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Abstract

The scope of this research is to examine whether facial expression of the students is a tool for the lecturer to
interpret comprehension level of students in virtual classroom and also to identify the impact of facial expressions
during lecture and the level of comprehension shown by these expressions. Our goal is to identify physical
behaviours of the face that are linked to emotional states, and then to identify how these emotional states are
linked to student’s comprehension. In this work, the effectiveness of a student’s facial expressions in non-verbal
communication in a virtual pedagogical environment was investigated first. Next, the specific elements of learner’s
behaviour for the different emotional states and the relevant facial expressions signaled by the action units were
interpreted. Finally, it focused on finding the impact of the relevant facial expression on the student’s
comprehension. Experimentation was done through survey, which involves quantitative observations of the
lecturers in the classroom in which the behaviours of students were recorded and statistically analyzed. The result
shows that facial expression is the most frequently used nonverbal communication mode by the students in the
virtual classroom and facial expressions of the students are significantly correlated to their emotions which helps to
recognize their comprehension towards the lecture.
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Background
Today’s learning community focus on the vision of faculty
and students working collaboratively towards deep, mean-
ingful, high quality learning. The achievements of digital
communication lead learning communities into a new di-
mension. By means of communication technologies using
different types of learning tools, spaces and forms of inter-
action virtual learning communities are emerging for
many universities and colleges. Distance education enables
many learners the opportunity to experience virtual learn-
ing environments. As the World Wide Web becomes an
increasingly more popular medium for instructional de-
livery of distance education, the vision of faculty and
students working collaboratively in a virtual learning com-
munity is becoming a reality. The explosion of the know-
ledge age has changed the context of what is learnt and
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how it is learnt to the concept of virtual classrooms was a
manifestation of this knowledge revolution.
There is an increase in virtual schools worldwide

(Theonas et al. 2007) and it is suggested that education
mediated by computer is considered very important for
the future. However, a major drawback of present virtual
schools is the large number of drop out students. There
are many areas that need to be studied and improved
concerning the effectiveness of the virtual lectures, and it
is believed that more studies are needed in order to estab-
lish the ‘ingredients’ in an educational virtual environment
that can motivate the students. In particular, different
researchers suggest that the visual representation of the
participant in a virtual environment, possibly in a virtual
classroom, increases the potential for person-to-person
collaboration and interaction. This research specifically fo-
cused on the facial expressions of the students and the
role they play during the virtual lecture. The aim was to
identify the level of comprehension shown by these ex-
pressions which helps the virtual lecturer to improve their
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teaching style accordingly that keeps the students inter-
ested and enthusiastic during the virtual lectures.
Virtual classroom
A virtual classroom (Marco Van Der 2005) is the use of
video, audio and other technology to simulate the trad-
itional class and learning environment as closely as pos-
sible. Virtual environments may be used for a plethora of
pedagogical purposes (Jelfs & Colbourn 2002) such as dis-
tance education. There is an increase in virtual schools
worldwide as education mediated by computer is consid-
ered very important for the future (Russell & Holkner
2000). Virtual Education (Kurbel 2001) refers to instruc-
tion in a learning environment where teacher and student
are separated by time or space, or both, and the teacher
provides course content through course management
applications, multimedia resources, the Internet, video-
conferencing, etc. Students receive the content and com-
municate with the teacher via the same technologies.
The physical classroom is a physical room that must be

