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PREPARING AND USING VIDEO MATERIALS IN HIGH SCHOOL
DURING MATH CLASSES

In recent years, the formation of new education-
al platforms has significantly influenced the sys-
tems and organization of the educational process.
The project reported here used resources from Khan
Academy. The posted video materials were an in-
spiration to make innovative attempts to develop
materials of this type by both pupils and students.

Although Khan Academy has been operating
since 2008, there is still little empirical research to
report on the platform's impact on student learning,
cognitive benefits and soft skills development.

The article describes a one-semester didactic
experiment carried out in the school year
2021/2022 with students of the third grade of
secondary school who followed the core curriculum
after the 8-year primary school and also first-year
students of mathematics at the Pedagogical Univer-
sity of the National Education Commission in Kra-
kow.

Keywords: Khan Academy; flipped classroom
method; flipgrid; video materials; Fibonacci se-
quence; analytical geometry; trigonometry.

Introduction

In recent years, many educational plat-
forms have been created. This concept is
used to describe integrated systems of educa-
tional services offered online. The educational
platforms enable the collection and storage of
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teaching materials that can be divided ac-
cording to the adopted criteria so as to facili-
tate familiarization with files, e.g. mathemati-
cal analysis, linear algebra, differential equa-
tions, etc. The Wolfram Alpha platform is well
known in mathematics. Polish high school
graduates know the Matemaks platform well.
In this work, we are focusing on Khan Acad-
emy, which is an innovative educational plat-
form basically covering all subjects [1; 2]. Its
characteristic feature is free access for every-
one to all the collected content. Millions of
users can acquire new knowledge and skills
simultaneously, because the educational
content on the platform is translated into
about 40 languages.

The platform can be used during classes
at school (teacher-student), as a tool of the
increasingly popular flipped lesson method
and during individual learning. Khan Acade-
my has been operating since 2008, but there
is still little empirical research to show re-
sults on the platform's impact on student
learning, cognitive benefits and soft skills
development.

The present work is of practical nature; it
is created as a guide for a mathematics
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teacher. It presents experiences from two
months of work with students involving new
technologies, and new teaching approaches.
The development of technology is far ahead of
changes in the education system, especially
from the point of view of its organization and
assimilation of technology developments. The
innovative nature of the actions taken here
presumes the idea that school and university
students not only watched video materials
from the Khan Academy platform, but were
also asked to undertake the effort of prepar-
ing educational materials on their own.

Results

Khan Academy is a non-profit organiza-
tion. In 2006, a graduate of Massachusetts
Institute of Technology and Harvard Busi-
ness School, Salman Khan founded an asso-
ciation whose main goal is to "provide quality
education to everyone, everywhere". In 2004,
Salman Khan tutored mathematics using
Yahoo!'s Doodle notebook. As more and more
people wanted S. Khan's lessons, he decided
that short recordings of the lessons on
YouTube would be more practical. Due to the
popularity of the recordings, in 2009 Salman
Khan quit his job in finance and became in-
volved in creating educational videos and
sharing the recordings as part of Khan Acad-
emy (free access). The organization is main-
tained by donations offered by donors (in-
cluding Ann and John Doerr and the Bill and
Melinda Gates Foundation) and companies
(including Google).

Currently, the platform offers over 9,000
online instructional videos in such subjects
as: mathematics, biology, physics, computer
science, world history, economics and fi-
nance, arts, world history and SAT practice
(preparation of students for university exams
and entrance exams to universities). In 2018,
there were 60 million registered users on the
Khan Academy platform. In 2019, 2.7 million
students enrolled in Khan Academy's official
SAT practice, a 17% increase compared to
the previous year, and 240,000 teachers in
over 50 countries benefited from Khan Acad-
emy resources [3].

