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impact on education. This study investigates and compares the student
performances after transition from face-to-face learning environment to online
learning environments as a result of the spread of the pandemic. Data is collected
from a large Bosnian public university and analyzed using statistical tools. In this
study student success is defined as passing the course. The results showed that there
is significant difference in the performances of students, and it is dependent on
learning environment. Particularly, students who attended online classes have
significantly higher-grade point averages.
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1. Introduction

The COVID-19 pandemic has resulted in educational institutions closed all over the world. The way of learning
is changed for every single student [1]. In total, approximately, 1.2 billion youthful individuals are out of the
classroom. This resulted in the largest “online movement” within the history of education [2]. With this
unexpected change a lot of people are wondering if the adoption of online teaching will continue to proceed
post-pandemic and how such a move would affect the worldwide education and student success. Whether
students perform superior with online or face-to-face classes [3]?

This way of thinking leads to a need for investigation to get the right answers. There have been a few researches
regarding this topic, among which the most famous one is at Oxford University [4]. It is discovered that half of
the people accept that this spontaneous and fast move to online learning — with no preparing, will result in a bad
experience followed by declining student averages and passing rates [5]. Others believe that an unused and new
model of education will have significant benefits and improve student success. Most important observers here,
students, are usually more for online classes because they support self-regulated learning [6]. Therefore, this is
good time to seriously think, analyze, measure, and explore more in this area [7]. All information collected for
the purpose of it are grouped together and estimated with the ANOVA procedure, to test all the concerns and
derive an appropriate conclusion [8].

There are multiple factors that affect the student success and the nature of the classes itself. American University
discovered during their research that there are some courses that are more appropriated to be conducted online
in comparison with some other courses that are hard to figure out in online way of learning. Student success is
depended on that [9]. The emotions of each student are another factor for success because students are more
frustrated with in-class lessons and more relaxed and have less anxiety with online lectures [10]. Student
confidence itself is important in studying for exams as well as for their success in each environment.

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that allows others @ G)
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship
and initial publication in this journal.
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In this way, we can see that personal factors must be included in determining difference between learning
environment [11]. However, there is a certain number of students that prefer these two environments mixed,
which is called “blended” way of learning and believe it is the best solution to the current situation [12].

Young people in general like online classes more and have better success there and it is not only related to
undergraduates. In “Journal of Higher Education” it is published that Master student also perform better with
online exams [13]. This brings us to the social media influence and whether they are connected to the success
in exam [14]. Not only that, but a psychological state and history of a student can be an important factor in
learning. This was discovered during comparative study case in China [15]. The major problem discovered for
online way of learning is that the teachers where not present enough as they would be in face-to-face classes.
This resulted in students educating and investigating by themselves which brings us to the case where they are
not ready for the exam because of lack of materials [16].

Some students choose their learning environment based on the cost. It is much cheaper to study online and that
is motivation enough to make afford and pass the exam [17]. Same opinions have students with disabilities. It
is stated in America Journal that they feel better under the camera and more similar to their colleagues, so the
motivation is much more presented and result in better success [18].

The most interesting results were obtained in one of the largest studies related to this topic and published in
“Institute of Educational Sciences” which implies that there is no difference at all in learning environment [19].
However, when it comes to skill-based course, much better success in measured for in-class courses which is
very logical and expected because nobody can get certain skills online [20]. The similar is derived from the
study case at “Advances at social work” where student success were the same in every way of learning [21].
Skills are very hard to learn online especially when it comes to the medicine field of science. In that case, online
teaching can be only an addition to face-to-face [22].

To understand student success, we need to monitor student behavior in each environment. According to this
factor no significant differences are found in “Harbin Institute of Technology™ as well [23]. Online learning was
analyzed from the time in history when it started and now. It is clearly stated that today’s technology is so
advanced that student do not see any difference in learning methodology [24].

The purpose of this research paper it to investigate the students’ performance with the classes offered online
and face-to-face. The paper uses quantitative approach to study accomplishment of students within a different
environment. The goal is to create a holistic picture of ongoing online vs. in class activities, compare student
results and if possible, establish the link between them. The main method used for this purpose is ANOVA
statistical test. The result of this investigation will give the correct answer to the asked question “Does student
perform better in online or in-class learning?”. To answer this question, the following Hypothesis is going to be
tested:

H,: There is significant difference in grade point averages between students from the online and face-to-face
learning environment.