visited at an appropriate time in order to participate in,
while a virtual classroom is not physically accessed. This
difference makes a virtual classroom, available to many,
adaptable and flexible because of its non- physical location
(Oakes 2002). Virtual classrooms tend to encourage col-
laborative learning (Taxen & Naeve 2002), because more
information and knowledge can be gained through the
interaction and involvement with virtual class members
than solely through the reception of information from an
instructor.
Virtual class room communication
A real classroom enables live face-to-face communication
(Mohamed Sathik & Sofia 2011); many virtual classrooms
aim to implement this by having regularly scheduled chat
room with video conferencing interactions where students
can interact with each other and the lecturer as they
would in a real classroom. Hence, the classroom commu-
nication in virtual classroom is analogous to the co-
mmunication in real classroom. In virtual classrooms,
synchronous communication is used for learning and
teaching, it has been referred as a channel of communica-
tion, which learners use to communicate with fellow class
members and their lecturer (Burbles 2004; Huloria). In the
classroom, lecturers and students--both consciously and
unconsciously--send and receive nonverbal cues several
hundred times a day (Mohamed Sathik & Sofia 2011).
Lecturers should be conscious of nonverbal communication
in the classroom for two basic reasons: to become better
receivers of student’s messages and to gain the ability to
send positive signals that support student’s learning while
simultaneously becoming more skilled at avoiding nega-
tive signals that suppress their learning. It is just as
important for lecturers to be good nonverbal communica-
tion senders as it is for them to be good receivers.
Facial expressions
Teacher student Interaction plays a vital role in any class-
room environment (Mohamed Sathik & Sofia 2011). The
impact due to communication of the face is so powerful in
interaction. Faces are rich in information about individual
identity, and also about mood and mental state, being ac-
cessible windows into the mechanisms governing our emo-
tions. Studies reveal that the most expressive way humans
display emotions is through facial expressions. Facial ex-
pressions are the primary source of information, next to
words, in determining an individual’s internal feelings.
All people thus certainly Lecturers and students use facial

expressions to form impressions of another. A study had
revealed that the facial expressions of the lecturers kept the
students motivated and interested during the lectures
(Toby et al. 2008). A Lecturer can also use student’s facial
expressions as valuable sources of feedback. While deliver-
ing a lecture, a Lecturer should use student’s expressions to
determine whether or not to slow down, speed up, or in
some other way modify his presentation. The basic strategy
of optimizing the classroom behavior is that the teachers
must have the capability to feel student’s minds changing;
they must be good at observing student’s facial expression,
every action and movement. This helps the Lecturers to
understand their own weakness and to change it.
Lecturers should be highly skilled in understanding the

emotions in order to identify the comprehension of the
students from their facial expressions itself. If the Lecturers
are not able to identify the significance in the facial expres-
sions it will undermine the understanding of the students,
thereby, create negative impact on student’s learning.
Momentary expressions that signal emotions include

muscle movements such as raising the eyebrows, wrinkling
the forehead, rolling the eyes or curling the lip (Resmana
Lim & Reinders 2000). When students are feeling uncom-
fortable, they may have lowered brow, drawn together
brow, horizontal or vertical forehead wrinkles, and have a
hard time in maintaining eye contact. To be a good re-
ceiver of student messages, a lecturer must be familiar to
many of the subtle nonverbal cues that their students send.
Studies have evaluated that student’s emotional states

are expressed with specific behaviours that can be auto-
matically detected (Toby et al. 2008). Detecting facial
landmarks (such as position of Forehead, eyes, nose,
mouth, etc.) play an important role in face recognition
systems (Russell & Holkner 2000) as they act as the ac-
tion units of the face, which determine the denotation
behind the expressions (Jain 1999) indicated by them.
Recognition of emotions from facial expressions involves
the task of categorizing active and spontaneous facial
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expressions to extract information about the underlying
emotional states.
In this study, the main hypothesis of the first step pro-

posed that facial expression is the widely used nonverbal
communication mode by the students in the classroom
which in turn helps the lecturers to identify the compre-
hension of the students. The second step proposed that
the facial expressions through the action units (Eyes,
Mouth, Eyebrows and Forehead) help the lecturers to
identify the involvement and comprehension of the stu-
dents in the classroom during the lecture. The third step
proposed that the student’s expressions are significantly
correlated to their emotions that in turn identify their
level of comprehension. The significance of the study
was statistically interpreted.
The remainder of this paper is organized as follows.

The experimental results are discussed in Section
'Experimental Results'. Conclusion and directions for
future work are briefly covered in Section 'Conclusion'.
The methods adopted in this paper are presented in
Section 'Methods'.

