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Abstract: In the 21st century, teaching and learning mathematics courses witness significant expansion
and development of technology use, which creates a shift from teacher-centred to student-centred
learning engagement. Student engagement (SE) faces many challenges of poor performance and student
difficulty in solving simultaneous equations involving indices (SEII), among others. This paper presents an
evaluation viewpoint of the learning strategy (LS) with cooperative learning strategy (CLS) and GeoGebra
(GG) integration to support SE in SEII. The LS employs the think-pair-share approach and the six (6)
principles of learning phases associated with constructivism ideology. The discussion of the preliminary
mathematical achievement test (MAT-test) from pre-and post-tests with 41 students who have learned
SEII using the developed LS is also presented. Semi-structured interviews were conducted with three
experienced lecturers to provide feedback and recommendations on interacting with LS. The themes that
emerge from those lecturers include the connection between LS phases, specific material, cooperative
activity, playfulness in the discovery process, and thinking. Experts’ feedback on the LS’s content
reasoning and content learning strategy through a questionnaire was tested using Fleiss multi-rater Kappa
and showed good inter-rater reliability and agreement between them. The estimated marginal means
covariate of the ANCOVA test was then examined, and the results supported the necessity for a learning
strategy to be developed. The findings revealed that the LS, with CLS and GG integration, has the
potential to be educationally effective in enhancing SE in SEII.
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1. Introduction

Students’ engagement (SE) is a multidimensional paradigm that includes a vatiety of distinct but highly
connected mathematical tasks, use of technology, tools, or active participation in a learning activity
(McCulloch, Hollebrands, Lee, Harrison & Mutlu, 2018). Attard (2012) stressed that emotional
engagement or effective refers to an approach concerning student interest in and out of the classroom.
Alongside, SE involves learners’ participation in a mathematical task connected to technology. Zulnaidi
and Zamri (2017) argued that engagement is a component of learning by using equations, tables, graphs,
numbers, manipulatives, and formulae through a particular activity that may connect numerous real-life
concepts. Student engagement is the amount of time and effort devoted to their success and other
activities (Heaslip, Donovan & Cullen, 2014). Dropout and completion are long-term processes of
engaging or disengaging from school, not actual events (Christenson, Wylie & Reschly, 2012). Students
worked well with their peers throughout group tasks and compared notes (Aliyu, Osman, Kumar, Talib &
Jambeari, 2022). Also, each project allows for active learning, whether it focuses on principles, applications,
or methodologies. The rationale for enhancing students’ engagement is to inculcate a higher level of
academic performance, increase their motivation to study, encourage them to explore their surroundings,
enable them to learn on their own through activities created by higher-quality learning, and decrease the
loneliness that children may experience during learning engagement (Martin, 2018). The students’
engagement faces many challenges and requires attention from the stakeholders to fix the arising issues
like difficulties in relating mathematical structures that involve terms and symbols from conventional
methods; learning and simplification of simultaneous equations involving indices (SEII) (Ugboduma,
2013). Usman (2019) argued that there is poor student performance in mathematics of below 50%
between 2014-2018 and when answering simultaneous equations simultaneously in Nigeria, among others
(Chief Examiner’s Report, 2018). Specifically, the candidates failed to appropriately use the rules of
indices when asked to generate two simultaneous equations and solve for the values of x and y. The
research findings may aid future college mathematics students in enhancing their learning methodologies
and integrating technology during the transition from expert to student. Future researchers will develop
ways for comparable investigations to improve mathematical reasoning and build on this work’s findings
by using different educational levels. The LS developed may be recommended and re-examined for
conversion to mathematics chapter contributions (textbooks) at the junior secondary school level as
content material based on the suggested guidelines from stakeholders for future student use.

SE’s difficulties in the twenty-first century lie in how to do away with students’ abilities and passions, their
strong work ethics, desire for academic success, and openness to trying new approaches to problems
(Niemi, Niu, Vivitsou & Li, 2018; Warner & Kaur, 2017). Also, focus on students’ creativity in
problem-solving and provide them with specific instruction problems and logical thinking (Imms & Byers,
2017). Also, using the suitable concept and approach to create a well-explained and easy solution process.
Thus, the use of formulas and languages in mathematics learning can make a crucial contribution to the
application and development of the world around us (Etuk & Bello, 2015). This demonstrates that
students recognise the significance of SE in their lives and future in tasks related to practical and
theoretical understanding in mathematics. The link between the classroom and the outer world as a source
of entertainment, discovery, fun, and teamwork. Veiga, Reeve, Wentzel and Robu (2014) stressed that SE
promotes good feelings such as curiosity, interest, and delight to learners. Additionally, the finding may
boost critical thinking skills, address issues telated to, simplification, and learning difficulties faced by
Nigerian students. Similarly, to inspire the federal government of Nigeria’s vision and mission 20:2030 on
access to quality education for learners and nation-building development through technology use. Also,
the college students may use the designed learning material for the junior secondary school course content
as a mathematics chapter contribution textbook at the departmental level and produce journal papers.

