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Higher education statistics and assessing the efficacy of this approach is the aim of this study.
Teaching methods The efficiency of the approach is determined based on the student's
Statistics perception, the lecture’s observation, and the student's performance. The
results showed that students more prefer to learn in a group during the
E e E course. While, based on the lecture’s observation, letting students sit in a
{"iﬁ‘% group engages students positively during their lessons. After the
H'a_q, S implementation of cooperative learning, the student performance also
f% exhibited improvement. Hence, it is tolerable to conclude that cooperative
[w] o learning is efficient in increasing student engagement and performance.

INTRODUCTION

In the environment of higher education, teaching is the most important determinant of
student learning. The teachers in the higher education institution face various
challenges to transform pedagogical practices from teacher-cantered to student-
cantered approach (Reeves et al., 2021). Handling a lecture cannot be one-way
communication anymore as what the classical teaching method practices. Students can
be distracted by numerous attractions during the lecture session. Hence, the lecturer's
involvement in fostering the enthusiasm of learning inside the classroom is critical in
ensuring that students can acquire knowledge effectively (Davies and Sheldon, 2021).

Mathematics and statistics are vitally used in most fields of study in higher education
institutions (Davies & Sheldon, 2021). For instance, in the school of quantitative
sciences, inferential statistics is one of the core programs subjects where all students are
compulsory to pass it regardless of their field of the program (either mathematic,
statistics, or decision sciences). The knowledge of estimation and statistical hypothesis
testing in this course needs to understand the concept of probability to make inferences
of a population-based on a sample. Students are generally hard to understand the
concept in inferential statistics, which leads to the failure to interpret the result to the
real-world application.

The challenges in conducting an inferential statistics course started with the student’s
perception and motivation (Wilson, 2013). Students commonly feel anxiety when they
cannot get to understand what they have learned. It will be directed to the
negative perception towards the whole topic in the course and might decrease
motivation (Bjidlkebring, 2019). According to N6brega and da Rocha Falcao (2019), it is
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not very reassuring when a thorough knowledge of generic statistical principles
requires more than one semester of instruction. Teaching this foundational level of
statistics is challenging since not all students can grasp the concept and apply it to real-
world situations afterward. Tadesse et al. (2021); Guo and Sun (2021) indicated that
teaching is the most important determinant of student learning in higher education.
However, they found out that the higher education teacher is persistent in transforming
pedagogical practices from a teacher-centered to a student-centered approach.

To ensure the teaching-learning process can be done effectively, various techniques
were introduced. From the passive instructional methods to the active learning
approaches, from traditional to technology-savvy approaches, all of these studies aim to
increase students’ understanding and quality of the teaching and learning process. The
cooperative learning approach is one of the active learning approaches (Garfield & Ben-
zvi, 2008; Adair et al., 2018). In the learning process, cooperative learning encourages
collaboration rather than competition. According to Brent et al (2021), Cooperative
learning is "organizationally structured group work in which students pursue common
goals while being assessed individually." This technique enables the student to learn in
a group and achieve the same goal at the end of the lesson. Yaduvanshi and Singh
(2015) viewed that cooperative learning is about cooperation among students, where
they can share information while discussing content and helping other students.
Yaduvanshi and Singh (2015) agreed with this, where they interpreted it as much more
than sharing information, discussing content, and helping other students. Throughout
this process, the subject matter was concerned with deep insight, and it can be more
understandable.

Generally, active learning can be defined as any instructional method that involves
the student in the learning activities (Adair et al., 2018; Cho et al., 2021). It means that
the student learns by doing activities in the classroom, and the learning process engages
the student directly. As time changes, the teaching and learning approaches should also
change. Contrary to active learning, traditional lecture emphasizes how the knowledge
is delivered, not how the students receive the ability. Nowadays, the young generation
is more exposed to open sources of information. In STEM (science, technology,
engineering, and mathematics) education, the need to educate students to be creative
has drawn increasing attention. Students’ creativity can be stimulated via an active
learning process, which is recommended for improving education regardless of the
discipline (Yang, 2017; Brent et al., 2021). A vital learning principle is that students learn
best when they are actively involved in the learning process. Carey and Dunn (2018)
showed that in teaching statistics, learning by doing together with group-work
dramatically improved student performance. Correspondingly, according to
Mujumdar et al. (2021), the problem-based learning (PBL) approach is more effective to
increase student understanding, as mentioned previously by (Booth, 2011), wherein
general 90% of students will remember the thing they have learned by doing the real
thing.