Experimental results
Facial Expressions that signal emotions include muscle
movements such as raising eyebrows, wrinkling the fore-
head, rolling the eyes or curling the lip (Perry and Bruce
2004). Therefore the action units of face such as eyes,
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Figure 1 Frequency of communication variables.
mouth, eyebrow and forehead are the emotion indicators.
Here we analyzed whether the emotion of the students
with respect to comprehension are indicated through ex-
pressions of facial action units. Experimentation was
done with survey and analysis through SPSS and MS-
Excel. Sample images to represent the different expres-
sions are taken from JAFE and YALE Face databases.

Analysis: non-verbal communication
The first step of the experiment proposed that the facial
expression is the widely used nonverbal communication
mode by the students in the classroom which in turn
helps the lecturers to identify the comprehension of the
students. To prove the effectiveness, student’s expres-
sions that are used for non-verbal communication in
virtual pedagogical environments was investigated first.
It was measured using five communication variables.
Figure 1 represents the frequency percent of communica-
tion variables.
Communication variables symbolize the following

information.

Comm1: Non-‘verbal communication is the most
frequently used communication skill in the classroom
during the lecture.
Comm2: Facial expressions of the student affect the
teaching process.
3 comm4 comm5

ion variables

Yes

No



Table 1 Ranking of nonverbal communication modes

Mode of nonverbal
communication

Mean score/Weighted
score

Rank

Facial expression 9536 I

Hands 8668 IV

Gestures 8882 III

Body language 8943 II
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Comm3: Lecturer can identify the comprehension of
students in classroom using their suitable facial
expression.
Comm4: When the students are not able to follow the
lecture, they use facial expressions to express it.
Comm5: When the student is able to understand the
lecture, they use facial expressions to express it.

Figure 1, depicts that frequency percent of ‘yes’ is very
high when compared to the frequency percent of ‘No’
which infers that facial expression is the widely used
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Figure 2 Comparison of non-verbal communication modes.
nonverbal communication mode by the students in the
classroom which in turn helps the lecturers to identify
the comprehension of the students.
Commonly used Nonverbal communication modes are

ranked by the observers and the orders of merit given by
them were converted into ranks using Henry Garrett
Ranking Technique. In this technique percentage position
of the ranks are calculated using Equation 1.

Percentage Position ¼ 100 Rij− 0:5ð Þ
Nj

ð1Þ

Where,
Rij – Rank given for ith item by jith individual.
Nj – Number of items ranked by jth individual.
The percentage position of each rank thus obtained was

converted into scores by referring Garrett Ranking table.
Then the number of respondents of each rank for a par-
ticular nonverbal communication mode is multiplied with
its corresponding score. Then Mean score or Weighted
score is calculated by finding the summation of the
Gestures Body Language

-verbal communication



Table 2 Mean score of facial expressions

Facial expressions Mean score

Eye shrink 3.670

Eye enlarge 4.310

Mouth widen 3.590

Lips curled 3.330

Eyebrow raised 4.040

Eyebrow lowered 3.300

Forehead wrinkle 3.390
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products. Finally the mean scores or the weighted scores
are ordered to get the ranks which are given in Table 1.
Table 1 clearly indicates that Facial expression is

ranked high by the lectures for the frequent and effect-
ive mode of Nonverbal communication in the class-
room during the lecture which helps them to interpret
the level of comprehension of the students. Scores are
pictorially represented in Figure 2.

Analysis: action units
The second step of the experiment proposed that the
facial expressions of the action units (Eyes, Mouth,
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Figure 3 Comparison of mean scores of action units in expressing stu
Eyebrows and Forehead) the lecturers to identify the in-
volvement and comprehension of the students in the
classroom during the lecture. The analysis made to
check the effectiveness of the interpretation of student’s
comprehension through facial expressions signaled by
action units.
It is important to check whether facial expressions of

the students have impact on their comprehension of
the lecture. In order to examine the degree of associ-
ation between these two variables, Pearson’s correlation
are calculated, followed by a T-test to determine the
statistical significance of this. Table 2 shows the mean
scores of the expressions of the action units.
Figure 3 shows that the facial expressions indicated

by the action units for expressing their comprehension
of the lecture is above the average level ( >3).
Thus, the presence of positive or negative emotions

of the students can help to recognize their comprehen-
sion towards the lecture with the help of their corre-
sponding facial expressions. Other expressions are
below the average which confirms the lecturer is in un-
predictable state.
The significance of the role of the action units in ex-

pressing the comprehension is tested using T-test and
the observation is given in Table 3.
ips CurledEyebrow
Raised

Eyebrow
Lowered

Forehead
Wrinkle

ons of Action Units

dents emotions.