The development of the learning strategy was based on the ADDIE instructional design model. This paper
discusses an evaluation point of view of the learning strategy developed, which is a part of the phases in the
ADDIE model. The learning strategy developed to enhance the students’ engagement through a cooperative
learning strategy and technology integration (GeoGebra) may facilitate the task activity acquisition and give
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the readers a better sense of the meaning of the learning strategy. Cooperative learning strategy (CLS) and
GeoGebra (GG), GG, and CLS are examples of three categorical learning techniques that students use when
solving simultaneous equations involving indices (SEII) in this context. The research uses this method to
support team members’ skills, learn in a small group, think-pair-share, and enhance division of labour in
learning engagement. Li (2013) stressed that cooperative learning (CL) is an educational method in which
students work together in small groups to accomplish a shared goal and each learner is accountable for his or
her own and the group’ success as well. All students face challenges in collective and fun learning
environments, and the amount of time and commitment they can display is very likely to increase (Li, 2013).
Also, CL accelerates social acceptance, enhanced mathematics attainment, increased self-esteem, and
inter-group relations (Talib & Kailani, 2014). CL supports specific knowledge, skills, and the approach in
which students build up their problem-solving competencies (Zengin & Tatar, 2017).

GeoGebra promotes exploring and conjecturing in mathematical problems as they draw and measure.
GeoGebra is an open source software for all, easy-to-use and multi-platform dynamics for the classroom
or home use, specifically to change the learning challenges in SEII for a better result. Mudaly and Fletcher
(2019) argued that GG and CLS are associated with a goal and activities of students’ learning issues and
improve teamwork and the conjecturing of knowledge results. GeoGebra (GG) can easily be used to
connect the geometry and algebra environment thereby providing a wide range of helpful features for
students to use as a tutorial lesson (Saputra & Fahrizal, 2019). GG promotes critical thinking skills
through sharing in the platform for mutual understanding of views, ideas, and opinions of the members
and receiving feedback immediately (Alqahtani & Powell, 2017). Mudaly and Fletcher (2019) argue that
GG can enhance teamwork and the conjecturing of knowledge findings in 2D and 3D dimensional
shapes. Saralar, Isiksal-Bostan and Akytiz (2018) stressed that GG enhances the discovery of mathematical
information freely and can motivate students to develop thought. Thus, GG is effective in learning
calculus, and using GG might ease the learning of geometry, algebra, and calculus (Zulnaidi, Oktavika &
Hidayat, 2020). Students’ learning achievement in studying functions and drawing graphs improves when
they use GG, according to statistical research (Aliyu, Osman, Daud & Kumar, 2021). Also, in this research,
a learning strategy with CLS and GG integration is expected to enhance the development of learners’
skills and abilities in learning SEIL

The Basic Science Technology Curriculum (BSTC)’s impact as a pivot on Nigerian mathematics learning
has been designed and monitored greatly in appreciation of mathematics’ importance in attaining the
country’s objective of rapid technological and scientific advancement. As a result, Effiom (2017)
recommends that the government invest heavily in the triangle of mathematics, technology, and science.
Mathematics has a significant impact on society, science, and technology currently. Although the usage of
technology in our environment may be modest and unnoticed at first, it has had a substantial impact on
our environment in different ways (Effiom, 2017). Many schools of education rely heavily on
mathematics, and students’ success is primarily determined by their ability to combine mathematics with
teacher preparation by sustaining and reinforcing the integrity and quality of teacher education and
making it worthy of civic assurance.

The basis for choosing simultaneous equations involving indices was based on the report from the West
African Examinations Council Executive Summary of entries and results of 2018. The Chief Examiner’s
Report (2018) outlines a few of the challenges students encounter when attempting to solve problems
involving probability, conceptual and procedural understanding with regard to converting word problems
into mathematical statements, mensuration problems, and simultaneous equations involving indices. Also,
numerous other subjects covered in the curriculum and real-world scenarios, particularly in the sciences,
computer science, and engineering, are significantly influenced by simultaneous equations (Johari &
Shahrill, 2020).

