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ABSTRACT

The study investigated the effects of the Think-Tac-Toe differentiated instruction strategy on
the academic performance and engagement in Chemistry of students. It was conducted
among sixty grade 8 students of Bukidnon State University — Secondary School Laboratory
(BukSU-SLS) during the school year 2016-2017. Quasi-experimental pretest-posttest
research design was employed in the study. Validated 30-item achievement test and a 30-item
engagement scale in Chemistry were used to assess the academic performance and
engagement of students respectively. The data gathered were subjected to statistical
techniques such as mean, standard deviation and the analysis of covariance (ANCOVA) at
0.05 level of significance. The findings revealed that the academic performance of the
experimental and control groups is Satisfactory. There was no significant difference in the
academic performance between the two groups. The results further revealed that the
engagement level of students in Chemistry of both groups is Average before and after the
given intervention. However, the experimental group demonstrated a higher cognitive
engagement than the control group. Moreover, there was no significant difference in the
engagement of students in Chemistry in both groups. Hence, academic performance and
engagement may be influenced by interplay of other factors.

KEYWORDS: Differentiated Instruction, Chemistry, Academic Performance, Engagement,
Grade 8

INTRODUCTION

Differentiated instruction means tailoring instruction to meet individual needs. Whether
teachers differentiate content, process, products, or the learning environment, the use of
ongoing assessment and flexible grouping makes this a successful approach to instruction
(Tomlinson, 2000). When a teacher reaches out to an individual or small group to vary his or
her teaching to create the best learning experience possible, that teacher is differentiating
instruction. Differentiated instruction can be effectively integrated if the activities set by the
teacher target the differences of students in terms of their learning styles and multiple
intelligences.

Think-Tac-Toe choice board is one of the many differentiated instruction strategies created to
respond to various learners in the classroom. It is a three by three grid consisting of an
activity per grid. It allows students to choose how they will show what they are learning by
giving them a variety of activities to choose from (Neal, 2014). In this mode of teaching,
teachers can address multiple learning styles because students can choose from the activities
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designed by the teacher which they can complete successfully. These activities may vary in
content, process, and product and can be modified to address different levels of student
interests and learning styles.

The educational reform in the Philppines in 2012 has paved way to the emergence of the K-
12 curriculum that aims to enhance basic knowledge and skills of students in science,
mathematics and linguistics to prepare them for life-long learning and employment.
Specifically, the K-12 science curriculum is designed to be learner-centered and inquiry-
based. The concepts and skills in Life Sciences, Earth and Space, Physics, and Chemistry are
presented with increasing levels of complexity from one grade level to another to promote a
deeper understanding of core concepts.

InBukidnon State University — Secondary School Laboratory (BukSU — SSL), it was
observed that grade 8 students have difficulties in understanding some topics in Chemistry.
Their difficulty is manifested by their low academic performance in the subject. It is often
regarded as a difficult subject, an observation which sometimes repels learners from
conceptualizing challenging concepts in Chemistry. This is because Chemistry as per Taber
(2002) is a subject that commonly incorporates many abstract concepts, which are central to
better understand Chemistry and other sciences.

These abstract concepts on matter are important because further Chemistry concepts or
theories cannot be easily understood if the underpinning concepts are not sufficiently grasped
by the student and that Chemistry classes require a high-level skill set (Nicoll, 2001; Zoller,
1990). The abstract concepts and lack of relevance contributed to the low academic
performance of students and engagement in this subject. Kuh (2003) posited that student
engagement is generally considered to be among the better predictors of learning and
personal development.

Several researches have been conducted in relation to the integration of differentiated
instruction in class which showed promising results in enhancing the academic performance
and engagement of students in a subject matter. Significant improvement in the test scores of
low-scoring students following the use of differentiated instruction and results of these
studies indicated that students were more motivated and enthusiastic about learning
(Aranda& Zamora, 2016; McAdamis, 2001; Ganuc, 2014; Glaser, 1995).However, there were
limited studies conducted to investigate the effects of differentiated instruction specifically in
Chemistry education.

