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Active learning is useful to engage and make an interest for the students in learning of mathematics,
where the educators face many difficulties in teaching mathematics. This paper aims to address how to apply
active learning strategies on the subject of double integral in advanced mathematics. We chose some suitable
active learning strategies for using in the subject of double integral to show its designs. We also applied the active
learning strategies which is shown in the introduction part for two groups from second year students in the faculty
of science education at Suleiman Demirel University to reveal the of impact of achievement on the students.
Comparing the achievement of experimental group to the control group, the authors deduce that the experimental
group significantly outperform than the control group in the subject of double integral in mathematical analysis.
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INTRODUCTION

Active learning is "a method of learning in which students are actively or experientially involved in the
learning process and where there are different levels of active learning, depending on student
involvement. (Bonwell & Eison 1991) [1]. Mathematics education changes based on constructivist
perspective in this millennium suggest that the automation of abilities and passive educated interest
should be replaced by active learning strategies. (Hiebert, 1992) [2]. Michael Prince explains, “Active
learning is generally defined as any instructional method that engages students in the learning process. In
short, active learning requires students to do meaningful learning activities and think about what they are
doing”. (Prince, 2004)[3]. Active learning strategies help to initiate learners and faculty into effective
ways to help learners engage in activities based on ideas about how people learn. (Berkeley university of
California, 2019) [4]. Active learning should transform students from passive listeners to active
participants and helps students understand the subject through inquiry, gathering and analyzing data to
solving higher order cognitive problems.(Barners, 1989)[5]. Some of the techniques that could be
considered in the framework of active learning could be stated as follows: snowball, fish bowl, buzzing,
writing poetry, mental maps, concept maps, creative groups, learning through research, role playing, case
study, panel, debate groups, forum, card sorting, brain storming, explanatory learning, educational games,
problem solving and decision making activities (Sahin M., 2007) [6]. Freeman and colleagues collected
written definitions of active learning from three hundred people attending seminars on active learning,
arriving at a consensus definition that emphasizes students’ use of higher order thinking to complete
activities or participate in discussion in class. (Freeman et al., 2014) [7]. Active learning supports the
chance for advanced learning; however, student strength to this kind of learning requires hard level.
Active learning clashes with student’s traditional ways of teaching and learning. During the classrooms,
students were told knowledge, kept in their minds it, and were then tested what they learned. But, active
learning requires them to give a chance and try learning strategies that they have no fundamental structure
with. Active learning coordinates with the principles of constructivism which are, cognitive, meta-
cognitive, evolving and affective in nature. Studies have shown that immediate results in construction of
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knowledge is not possible through active learning, the child goes through process of knowledge
construction, knowledge recording and knowledge absorption. (Glenda A., 1996) [8]. The effectiveness of
active learning in learning process revealed as following diagram:

\ 90% / Teaching others
\ 75% / Practice by doing
\ 50% / Discussion Group
\ 30% / Demonstration
20% Audio visual 20%
\ 10% / Reading 10%
Figure-1 V Lecture 5%

(The Active Learners Institute, 2011) [9]
STRATEGIES OF ACTIVE LEARNING
A . Group activities

1. Case-based learning

Case-based strategy calls students to apply their knowledge to get a conclusion about real-world
problem. Promote students with a case, asking them to check what they know that is relevant to the
case, what extra knowledge they may demand, and what effect their decisions may have, impacting the
wider applications of their decisions. It is formed by small groups of 3-4 students time to consider
responses, circulating to ask questions and support help as requirement. It provides chances for groups
to share reflects. This strategy helps students apply what they have learned through reading or didactic
teaching. The greatest outcome from case-based strategy comes from the complexity and variety of
answers that may be formed. The case-based learning can be done in pairs or groups.

Example:
Why the number of the rectangular solid are increased the volume of the total is getting greater as
seen in the figure-2 : -

:::::::

Figure-2

2. Group Discussion

When a question or case is posed, students discuss in groups of 3-4 for five minutes. It is important that
the question or case is difficult enough that group members need to spend considering what they know
(from readings, experience, or data) and multiple options could be determined before coming to a
conclusion. If there is no time to discuss, and students are able to seem to a conclusion quickly, the
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discussion will become flat quickly. Discussing concepts in groups allows students time to talk through
their thinking, test their ideas with others, and receive feedback and alternative views from group
members. Group discussion helps students clarify their understanding and aids in retention of knowledge.

Example:
If the base of a given solid has non-rectangular, how can one calculate the total volume of the solid as
seen in the figure-3?