Simultaneous equation involving indices (SEII) is one of the mathematical topics taught in Nigerian
colleges of education as enshrined in the minimum standards and specifically in General Studies
Education (GSE) 113 as a compulsory course to all students in the college and Junior Secondary School
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content called Math 224 for students of the mathematics department only as a core subject. Bessong,
Ubana and Udo (2013) argued that the choice of the learning is constrained to a mode coupled with
facilities of instruction characteristics of the perfect representation of mathematics learning controlled in
the National Commission for College of Education (NCCE) minimum standard for mathematics.
Designing a learning strategy with GG in the learning of simultaneous equations could be one of the vital
fundamentals to support students to improve their learning milestones. Berger and Karabenick (2011)
stressed that there are four motivational strategies and components of value in learning simultaneous
equations are: (a) focus on learning and doing mathematics problems; (b) students’ achievement; (c)
usefulness to their future; and (d) rate of SE. Besides, to improve students’ mathematical learning strategy
in SEII, the learning ought to be stimulated through the technological integration approach rather than
conventional methods that force learners to memorise content that they do not understand (Nordin,
Tengah, Shahrill, Tan & Leong, 2017). Consequently, to promote students’ enthusiasm and interest, hands-
on discovery, which may build the development of learning abilities beyond direct familiarity, as well
critical thinking; are an essential proficiency and a fundamental goal of advanced instruction (Shida, 2019).
The students should be inquirers rather than receptors of procedures and facts, and assimilate into their
learning the use of manipulatives, technology, pedagogy, and other resources that facilitate and ease
learning difficulties.

Expert evaluation is chosen to provide explicit corrections and recommendations for issues and strengths
observed from the developed learning material for improvement. The primary objective of the study is to
design and develop an LS for the college students (FC.E Zaria) in Kaduna state specifically. The LS is
designed to make links in students’ engagement with CLS, GG, and CLS with GG integration in trying to
get rid of the problem discussed earlier in the background to the problem and at the same time to answer
the objectives of the study. The objective of this paper is to discuss the evaluation viewpoint of the LS
with CLS in SEII and GG integration that inspires cooperative learning and technology use.

2. Problem Statement

In most Nigerian schools, the LS with CLS in SEII and GG integration approach is new, prompting a
request for more rigorous instructor training, such as the effective implementation of the Basic Science
Technology Curriculum (BSTC) in Kaduna State to revive learners’ engagement. Safiya (2021) stressed that
the existing pedagogical style in Nigerian (Kaduna State) classrooms is insufficient in preparing students for
the modern age of science and technology (Safiya, 2021; Abdurrahman, Abdullah & Osman, 2020) ICT
integration can help students overcome learning challenges and improve information acquisition approaches.
Thus, a concern among Nigerian mathematics students is the lack of an adequate approach to mastering
SEIL. Ugboduma (2013) stressed that secondary school students’ inadequate learning of simultaneous
equations involving indices (SEII) has threatened the very essence of academic achievement in the West
African Senior School Certificate Examination (WASSCE). Jega (2017) stated there are issues with learning
SEIL, such as locating unknowns in equations. Confusion surrounds simultaneous expression and
time-consuming issues due to inaccurate constant values and the abstract form of simultaneous equations
related to letters that represent unknowns in the general solutions (Wang, 2015).

Consequently, to bridge the gap, three different learning strategies are introduced for meaningful, active
mathematical engagement, creativity, and the development of learning skills. Design and development of
learning strategies are one of the current approaches that can change this condition. Also, there is a link
between classroom subject and real-world application by allowing students to absorb information through
challenging assignments that simulate scenarios for the students to meet up in both informal and formal
classroom settings (Hwang & Taylor, 2016). This paper provides information for researchers looking into
the LS with CLS and GG approaches to algebra and mathematics. The LS uses the link in think-pair-share
and social constructivism phases in promoting active mathematics classroom engagement. Thus, teachers
may use the LS to identify the difficulties in teaching SEII and algebra. Also, the developed LS through
social learning tools like slides and videotapes may assist learners. The interaction between above-average
and below-average learners in the design might increase self-confidence.
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3. Research Procedures

This part of the papetr concentrates on activities that occurred as part of the investigation plan carried out
in the following order: development of the learning strategy using the ADDIE model and objectives
based on the links between students’ engagement and learning strategies.