It is in this context that the researcher conducted this study to investigate further the effects of
differentiated instruction on the academic performance and engagement in Chemistry of
grade 8 students. Specifically, the study utilized the Think-Tac-Toe differentiated instruction
strategy as it provides more activities targeting the varied learning styles of students in the
classroom.

Moreover, the study answered the following questions:

1. What is the academic performance in Chemistry of those students taught with Think-
Tac-Toe teaching strategy and of those students taught with the conventional teaching
approach?

2. Is there a significant difference in the academic performance in Chemistry between

the experimental and control groups?
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3. What is the level of engagement in Chemistry of those students taught with Think-
Tac-Toe teaching strategy and of those students taught with the conventional teaching
approach?

4. Is there a significant difference in the engagement in Chemistry between experimental
and control groups?

REVIEW OF LITERATURE

This study was anchored on differentiated instruction. It is an approach to teaching and
learning for students of differing abilities in the same class (Tomlinson, 2001). It can be
employed in the classroom to engage the students into meaningful learning. To differentiate
instruction is to recognize students varying background knowledge, readiness, preferences in
learning, interests, and to react responsively.

Tomlinson (2001) identified three elements of the curriculum that can be differentiated:
content, process, and products. Tomlinson (2003) asserted that differentiated instruction is
rooted in the belief that there is variability among any group of learners and that teachers
should adjust instruction accordingly. This signifies that the approach encompasses the
planning and delivery of instruction, classroom management techniques, and expectations of
learners’ performance that take into consideration the diversity and varied levels of readiness,
interests, and learning profiles of the learners.

According to Heacox (2005), differentiated instruction is a philosophy, and the Think-Tac-
Toe provides teachers with a strategy for enacting this philosophy in instruction. Think-Tac-
Toe is a useful strategy for differentiating based on a variety of modalities that students can
use to demonstrate what they learned during the unit.

Dotger (2010) added that the Think-Tac-Toe can evaluate students’ learning during and at the
conclusion of a unit. The Think-Tac-Toe is arranged like a tic-tac-toe board with each space
used to specify a task or product aligning with an intelligence described in multiple
intelligence theory. Prior to its creation, teachers should pre-assess students to be certain that
the content of the Think-Tac-Toe will capture the array of readiness and skills present in the
classroom.

The constructivist viewed learning as an individual matter. Students construct reality
regarding their prior experiences, their conceptual knowledge, their values, their attitudes,
and their preferred ways of knowing. Constructivist theory informs teachers that each learner
needs time, space, and suitable experiences to support the learning processes (Taber,
2009).Vygotsky (1978), a proponent of constructivism, emphasized that there is a zone for
each learner, the zone of proximal development (ZPD), which is bounded on one side by the
developmental threshold necessary for learning and on the other side by the upper limit of the
learner's current ability to learn the material under consideration.

Dewey (1938) stated that students learn best when they are personally engaged in the learning
process. He explained that the educator is responsible for both knowledge of individuals and
for knowledge of subject matter, enabling the educator to select activities that encourage
social organization. Meaningful learning only takes place when teaching is pitched beyond
what is currently known and understood, and within reach of existing knowledge and
understanding.
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Moreover, learners must be active recipient of knowledge and skills. The outcomes of the
teaching and learning process depend on how the teacher structures classroom instruction.
Many factors influence students’ learning — such as students’ learning style preferences, their
interest in the material under study, and the learning environment(Eniayeju (2010). Student’s
learning style preference refers to the way they respond to stimuli in a learning context, and
to their characteristic way of acquiring and using information (Bailey, 2002).

In this study, the effects of Think-Tac-Toe teaching strategy on students’ academic
performance in Chemistry were investigated. According to Narad and Abdullah (2016)
academic performance is the knowledge gained which is assessed by a teacher and is
measured by continuous assessment. Engagement is an important contributory factor in the
teaching and learning process (Coates 2009). Quite a number of studies have focused on the
engagement of students towards Chemistry. It was revealed that in spite of realization of the
recognition given to Chemistry among the science subjects, it is evident that students still
show negative attitude towards the subject, thereby leading to poor performance and that
students’ academic performance in Chemistry is a function of their attitude (Adesokan, 2002;
Gibbons, 1997; Udida, 2010). Furthermore, attitudes are important outcomes of Science
education in secondary school and that those those who have positive attitude toward science
tend to perform better in the subject (Kaplan, 1998; Papanastasiou, 2001; Cheung, 2009).