Table 5 Paired samples test

Pairs Mean Standard
deviation

Standard error
mean

Positive emotion – Positive
expression

2.2500 3.03640 .30364

Negative emotion – Negative
expression

9.1800 2.80469 .28047

Table 3 Significance of action units

Variable Mean T P

Action units 25.2600 23.278 <.001**

** Correlation is significant at 1% level.
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Table 3, shows that the measured facial expressions
indicated by the action units are above the average level
(25.2600 > 15) where 15 is the Testvalue. T value shows
there is correlation between the students comprehen-
sion and the facial expressions. Thus the facial expres-
sions (Eye shrink, Eye Enlarge, Mouth Widen, Lip curl,
Eyebrow Raise, Eyebrow Lowered, Forehead Wrinkles)
of the action units (Eyes, Mouth, Eyebrows and Fore-
head) helps the lecturers to identify the involvement
and comprehension of the students in the classroom
during the lecture.

Analysis: facial expressions
The third step proposed that the student’s expressions are
significantly correlated with their emotions which in turn
identify their level of comprehension. Hence, we evaluated
Pearson’s correlation between the facial expressions, and
the student’s emotional feelings. Correlation and Standard
deviation were computed between positive emotions
(comprehension) and positive expressions. Then we calcu-
lated the correlation between negative emotions (incom-
prehension) and negative expressions.
Table 4, significantly shows that student’s expressions

are positively correlated to their emotions which in turn
identify their level of comprehension.
The significance of the association between emotions

and expressions are tested using T-test and the observa-
tion is given in Table 5. Standard Error Bar in Figure 4
clearly depicts that the error value is very negligible.
The above statistical analysis strongly suggests that facial

expression is the most frequently used nonverbal commu-
nication mode used by the student in the classroom and
student’s expressions are significantly correlated to their
emotions, where which can help to recognize their com-
prehension in the lecture. In particular, the more expres-
sive the student was more the lecturer recognizes the
comprehension of the students.

Conclusion
Recent research documents notify that understanding
emotional expressions play an important role in the devel-
opment and maintenance of communal relationships. By
accurately interpreting other’s emotions, one can obtain
Table 4 Correlation between expressions and emotions

Expression – Emotion Pearson correlation coefficient

Positive –Positive 0.571452

Negative –Negative 0.523
valuable information. All people thus certainly teachers
and students use facial expressions to form impressions of
another. This paper statistically proved that facial expres-
sions of the students are the most used nonverbal commu-
nication mode in the classroom and student’s expressions
are significantly correlated to their emotions which can
help to recognize their comprehension towards the lecture.
Hence this research concludes that Facial Expression plays
a vital role in identification of Emotions and Comprehen-
sion of the students who are geographically distributed
in the virtual classrooms as the classroom communication
in virtual classroom is analogous to the communication in
real classroom. The effectiveness of this method will be im-
proved by correlating more features from different action
units of the face which would improve the recognition rate.
The limitation of the method is that if the visualization of
the student is not available in the virtual lecture, facial ex-
pressions cannot be used a tool by the virtual lecturer to
interpret student’s comprehension.