3.1. Development of Students’ Engagement Learning Strategies through ADDIE Model

The ADDIE model is a five-phase model: Analysis, Design, Development, Implementation, and
Evaluation. The five-phase cyclical procedure is used in both online and traditional training, or it can be
used as a universal instructional pattern that provides a systematic approach to utilisation of instructional
resources.

The rationale for using the ADDIE model rather than other models is to design and develop a learning
material for course content that students can use to enhance their learning challenges in SEII. The model
has a good pattern for the instructor to know what to do at each step. There is room for revision and
evaluation at each step to fix the identified problem. The model is suitable for offline and online teaching,
assists in learners’ engagement, and comprehends different frameworks, unlike other instructional design
models. The ADDIE paradigm improves learning by breaking it down into phases, each with its own set
of functions, modification, formative, and summative assessment. The target audience, topic, goal, and
needs are the emphasis of the analysis stage. The analysis phase focuses on choosing the material, the
goals, and the learning difficulties. The design phase concentrates on grouping the learning objectives and
resources. The development phase is done by stimulating lessons and incorporating SEII for classroom
use. The implementation phase is to provide students with access to learning resources while the
evaluation phase determines whether the developed LS is effective.

Also, for the creation of educational materials, developing a learning programme entails putting together
the foundation as well as creating and assembling components. The educational materials that give users
support are referred to as implementation. The evaluation’s importance lies in determining the
effectiveness of the learning materials as well as identifying alterations and modifications to the learning
method. Thus, the focus of this paper is on the parts of the two final stages of the ADDIE model:
implementation and evaluation by experts, after the first three stages are executed. Thus, the focus of this
paper is on the parts of the two final stages of the ADDIE model: implementation and evaluation by
experts, after the first three stages are executed. The aim is to get students’ responses and feedback on the
learning material developed and then to answer the relevant research question. Refer to Table 1 and Table
2 for the results of experts based on the content reasoning and content learning strategy. A module based
on the Nigerian national curriculum for colleges of education’s minimum standard was utilised to
accomplish the goal. Hess and Greer (2010) stressed that ADDIE stands for any activity-based technique
to expand on the instructional subject matter.

3.2. Objectives Based on the Links between Engagement and Learning Strategies

The developed LS’s activities are carried out through reasoning and questioning by a paired small group
through their team leader in the problem-solving tasks using technology and shared instruction derived
from learning principles via conversation, expressing their thoughts, raising concerns, contesting ideas,
engaging in independent discussion, and defending ideas. The students are expected to learn, make various
links, and differentiate between activities in different environments such as cooperative learning strategy
(CLS) with GeoGebra (GG). From the developed LS, in activities 1-3 via CLS and GG environment, the
learners’ type and read the intersection of the curve in SEII and connect think-pair-share with the six (0)
learning principles phases to arrive at the final answer. Also, in activities 4-5, the scenario is demonstrated
in three-dimensional graphics for discovery, entertainment, and play. In activities 1-3 by means of GG,
students can type the SEII equations using the input bar and press enter. Also, they can accept the final
solution by reading the point of intersection of the curve from the computer screen and connecting it to
the six (6) learning principles phases. By displaying the scenario in 3D in a GG setting, students in tasks
4-5 they can visualise the two equations in SEII, make discovery, have fun, and play for a better
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understanding of the SEIL In activities 1-3, through CLS the students are engaged by conventional
answering (handwritten and graph) entering the SEII equations by means of tables of values, reading the
curve relationship in SEII via graph, and connecting the think-pair-share with the six (6) learning
principles phases to get the required result. Thus, the entire scenario in the three learning strategies above
is summarised in Figure 1 and Figure 2 below via the photo type of SE with technology, hand-written and
graph environment:

Festus (2013) emphasized that cognitive, metacognitive, emotional, and classroom resource classifications
to categorize learning processes. Additionally, the focus of research on effective mathematics education is
on instruction that promotes student engagement and activity. To adopt the new instructional approach,
teachers must move away from lecturing and toward activity-based learning (Huei, 2015).