2. Research method

Before diving into methods used to conduct the student performance study, it is important to introduce the type
and source of the data used. For this purpose, data is taken from a public university in Bosnhia and analyzed
using statistical tool MiniTab with a help of Excel solver. Investigation is done for two courses that were
conducted two semesters completely online and three semesters completely face-to-face. Source of each data is
the same university. Data is collected by conducting university management system who provided list of all
students from last five semesters starting from Fall 2020, that were taking the two similar courses with final
score in the exams and success for each one with passing/failing in the end.

Personal information was not collected because of privacy policy. Students are listed by ordinal numbers and
each number is representing one student (first column). All five tables contain the same attributes. Second
column is for final score with the range from 0 - 100 points where 55 points is minimum for passing the course.
Last column just indicates if the student failed or passed the course.

In this study student success is defined as passing the course. Comparisons between learning environments on
outcomes (tests, final exam = final score) were made using ANOVA [25], with learning environment as the
factor, with two levels (online and in class). This is the main method used for the research as stated above, with
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mean and standard deviation comparison. T-test is used for comparison of variances to investigate if some group
differs significantly from others.

Calculated F,, value is compared with corresponding value from standard critical value table (E,) at significance
level of @ = 0.05 and appropriate degree of freedom. Two cases where investigated: If F, > F,,. (or p-value <
a ), there is no significant difference between the five groups, and we can reject hypothesis. If Fy < F_,. (or p-
value > a), there is significant difference between the five groups, and we can accept hypothesis.

For the mean value of measurement in this research the following formula is used:
X — Z?:lxi
n

where X is mean value (average) of our dataset and n is number of sample data (measurements).

M)

Standard deviation is obtained with the following formula:

_ ?zl(xi_)?)z
5= \/ (n—1) 2)

where S is standard deviation, n is number of sample data and X is mean value [26].
Total sum of squares is calculated as:

SS; =SSz + SS, 3)
where SS¢,- is sum of squares of learning environments and SS,, is error sum of squares.

The three sums of squares from above are determined using the following formulas:

\2
SSr = Xiz Z}l=1()’ij - }’) 4
§Ser =n L, (Fi — ¥)? (5)
12
SSg = Xicq Z?:l(yij ) (6)

Observed value of F,-test was determined as the ratio between mean sum of squares of learning environments
(MS;,-) and mean sum of squares of error (MSg):

SSGr
MS
— a-1_ __ Gr
Fo= =S5 = MSg (7
a(n—-1)

where, (a — 1) represents degrees of freedom of the numerator (between the groups) and a(n — 1) represents
the degrees of freedom of the denominators (error) [26].

To determine which of the semesters from the group differs significantly, t-test is used with case upper
significance level corrected using the following Bonferroni correction:

a
Xcor = - (8)

where m is number of comparisons and significant difference was identified for each p-value < a,,. The
difference between five learning environments is analyzed with T-test with the following formula:

to = ——— (9)

The following cases are investigated: if p-value <a.,,-, there is no significant differences between the learning

environments. If p-value > -, there is significant difference between the learning environments. These tests
were performed using Excel solver.
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3. Results and discussion

Performance of the five groups of learning environments were tested using ANOVA at 95% confidence interval
in Excel solver. Mean, standard deviation and standard error are calculated for every group — semester
separately, so that they can be compared later. Number of records in each table is different, but it did not
represent any problem during the calculation process. After that, ANOVA is applied by using the equations
from above. The summary of ANOVA results is displayed in Table 1.

Table 1. ANOVA results

Source Degrees of Sum of Mean Fy p-value
Freedom Squares Square
Student Between 4 19306.5374  4826.6343 10.135 0. 00001*
Success Groups
Within 247 117629.3604  476.2322
Groups
Total 251 136935.8977

* significant at p < 0.05

From Table 1 it is observed that there is significant difference in student success among the groups of the
learning environments. The p-value is 0.00001 which is significant at p < 0.05.

Still, it is not clear which group differs significantly in comparison to others. The following step is to separate
each group and calculate its p-value. Then, those values are compared with each other in order to discover which
group differs the most.

