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ABSTRACT

Purpose: This study examined TPACK model as it relates to teacher’s knowledge
categories such as methods of teaching subject matter (content knowledge)
curriculum knowledge, knowledge about technology and pedagogical know-how
etc.

Approach/Methodology/Design: Conceptual analysis was discussed to establish
content selection, performance procedure and problem-solving while designing
an object-based game. Among the templates identified and used for Object-Based
Game model are analog game model, managing learning procedure etc. The
study adopted formative research in order to elucidate functional concepts and
variables within the study.

Findings: Games are repertoire of teaching aids and research paradigm which
revolves philosophical learning theories and gaming processes. The quality of
game developed depends on the qualifications; i.e. proficiency in mathematical
theories and their interrelations to suit instructional concepts of game
development and creative thinking abilities, pedagogical skills are required to
identify learning pattern. There is a need to incorporate self-motivated
experience scenes such as gaming, which characterize play and activity as being
the young child’s most powerful tool in all areas of learning particularly
Mathematics.

Practical Implications: The study presents practical implications for teachers of
mathematics. Contextualization helps learners to link new ideas to prior
knowledge, and the proposed model in this study could be validated and applied
in teaching mathematic concepts.

Originality/value: The study adopted formative research in order to elucidate
functional concepts and variables within the study. Technological Pedagogical
and Content Knowledge (TPACK) object-based Mathematic card games model is
designed as powerful and potential learning tools.

INTRODUCTION

Enhancing teaching and learning outcomes through technology has been a major concern in the
educational block. Many researchers identify inherent unfairness in school-based teaching
techniques, lack of adequate instructional materials, truancy, and assessment (Asim, 2007),
which may result from teachers’ incompetency in assessment and learning delivery (Asim,
Kalu, Idaka, & Bassey, 2009). These problems have been blamed in part, on the methods of
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imparting knowledge to educators. The general consensus is that, the mode of instruction has
become grossly inadequate to handle the needs of learners. The present delivery system is

considered obsolete, inefficient and incapable of achieving pedagogical objectives (Chandra &
Lioyd, 2008).

Inadequacy of instructional materials and lack of effective teaching strategies resulted in the
decline in the standard of education and its detrimental effects on the social-economic and
technological development of most developing countries in Africa. This has been a major
challenge in educational thinking and policy formulations in recent times. Some scholars blame
the colonizers of Africa for applying direct transfer of Western curricula, examinations and
teaching methods, which fail to address the continental challenges of Africa (Asim et al. 2009).
Olatoye (2002) explained that the result of this direct transfer of western curricula, in science
and Mathematics decontextualized pedagogical objectives and knowledge being transmitted by
poorly trained teachers. As a consequence, the situation in Nigeria is that, academic
performance in post-primary education is still deplorably low particularly in Mathematics, both
in the certificate and non-certificate examinations (Asimeng-Boahene, 2010).

Statement of Problem

The scrutiny of how well students are learning depends heavily on the assessment of teaching
effectiveness. Teaching effectiveness in this context is the act or skill in the organization of
pedagogy, content and knowledge of subject matter that does not devoid adequate instructional
technology. Shulman (1986) asserts teaching as pedagogy that involves knowledge of how to
take advantage of different teaching approaches that make a learning experience most suitable
for the learners. This includes being flexible and adjusting instruction to account for various
learning styles, abilities and interests of learners. The variances of pedagogical and
technological approaches become a necessity to address the present-day abstract and drill
teaching “chalk-talk, talk-talk” that dominated both private and public schools.

There is a need, however, to incorporate self-motivated experience scenes such as gaming,
which characterize play and activity as being the young child’s most powerful tool in all areas
of learning particularly Mathematics. The gaming activities used in the current study integrated
content-specific technologies and appropriate pedagogies (e.g., problem-based learning),
grounded in Technological, Pedagogical and Content Knowledge (TPACK) framework and
designed using gaming as process technology.

LITERATURE REVIEW

TPACK and Mathematics

Scholars in the fields of educational technology and teacher education have extended Shulman’s
opinion about teacher knowledge by including a third component — technological knowledge
(Hughes, 2000, 2010; Niess, 2005).Mishra and Kohler (2009) formally introduced the union of
these three different types of knowledge as representative of what teachers need to know,
coining the combined framework “Technological Pedagogical and Content Knowledge”
(TPACK). Essentially, TPACK consists of the negotiation of synergy between three forms of
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knowledge: (1) technological content knowledge, (2) pedagogical content knowledge and (3)
technological pedagogical content knowledge (Mishra & Kohler, 2009).