Methods
In this research, a study was conducted for observing the
facial expressions of the students in academic lecture-
environments. The scope of this research is to examine
whether facial expression of the students is a tool for the
lecturer to interpret comprehension level of students in
virtual classroom and also to identify the impact of facial
expressions during lecture and the level of comprehension
shown by these expressions.
In order to collect data for the study, survey is taken

using stratified sampling technique with a questionnaire.
Questionnaire is prepared based on the information col-
lected by interviewing 80 undergraduate and postgraduate
students in the age group of 18–22. It was given to 100
Lecturers both male and female in the age group of
35–58; whose experience is more than 10 years and their
responses were collected. Further information or clarifica-
tion was given to Lecturers orally, if necessary, while they
were completing the questionnaires. This method of data
collection ensures a high response rate, accurate sampling
and a minimum of researcher bias, while giving the benefit
of a degree of personal contact. The questionnaire was for-
matted with closed-ended (Yes/No), Liker scale (Strongly
Agree, Agree, Undecided, Disagree, Strongly Disagree)
and Ranking (Rank I to IV) questions. This is mainly



Figure 5 Positive expression.
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Figure 4 Representation of standard error mean.
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Figure 6 Negative expression.
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because the use of a questionnaire enables the collection
of more information, and therefore a more representative
description of a situation, than interviews. Furthermore,
the use of Liker scale is a very widely used technique for
attitude measurement, and people often enjoy completing
a scale of this kind (Oppenheim, 1992; Foddy, 1993).
This questionnaire focused on the role of facial expres-

sions in non-verbal communication. It ranks the order in
which the lecturer interprets the level of comprehension
in the classroom through various nonverbal communica-
tion modes. The communication modes considered are
Facial expressions, Gesture, Hand Movement and Body
Language. It also measures the frequency of the expres-
sions exhibited by the action units (Eyes, Mouth, Eyebrow
and Forehead) of face for the purpose of communication.
Finally, how the expressions were correlated with the
emotions of the student’s is analyzed. Here Positive ex-
pressions are analyzed with positive emotion (Comprehen-
sion) and negative expressions are analyzed with negative
emotion (Incomprehension). It was concluded from the
student’s interview and previous studies that students con-
vey positive emotions when they:

� Understand the lecture
� Are satisfied with the lecture
Figure 7 Undecided emotional states.
� Are able to grasp the ideas given by the lecturer.
� Want to reflect positive response to the lecture.

Positive emotions are expressed by Eyes opening wide
and raising Eyebrows as shown in Figure 5 to express
their comprehension on the lecture.
Students convey negative feelings when they:

� Don’t understand the lecture.
� Want the lecturer to repeat once again.
� Try to seek the help of the lecturer.
� Are not able to cope up with the speed of the

lecturer.
� Are in confused state.

Negative emotion are expressed by shrinking eyes
with lowering eyebrows and wrinkles on forehead, eye-
brows raised and eyes enlarged, curling lips as shown
in Figure 6 to represent their incomprehension on the
lecture.
Lecturers will be in undecided state when the emo-

tional states of the students are neutral, smile etc. as
shown in Figure 7, which confuses the lecturer between
comprehension and incomprehension states of the
students.



Sathik and Jonathan SpringerPlus 2013, 2:455 Page 9 of 9
http://www.springerplus.com/content/2/1/455
Competing interests
Both authors declare that they have no competing interests.

Authors’ contributions
Both authors’ read and approved the final manuscript.

Authors’ information
Dr.M.Mohamed Sathik has been working as Principal of Sadakathullah Appa
College, Tirunelveli. He has completed M.Phil., and Ph.D. in Computer
Science in Manonmaniam Sundaranar University, Tirunelveli. He has added
credit to his academic record by adding up the degrees M.Tech.,M.S
(Psychology) and M.B.A. He is pursuing Post Doctoral Degree in Computer
Science. He has also involved himself in various academic activities. He has
attended many national and international seminars, conferences and
presented numerous research papers. His had his publications in many
International journals. He has guided more than 40 research scholars and
published two books. He is a member of curriculum development
committee of various universities and autonomous colleges of Tamilnadu,
India. His areas of specialization are Virtual Reality, Image Processing and
Sensor Networks.
G. Sofia has been working as an Assistant Professor in the Department of
Computer Science, Lady Doak College, Madurai. She has completed M.C.A in
Manonmaniam Sundaranar University, Tirunelveli and M.Phil., Computer
Science in Mother Teresa Women’s University, Kodaikanal. She is pursuing
Ph.D in Bharathiar University, Coimbatore under the valuable guidance of
Dr.M.Mohamed Sathik. She has presented many papers in National and
International conferences and published in 4 International journals. Her areas
of specialization are Image Processing and Virtual Reality.