Engagement is associated to students’ academic achievement (Ganuc, 2014) and was defined
by Fredricks (2004) as a multifaceted construct which operates at three levels: cognitive,
affective and behavioral. Attard (2002) elaborated the three engagement dimensions.The
cognitive dimension involves the idea of investment, recognition of the value of learning and
a willingness to go beyond the minimum requirements. Affective dimension on the other
hand, includes students’ reactions to school, teachers, peers and academics, influencing their
willingness to become involved in school work. Finally, behavioral dimension encompasses
the idea of active participation and involvement in academic and social activities, and is
considered crucial for the achievement of positive academic outcomes.

METHODOLOGY

The study was conducted at BukSU-SSL during the school year 2016-2017. The school is
located in Malaybalay City, Bukidnon. A quasi-experimental pre-test-post-test research
design was used in the study. Two intact classes in grade 8 level were the participants of the
study. One of which was randomly selected as the experimental group and the remaining was
the control group. The experimental group was taught using the Think-Tac-Toe differentiated
instruction strategy. On the other hand, the control group was taught using the conventional
teaching approach. The groups were taught using the same instructional materials and
classroom instructions; the varying factor was only the integration of the Think-Tac-Toe
teaching strategy to the experimental group. All students in both groups were involved during
the conduct of the study; however, only 30 students with comparable performance from each
group were included in the analysis of data.

In this study, four developed lessons on the Particulate Nature of Matter, Properties of
Matter, Phase Changes of Matter, and Atomic Structures were used and were structured in
accordance to the treatment needed in the study. These topics were identified based on the
needs assessment conducted by the researcher.The development of the lessons was guided by
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a Task Analysis Matrix (TAM). The TAM contains the topics, concepts, and instructional
objectives, procedural activities with Think-Tac-Toe teaching strategy, skills, assessment and
references that were based on the K-12 curriculum guide.

Further, a multiple intelligence inventory was administered to the experimental group to
determine the learning styles of the students. The results served as bases in choosing the
activities in the Think-Tac-Toe choice boards. This was done to ensure the optimum
utilization of the differentiated instruction strategy.Thelessons developedwere validated by
panel of experts, who were also teaching Chemistry, prior to the conduct of the study. Experts
on content, pedagogy, and technicalities were made as evaluators of the developed lessons
based on content and content accuracy, clarity and appropriateness.

The research instruments used in this study were the researcher’s developed achievement test
and an engagement scale instrument. The 30-item achievement test was created for the
assessment of the academic performance of students in Chemistry. To assess students’
engagement level, an engagement scale used was adopted from the study of Gaylo (2016) and
was based on Attard’s (2002) construct of knowledge. There were three dimensions of
engagement that were taken into consideration: cognitive, affective, and behavioral. The
researcher modified the engagement scale instrument to suit the present study. Each
engagement dimension consisted of 10 items answered by the students in both experimental
and control groups. The research instruments were subjected to evaluation and validation by
experts and were tried out for reliability testing. The same instruments were administered to
the experimental and control groups.

In the researcher-made achievement test, every correct answer was given one (1) point and
the perfect score is thirty (30). A scoring scale was set based on DepEd Order No. 8, s. 2015:
Policy Guidelines on Classroom Assessment for the K-12 Basic Education Programto
determine the academic performance of students from their scores in the achievement test.

Scoring Scale for the Academic Performance

ggﬁ; Per?g\r/r;?nce Qualifying Statements
25-30  Outstanding Exceeds the core requirements in terms of knowledge, skills and
understanding of the topics and can transfer them automatically
and flexibly through authentic performance tasks
19-24  Very Developed the fundamental knowledge and skills and core
Satisfactory understandings of the topics and can transfer them independently
through authentic performance tasks
13-18  Satisfactory Developed the fundamental knowledge and skills and core
understandings of the topics with little guidance from the teacher
and peers, and can transfer these under standings  through
authentic performance tasks
7-12 Fairly Possesses the minimum knowledge and skills and core
Satisfactory understanding of the topics but needs help throughout the
performance of authentic tasks
0-6 Did not Meet Struggles with understanding; prerequisite and fundamental
Expectations knowledge and/or of the topics and have not been acquired or

developed adequately to aid understanding
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The engagement of students in Chemistry was measured using an engagement scale
instrument. The scale ranges from 1 to 4; where:(1) Never, (2) Sometimes, (3) Usually, and
(4) Always.

