distracts the learners focus on the main
learning process [13]. Besides that, by having similar
contents presented in two different modes such as
narration and on-screen text, learners will have the
tendency to compare the content between the two modes
[20].

Past research conducted by Mayer and Moreno [23],
on the learning of lighting formation process, the result
showed that the redundancy effect does impaired the
learning process. In the study, students were assigned to
two different types of learning modes. The first group
was assigned to the animation and narration mode,
whereas the second group was assigned to the animation,
narration and on-screen text mode. The result showed
that the first group outperformed the second group in the
problem-solving and transfer test. The outcome is also
supported by the research done by Pachman and Ke [15]
which used screen capture video as learning mode. In
another study conducted by Aldalalah [24] in the learning
of music theory also shown the same result. The result
shows that the students which are given the audio and
image mode performed better than the group of students
that were given the text and image mode, and also the
group of students that were given the audio, image and
text mode. From the perspective of children learning
process, pictures are found to be more of a distraction
and attraction to children and hindered them from
focusing on the core information [25].

Moreover, split-attention happens when a learner’s
attention is divided to engage in both visual materials as
well as on-screen text [14]. The split attention occurs
even when the on-screen text is related to the video or
pictures in a presentation [26]. Hence, in order to design
an effective multimedia learning material, the leaner’s
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attention should not be split while engaging in verbal and
pictorial contents simultaneously [27].

However, the redundancy principle is refuted based on
a certain exceptional scenario. This is based on the
different level of learners’ experience and the quality of
the multimedia learning material. The presentation of on-
screen text is required when the absence of pictorial
information, complex spoken words used or contain
unfamiliar words which hampered the understanding of
the learners [16]. The outcome was supported by the
research done by She, Wang [17] in the teaching of a
foreign language. Findings show that the on-screen text
supported the learning of new vocabulary and increases
learning efficiency. Furthermore, beginners preferred
diagrams that are included with text to assist them in
relating the texts and diagrams together. However,
experienced learners preferred diagrammatic explanation
with minimal text [28]. Besides that, the quality of the
audio narration plays an important factor as well. Low
audio quality might decrease the clarity of the narration
which makes it difficult for the learners to understand.
Moreover, the presentation speed in terms of the time
pace between the pictorial information and on-screen text
need to be taken into consideration. Ample time is
needed to allow the learners’ sufficient time to absorb the
information channelling to the same sensory memory
[20].

Based on past research findings, the redundancy effect
does occur in much research studies involving various
types of subjects such as music theory, and learning of
lighting formation process [10, 24]. However, there is a
lack of research in investigating the redundancy effect in
the learning of the subject computer programming. Hence,
the objective of this study is to ascertain whether the
redundancy effect occurs or not in the field of computer
programming.

I1l. SCREENCASTING

There were two modes of screencasting used in this
research. The screen and narration (SN) mode and the
screen, text and narration (STN) mode. In the SN mode,
information is presented in screen recording with
narration. The screen recording provides relevant
information such as keywords, images, programming
codes, and animated graphics on the screen. At the same
time, narrative explanations are provided simultaneously
as well. Therefore, there are no captions below the screen
to provide textual explanations. Instead, explanations are
provided through narrations along with the screencast.

In the STN mode, information is presented in screen
recording, text, and narration. The screen recording
provides relevant information such as keywords, images,
programming codes and animated graphics on the screen.
At the same time, captions of textual explanations and
narrative explanations are provided simultaneously as
well. This treatment mode is used to examine the impact
of the redundancy principle. According to the redundancy
principle, learning is less effective when redundant
materials such as on-screen text that is identical to the
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spoken narrations are shown simultaneously during the
presentation. This causes cognitive overload and
impaired learning [20]. Thus, the STN mode was
designed by providing the narrations and on-screen text
simultaneously to examine the impact of the redundancy
principle.

IV. METHODOLOGY

The sample consists of 65 first-year undergraduate
students (age 19-22) which have never taken before any
formal computer programming courses. Students were
randomly assigned into two groups. The first group
received the SN mode (Fig. 2) where information is
presented in screen recording and narration. Hence there
were no captions below the screen to provide contextual
explanations. Meanwhile, the second group received the
STN mode (Fig. 3) where information is presented in
screen recording, text, and narration. The text is the
captions included below the screen which has similar
information as the audio narration.