Cox (2008); defines TPACK and identified its features by attempting to tease out and capture
the complexities inherent within the teacher knowledge framework. After considering the
plethora of TPACK descriptions, Cox defines TPACK as:

[...] knowledge of the dynamic, transactional negotiation among technology,
pedagogy, and content and how that negotiation impacts student learning in a
classroom context (p.187).

The essential features are (a) the use of appropriate technology (b) in a particular content area
(c) as part of a pedagogical strategy (d) within a given educational context (e) to develop
students’ knowledge of a particular topic or meet an educational objective or student need. In
addition, TPACK offers the fields of Mathematics, technology and teacher education a research
framework for guiding pre- and in-service teachers’ knowledge assessment and development as
well as technology integration in their classrooms (Doering, Veletsianos, &Scharber, 2007).

It is, therefore, important for instructional media producers to model or design instructional
media using templates like Instructional Object-Based Game(IOBG). This enhances ethical
practices that facilitate learning processes with the use of the teacher knowledge category as
major principles of TPACK being specified in figure 1.

Technological pedagogical and content knowledge model (Mishra & Koehler, 2009)

Pedagogical Content :
Knowledge Pedagogical

Content Knowledge
Knowledge ™
Technological Technological

Content Knowledge | | Pedagogical Knowledge

Technological

Knowledge { Technological Pedagogical

Content Knowledge

Figure 1: TPACK model
Source: Mishra & Koehler (2009)

Table 1:Teachers' Professional Knowledge Base Categories (Shulman, 1987)

Teacher Knowledge Definition
Category

Subject matter content Knowledge
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Academic related knowledge Subject matter knowledge includes information or
data and the structures, rules, and conventions for organizing and using
information or data.

Pedagogical Content Knowledge
The combination of content and pedagogy. Information or data that helps lead
learners to an understanding would classify as pedagogical content knowledge.
This includes any way of representing a subject that makes it comprehensible
to others.

Curriculum Knowledge
Materials and programs that serve as "tools of the trade" for teachers.
Knowledge of the curriculum can be considered vertical (within a discipline
area across grades), or horizontal (within grade and across disciplines).

General Pedagogical Knowledge
Principles of classroom management and organization unrelated to subject
matter. General pedagogical knowledge is unrelated to a specific subject matter
and can therefore be implemented in a vast array of classroom settings.

Knowledge of Learners
Specific understanding of the learners' characteristics. These characteristics
can be used to specialize and adjust instruction

Knowledge of Educational Contexts
An understanding of the classroom, the governance and financing of school
districts, the character of school communities. Knowledge of the big picture
surrounding the classroom helps to inform teachers about how the community
may perceive their educational actions. This knowledge of educational contexts
may also inform teachers about how to proceed in the classroom in relation to
school, community, and state conventions, laws, and rules.

Knowledge of Educational Ends
The purposes and values of education as well as their philosophical and
historical grounds.An understanding of the purposes and values of education
will help teachers motivate learners.

Source: Shulman (1987)
Object-Based Game Technology (OBGT) and Mathematics

Due to the significant roles of content knowledge in teaching, it is needful to describe more
concretely the functionality of OBGT. Process technologies and the processes involved in the
use of adequate teaching technologies look-alike in action also develop assessments to measure
and develop teaching strategies like IOBG. Scholars are beginning to consider technology
within various content areas in Mathematics (e.g., AACTE Committee on Innovation and
Technology, 2008).

Despite epistemological resistance from teachers with the use of technology in teaching
Mathematics and slowly starting in the field of Mathematics education, there may be renewed
interest in and even evolving viewpoints toward technology and Mathematics (Swan & Hofer,
2008). Although the OBGT framework offers a theoretical explanation for teacher knowledge,
challenges remain prevalent including the identification of ways to develop, assess, and measure
OBGT. Research is now beginning to address these challenges. For example, Koehler, Mishra,
and Yahya (2007) noted that over the course of the seminar, faculty moved from considering the
technology constructs separately toward a more complex understanding of the nuanced
interplay of technology construct.
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The continued interest in TPACK as an epistemological perspective in the preparation of in-
service Mathematics and technology teachers and as a knowledge base for infusing game
principles, content, and method in the study of technology has yielded a desperate need for
Mathematics to produce a conceptual framework and taxonomy for the infusion of game upon
which future TPACK studies in Mathematics and technology education can be based.