Acknowledgement
Foremost we wish to thank Dr.S.Mohammed Mansoor Roomi, Associate
Professor, Thiyagarajar College of Engineering, for helpful advice, fruitful
discussions and ideas. Many thanks go as well to Dr. Rosy Godwin, Associate
Professor, Lady Doak College, who always had time to help and support us
in analysis and interpretation of data. Furthermore we are grateful to Galina
Thomas Assistant Professor, Lady Doak College in shaping the manuscript.
We are also thankful to all students and Lecturers who extended their
support during acquisition of data.

Author details
1Sadakathullah Appa College, Tirunelveli, India. 2Research and Development
Centre, Bharathiar University, Coimbatore, India.

Received: 19 April 2013 Accepted: 3 September 2013
Published: 12 September 2013

References
Burbles NC (2004) Navigating the advantages and disadvantages of online

pedagogy, learning, culture and community in online education:
research and practice. Peter Lang Publishing, New York, pp 1–17. ISBN
0820468479

Huloria (ArticlesBase) Building a harmonious classroom atmosphere, CiteSeerX.
ArticlesBase

Foddy W (1993) Constructing questions for interviews and questionnaires.
Cambridge University Press, Cambridge

Jain LC (1999) Intelligent biometric techniques in fingerprint and face
recognition. CRC Press, NJ

Jelfs A, Colbourn C (2002) Virtual seminars and their impact on the role of the
teaching staff. Computers in Education 38:127–136

Kurbel K (2001) Virtuality on the students’ and on the teachers’ sides: a
multimedia and internet based international master program; Proceedings
on the 7th International Conference on Technology Supported Learning
and Training. Online Educa; Berlin, Germany, pp 133–136

Marco Van Der S (2005) Bandwidth efficient virtual classroom, Thesis. University
Of Johannesburg

Mohamed Sathik M, Sofia G (2011) Identification of student comprehension
using forehead wrinkles. 2011 International Conference on Computer
Communication and Electrical Technology (ICCCET), pp 66–70

Oakes K (2002) E-Learning: Synching up with virtual classrooms. American Society
for Training and Development 56(9):57–60
Oppenheim AN (1992) Questionnaire design, interviewing and attitude
measurement. Pinter, London

Perry, Bruce (2004) Can some people read minds? Science World
Resmana Lim MJT, Reinders T (2000) Facial landmark detection using a

gabor filter representation and a genetic search algorithm, proceeding,
seminar of intelligent technology and its applications (SITIA’2000). Graha
Institut Teknologi Sepuluh Nopember, Surabaya

Russell G, Holkner B (2000) Virtual schools, in futures, volume 32. Issues 9–10:887–
897

Taxen G, Naeve A (2002) A system for exploring open issues in VRbased
education. Computers & Graphics 26(4):593–598

Theonas G, Hobbs D, Rigas D (2007) The effect of facial expressions on students
in virtual educational environments. Int J Hum Soc Sci 2(1)

Toby D, Ivon A, Beverly P, Woolf P, Winslow B (2008) Viewing student affect and
learning through classroom observation and physical sensors, proceeding of
the 9th International conferences on Intelligent Tutoring Systems. Springer,
Berlin, pp 29–39

doi:10.1186/2193-1801-2-455
Cite this article as: Sathik and Jonathan: Effect of facial expressions on
student’s comprehension recognition in virtual educational
environments. SpringerPlus 2013 2:455.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Virtual classroom
	Virtual class room communication
	Facial expressions

	Experimental results
	Analysis: non-verbal communication
	Analysis: action units
	Analysis: facial expressions

	Conclusion
	Methods
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgement
	Author details
	References