The flipped classroom method. The devel-
opment of technology has played a huge role
in the evolution of the flipped classroom
method. Initially, when this approach was
created invented, students received paper
materials in order to get acquainted with the
new information before the next class [4].
This solution helped teachers and lecturers
to start classes with a conversation with stu-
dents or move on to more demanding topics.
Currently, teachers can remotely share de-
veloped materials as well as recorded lessons
using e.g. educational platforms [5]. Studies
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on the modern flipped classroom method
indicate as its main advantages that:

— students can learn to play the same vid-
eo or its fragments many times, stop it at any
time when they consider it necessary or
beneficial,

— students can learn at their own pace
and at any time and place,

— it improves students' understanding of
the presented content and increases the ef-
fectiveness of teaching during the lesson.

The materials prepared beforehand enable
students to focus on the essence of the dis-
cussed content — they are not required to
search for materials on their own. Students
can learn at their own individual pace. They
assimilate new material or fill gaps in under-
standing of what they have already learned.
In this way, they effectively consolidate
knowledge. Students take responsibility for
their learning process, by actively managing
it — they set the pace of work, time spent and
where they learn [6]. It was noted that teach-
ing mathematics in a novel way using pro-
ject-based and problem-based learning
showed significant improvements in problem
solving skills in high school. The use of the
flipped classroom model in mathematics les-
sons in Taiwan has shown a significant dif-
ference in learning outcomes and motivation
compared to traditional methods in middle
and low level students [7].

Changing roles — teacher and student. The
experiment was carried out in Spring of the
2021/2022 school year. Its participants were
third-grade high school students subject to
implementing the core curriculum after an 8-
year primary school. The experiment was
implemented so that it replaced regular
mathematics lessons. During the experiment
the students, in particular, were asked to
change roles and pass from being receivers of
prepared material to becoming creators of
their own video materials. During the first
experiment unit, students were given the
task of developing and recording a film on the
golden ratio and the Fibonacci sequence. The
project was planned for several weeks. Mem-
bers of three-person teams were randomly
selected [8] for discussion on how to assign
students in groups in the most effective way.
The first stage of the project comprised
watching materials available on the internet,
collecting information from various sources
including materials provided by the teacher
and then analyzing collected data. The stu-
dents lacked knowledge of the notion of a
sequence, which created a major obstacle in
their progress (students at the stage of carry-
ing out the project did not know, among oth-
ers, arithmetic and geometric sequences).
The second stage of the project involved con-
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sultations with the teacher. More precisely,
in this phase the teacher assisted students in
each group individually, engaging them in
discussion and answering their questions.
The conversations revolved around the pro-
gress of each project: ways to obtain infor-
mation and methods of presenting the ac-
quired information, as well as technical prob-
lems related to recording and editing the vid-
eo material. The third stage focused on the
recording of the video material and making it
available on the Flipgrid platform at the set
date [9] for a Flipgrid usage in education
analysis. The students were asked to com-
plete a questionnaire beforehand in the pro-
ject.

At exactly the same time, freshmen math-
ematics major students during the course on
Linear Algebra were given exactly the same
task to perform. The difference between uni-
versity students and high school students
was that students were familiar with the con-
cept of a sequence and they were more ma-
ture. However, none of the groups have ever
discussed the golden ratio and the Fibonacci
series before. This is a subject that does not
appear in the core curriculum at school, nor
in the Linear Algebra syllabus. The possibility
of discovering and working with such a se-
quence had a motivating effect on students
who show an above-average interest in the
subject. The innovation of this project was
the reversal of the student-teacher role.
When analyzing the surveys, one can notice a
definitely positive reception of the new activi-
ty during mathematics classes. The involve-
ment of pupils and students in the project
was not limited to the search for appropriate
materials and the recording of a video mate-
rial. After the completion of the project, both
groups of students watched films prepared
by their peers from the other group. Then
they were requested to evaluate the prepared
materials and to answer questions organized
in a survey.

Survey results. The survey contained five
questions, three of them are presented below.
This choice is dictated by the fact that they
were open. A total of 570 responses were col-
lected. The most representative answers have
been selected below.

Question 1. Did the watched material
arouse your interest?

“Way way too short. I think I'd be more in-
terested if instead of music (which I don't
think had anything to do with the presenta-
tion), the issue was discussed. On the plus
side there was the list of the used sources
that were used”.

“The material did not interest me, which
was largely due to the lack of recordings of
the person telling the story, as well as a font
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that is unreadable, in colors that are hard to
read with a lot of content”.