Analog game, OBGT Model and TPACK

The OBGT model (Figure 2) provides a framework for the development of analog in
educational game development. The model integrated instructional factors proposed by Booker
(2000 & 2004) and key structural elements of games suggested by Prensky (2001) were
examined. The game structure in this current study was designed in line with the instructional
considerations such as conceptual analysis (content selection, performance procedure and
problem-solving) was addressed in line with pedagogical content suggested by Shulman (1987).
Instructional strategies (operationalisation of the instructional Mathematics card games,
managing learning procedure and establishing the demonstration of knowledge), and students’
strategies (level of learners’) formed the technological outfits of the mathematical card game.

The Game Object Model (GOM) proposed by Amory (2007) was consulted. The GOM does not
provide a framework that links learning theories to game design which OBGT model (Figure 2)
does. It (OBGT) contains concrete interfaces to realize the educational objective represented by
the abstract interfaces. The Game space embodies all the components (Visualization space,
Elements space, and Problem space) serve as PCK. Game Achievement (GA) and interfaces
(play, exploration, challenges and engagement) form TPACK suggested by Mishra and Kohler
(2009).

The GA and OBGT articulate the process of designing and building educational games, in
which the learning objectives are firstly defined to lead the activities, or actions of the game.
This was suggested by Olatoye (2014) in accordance with TPACK principles. Each act needs to
achieve specific objective(s).The objectives are implemented through the concrete interfaces of
the Visualization space. Elements space (graphics, and technology), interaction, gestures and
problem space (visual, logic, mathematical, short-term memory and manipulation) to express
the abstract interfaces (critical thinking, discovery, goal formation, goal completion and
practice). The suggested components were pulled together to serve as principles of TPACK and
the contribution of this study to the body of knowledge. Also, the principles were adopted for
the creation of Substitution Card Games (SCG) used for this study as template.

Figure2: Motivational/ Visualization interface
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Figure3: Abstract interface and Arithmetic operations
(i)y=3x+S5or (ii)y=8xor (iii) y =4x - 3 (iv) y = 2x + 3 (examples of Problem spaces: each of
these appear on a card).

The Visualization space, concrete interface, elements space, problem space and abstract
interface were pulled together to form each instructional card see detail in figure 3. Today’s
children need not only basic education, but also the ability to deal with an increasingly complex
and connected world. There is a need to create inclusive educational solutions that address all
sections of society and help transform them through motivation, provision of adequate teaching
and learning facilities. The transformation must be a way to improve students’ performance in
school subjects particularly Mathematics. In doing this, educators have to create means that
make learning an active construction of an individual’s own knowledge by integrating new
information with previous experience that enhanced recall such as instructional games (Garris,
2010).

For decades, studies have shown that game has been used to support students’ learning and
improve the academic performance of students’ (Gee, 2009). Reflecting on the interests of the
educators, studies have been conducted to explore the effects of games on students’
achievement. Oblinger (2010) showed that computer games have received a lot of attention
from educators as a potential way to provide learners with effective and fun learning
environments. Gee (2009) agreed that a game would turn out to be good for learning when the
game is built to incorporate learning principles. Some researchers have also supported the
potential of games for affective domain learning and fostering a positive attitude towards
learning (Ke, 2008; and Vogel et al., 2006).

Rosas et al., (2008) found a positive effect of educational games on the motivation of students.
In the meta-analysis, Vogel et al. (2006) examined thirty-two (32) empirical studies and
concluded that the inclusion of games for students learning resulted in significantly higher
cognitive gains compared with traditional teaching methods without games. The specific
interest of this study is to design Instructional Object Based Game (IOBG) Mathematics model,
keeping with the current trajectories of TPACK research. Olatoye (2017) identified game
technological pedagogical content knowledge as a necessary component for Mathematics
teacher education programs to facilitate and increase integration of Game Technologies (GT)
into Junior school Mathematics classes.

Achievement and Games

Andy Isaacs, the director of the third edition of Everyday Mathematics stated, “Not only do
games engage students, but they also present the opportunity to ascertain “high level”
Mathematics concepts in a colorful and simple way” (Isaacs as cited in Booker, 2004 p. 46).
Since students participation levels are higher while playing games, retention of Mathematics
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concepts overtime is also higher (Betz, 1995). In order to present challenging Mathematics
(math) concepts in “colorful” ways that lead to increase Mathematics achievement, it is
essential to include math games throughout the curriculum. Using technology is a very efficient
way to incorporate math games into curriculum. Corbeil (1999) examined the relationship that
technology played on both the academic achievement, measured by standardized tests as well as
the social environment of the school, encompassing student tardiness, teacher and student
absenteeism and student and teacher morale. He found that the use of computer learning games
that required students to use higher order thinking skills positively affected academic
achievement. Computer learning games are one of many different teaching tools that can help
increase student achievement in the classroom (Corbeil, 1999). When used for higher-order
thinking skills, computer learning games help to increase student achievement, then it is vital to
increase school funding for not only computer access in the classrooms; but professional
development that will enable teachers to feel more confident effectively using technology.