Topic 4: Introduction to Functions
Example:

// function returning the max between two numbers
=lint max(int numl, int num2)
local variable declaration

int result;
if ( > num2)
result = 3
else
re =

<3
return result;

i

Listing 4.1 Program showing the function of returning bigger number

Fig.2. Screen and narration mode (SN)

Topic 4: Introduction to Functions
Example:

22 // function returning the max between two numbers
31 Eint max(int » int )
/ local variable declaration
int result;
if ( > 2)
resu = ;
else
re =

H

i

Listing 4.1 Program showing the function of returning bigger number

This variable is use to hold the returning value of
the “max” function, which will be sent back to

the main function.

Fig.3. Screen, text and narration mode (STN)

Students from both groups attempted the C++
computer programming pre-test which consists of 30
multiple-choice questions. After that, students viewed the
screencast for five consecutive weeks where each week a
new topic was introduced. Each group is given an hour to
view their respective mode of the screencast. In the final
week, students were given the C++ computer
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programming post-test to assess their achievement after
viewing all the five screencasts. The questions in the
post-test were the same as the pre-test questions except
for the sequencing of the questions number were jumbled
up to avoid the students memorising the answers from the
pre-test. The pre-test has been tested based on the Kuder-
Richardson reliability test, and the KR20 results of 0.78
was obtained. This indicates that the internal reliability of
the test was at an acceptable level.

V. RESULTS

The Mean and Standard Deviation of the C++
Computer Programming Pretest and C++ Computer
Programming Post-test scores of the sample classified
according to the SN mode, STN mode is shown in Table
1. The results show that the mean and standard deviation
obtained for the SN mode are (M = 14.24, SD = 4.98),
whereas the mean and standard deviation obtained for the
STN mode are (M = 14.03, SD = 5.63). The mean of C++
Computer Programming Post-test for the SN mode is
higher compared to the mean of the STN mode. Hence,
the result shows that the SN mode is more effective
compared to the STN mode.

Table 1. Mean and Standard Deviation of the C++ Computer Programming Pretest and C++ Computer Programming Post-test

Group N C++ Computer Programming Pre-test C++ Computer Programming
Post-test
Mean Std. Deviation Mean Std. Deviation
SN 33 14.24 4.98 24.27 2.60
STN 32 14.03 5.63 23.63 3.09

Before an Analysis of Covariance (ANCOVA) is
conducted, four assumptions need to be ascertained to
ensure that the data can actually be analysed using
ANCOVA. The assumptions that need to fulfilled are (i)
Homogeneity of Slope, (ii) Linearity among Dependent
Variable and Covariate, (iii) Normality of Distribution
and (iv) Homogeneity of Variance [29]. The results of the
four assumptions as below.

Assumption 1: Homogeneity of Slope

The result F(1,61) = .27, p = .60 which is non-
significant. Therefore, it does not violate the assumption
because it is a non-significant interaction between the
C++ Computer Programming Pretest and the two
treatment groups (Table 2).

Table 2. Homogeneity of Slope between Mode and C++ Computer Programming Pretest

Source Type 111 Sum of df Mean Square F Sig.
Squares
Corrected Model 188.666° 3 62.889 7.966 .000
Intercept 3285.821 1 3285.821 416.203 .000
Mode 25.609 1 25.609 3.244 077
C++ Computer 84.903 1 84.903 10.754 .002
Programming Pretest
Mode * C++ Computer 2.154 1 2.154 273 .603
Programming Pretest
Error 481.580 61 7.895
Total 35378.000 65
a. R Squared = .281 (Adjusted R Squared = .246)
Assumption 2: Linearity among Dependent Variable and . °
Covariate oo O o 800 s
The result shows that there is a linear relationship e 00”77 2
between the dependent variable and covariate. The linear ° o oo
value for the SN = 0.13 and the linear value for STN = e
0.18 (Fig. 4). Therefore, it does not violate the £ H
assumption of linearity among the dependent variable t o ° o
and covariate.
Assumption 3: Normality of Distribution
The C++ Computer Programming Pretest value for the
skewness is 0.52, whereas the value of the kurtosis is -