Henry Ford said that Coming together is a beginning. Keeping together is progress.
Working together is a success. Active learning in a classroom can be more effective with
cooperative learning (Garfield & Ben-zvi, 2008). Cooperative learning promotes
cooperation rather than competition in the learning process. Cooperative learning
appears to benefit students in different ways. As Garfield (1993) discussed, cooperative
learning in statistics class particularly encourages comparing other solutions, strategies,
and ways to understand the statistical problem given. Using cooperative learning
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provides a broader view, which opens up students' critical thinking to have not only
one way to solve most statistical issues. Their communication with peers allows them to
express their feelings and realize which topic they have not mastered. By learning in a
small group, it appears that students with lower ability improved their performance
significantly as students are less intimidated while discussing with peers (Ray et al.,
2014).

There are various approaches to cooperative learning in the classroom. Johnson and
Johnson (1999) explained the types of cooperative learning described as formal
cooperative, informal cooperative, and cooperative based groups. The integration of
these types of cooperative learning can be used to create a mood conducive to learning,
while Gull and Shehzad (2015) provided a summary of cooperative learning approaches
such as Jigsaw, student team achievement division (STAD), and team game tournament
(TGT).

It does not take a matter of which cooperative learning approach to be implemented
in the classroom as long as the essential elements of cooperative learning are presented.
Johnson et al. (2014) identified the crucial elements of cooperative learning:
interdependence, face-to-face, individual accountability, social skills, and group
processing. Hence, teaching inferential statistics in the classroom through cooperative
learning is believed able to develop students’ curiosity and engagement. Throughout
the activity-based learning, students can participate actively in class while also allowing
for plenty of opportunities for experimentation while exploring their knowledge and
abilities. This active learning process hopefully might increase the understanding of the
subject matter. Hence, this study aims to identify the effectiveness of cooperative
learning on student engagement based on the lecturer's observation and the students'
perception. At the same time, the performance of the student will indicate the level of
students' understanding.

RESEARCH METHOD
Motivated by the low performance of students on the course of inferential statistics in a
few semesters (A142, A171, and A172), this study makes a trial to implement the
cooperative learning to a group of students in the following semester, namely A181. All
students were considered in the trial since the only group took the course in the
particular semester. Hence, there was no hypothesis testing required. The
implementation of group work activities in the classroom can be described as the
following:
1. Target classroom
Only one group of students took this course in semester A181 handled by a
particular lecturer. So, this group is automatically considered as the experimental
unit. However, a comparison study was also done on the student’s performance
between semester A181 and the previous semester, namely A142, A171, and A172,
which the same lecturer also conducted.
2. Student’s group selection process
In the second week of the lecture, students were required to form a group of two to
four. The self-selection of the group was adopted to minimize the awkward feeling
among students during the activities and maximize their relaxation, hence
facilitating them to express their understanding for knowledge sharing.
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3. Activities: tasks and materials
The problems were given to all groups according to the topics discussed. Students
had to discuss solutions to the given problems and learned the issues with the
guidance of the lecturer. Students were also provided with lecture notes and online
references. During the activities, students were encouraged to ask questions to the
lecturer.

4. Evaluating students’ learning
At the end of the activities, students shared their group findings with the entire
class. All students allowed themselves to express their opinions and suggestions.
Immediate evaluation and correction on the lecturer's group work findings help
students identify their mistakes, and at the same time, the other groups also learn
from the mistakes. The individual evaluation was based on the student’s
performance in the coursework and final examination.

5. Identifying lecturer’s observations and student’s reflection
To assess the effectiveness of cooperative learning through the group activities in
the classroom, the lecturer’s observations on the student’s behavior during the
activities were considered. Besides that, questionnaires were distributed to the
students to determine their perceptions about the activities and get feedback on
their experiences. Information about student interest level towards the subject is
also collected as listed in Table 1.

The eight items were taken from the Survey on Attitude Toward Statistics SATS36
(Schau et al. 1995), as adopted by other researchers such as Zain et al (2017). The
interval scale from one to seven was used to represent strongly disagree to agree,
respectively strongly.

Table 1. The questionnaire items related to students’ interest in statistics.

Number . .
of items Questionnaire
1 I will like statistics.
2 Statistics should be a required part of my professional training
3 I am interested in being able to communicate statistical information to others.
4 I will enjoy taking statistics courses.
5 I am interested in using statistics.
6 I am interested in understanding statistical information.
7 I am interested in learning statistics.
8 I can learn statistics.

RESULTS AND DISCUSSION
The effectiveness of cooperative learning evaluated based on the lecturers” observations,
students” perceptions, and interest in the subject, are discussed in sequence.

The observations by the lecturer

During the group activities, the lecturer observed students” behavior of both positive
and negative effects. The positive impact of cooperative learning on the students’
behavior during the lecture is that students showed their commitment to participate in
the in-group discussions. George and Supreetha (2021) mentioned that group activities
can motivate students and keep them engaged for the entire session. Students also
seemed more comfortable asking questions, but they still preferred to ask it personally

IJORER: https://journal.ia-education.com/index.php/ijorer 617



The Effectiveness of Cooperative Learning in the Class of Inferential Statistics

when the lecturer came to their group rather than raising their hands and asking loudly.
This observation was also found by Gillies (2020), where students became more adept at
expressing their opinions and providing explanations and justifications.