Learners’ Performance

Although there has been much reform in the way math is taught, many math curricula are still
structured to teach students a plethora of isolated math concepts, often incorporating a “drill and
kill” method of teaching. This does not encourage students to develop a strong conceptual
foundation, making it very difficult for them to make relevant connections. It also does not
teach students how to solve problem, reason mathematically and this may cause poor
performance in Mathematics (Johnson & Johnson, 2011; Corbeil, 1999).

Reflecting the interests of the educators, studies have been conducted to explore the effects of
games on students’ performance. However, there has been no consensus on the effects of
computer games and instructional object-based games. Some studies support computer games as
educational resources while others see instructional object-based games structured with
pedagogical content as instructional resources to promote students’ learning (Vogel et al.,
2006).

Certain societal stereotypes can also inhibit a student’s performance in mathematics. The idea
that men are better at math than women, mathematics ability is inherited (Fillier, 2009). This
study also sought to establish empirical evidence to support or den ace this body of knowledge.

Ability and Game Parameter Estimate

Ability in this context is a possibility or performance trait of an individual learner or user of the
design card game, to be able to use the card among or between other learner(s) or users. Rasch
assumes that the underlying trait being measured could be estimated as a function of the
examinee ability and the item difficulty while item discrimination and the pseudo- guessing
parameter are assumed constant. Items elicited from examinees have some forms of behaviour,
(a) the examinee brings in some cognitive ability to overcome an item. (b) On the other hand, an
item has some inherent cognitive resistance. The probability of an examinee overcoming an
item is dependent of (a) and (b) (Nenty, 2007).

Using IOBG in Teaching Mathematics Concepts
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Games have been explored as a pedagogical approach to enhance mathematical learning (Bragg,
2007). Mathematical games improve young children’s number knowledge (Peters, 1998) and
overcome tertiary mathematical difficulty (Gueron, 2001). Although teachers and parents agree
that games help to improve children’s knowledge (Fisher & Neill, 2007), and students find
learning through playing games a fun (Young-Loveridge, 2005), not much research has been
done specifically on instructional games. Many teachers are doubtful on the use of games in
learning Mathematics and the learning outcomes that could be obtained from games. One of the
purposes of this current study was to develop an object-based card game, particularly for the
topic substitution using liner equation, which focuses on the learning objectives of using
arithmetic operation, directed numbers and fractions.

Conflicts, Challenges, Competitive & Obstacles in Solving Substitution

Arise from the limited understanding of the mental picture of substitution and misinterpretations
of the equation as two independent numbers. The challenge is maintained by presenting
substitution that requires various strategies of ordering equations. The use of three separate
interfaces makes the card game competitive. Obstacles like virtual enemies are created when
using two separate arithmetic operations of different notation to resist the player in the game.
These factors make the game hard but interesting.

The Interaction

The interaction of the players occurs, when a player substitutes for x in a chosen card and
manipulates equation using arithmetic operation from his card. He relates the value of his own
card with the opponent card or card met on the playing board to get result, when visualizes the
representations of card value in the game, this creates interaction among the players. The social
aspect of the game is possible when more than two players are allowed to play the game. The
model in Figure 5 was in line with Lee (2007) who tested in a group of eight (8) years students
using a manipulative tool of fraction cards in a pilot study. The findings of the study showed
that students from different mathematical abilities have different views of the fraction games.
Students’ learning needs are incorporated into the model in order to develop instructional games
that could fulfill different learning needs. Students could be given an option to choose the
difficulty level based on their own abilities. The game provides teaching of substitution to
students who failed to overcome the conflict of the game caused by their misconceptions and
difficulties with linear equation.

Difficulty Levels

A range of difficulty levels is available in the card game for the player to choose from,
including easy, normal and hard. The below-average students can play in increasing progress
from easy to hard levels. The average student reviews equation at the easy level, apply their
knowledge at the normal level and take the challenge at the hard level. The hard level maintains
the interest of the above-average students while enabling them to learn more about linear
equation.