0.15. The C++ Programming Posttest value for the
skewness is -0.25, whereas the value of the kurtosis is -
0.69 (Table 3). All the values of skewness and kurtosis
are between +1/-1. Therefore, the variables are normally
distributed.
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Pretest

Fig.4. Scatter plot showing the linearity relationship between the
dependent variable and covariate for Mode
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Table 3. Normality of Distribution of C++ Computer Programming
Pretest and C++ Computer Programming Posttest

Table 4. Homogeneity of variance

Variable F dfl df2 Sig.
Skewness Kurtosis Mode 1.153 1 63 .287
C++ Comp_uter 519 -.150 Logic 1184 1 63 281
Programming
Pretest
C++ Computer -.248 -.692

Programming
Posttest

Assumption 4: Homogeneity of Variance

The result from Levene’s Test for homogeneity of
variance by comparing the dependent variables among
the two treatment modes for each variable shows that
homogeneity of variance was met. The result of p > 0.05
shows that the groups were homogenous (Table 4).

Analysis of two-way ANCOVA was conducted to
determine the significant difference in the students’
achievement between those using SN and STN mode.
The C++ Computer Programming Pretest score is set as
the covariate and the results are shown in Table 5. The
results show that there is a significant difference in the
students’ achievement in the learning of C++ computer
programming between those using SN and STN mode,
F(1,60) = 19.28, p = .00, n° = .24.

Table 5. Two-Way ANCOVA of C++ Computer Programming Post-test score among students using different modes of Screencast (SN & STN)

Source Type 111 Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 300.047° 75.012 12.158 .000 448
Intercept 3192.356 1 3192.356 517.401 .000 .896
Mode 118.984 1 118.984 19.284 .000 .243
C++ Computer 90.414 1 90.414 14.654 .000 .196
Programming
Pretest
Error 370.199 60 6.170
Total 35378.000 65
Corrected Total 670.246 64

a. R Squared = .448 (Adjusted R Squared = .411)

VI. DISCUSSION

The result shows that students receiving the SN mode
attained better C++ Computer Programming Post-test
score compared to the students who received the STN
mode. The ineffectiveness of the STN mode might be
due to the Redundancy Principle.

In the STN mode, similar information has been
presented simultaneously in text and narration. This leads
to the increased load of the working memory [10]. By
overloading the working memory it has impaired the
learning process. Therefore, some of the unprocessed
information is rejected and learning fails. Moreover, split
attention happens when students’ attention is divided to
engage in both visual images as well as on-screen text
[14]. Hence students were unable to understand and
failed to achieve optimum learning [12].

Contrary to STN mode, the SN mode presented the
visual images channelled to the eye and the narration
channelled to the ear. The balance between the visual and
auditory channels allows ample resources to select and
organise the visual and verbal information into
meaningful verbal and pictorial model [30]. Thus, it
reduces and minimises the cognitive load and prevent the
overloading of the extraneous cognitive load from
happening [31].
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VII. CONCLUSION

Therefore, the significant difference in the students’
achievement in learning C++ computer programming
between the SN and STN modes has shown that it
supported Mayer’s Cognitive Theory of Multimedia
Learning. The results show that the redundancy effect
does occur in the learning of introduction C++ computer
programming using screencast.

This can be explained according to Mayer and Moreno
[10], whereby the redundancy effect occurs when a
multimedia presentation consisting of similar information
being presented simultaneously in two or more different
modes. This happens in the screen, text, and narration
(STN) mode where similar information of the narrations
is presented simultaneously as on-screen text as well. It
impairs the learning process, as the additional
information provided is unrelated and redundant. Due to
that, it increases the load of the working memory.

Moreover, split attention happens when the learners’
attention is divided to engage in visual materials as well
as on-screen text [14]. This even happens when the on-
screen text is related to the videos or pictures shown in
the presentation [26].

Besides that, the findings have also provided further
insight into the development of an effective instructional
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design tool. When creating an instructional multimedia
learning courseware, a designer needs to take into
consideration the redundancy effect to prevent it from
overloading the extraneous cognitive load.
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