To determine that, post-hoc t-test is used with correction a.,, = % = 0—25 = 0.01. The result of this analysis is

displayed in Table 2.
Table 2. Comparative t-test results

Compared group Other groups Mean Difference p(T <t) one-tail p(T <t) two-tail
Group 1 Group 2 3.5598 0.2677 0.5355
Semester Fall 2018. Group 3 -6.7081 0.0562 0.1124
FACE-TO-FACE Group 4 -17.7383 0.00007* 0.00001*
Group 5 -19.311 0.00002* 0.00004*
Group 2 Group 1 -3.5598 0.2677 0.5355
Semester Spring 20109. Group 3 -10.2679 0.0147 0.0294
FACE-TO-FACE Group 4 -21.2981 0.00002* 0.00004*
Group 5 -22.8708 0.00001* 0.00002*
Group 3 Group 1 6.7081 0.0562 0.1124
Semester Fall 2019. Group 2 10.2679 0.0147 0.0294
FACE-TO-FACE Group 4 -11.0284 0.0015* 0.0030*
Group 5 -12.6029 0.00004* 0.00009*
Group 4 Group 1 17.7383 0.00007* 0.00001*
Semester Spring 2020. Group 2 21.2981 0.00002* 0.00004*
ONLINE Group 3 11.0284 0.0015* 0.0030*
Group 5 -1.5727 0.3467 0.6938
Group 5 Group 1 19.311 0.00002* 0.00004*
Semester Fall 2020. Group 2 22.8708 0.00001* 0.00002*
ONLINE Group 3 12.6029 0.00004* 0.00009*
Group 4 1.5727 0.3467 0.6938

* significant at p < 0.01

The result of the investigation shows us that Group 4 and Group 5 which are online learning environments are
differing significantly from Group 1, 2 and 3, which are face-to-face environments. The p-value is compared
and calculated for both: one-tail and two-tail test. The same results are obtained for the each one of them. In
every group, there is at least one value that is significantly different than others. For the groups with the face-
to-face learning environments, that value is for Groups 1-3, and for the online learning environment that value
is for Group 4 and 5.
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There was only one measurement of the student success and that is final score and passing the course. Passing
rate was much higher in online classes. There is not any other variation between groups with same learning
environment. That is very interesting. It means that even though professors, study program or materials might
be slightly different in each semester (year), the students will perform similarly - if the learning environment is
the same.

Therefore, there is significant difference between the way of learning and taking exams. The initial assumption
is correct and proved above therefore, the hypothesis can be accepted. To better understand data, there is
graphically representation of groups of the numerical data through the quartiles. Figure 1. shows the data
samples by using boxplot.
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Figure 1. Distribution of score points for each group

The sample size used to create the boxplot varies among Groups. Each group has a separate box plot. In Figure
1. we can see that median is 59.5 for a Group 1, and minimum and maximum values are 5 and 91. First quartile
is 35.8, third quartile is 74.8. Values of other groups can be distinguished in the same way. We have some
outliers for the Group 1 as well as for all other groups. From the figure, we can notice that median values of
Groups 4 and 5 that correspond to online learning lies outside of the boxes from other three groups which
represent face-to-face classes. Because of it, there is likely to be a difference between those two cases which is
exactly what the calculation confirmed.

Table 1. Key result comparisons with similar studies

Case study, Country Results Reference
A large university, US

(140,444 students No significant difference in grade-based student performance

enrolled in 6,012 courses | between an online learning compared to a face-to-face learning. [19]

over a period of ten
academic terms)

Fort Valley State
University (FVSU), US No significant difference in student performance between
(548 FVSU students who | online and face-to-face learning with respect to gender and class [5]
completed the same class | rank.
over 7 years)

Students prefer face-to-face learning if conceptual knowledge
in the subject matter or skills are to be acquired. 7]
Students prefer online learning if skills in self-requlated

learning are to be acquired.

Students form 29 Austrian
universities, Austria
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Case study, Country Results Reference

Studgnts fror_n Jar_nes Students with more proficient reading and writing skills will

Madison University erform better in online classes [l

(JMU), US P '

Master’s-level students A significant difference was observed between final exam

from an US university, score. Face-to-face students achieved a significantly higher [13]

us score than the online students.

Students from a large Face-to-face students earned a significantly higher outcomes [20]

public university, US than online students even when using the same technology.

Master’s-level stu_dents No significant difference in student performance between

from a large public . . [21]
L online and face-to-face learning.

university, US

Undergraduate stydents Student success depends on the learning environment.

from a large public S ; ) . ; . .
A ; Significantly higher points earned in an online learning | This study

university in Bosnia, .

Bosnia environment.