From this observation, the lecturer was also able to figure out the students’
weaknesses in the course. The discussions after the activities also gave them courage
and confidence to share their understanding or opinions. However, some adverse
effects were observed from the activities, such as more time needed to finish a
particular topic, while the course is restricted with the scheme of work.

The perceptions of the students

At the end of the semester, the students completed a questionnaire regarding their
opinions about group activities. Based on Figure 1, most students (88%) chose group
activities during the course. Most of the students preferred to have the activities during
lectures instead of a traditional lecture. They felt easier to understand particular topics
and more comfortable communicating with their friends and lecturer. From the group
activities, students also felt motivated to commit to the class since their opinions or
questions were not considered as coming from the individual student, but on behalf of
the group instead. Some students also felt that working in a group lessens their burden
to solve a given problem. It was also a platform to share more and different ideas.

Figure 1. The percentages of students prefer to have group activities during the lecture.

Other research found similar outcomes, with students preferring active teaching and
learning processes in class. According to Kanchana et al. (2019); Gillies (2020), students
felt comfortable sharing their learning process in a group setting (2020).

Student’s interest level toward the subject

Many students did not show much interest in mathematics or statistics courses, which
led them to negatively feel towards the classes Sockol et al. (2021). The teaching and
learning approach might influence the interest of the students in the course. As
concluded in Shamsuddin et al. (2018), the educators or lecturers should give more
attention to students' interest in mathematics to be more receptive to learning
mathematics.

Survey of Attitudes Toward Statistics (SATS-36) is an instrument first developed by
Schau et al. (1995). The device was tested and validated a few times. The latest was
done by Xu and Schau (2021), which provided the empirical support for the use of the
SATS-36 in studying contextual variables about statistics instructors. Many studies also
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used this instrument to identify how students” attitudes towards statistics, such as Zain
et al. (2017); Sarikaya et al. (2018); Persson et al. (2019).

To measure students’ perception about the inferential statistics course in semester
A181, this study used eight variables in SATS-36 as stated in Table 1 to measure
students’ interest level. The responses on students’ interest level towards statistics
based on the eight questions are summarized in Figure 2. The higher the value
represents the higher agreement on the question. Most of the students have a level of
agreement of more than 4 (where the first quartile of all boxplots is above 4). This
indicates that most of them have a high interest in the subject.

Based on some works of the literature indicated that the implementation of
cooperative learning increase students’ interest in the course (Sockol et al., 2021;
Williams et al., 2017), this study believes the positive perception of the students were
affected by the approach of cooperative learning in the class. However, further
investigation in the future should be done to support this statement.

ELERERER
EREE

inerzst

Figure 2. Boxplots of eight items regarding students” interest level towards statistics.

Student’s performance

Before implementing the cooperative learning approach in the class of inferential
statistics, the students' performance for the previous semester (before semester A181)
can be said not good. Figure 3 shows the performance of the student based on the final
examination score. The first boxplot delivers the performance of students in semester
A181 who went through the cooperative learning approach. While for the other three
boxplots were the performance of students for the semester before A181, which did not
go through the cooperative learning. To be noticed, these groups of students were
conducted by the same lecturer.

Based on the final examination score, it was apparent that the score for semester
A181 was higher than the other semesters. The median score of the students in
semesters A142, A171, and A172 obtained was below 50% (refer to the middle line of
the boxplot). The result for semester A181 increases with a median score of almost 60%.
The average score of the final examination (the ‘X’ sign in Figure 3) also increased as in
the previous semester; the averages were 37.01%, 36.12%, and 41.91% for semesters
A172, A171, and A142, respectively. Butin semester A181, the average score is 56.65%.
This finding shows the effectiveness of the cooperative learning approach to increase
the performance of the students. Study by Palazén-Herrera (2021) and Buchs et al (2021)
also provide the same conclusion.
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Figure 3. Students” performance is based on the final examination result.

CONCLUSIONS

Student engagement in the classroom is an essential indicator of knowledge transfer.
Active learning through the cooperative learning approach provides a better option of
handling a lecture for the inferential statistics students. The results show that learning
in a small group promotes students to self-learn and knowledge-sharing in the class
with the guidance of the lecturer, well-planned activities, and sufficient references. The
implication is the lecturer in terms of assessing students” understanding and correcting
any mistakes immediately during learning, instead of waiting until the graded
assessment time. In addition, cooperative learning also helps the students to
understand more about the subject matters. This was indicated by comparing the final
examination result between semesters with cooperative learning and without it. Future
research can improve the quality of cooperative learning at a different level.
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