T r
\ -4

(a) Algebra view in GG (b) 3D graphic by axes in algebra view with GG

b

(c) 3D graphic by grid in algebraic view (d) 3D graphic by axes in a plane

b

(e) 3D graphic by grid in a plane (f) Fun play along x and y axes in a plan
Figure 1. Students’ engagement with GG
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Figure 2. Students’ engagement with handwritten and graph

4. Methodology

This segment explains how to carry out the coherent and detailed procedure to produce accurate,
authentic facts that satisfy the purpose and results utilizing the mixed-method data gathering instruments
from expert validation methodologies and pre- and post-preliminary findings. Daoud, Starkey, Eppel, Vo,
and Sylvester (2020) argued that quality assessment in research procedure is paramount and includes
qualitative, quantitative, or mixed method studies with empirically supported findings that have been peer
reviewed in journals and theses. The data collection for this study uses both quantitative and qualitative
data. Stage I: expert validation that comprises content reasoning and content learning strategy, and
experienced lecturers ’verbatim interview. Stage II: by administering pre-and post-tests to students using
the preliminary study result, quantitative data were obtained to verify the effectiveness of the learning
strategy (LS). In LS with CLS in SEII and GG integration, learners’ main concern should come first for a
classroom learning to be effective. The discussions focus on problem identification, the preliminary study,
and how SEII can be designed and developed using the ADDIE model. To ensure ethical practice in
designing and development of learning strategy, the five phases of ADDIE model were used accordingly.
The rationale of using the model is to produce and implement instructional learning material that can ease
the student difficulty in SEII and promote the ethical standard in learning. Lior (2013) emphasised that the
ADDIE model is widely employed in the development and implementation of instructional training
programmes. In the ADDIE model there are five phases, Analysis, Design, Development, Implementation
and Evaluation. However, to ensute that LS with CLS in SEII and GG integration obey the link between
the structure of LS with CLS and the overall activities in the ADDIE model phases of learning in SEII,
based on the content and objective of the junior secondary content, guidelines were used at all the levels
of CLS in SEII and GG integration in every lesson activity and are provided in Figure 3 and Figure 4
below:

A purposive sampling of forty-one (41) students participated in a preliminary study to determine the
effectiveness of activities and the quality of the learning strategy before its final deployment. The content
of the module and the lesson activity were shared and reviewed to provide feedback based on the links
made between the learning strategies and the principles of learning via social constructivism ideology.
This was done to identify any necessary modifications, difficulties, or problems before the actual
implementation of the LS. Three raters evaluated the LS based on content and the strategy used through
Fleiss kappa multirater. Values in Fleiss kappa multirater may range from -1 to 1 (Denteneer, Van Daele,
Truijen, De Hertogh, Meirte & Stassijns, 2018). The range of agreement is as follows: 0.20 = poor, 0.21 —
0.40 = fair, 0.41 — 0.60 = moderate, 0.61 — 0.80 = good and 0.81-1. 0 = excellent. Three mathematics
lecturers were interviewed to acquire opinions and suggestions concerning the developed LS. By assigning
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codes to the interview transcripts and grouping together different code categories, we led to the creation
of themes (Lipovec & Mesarec, 2020).

Cooperative Learning . )
Strategy(CLS) Principles of Learning

v Think through
Conversations
Think
Communicate their Opinion
Raising questions
Share

Challenging Ideas

Opponunity for Dialogue

Justfying Concepts

Figure 3. CLS link with principles of learning phases

Classrom Learning Guidelines Introduction

LS with CLS in SEII and GG Integration

v—l—J

Anaysis phase 1

Content selection from Math 224_ JSS Content.
Objectives to achieve at the end of the lesson. Adress
learning challenges

‘—\_—_J

Development Phase 3 Implementation Phase 4
Creating asound and rich classroom activities in simult: Introuducing the framework through
aneous equations involving mndices. delivery of the tramning content.

|
Evaluation Phase 5

Measure the effectiveness and efficacy of the instruction through the feedback received from
the tutees

Design Phase 2
Learning purposes and the classification of
the resourses from the begging to the end

Figure 4. ADDIE model flow chart
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4.1. Data Collection Technique (Instruments and its Validation Process)