R Figure-3

3. Jigsaw

In this strategy, two or three concepts are used, or questions
around a single subject. Students are arranged in groups of 3-4 to study their related concept/question.
After groups have some time to study it, they spend time teaching/explaining their ideas to the other
group(s). This strategy is an efficient way to handle many concepts/questions at once, and gives students a
chance to explain it to others.

Example:

Explain that if f happens to be a positive function, then the double Riemann sum is the sum of volumes of
columns and approximates the volume under the graph of f.(After discussing time, the groups will
explain their ideas.

4. Working at the Board

When finding solution for a problem, (e.g. Critical thinking) students are given exercise the problems
themselves, by asking them to go to the board in small groups to show their solution. This activity
promotes students implement what they have knew through reading or instructive teaching. This strategy
can reinforce students’ logical thinking processes and check their mental model of an operation. The
activity can be done in pairs or groups.

Example: Find the volume of the solid that lies above the square R = [0, 2] x [0, 2] and below the elliptic
paraboloid z = 16 — x> — 2y°.

B. Individual Activities
1. Application Cards

After students having a look or hearing about an important postulate, definition, theory, or axiom, share a
piece of note paper and ask students to write down at least one possible, real-world example for repeated
knowledge.

Example: Write at least one real-world example or application about finding volume by using double
integral.

2. Direct paraphrasing
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A statement is asked to the students from a part of a lesson of a specific viewer and aim, using their own
words. Statement helps students practice their future interactions with patients. Students improve
conversations skills of teaching to others helps students retain their knowledge as well.

Example:
44y y

Evaluate I Ie ‘&dxdy by changing the orders of the double integration.
10

3. Minute Papers

A question is asked to the students that requires them to reflect on their learning or to engage in critical
thinking. One minute is given to the students. It is asked to students to share responses to foster
discussion. It also engages everyone in thinking and writing, not just for the minor students.

Example:
5 x

Evaluate J‘ j Xy dydx by changing the orders of the double integration.
20

4. Muddiest point

A type of the minute paper, explaining for feedback about where students are still confused. | is asked a
guestion such that non-clear remain at top in your mind during the lesson in the classroom. Students are
allowed to reflect on what they know and don’t know. It brightens where students may not understand so
the facilitator can point them if they need

Example: Write the difficulties in the reversing of the borders of double integral.

C. PARTNER ACTIVITIES
1. Role-playing

Students are asked to activate a part of the statement of the subject or problem. In doing so, they get a
better idea of the concepts and theories being discussed. Role-playing exercises can improve
conversations skills of the students. They practice putting difficult concepts, and teaching to others helps
students retain their knowledge as well.

Example: Perform the following integration and then discuss with your partner.

Evaluate ” (4x + Z)jA where D is the region enclosed by the curves y = x* and y = 2x.
D

2. Think —Pair-Share

It is asked to students a question that requires higher order thinking. Students are asked to think or write
about an answer for one minute, then turn to a peer to discuss their responses for two minutes. Ask groups
to share responses and follow up with instructor explanation if needed. By allowing students time to write
first, they are able to initiate their own thinking before hearing someone else. By asking students to
explain their answer to a neighbor and to critically consider their neighbor’s responses, this approach
helps students articulate newly formed mental connections.
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Example: Find the result of the double integration I Ie‘<x2+y2)dydx

—00—00

3. Turn-and-Talk

A faster version of think-pair-share, it is given a higher-order thinking question for students and asked
them to talk about it with a neighbor for 1-2 minutes before asking pairs to share out their thinking to the
total group. This is a quick process that can be put into a class session multiple times. By asking students
to explain their answer to a partner and to critically analysis their partner’s reply. This method helps
students speak out newly formed mental connections.

Example:
What is the main purpose of the Fubuni’s theorem in double integral?
D. VISUAL ORGANIZING ACTIVITIES

1. Categorizing Grids

It is presented a grid made up of several important categories for students with and a list of scrambled
terms, images, equations, or other items. Students answer quickly sort the terms into the correct
categories in the grid. Willing students answer to share their grids and answer questions that arise. This
method allows students to express and thus interrogate the distinctions they see within a field of related
items. It can be particularly effective at helping instructors identify misconceptions.

Example:

2. Concept Map

Concept maps are visual representations of the relationships between concepts. Concepts are placed in
nodes (often, circles), and the relationships between indicated by labeled arrows connecting the concepts.
To have students create a concept map, identify the key concepts to be mapped in small groups or as a
whole class. Students are asked to determine the general relationship between the concepts and to arrange
them two at a time, drawing arrows between related concepts and labeling with a short phrase to describe
the relationship. This activity helps students understand relationships between concepts, which promotes
better understanding and retention. The activity can be done in pairs or groups.