Based on the table above, the results of similar studies differ depending on the area, course level, perception,
and type of the study. Results are mixed, several studies proved that there is no significant difference between
learning environments which would indicate that the score outcome depends on how hard the students actually
work. The study conducted in James Madison University is the only one that got the same results as the study
described in this paper. The rest concluded that students are better in face-to-face classes. However, the reason
behind it could be that the period for which the students are observed is one semester at most or just one exam.
This is not a long enough observation to be able to derive proper global conclusion. In this paper, five semesters
and different setup and type of students were investigated. Another difference is that not all studies were
conducted at the global pandemic time. This means that those from the past had different factors and conditions
than students during COVID-19. In the end, all the studies are similar because of the one fact, they all compared
student success based on the two environments and none of those included a blended exam or lectures approach.

4, Conclusions

This study investigated student performances in an online learning vs. face-to-face learning environment. The
results showed that there is a significant difference between classes conducted online and face-to-face. Five
semesters were compared, two of them online and three face-to-face. Although in both learning environments
students were mostly passing the course, there was a significant difference in score points in the end.
Significantly higher score points obtained students from online environment. Based on these findings, it can be
concluded that the student success in this case is dependent on the learning environment. To understand what is
exactly causing these environmental differences, a further analysis has to be done with more influencing factors
taken into consideration.

Declaration of competing interest

The authors declare that they have no known financial or non-financial competing interests in any material
discussed in this paper.

Funding information

No funding was received from any financial organization to conduct this research.

References

[1] A. De Giusti, “Policy Brief: Education during COVID-19 and beyond,” Rev. Iberoam. Tecnol. en Educ.
y Educ. en Tecnol., no. 26, p. e12, 2020, doi: 10.24215/18509959.26.e12.

[2] O. B. Adedoyin and E. Soykan, “Covid-19 pandemic and online learning: the challenges and
opportunities,” Interact. Learn. Environ., vol. 1, no. 1, September, 2020, pp. 1-13, 2020, doi:
10.1080/10494820.2020.1813180.

92



HSD Vol. 4, No. 2, July 2022, pp.87- 94

[3] V. Gherhes, C.E. Stoian, M.A. Farcas, M. Stanici, “E-Learning vs. Face-To-Face Learning: Analyzing
Students’ Preferences and Behaviors”, Sustainability, vol. 13, no. 1, March 2021, pp. 243-255, doi:
10.3390/su13084381

[4] E. Fuhrer, “This is a reproduction of a library book that was digitized by Google as part of an ongoing
effort to preserve the information in books and make it universally accessible.
https://books.google.com,” Oxford Univ., vol. XXX, p. 60, 1998.

[5] J. Paul and F. Jefferson, “A Comparative Analysis of Student Performance in an Online vs. Face-to-
Face Environmental Science Course From 2009 to 2016,” Front. Comput. Sci., vol. 1, no. November,
2019, doi: 10.3389/fcomp.2019.00007.

[6] OECD, “Strengthening online learning when schools are closed - The role of families and teachers in
supporting students during the COVID-19 crisis,” Oecd, pp. 1-14, 2020, [Online]. Available:
https://read.oecd-ilibrary.org/view/?ref=136_136615-013x4bkowa&title=Strengthening-online-
learning-when-schools-are-closed.(accessed May. 29, 2021)

[7]1 M. Paechter and B. Maier, “Online or face-to-face? Students’ experiences and preferences in e-
learning,” Internet High. Educ., vol. 13, no. 4, pp. 292-297, Dec. 2010, doi:
10.1016/j.iheduc.2010.09.004.

[8] S.F. Sawyer, “Analysis of Variance: The Fundamental Concepts,” J. Man. Manip. Ther., vol. 17, no.
2, pp. 27E-38E, 2009, doi: 10.1179/jmt.2009.17.2.27e.

[9] B. Slater Stern, “A Comparison of Online and Face-To-Face Instruction in an Undergraduate
Foundations of American Education Course,” Contemp. Issues Technol. Teach. Educ., vol. 4, no. 2, pp.
196-213, 2004.

[10] G. C.Marchand and A. P. Gutierrez, “The role of emotion in the learning process: Comparisons between
online and face-to-face learning settings,” Internet High. Educ., vol. 15, no. 3, pp. 150-160, Jun. 2012,
doi: 10.1016/j.iheduc.2011.10.001.

[11] A. R. Artino, “Online or face-to-face learning? Exploring the personal factors that predict students’
choice of instructional format,” Internet High. Educ., vol. 13, no. 4, pp. 272-276, Dec. 2010, doi:
10.1016/j.iheduc.2010.07.005.