“The material sparked my interest, but to
a large extent, this interest was built by a
beginning which I didn't expect. Later, my
interest was maintained by well and interest-
ingly used graphic materials”.

“Yes, the material is prepared in a very at-
tractive way. The big advantage is that the
slides are narrated, not read”.

“Yes, the beginning catches attention, you
can see that the person who made the video
has tried. During the video, she was drawing
on the image, there was a screen recording
during using a calculator, and such things
are more interesting than simply describing
drawings and reading”.

“Yes, the material was prepared in an in-
teresting, mathematically correct and original
way. Consistent engaging content. Clear
message, key information”.

Question 2. Has the content presented in
the material been conveyed in a clear manner
and does it form a coherent whole?

“In general, the content was conveyed in a
clear and coherent way, a big plus for seeing
what is being said”.

“The content was presented as clearly and
coherently as possible. It was clearly stated
or written in the presentation what is going
to be discussed at each moment, which
makes the message a lot easier to under-
stand, in my opinion”.

“Nobody really handed over the material.
They only scroll dry facts for a minute”.

Question 3. Does the sound and image
quality allow you to focus on the substantive
message?

“Image quality is good, it makes it easier
to concentrate on the substantive message
material. However, the sound quality is aver-
age, there are moments where it is very hard
to understand what a person is saying be-
cause the music is too loud, which makes the
material difficult to understand”.

“The image focused the viewer's attention.
The sound itself was good quality, but the
music playing in the background was pleas-
ant at first, but later became too loud and
interfered with understanding the content
presented”.

“I think the movie would be much better
with a person presenting the information
rather than a selection of music playing in
the background”.

Continuation of the project. Due to the pos-
itive reactions of high school students to the
project, the project continued. Preparing vid-
eo materials was very interesting for younger
classmates who expressed their willingness
to join in the new activity. The second project
for the same class concerned issues from the
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"Analytical Geometry" section. The only dif-
ference from the previous project was that
the students divided themselves into four
groups of 5 and two groups of 6. The stu-
dents were supposed to develop a solution to
the standard tasks analyzed during the clas-
ses (each group was given a different task). A
very important stage of the project was the
graphic presentation of the solution. The
purpose of the requirement was to familiarize
students with the tools available to visualize,
for example, a straight line intersecting a
circle. The table below contains information
about the average grade from the test for the
class participating in the study. The table
highlights the results of the test that took
place after the project was developed. A sig-
nificant improvement can be seen, as stu-
dents who follow the core curriculum tradi-
tionally were scored one mark lower than
when they had to record the videos them-
selves.

Table 1

Average results obtained
from knowledge tests in the third grade

Planimetry 2,390625
Logarithmic and

. . 2,0
exponential function
Analytical geometry 3,015625
Sequences 3,2413793103

In the school year 2021/2022, students of
the second grade implemented the core cur-
riculum after an 8-year primary school. In
parallel with the second project in the third
grade, they were tasked with developing the
topic "Trigonometry — application in everyday
life". Similarly to the first project in the third
grade, students were randomly assigned to
groups of 3. Each stage of the project was
analogous. The only difference compared to
the first third-grade project was that the stu-
dents have already learned the basics of the
topic. The table below contains information
about the average grade from the test for the
second class participating in the study. Table
2 shows results of the test that took place
after the project was finished. A significant
improvement can be seen, as students follow-
ing the core curriculum traditionally were
scored one mark lower than when they had
to record the videos themselves. The num-
bers in black refer to average notes in the
traditional teaching, whereas the numbers in
red concern the experimental part of materi-
al. It is worth to underline that trigonometry
is traditionally perceived as more difficult
that e.g. quadratic function. Yet the students
present better achievements here, which is
due to the innovative method they were con-
fronted with.
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Table 2
The average results obtained
from tests checking knowledge in the second

grade
Planimetry 1,3980645161
Quadratic function 2,7142857143
Polynomials 1,(162)
Quantifiable function 1,89(39)
Trigonometry 3,1(6)
Discussion