Example: According to the figure-4, perform the double integration H(x + y)jA
D

Y
12

10
[aX:]
06
Q.4

02

0

Figure-4

3. Demonstrations

Students are asked to foretell the result of a theorem of statement, briefly discussing with a partner. After
the statement, they were asked to discuss the observed result and compare their conclusion by teacher’s
solution. This method asks students to test their understanding of a system by predicting a result. If their
answer is incorrect, it promotes to learn from their mistakes.
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dx , then sketch the region D in the first form | appearing

1 tor 1
dxdy=|d
2 W ! y\£2+x3

here. Determine the value of | by changing the order of integration in the second form.

Example: If 1= ”
D

4 . Memory Matrix

This is a two-dimensional diagram, a rectangle divided into rows and columns used to organize
information and illustrate relationships. In a memory matrix, the row and column headings are given, but
the cells are left empty for students to fill out during class as they learn. This activity improves students
apply what they have learned through reading or didactic teaching. This method can make strong
students’ relational reasoning. The strategy can be done in pairs or groups.

Example: Fill the empty parts the following matrix as seen in the table-1.

1. What is the Fubini’s theorem? ?
2. What is the form of polar of double n
integration? '

3. What is the formula of the mass of "
center by the double integral? '

4. What is the Green’s theorem? ?
5 x .
5. ”ex ydydx ?
20
Table-1
METHODOLOGY
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Purpose of the Study

The purpose of this study is to investigate how the strategies of active learning impact students’
achievement in the mathematical analysis. Research question was asked as the following: How does the
strategies of active learning impact student’s achievement in mathematical analysis? The hypothes
assumed that the active learning strategies impact students’ achievement positively. In this section,
research model, data collection tools, data collection, comparison test method are included.

In this study, there were two midterms exams and a final exam formed by seven questions each. These
exams were given two groups of the students which one of them were used active learning strategies and
the other one were used regular method. We used post-test only control group design. The posttest-only
control group design is a research design in which there are at least two groups, one of which does not
receive a treatment or intervention, and data are collected on the outcome measure after the treatment or
intervention (Frey, 2018) [10]. The-t test was applied for the posttest of the midterms. We took two
midterms and final as exams and evaluated by the assesment of the student portal. Because of having
many subtopics, it had to be taken.The questions about the double integral were chosen Calculus and
Analytic Geometry written by Thomas- Finney were selected by the teachers.

Data Collection

The experiment was done with the participation of 32 students of the Faculty of Education and
Humanities split into two groups 15 and 17. The students were asked about seven double integral
guestions, the mathematics lecturers chose the questions and prepared an exam for two groups.

The students in the first group (15) were informed about active learning strategies. As for the other group
(17), the traditional method was implemented. The methods were extended along the first semester of the
year and the achievements of the groups were compared.

Results
Group Statistics
Group N | Mean | Std. Deviation
Grade | Active learning method 15 82.45 12.689
Regular Method 17| 59.88 21.106
Table -2

As seen in Table-2 for the three exam results, experimental and control groups’ the averages are 82.45
and 59.88 respectively.

Independent sample t-test for equality of Mean Std. Error
Means t df p Difference Difference
Equal variances assumed 3.602| 30(0.001 22.563 6.264
Grade ] 3713
Equal variances not assumed -115126.6770.001 22.564 6.078
Table-3

As seen from Table-3, the difference between groups’ achievement is statistically significant (p<0.05).

Findings

As seen in the tables of the results, the experimental group’s mark average is 82.45 and greater than the
mark average of the control group which is 59.88. Specially, in the average of the three exams, the
difference between experimental and control group is approximately twenty three points.

Discussion
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In this study, our alternative hypothesis was that the active learning strategies impact students’
achievement positively. From our findings above we rejected the null hypothesis that the active learning
has no positive impact on student’s achievement as p-value is less than 0.05 and conclude that the
experimental group performed significantly higher than the control group.

The results are important to show that methods are important to increase student’s achievement. Of
course, the purpose of the study was not to prove impacting the used method; it was just to discover the
method’s impact on the students. We had a short period and insufficient time which was two hours in a
week. In a future study, it is recommended to plan the work for a longer period and to give a lot of contact
hours with students. This similar result was found in the study by Grace Adebisi Fayombo (2013) [11].
Another point to keep in mind for the future research is to increase the number of students to change or
not to change the achievement in math education.