Pedagogical Approaches to the Instruction of Linear Equation

Visualization of Substitution

60 |
Middle Eastern Journal of Research in Education and Social Sciences,
Volume 2, Issued4,2021

https://bcsdjournals.com/index.php/mejress



https://bcsdjournals.com/index.php/mejress

The substitution used in the card game creates an opportunity for students to visualize the
representations of symbols. The linear equations are structured with the use of varieties of
symbols, numbers and arithmetic operations. As stressed in the concept of equal-whole number,
fractions and equations can only be compared when the value of the card is obtained.
Visualization of substituted value with the invariance of the whole number helps students to
understand the order of equation value as quantity rather than a symbol. Limited knowledge of
fractional parts is the obstacle that impedes students from carrying out meaningful computation
with linear equation and fractional quantities (Young-Loveridge et al., 2007).

Connection of Symbols and Representations of Equations

Manipulation of substitution encourages the player to connect symbols and representations of
equations. Playing with linear equations makes the player familiar with the substitution process.
Furthermore, the player is making sense of number and symbols on visible linear equation
before the value of card is obtained. When a fraction like equation appears, for example, Y =
3X/2 the player gains the ability to construct a representation of fraction and combination of
two to three operations.

Reasoning of Strategies

Students are encouraged to learn more strategies for solving linear equations; these make them
(students) gain the strongest and most durable knowledge of linear equations from learning to
use different strategies. Normally, students think about substitution order in four basic ways
(namely divided quantity, denominator and numerator, reference points and numerical
conversion), but the thinking about divided quantity is fundamental to the reasoning of different
substitution strategies. Hence, divided quantity shows a representation for each fraction
question in the card game.

Resolving Misconceptions

Playing the substitution card game also helps students to resolve their misconceptions of linear
equation. When the player makes an incorrect order of substitution, immediate and specific
feedback is given and if an improper operation, is used, the player fails to play further or having
negative results all through. Correcting each other’s errors make them more aware of their own
misconceptions. Similar questions are then posed to assist in retention.

Game as Repertoire of Teaching Aids
Engaging

The game can be used to engage students in the lesson of linear or quadratic equation.
Visualisation of substitution as a topic helps students to gain a concrete understanding of
fractions, indices and arithmetic operations, while manipulating linear or quadratic equation
using substitution allows an active participation of learning. In addition, forming value for cards
creates a meaningful problem context for substitutions. As such, the game provides a hands-on
experience that makes the lesson more motivating and successful for students.
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2 > xvalue

Figure 4: Visualisation of image and value representation.

() 1/3 +2/5 =5+6/ 15 =11/15 (i) 3'X3*=3
(iii) 1/3 x 2/5 =2/15 (iv) 1/3 —2/5=5-6/15

Equation: (i) represents addition of proper fractions, (ii) represents multiplication of indices and
whole number, in solving this equation first law of indices will be applied i.e. 3" © % (iii)
represents multiplication of two proper fractions. (iv) represents subtraction of two proper
fractions. While equation (y = 3" + 2x - 1) is quadratic, x is to be substituted for in this type of
equation.

A Manipulative Tool

Teachers can use the substitution card game as a manipulative tool to support children’s
partitioning of fractions, substitution, indices, arithmetic operations, and linear equations. Many
children struggle to create a correct partition although some of them are able to imagine it.
Dividing fraction, substituting value, and using all arithmetic operations requires the informal
knowledge of equal-partitioning and the use of arithmetic operations, which is breaking a whole
into parts (Streefland, 1993). Being seen as representations of many examples of divided
quantities, the game can be used skillfully by teachers to reinforce children’s developing
knowledge of fractions, indices and arithmetic operations.

Reflecting Mathematical Thinking

Different ways of ordering linear equations by the students reflect their mathematical thinking.
This allows teachers to learn more about students’ strategies. Based on student thinking, the
teacher can make the instruction more meaningful and engaging for students (Burrill, 1997).
Teachers can also view their Mathematics teaching iteratively through the eyes of their students
(Naiser et al., 2004).

Analog Teaching

The teaching of linear equations occurs when explaining various strategies of ordering in
section of the game. Analog teaching is performed through dynamic visual images of
substitution, fractions, indices, use of all arithmetic operations and numerical symbols.
Teaching becomes effective when there is a need for learning from the player to win the game.