Using the observations of Surya and
Syahputra (2017), who drew attention to
teaching mathematics in a different way us-
ing the project method, a project was created
based on materials prepared by students for
students. The employment of the flipped les-
son method during a new activity made a
significant difference in the results Bhagat,
Chang, and Chang (2016). For the most part,
students in both classes assimilated the new
material discussed in class in an
even/constant manner. The above results
allowed me as a teacher to observe how stu-
dents cope better with new content when
they search for and develop information that
is completely new to them. The initial version
of the project involved only making a film
about the Fibonacci sequence and the golden
ratio. The continuation of the project was
created at the request of students. Initially,
students from the same class wanted to get
involved in making more films. However, the
innovativeness of this project attracted the
interest of students from other classes — as a
result, a project that assumed the develop-
ment of one topic initiated the next two. In
the 2022/2023 school year, the project is
being more extensive. The target groups are
first year high school students. Students are
being divided into 3 groups. Two groups are
going to be tasked with preparing a similar
project. Each group is going to develop a dif-
ferent topic, which is going to be developed
later during the classes based on the videos.
Students are going to be able to learn using
materials prepared by their peers as well as
to evaluate the projects of another group. The
third group is going to be tasked with reading
through all the materials and expressing
their opinion as a group that has not previ-
ously recorded the materials.

Conclusion

The most significant aspect of discussed
project is that none of the groups has previ-
ously participated in a similar project. Only
two of the groups that are supposed to ex-
press their opinions during the project are
going to prepare materials. The task of the
third group is to evaluate the projects, which
is important because the students of the last
group do not know what the preparation and
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development of materials look like. It will be a
whole new way of learning for students.
Therefore, the feedback obtained will be very
important and will later contribute to improv-
ing this method of working with students.
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TAPI'OII OxTraBina
BuHnTeAbKa Ileproi cepenuroi mroaun imeni Kasimeska Bponzincekoro B TapHOBI,
ITeparoriynuii yaiBepcuteT Komicii HapoaHoi ocBiti B Kpakosi
MIANOTOBKA TA BUKOPHUCTAHHSI BIAEOMATEPIAAIB Y CTAPIIIHN HIKOAI
HA 3AHATTSAX 3 MATEMATHKH

Anomauyis. PopMysaHHsL HOBUX OCEIMHIX NAAMPOPM
30 OCMAHHI POKU 3HAUHO 8NAUHYNO HA cCuCmemu ma op-
2aHBAUI0 HABUANLHO20 npouecy. IIpoexkm, npo sKuUl
lidembcst y cmammi, eukopucmosyeas pecypcu Khan
Academy. Poamiweri Ha yili niamgopmi gideomamepianu
cmanu 0xKepenom HAMXHEeHHsT 0/t HO8AMOPCbKUX Chpob
Ppo3pobku mamepianie markozo muny YuHsmMu ma cmyoe-
HMamu.

Hessaxcarouu Ha me, wo Khan Academy npaute 3
2008 pokry, 0oci MANO eMNPUUHUX OOCNIOINKEeHb U000
enaugy naamgopmu Ha HagUAHHSL CMYyoeHmi8, KoZHImue-
Hi nepegazu. ma po38UMOK HABUUOK CNIIKYBAHHSL.
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Y cmammi onucaro od0Hocemecmposuil Ou0aKmuuHUilL
excnepumerm, nposedeHuil y 2021/2022 HasuabHOMY
poui 3 yunsmu III kKracy 3azanbHOOCEIMHBLOL WKOAU, KL
Hasuaucss 3a NPOLIbHOKW Npozpamor hnicas 8-piuHol
nouamkoeoi WKOAU, A MAaKosK CmyoeHmamu nepuLozo
KYpcy MamemamuuHozo garKyabmemy neoazoziuHozo
Ynigepcumem komicii HapooHot oceimu e Kpakosi.

Knrouoei cnoea: Axademiss XaHa;, memooO nepesep-
HYmMoz0 Kaacy; gainepio; eideomamepianu; nocai008HICMb
DiboHaUUT; AHANIMUUHA 2e0MempPisl; MPUZOHOMEMPIsL.
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