The validity of a module can be obtained through the conduct of simple analysis to regulate the quality
and effectiveness of the learning strategy developed in a classroom activity (Wahab, 2017). Therefore,
evaluation forms were offered to experts to rate the content, based on its purposes, adequacy,
student-centred working in a small group, the integration of GG with strategy, and also based on lesson
activity organisation that covers links between the learning principles in constructivism ideology and the
cooperative learning strategy that focuses on discovery and self-determining learning in the activities, and
organisation in the link of the phases in LS with CLS and GG integration. The mathematics achievement
test (MAT-test) was established to work with numbers, modify them, and connect them to ideas
(Nizoloman, 2013). Thus, the MAT test was used in the pre-test and post-test of this study, where
10 multiple choice questions were adopted. Creswell (2014) stressed that conversation of data gathering
should advance the focused sampling method and the procedures of data to be composed with
interviews, comments, audio-visual resources, and documents. There were 295 students from seven
different combinations in the mathematics department of the Federal College of Education in Zaria,
Nigeria. In this preliminary study, forty-one (41) students were selected through a purposive sampling
method for pre- and post-tests via MAT-test, who were subjected to experimental groups (14 X 2
students) and a control group (13 students). Interviews were then conducted with three experienced
lecturers (experts in mathematics education with doctorates). Their ranks and areas of concentration vary.
They are a senior lecturer with a focus on mathematics education research; a principal lecturer with a
specialisation in technology; and a chief lecturer in cooperative learning from the Federal College of
Education in Zaria, Nigeria. They were asked to evaluate the content reasoning and content learning
strategy via a questionnaire, and the answers were then subjected to Fleiss Multirater Kappa for interrater

reliability.

According to Curry (2016), qualitative research examines how people build reality in their relationships
with others. All interviews were transcribed verbatim and checked. Transcriptions were then divided into
units of analysis (quotations) that consisted of discrete ideas expressed by the participants. For each of
the codes, the selection of quotations assigned to that code was then examined to identify common
themes. Once themes were identified, summaries were written for each code (McCulloch et al,, 2018). A
detailed explanation of the data analysis results is presented in the following section of this paper.

5. Results and Discussion

The issue of expert selection arises because not all people who can assess content have the same set of
skills. An expert assessment technique specifically makes it possible to attain objectivity. As a result,
Vveinhardt and Gulbovaité, (20106) stressed that authorities could supply the most substantial amount of
pertinent information and who had specialized expertise, experience, and know-how primarily related to
the subject of the specialist evaluation item chosen. The experts were consulted and had the chance to
comment on each statement, table, and figure or activity from the instrument to make observations and
suggestions. Thus, they could emphasize and highlight the emergent corrections based on the advantages
and disadvantages of the current documents before presenting the learning strategy to the students. The
experts’ responses were subjected to Fleiss Multi rater Kappa to determine the interrater reliability of
more than two raters in content reasoning and content learning strategy, as illustrated in Table 1 below:

Rahi (2017) argued that sampling setting describes a frame where a sample of the target populace can be
drawn. Table 1 above illustrates the individual and overall agreement of the evaluation from three raters
with the moderate outcome of .444 Fleiss Kappa at .85 significance value and the 95% asymptotic
confidence between the lower and upper bound of .428 and .461 interval, which demonstrates good
assessment. Thus, Falotico and Quatto (2015) stressed that one of the most used metrics for measuring
multiple-rater agreement is the Fleiss Kappa. Besides, it reveals that the organisation of the content is
aligned and appropriate with the purpose and offers students the chance to learn on their own in a small
group via shared activities and use of technology with the learning strategies involved in the lesson
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activity. Table 2 below illustrates content and lesson strategy via Fleiss Multirater Kappa interrater
reliability:

Table 2 above illustrates the individual and overall agreement of the evaluation from the three raters with
the substantial outcome of .732 Fleiss Kappa at .005 significance value and the 95% asymptotic
confidence between the lower and upper bound of .716 and .748 interval, which demonstrates good
assessment ratings. Consequently, it demonstrates that the content and lesson activities organisation in LS
with CLS in SEII and GG integration is appropriate with the lesson objectives; the relationships between
the phases are also appropriate. Moreover, those activities in the LS with CLS in SEII and GG integration
inspire cooperative learning, technology use, and small group learning that leads to discovery. Similatly, the
material used in the activities and organisation of the stages are companionable (Nasiru, Abdullah &
Norulhuda, 2019).The expert input indicates a moderate and substantial outcome with respect to the
content reasoning and content learning strategy from the evaluation and three raters.

Fleiss Multirater Kappa

[Dataset0]
Overall Agreement?
Asymptotic 95% Confidence
Asymptotic Interval
Standard
Kappa Error z Sig. Lower Bound Upper Bound
Overall Agreement 444 258 1.721 .08s 428 461

a. Sample data contains S effective subjects and 3 raters.