Research Paradigm

Research paradigms are philosophical learning theories revolved within the context of the study
identifying individualist development and constrictive learning as a framework making game
processes to be reflective and transformative.
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Gaming processes are tools for peer learning and serve as basic constrictive and individualist
developmental approaches to domain of learning. Peer learning involves sharing of ideas,
knowledge and experiences as opposed to independent learning. Peer learning by constructivist
theory of learning is a means of active individual construction and a process of enculturation
into classroom practice using gaming process. However, this study is in congruent with
constructivist theory that using games as peer learning tools develop learners’ ability to take
control over their own learning. It also allows cooperation, communications, closeness,
mutually and understanding of topic content due to intensity of the partnership. Peer learning to
teaching and learning are informed by both constructivist and socio-cultural theories of
learning. From both theoretical perspectives, the students are at the centre of all learning and
teaching decisions. However, the different theoretical perspectives as well as perspective from
different discipline and education policy documents mean that this concept is misinterpreted
sometimes may be confusing for teachers. Most alternative terms used in the literature such as
privilege socio-cultural theory for examples are: personalized learning, independent learning,
autonomous learning, inquiry guided learning, team-based learning, problem based learning,
peer instruction co-operative learning, collaborative learning (Black, 2007).

Peer learning approach (PLA) as identified with other learner-centred approaches stresses how
learners developed basic drill and knowledge in Mathematics skill building using gaming
activities. Process to transfer such learning to new contexts and application in an open-ended
challenge such as: linear substitution, simple equation, inverse operation, quadratic substitution.
A search result of teacher education research literature for PLA yields few studies to describe
effective teacher practice in Mathematics from learning perspective, Cobb (1999) and Black
(2007) argued that learning in this process should be viewed as both a process of active
individual construction and a process of enculturation into the classroom practices.

Traditional learning and Constructivist learning

In a traditional teacher-centered classroom, the students are the listeners and followers. The
teacher is the one given freedom to move about, to initiate actions and interactions, to ask
questions and to set limits on activity times. The teacher is the one who gave the facts and
defines the important ideas. The activity is generally the teacher’s domain (Sandholtz,
Ringstaff, & Dwyer, 1997). The difference between the rise in student test scores and fall in
student performance on complex tasks is explained by the new accountability factor for teachers
and administrators (Sandholtz et al., 1997). Schools and teachers are limiting instruction to drill
and practice which emphasizes the material that the national norms tests in order to meet the set
level on standardized tests. In this situation, students became better test taker and but became
worse at higher-order cognitive learners. This action of teaching to the test brought about
reform efforts to move teaching instruction from rote learning to problem solving, concept
development, and critical thinking. This new instruction philosophy is based on the
constructivist theory of knowledge and learning.

Constructivism views learning as a personal, reflective, and transformative process where ideas,
experiences, and points of view are processed into something new. In the knowledge-
constructed classroom, the students work together, sharing the process of learning not only with
their peers but with parents and others (Sandholtz et al., 1997).
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METHODOLOGY AND PROCEDURES

Qualitative research was adopted which is referred to as “formative research” by Creswell
(2003). Formative research methodology is a method of inquiry employed to understand
phenomena, qualitative analysis from this research context is to elucidate and coordinate
functional concepts and variables that revolve around the research work. Survey and classroom
ecology types of qualitative analysis were adopted in the study and these involve the collection
of texture and insightful ideas due to synergy building (Creswell & Planoclark, 2007).Formative
research was used to design and develop the process in contextual structure in the discovery of
the underlying elements with the intention, leading the design of this study towards a
naturalistic case of formative research.

Convenience and purposive sampling were used in selecting thirty (30) subjects from two
Junior Secondary Schools II (J.S.S II) in Lagos Island. The selected subjects were mixed (the
same number of male and female) and further paired into two for the card game play. The game
play was carried out three times per week for one month during a long break. The performance
of each player was recorded at the end of an every-each set of cards played.

Data collection and analysis techniques, observations, reports on peer performance, semi-
structured interviews with the subjects (participants) and content analysis were used. These data
sources imply formative research.

RESULTS AND DISCUSSION

The findings were grouped based on processes related to the creation of card games, human
relations among players and instructional design model process can be summarized as the
following:

(a) Content selection in object-based game design involves what to teach, objectives the game
intends to achieve and problem to be solved within subject matter drawn from Mathematics
curriculum and it relates to: (see Figure 5)

e Level of learners: this involves determining users’ level of ability (this involves
introducing tasks/problem solving within the mental capacity of the learner), domains of
learning (in game design, the designer has to set the rules of the game such that the
activities of play affect all the domains of learning) and types of learner (this has to do
with i.e. able, or physically challenge learner).

e Performance procedure and demonstration techniques: involve design of prototype,
test run (pilot testing), and illustration or users’ guide on the use of the game.

e Operationalization: this is playing procedure, rules of playing, determination of
playing seeds (this include what to be used for playing such as cards or dice).

e Problem solving includes problem scenario, operational procedure and review of
literature.

e Managing learning procedure: involves time management, task and class
management.