Conclusion

In this study, there were chosen eleven active learning strategies and shown how to use in the subject of
double integral in advanced mathematics for two groups of the faculty of education science. The
experiment applied for the groups showed that there is statistically significant conclusion between regular
method and active learning method. By the way the experimental group students engaged the lesson
effectively rather than the control group. It is needed to show other strategies to use in mathematics to get
diversity to engage the students into the mathematics to make it interesting to students. We hope that
teachers in mathematics disciplines will be infused to develop active learning strategies to make their
classroom environment more interesting and amusing.
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B u3yueHMHM MaTeMaTHKM A€ IPEIOJABaTeIM CTAJIKHBAIOTCS CO MHOTUMH TPYIHOCTSMH, aKTHBHOE
o0ydeHre HEOOXOIUMO UL TOTO YTOOBI NPHUBIEYh W 3aWHTEPECOBATH CTYAEHTOB. DJTa CTAThs IOKA3bIBACT, Kak
NPUMEHATH CTPaTerMy aKTHBHOTO OOY4YEHHS IIPU M3YYCHHH TEMbl ABOWHBIX MHTErPAjJoB B BBICHICH MaTeMaTHKE.
MB5I BEIOpaH HECKOIBKO MOAXOISIIMX CTPATerHii aKTHBHOTO 00y4eHHs, YTOOBI TOKa3aTh ero KOHCTPYKIHH. YTOOBI
BBIIBUTD BIIMSHHMSA JOCTHKCHHH Ha CTYIEHTOB, aBTOPHI NPUMEHWJIM CTPAaTEIHH aKTHBHOTO OOYYEHUs, KOTOpHIC
MOKa3aHbl BO BBOJHOW 4YacTWM Uil ABYX TPYII CTYJEHTOB BTOPOTrO Kypca (haKyjibTeTa eCTeCTBEHHOHAYYHBIX
JUcIUILIMH B yHuBepcutere Cyneiimana [lemupens. CpaBHHMBas JOCTMIKEHHS! DKCIIEPUMEHTAIbHOW TPYIIBI C
KOHTPOJILHOW TPYINIIOH, aBTOPBI JEJAalOT BBIBOJ, YTO OSKCIEPHMEHTAJIbHAs TIPYyINNa 3HAYUTENHLHO IPEBOCXOAUT
KOHTPOJIbHYIO I'PYIIILY 110 MPEAMETY JBOWHOTO HHTErpajla B MaTeMaTHUECKOM aHallH3e.

Kniouesvle cnosa: mamemamuxa, mamemamuueckoe 00pazoeanue, axmugHoe obOyyenue, cmpamezuu
AKMUBHO20 00yyenus, OBOUHOI UHMeSPa

MATEMATHKAJIBIK TAJIJAYJAFBI KOC HHTET'PAJI TAKBIPBIBBIHA KATBICTBI CTYJAEHTTIH
KETICTIKTEPIHIH BEJICEHII OKYTBI CTPATETI USIJIAPBIHBIH OCEPI
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Myfanimaep MaTeMaTHKaHbl OKBITYyZa KONTEreH KHBIHABIKTapFa Tam OOJIFaH Ke3Jle OKYIIbLIapAbIH
KBI3BIFYIIBUIBIFBIH OATY YIIIH OCJICeHIi OKBITY TOCLTIH KOJIAHFaHbI )KOH. Byl Makananga >koFapbl MaTeMaTHKaaa
KOCapJlaHFaH WHTETpaliap TaKbIPBINTAphl OOWBIHIIA OSNICEHAl OKBITY TOCUTIH KOJIAaHyIBl KapacTelpaabl. bencenni
OKBITYZBIH TACINepiH KepceTy OipHenie KOJalibl CTpaTerHsulapAbl TAHAAABIK. BelceHal OKBITYIIH CTyIeHTTepre
ocepiH aHBIKTay MakcateiHna apropiap Cyneiiman JlemMupen aTbIHIAFbl YHHBEPCHUTETTIH KapaThLIbICTaHY
(hakyIBTETiHIH €Ki Kypc CTYACHTTEpiHEe apHAUBI 3ePTTCY KYMBICHIH OTKI3Ii. DKCIIEPUMEHT TOOBIHBIH KETiCTIKTEPiH
OakplIay TOOBIMEH CaJbICTBIPA OTBHIPHIN, aBTOPJIAP SKCIEPUMEHTTIK TON MaTeMAaTHKAaJbIK aHaJIM3]le KOC MHTEerpal
TaKbIPBIOBIH/IA OaKbLIAy TOOBIHAH €/19Yip acajibl IeTeH KOPBITHIHIIBIFA KEJ.

Tyitin co30ep: mamemamuxa, MamemMamukaivlk OiLim, 6eiceHoi oKbimy, beNceHOi OKbImy CIMpameusicel,
KOC unmezparn
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