Agreement on Individual Cai:egvz)riesa

Asymptotic 95% Confidence

Asymptotic Interval
Conditional Standard
Rating Category Frobability Kappa Error z Sig. Lower Bound Upper Bound
.00 400 444 258 1.721 085 428 461
1.00 600 444 .258 1.721 .08s5 428 461

a. Sample data contains 5 effective subjects and 3 raters.
Table 1. Expert content reasoning
Fleiss Multirater Kappa

Overall Agreementa

Asymptotic 95% Confidence

Asymptotic Interval
Standard
Kappa Error z Sig. Lower Bound Upper Bound
Overall Agreement 732 258 2836 .0os 716 748

a. Sample data contains 5 effective subjects and 3 raters.

Agreement on Individual Categoriesa

Asymptotic 95% Confidence

Asymptotic Interval
Conditional Standard
Rating Category Probahility Kappa Error z Sig. Lower Bound Upper Bound
.00 533 732 .258 2.836 .00s5 T16 .748
1.00 ABT7 732 .258 2836 .005 J16 748

a. Samnle data contains 5 effective subiects and 3 raters.

Table 2. Expert content learning strategy
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Qualitative techniques often use meaningful information, begin from few or no basic assumptions, and
strive to comprehend, elucidate, or characterise events in order to learn, examine what transpires that is
suitable for the purpose, and take place in a more natural setting. The experienced lecturers ‘responses
were transcribed and the emerging themes are as follows: The links between the CLS (think-pair-share)
phase and the learning principles phases; the exact content; and discovery, shared activity, thinking, and
play fun with GG. The developing themes were scrutinised based on the records of the interview. The
response confirmed the lecturers’ assessment of the LS with CLS in SEII and GG integration based on

the qualitative data acknowledged below.

S/N QUESTIONS verbatim Quotes Themes
1. What link R1.... There's a link here... The phase consists entirely of Links
between the replicas of the learning principles stages and the between
learning cooperative learning technique with technology (one may the
principles phases conclude that there are direct ties between the LS in SEII phases
and the with CLS& GG integration in particular terms). R2, they are
cooperative quite suited & fit due to the phases’ links, if | may
learning strategy =~ summarize the statement in one word and elaborate more.
with technology?  R3... yes, there is a connection between the LS that permits
learning to take place.
2. Do you think that R1, | trust the content is precise.... R2......... absolutely, it is Precise
the content is in obtained directly from the content of the Nigerian national  content
line with the collages of education minimum standard curriculum (MATH
National collages 224). R3...... certainly, it's quite in line with the content of
of education the national collages of education minimum standard
minimum curriculum (MATH 224).
standard
curriculum?
3. Do you think that  R1, sure, why if the opportunity is given to students to use a  Shared
the activities share activity in discovering and creating a better activity activity,
provided in LS are that can resolve their learning difficulties...a.... a...... [ think  discovery,
suitable for they will appreciate it and can develop their shared activity play fun
developing or reasoning capabilities. R2, certainly, of course, because the (GG) and
improving SEll via  activities can arouse reasoning via playing and fun through  thinking.

CLS and GG
integration?

the GG icons by using questions to extract meaning out of
their activity...... so absolutely. R3, yes, | believe if you follow
the activity and provide a better learning environment, the
thinking of the learners can improve

Table 3. Responses from the Experience lecturers’ interview about LS in SEII with CLS and GG

Sailin and Mahmor (2018) argued that the qualitative technique was utilised to investigate how students
learn from the viewpoints of students and instructors through reflections and critical assessments of the
learning process. Assessment is part of education and, to improve the teaching and learning process in
schools, the connection between assessment, curriculum, and instruction is critical (Ghazali, 2016)
Nevertheless, the experts’ feedback was further subjected to Levene’s test to compare the equality of
variances between pre-test and post-test. The outcomes showed a statistically significant effect at post-test
while the pre-test was low-significant at .005 level of significance and the error variance of the dependent
variable was equal across groups. Table 4 below shows the result for the Levene’s test for equality of
variances.
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Levene's Test of Equality of Error Variances®
Dependent Variable: PRETEST
F df1 df2 Sig.
8.631 2 38 .001

Levene's Test of Equality of Error Variancesa
Dependent Variable: POSTTEST

F df1 df2 Sig.
5.156 2 38 .010

Table 4. Levene’s test for equality of variances

Table 5 below demonstrates the pre- and post-test analysis of LS with CLS in SEII and GG integration
with respect to the variations in mean scores and the requisite objectivities for students’ learning
engagement. In pre-test, only CLS, the control group passed, with the mean of 40.384 while the
experimental group failed with 33.642 and 31.071. The post-test shows that SE vatiations have increased
slightly when compared with the pre-test outcome, with fourteen (14) CLS and GG students representing
44.142 and fourteen (14) GG students representing 41.714 as the experimental group. The control group
consists of thirteen (13) CLS students, with 35.846.