( Content Selection 7
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Level of
Learners

Performance Procedure and
Demonstrating techniques

Operationalization

Problem

solving

Establish
demonstration of
knowledge and
understanding

Managing Learning
procedure

Figure 5. Managing learning procedure

(b) Organization of Instructional Content

Reiser, & Dempsey (2012) and Mayer, (1992) identified developing content strategies to
contextualized instructional material. Developing Content Strategies: allow contextualized
entities provision such as collaboration, role play, case studies that permit multiple and varied
perspectives. Contextualization helps learners to link new ideas to prior knowledge. Learners
bring experience that is unique to their cultural and ethnic backgrounds. In addition, motivation
and decision-making should be built in to the materials being developed. Develop the materials
so that the instructor is not built into the process. This permits the greatest flexibility and
encourages the development of materials that are focused on learner needs.

Mayer (1992) opines that some questions are pertinent while IOBG or other related instructional
materials are being designed, these include:

1. What is an instructional design strategy? This includes learner analysis, identification
of goals & objectives, sequencing of events, delivery modes (i.e., self-paced, instructor-
led, etc.) and assessment tools.

2. Do I have enough funds available? This would include not only the cost of developing
or adapting existing materials, but the cost of maintaining the instructional materials
over time.

3. What resources do I have to put in place? Keep in mind both your resources and
ability to create the IOBG as well as the resources and ability of the instructor and
learner to use these instructional card games. Is the technology accessible, flexible, or
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difficult to learn? Duffy & Cunningham (1996) were of the view that some skills were
required when developing the content for IOBG. This is required to assess the skills that
are likely to be developed by using the instructional materials that were created or
selected. The material should be designed to develop these skills, depending upon the
goals and objectives. These skills include:

e person-to-person communication

o giving and receiving feedback

o leadership

e teamwork and cooperation

e conflict resolution

e Instructional Design (also called Instructional Systems Design (ISD)) is the practice of
creating instructional experiences which make the acquisition of knowledge and skill
more efficient, effective, and appealing.

e The goal of this learning experience is to develop the skills needed to design
instructional material. The content is organized according to the ADDIE model of
Analysis, Design, Development, Implementation, and Evaluation.

o The sequence of activities for instructional design may also be described as identifying
instructional needs, identifying instructional goals, designing instruction and assessment,
implementing and assessing the design, and then revising goals, design, and
implementation as necessary:

Design
Instruction and

Implementation
and Assessment

Statement of Statement of

Need Goals

Assessment

Figure 6: ADDIE model
c. this relate to Instructional Object Based Mathematics Card Games Design Format

This section consists of game design format that is methods of design, scheming and how each
card operates among other cards to facilitate players strive toward the attainment of a goal
within prescribed rules. The section was structured in line with the purposes of the study which
include, the design of an instructional object-based game using TPACK principles, as well as an
educational game that contains clear, specific goals and rules that should enhance performance
and learning outcomes. The study also investigated the use of an Instructional Object Based
Game (IOBG) using a formative research process in teaching selected topics in Mathematics.

The effective and efficient use of estimation, measurement and calculation among other
concepts has formed the idea of basic mathematics in our daily life. Algebraic substitution was
coined from Mathematics whose tentacles spread to linear substitution, and simple equation,
inverse operation, quadratic substitution these are applicable to the junior secondary curriculum
and its application spread to the world of work and all walks of life situation. This formed the
strength of this package to solve algebraic substitution problems and each card was designed
using TPACK principles.
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The objectives of this card game (package) are to aid children in acquiring new concepts; also,
to assist children in developing and extending their Mathematics concepts. The game however,
provides drudgery out of the practice of skills and indeed of making the practice more effective.
The steps involved in developing the card game followed the Instructional Object-Based Game
Technology design model in Figure 5 in this research study.

Topic: This product is basically designed to solve algebraic substitution problems.

Target Population: This card is constructed to meet the level of students in Junior Secondary 11
with the age range 10-15 years.