[12] M. Glogowska, P. Young, L. Lockyer, and P. Moule, “How ‘blended’ is blended learning?: Students’
perceptions of issues around the integration of online and face-to-face learning in a continuing
professional development (CPD) health care context,” Nurse Educ. Today, vol. 31, no. 8, pp. 887-891,
Nov. 2011, doi: 10.1016/j.nedt.2011.02.003.

[13] J. Ferguson and A. M. Tryjankowski, “Online versus face-to-face learning: Looking at modes of
instruction in Master’s-level courses,” J. Furth. High. Educ., vol. 33, no. 3, pp. 219-228, 2009, doi:
10.1080/03098770903026149.

[14] Mary F Fortune, Melany Spielman , “Students' Perceptions of Online or Face-to-Face Learning and
Social Media in Hospitality, Recreation and TourismPDF”, et al. MERLOT Journal of Online Learning
and Teaching, vol. 7, no. 1, pp. 13-22, March 2011

[15] C. Wang et al., “Need satisfaction and need dissatisfaction: A comparative study of online and face-to-
face learning contexts,” Comput. Human Behav., vol. 95, pp. 114-125, Jun. 2019, doi:
10.1016/j.chb.2019.01.034.

[16] S. S. Jaggars, “Choosing Between Online and Face-to-Face Courses: Community College Student
Voices,” Am. J. Distance Educ., vol. 28, no. 1, pp. 27-38, Jan. 2014, doi:
10.1080/08923647.2014.867697.

[17] Sharon Jeffcoat Bartley and Jennifer H. Golek, “Evaluating the Cost Effectiveness of Online and Face-
to-Face Instruction on JSTOR.” Educational Technology & Society, vol. 7, no. 4, pp. 167-175, October
2004.

[18] L. Barnard-Brak and T. Sulak, “Online versus face-to-face accommodations among college
studentswith disabilities,” Am. J. Distance Educ., vol. 24, no. 2, pp. 81-91, Apr. 2010, doi:
10.1080/08923641003604251.

[19] Cavanaugh, Joseph K.; Jacquemin, Stephen J. , “A Large Sample Comparison of Grade Based Student
Learning Outcomes in Online vs. Face-to-Face Courses”, vol. 19, no. 2, pp. 12-20, March 2015

[20] R. R. Callister and M. S. Love, “A Comparison of Learning Outcomes in Skills-Based Courses: Online
Versus Face-To-Face Formats,” Decis. Sci. J. Innov. Educ., vol. 14, no. 2, pp. 243-256, Apr. 2016, doi:
10.1111/dsji.12093.

[21] J. C. Brown and H.-S. Park, “Longitudinal Student Research Competency: Comparing Online and
Traditional Face-to-Face Learning Platforms,” Adv. Soc. Work, vol. 17, no. 1, pp. 44-58, Apr. 2016,

93



HSD Vol. 4, No. 2, July 2022, pp.87- 94

doi: 10.18060/20870.

[22] F. Bourzgui, S. Alami, and S. Diouny, “A Comparative Study of Online and Face-to-Face Learning in
Dental Education”, EC Dental Science, vol. 19, no. 3, pp. 123-135, March 2022

[23] F. Li, J. Qi, G. Wang, and X. Wang, “Traditional Classroom VS E-learning in Higher Education:
Difference between Students’ Behav-ioral Engagement”, International Journal of Emerging
Technologies in Learning, vol. 9, no.2, pp. 15-24, March 2014, doi: 10.3991/ijet.v9i2.3268.

[24] A. Hassenburg, “Distance Education Versus The Traditional Classroom.”, Berkeley Scientific Journal,
vol. 13, no. 1, pp. 13-18, Feb 2009, doi: 10.5070/BS3131007609

[25] B. Durakovic, "Design of experiments application, concepts, examples: State of the art", Periodicals of
Engineering and Natural Sciences, vol. 5, no. 3, pp. 421-439, December 2017, doi:
10.21533/pen.v5i3.145.9175

[26] B. Durakovic, G. Yildiz, M.E. Yahia, "Comparative Performance Evaluation of Conventional and
Renewable Thermal Insulation Materials Used in Building Envelops”, Tehnicki vjesnik, vol. 27, no. 1,
pp. 283-289, 2020, doi: 10.17559/TV-20171228212943

94