Descriptive Statistics
Dependent Variable: PRETEST

STRATEGY Mean Sid. Deviation N

CLS and GG 33.6429 5.610532 14
GG 31.0714 591562 14
CLS 40.3846 6.17169 13
Total 34 9024 6.96349 41

Descriptive Statistics

Dependent Variable: POSTTEST

STRATEGY Mean Std. Deviation N
CLS and GG 441429 5.64129 14
GG 41.7143 5.60808 14
CcLS 35 8462 6.71871 13
Total 40.6829 6.80235 41

Table 5. Variations of students’ engagement in different strategies for the pre and posttest

The pre-test mean and standard deviation of the three learning strategies were varied and showed that the
control group’s performance was slightly better than the experimental group’s. Similarly, at post-test, the
experimental group’s performance has improved compared to the control group because of the treatment
they received. This further affirms the need for the development of LS with CLS in SEII and GG
integration lessons engagement. This means that the groups differ in baseline and ANCOVA can be used
to account for the baseline differences by using post-test scores as the dependent variable and pre-test as
the covariate. Also, the groups or strategies were randomly assigned and comparing changes between or
within groups by interchanging the dependent variable is possible. Thus, the residual is the variance that
represents the difference from the pre-test after removing the variation described by the pre-test from the
post-test. ANCOVA is made to account for covariates when groups are assigned at random, but not for
inadvertent group differences like male and female (Jamieson, 2004). The results below demonstrate how
the dependent variable changes as the categorical independent variable changes by using estimated
marginal means of pre-test and post-test as shown in Figure 5 and Figure 0, respectively.
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Estimated Marginal Means of PRETEST

44 .00

42 .00

40.00—

38.00

36.00

34.00-

Estimated Marginal Means

32.00

30.00-

T T T
CLS and GG GG CcLsS

STRATEGY

Covariates appearing in the model are evaluated at the following values: POSTTEST = 40.6829

Figure 5. Pre-test estimated marginal means
In Figure 5 above, the covariates appearing in the model are evaluated at post-test 40.682. Controlling the

covariate post-test for each strategy implies that effect of the post-test has been statistically removed.
From these adjusted means, all the strategies vary.

Estimated Marginal Means of POSTTEST

o—

45.00

42,50

40.00

37.50

Estimated Marginal Means

35.00—

32.50

T T T
CLS and GG GG cLsS

STRATEGY

Covariates appearing in the model are evaluated at the following values: PRETEST = 34 9024

Figure 6. Post-test estimated marginal means

In Figure 6 above, the covariates appearing in the model are evaluated at pre-test 34.902. Controlling the
covariate pre-test for each strategy implies that effect of pre-test has been statistically removed. From
these adjusted means, the experimental group or explanatory variables, CLS and GG and GG are slightly
significant at the post-test while the control group or response variable, CLS, is low and its means that the
relationship between the explanatory variables and the response variable is therefore affected at post-test.
The outcome of the post-test was vividly signifying the need for the LS by the students when compared
with the pre-test.

6. Conclusions

The entire evaluation reveals a favourable response from professionals and students’ engagement (SE) in
simultaneous equation involving indices (SEIl)in the learning strategies through Fleiss multirater Kappa,
levenes test, verbatim interview, SE variation means, and the estimated marginal means arising from the
pre and post-test of the preliminary study. Only students who were taking Math 224 in junior secondary
schools were involved in the study, focusing on SEIIL. This article makes use of think-pair-share,
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technological integration, and the learning principles of the social constructivism ideology. The results
showed the need for the LS with CLS and GG integration in learning SEII The LS with CLS in SEII and
GG integration could be appropriate for school algebra, with more research needed to compare its
effectiveness to other techniques. For future research, other areas from algebra in three variables and
trigonometric ratios and their application may be explored with using technology. Also, students from
primary or university levels of education may use similar scenario in their investigation or used different
population, gender, and participants locations.
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