Entry Behaviour: Pupils ought to have learnt the following:

- Laws of Indies

- Fraction

- Application of Arithmetic Operations
Arithmetic Operations

(*) Represent Multiplication

(/ or +) Represent Division

(+) Represent Addition

(-) Represent Subtraction

Prototype of IOBG Design using TPACK principles

P Operational process

Abstract interface

Motivational interface

%A —>  Cognitive interface (engagement)
Y=3x"+4x - 2

2 55@ B;E:+

Y=8x Y=3x/2 Y=3x+2

Figure 7: Card Game Design samples

(i) The rules
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- The first player plays on the assumed card value of the playing card.
- Operation is based on face value of the last played card for subsequent play.
- The use of calculator is allowed in computing only the final result.

(ii) The Goal

The goal is to substitute the number in the middle of the card for X in the equation at the bottom
of the card surface, to be able to have the value of the card and also use arithmetic operation at
the top-right edge of the card to relate with other cards on the playing board. If the substitution
is formed correctly. Y gives the value of the card and the player uses this value and arithmetic
operation in his card to play the card on board then he has his score. The player can move on to
another card. Examples: The middle number that appears on each card represents X, which is
substituted for in the equation at the bottom of the card.

To determine the value of the card, see Figure 7 above. The first card has the value of Y = 8 (6)
=48, while the second card has the value of Y= 3*8/2 = 12.

The arithmetic operation at the right top edge of the corner of each card is used as the operating
factor between two cards.

How to Play the Game

The number of the players shall be two and above. The players shall combine the three
functions on the card to determine the scores of the player(s).

(i) First playing card (ii) Second playing card

4
Y=5x-2
Y=3x/2
Figure 8: How to play the card game pattern
X equals to the bold The second playing card
number on the card. has the value of the card to
The number is substituted be Y=5(4)—-2 =18 but
in place of x in equation met +9 on board therefore
at the bottom of the card the score will be 9+18= 27
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to give score of 9 i.e.
Y=3x6=9
2

(iii) Third playing card

Figure 9: Third Playing Card

The 3rd playing card has the value of 27 but meets 18on board. Using-operation on the second
playing card, one plays 18 and 27 1.e. 18 - 27 =-9

(iv) Fourth Playing Card

The 4th playing card has the value of his card to be 48 and meets O (zero) on board. Therefore,

this score will be 48%27 =1206A
Figure 10:Fourth Playing Card

How Cards Operate among each other

Table 2 examines how a card interacts with another card, the interrelations were based on a
matrix, and the matrix was designed on probability bases.
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Table 2: Operationalization of the cards

=

* la% |2 §@ 516 [7 [8 |9 [10 [11 [12 [13 [14 |15 |*
a’* al+
2 2
43° 3

34
\ I
\ 5
6
\ 7
8 \ 8
9 9
10 10
11 \ 11
12 \ 12
13 13
14 \ 14
15 \ 15
+_|a’ |2 516 [7 |8 \o |10 [11 [12 [13 [14 |15 |[_+

Figurel1.Card operationalization

Using combination process the matrix forms 4% 3%, 4%3*, 4%4", 3°4%, 3* 4, these are possible

combinations.

y:2x2—3x—2
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From game template in column four (4) row one, the card value is y= 2x* — 3x - 2, Substituting
the first 4 into the equation the value will be y = 2 (4)2 - 3 (4) — 2 the answer is 18. The second
number 3 indicates y = 5x> — 2x + 2 substituting 3 for x, therefore the value of the card is 41.
with the previous empirical evidence. This was done in view to concretize additional empirical
evidence on the use of Mathematical object- based card games.

CONCLUSION AND SUGGESTION
The outcomes allow visualization and comparison of scores, this motivates the players to
proceed on the next play card until the whole cards are extorted. Positive feedback and rewards
are given, such as attractive winning scores. If an improper operation is formed, the player fails
to play further or having negative results all through. The quality of game developed depends
on the qualifications; i.e. proficiency in mathematical theories and their interrelations to suit
instructional concepts of game development and creative thinking abilities, pedagogical skills
are required to identify learning pattern. There is need to create the game operationalization and
interaction among each other. Before embarking on Instructional mathematics object game,
there is a need to assess the users, the topic and the content to cover from mathematics
curriculum, the level of users’, conduct learners’ analysis this involve in real observations,
surveys, structured and semi-structured interview with the target group. The actual target
group’s background information such as skills, attributes, characteristics, prior knowledge, and
required entry competencies before embarking on playing the game.
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