Scoring Scale for the Engagement Level

Scale Range Response Qualifying Statements
4 3.25-4.00 Always Students have high engagement in Chemistry
3 2.50-3.24 Usually Students have average engagement in Chemistry
2 1.75-2.49 Sometimes  Students have low engagement in Chemistry
1 1.00-1.74 Never Students have no engagement in Chemistry

The data obtained in this study were interpreted statistically. To assess the academic
performance and engagement in Chemistry among grade 8 students, mean and standard
deviations were computed. To determine the significant difference in the students’ academic
performance and engagement level, Analysis of Covariance (ANCOVA) was used at 0.05
level of significance.

RESULTS AND DISCUSSIONS
The Academic Performance of Students

The academic performance of students in this study was based on the scores they obtained
from the pre-test and post-test administered to them. The mean scores and standard deviations
before and after the conduct of the study obtained from the experimental and control groups
are presented and described in Table 1. The data indicated that both groups were initially at
par with regards to their pretest results.

Table 1.Pretest-Posttest Scores of the Experimental and the Control Groups

Score  Performance Pre-test Post-test
Range  Level (PL) Experimental Control Experimental Control

No. of Percent No. of Percent No. of Percent No. of Percent
students (%) students (%) students (%) students (%)
Outstanding

25-30 0) 0 0 0 0 1 3 1 3
Very
19-24  Satisfactory 1 3 2 7 10 33 11 37
(VS)
13-18 Sat's(fg)ctory 13 43 14 47 16 53 14 47
Fairly
7-12  Satisfactory 16 53 13 43 3 10 4 13
(FS)
Did not Meet
0-6 Expectations 0 0 1 3 0 0 0 0
(DE)
30 100 30 100 30 100 30 100
Mean = 13 Mean = 13 Mean = 18 Mean = 17
SD=3.11 SD=3.56 SD=3.90 SD=3.84
PL=S PL=S PL=S PL=S

This result can be attributed to the fundamental knowledge which students have acquired in the
previous years. The post test results for the experimental and control groups showed that both
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groups had a comparable performance level in the achievement test administered after the
experimentation. Also, the post test mean scores of the participants in the two groups were
slightly widespread as compared to the mean scores attained by the same group in the pretest
results.

Although students in both groups have performed satisfactorily before and after the conduct of
the study, the data indicated that there was a marginal difference in the mean scores of both
groups in the pretest and post test conducted by the researcher. This implies that there was a
minimal improvement in the academic performance of students in the two groups after the
conduct of the study. It can be substantiated that the Think-Tac-Toe differentiated instruction
strategy influenced the academic performance of students in the experimental group in the
same way the conventional teaching approach had influenced the academic performance of
students in the control group.

This signifies that it was not only the teaching strategies employed in the experimental and
control groups influenced their academic performance, other factors might have played
significant roles that in return affected the performance level of students in class. Recognizing
the importance of students’ diversity in class in terms of their readiness, interests and learning
profiles is indispensable for the learners to achieve their potential. This is parallel to the study
of Tomlinson(2000) on the factors affecting the performance of students in Chemistry which
revealed that students’ readiness, interests and learning profiles were contributory factors in a
differentiated classroom.

Similarly, one of the common factors influencing students’ academic performance as
responded by some students was the nature of the subject matter itself. The nature of
Chemistry concepts and the way the concepts are represented - macroscopic, microscopic, or
representational make Chemistry difficult to learn (Johnstone, 1991; Abraham, 1992).Thus, the
purpose and programs of the educational system must be designed to meet the needs of each
individual child (Eshiwani, 1983).

Table 2.Comparison of the Academic Performance in Chemistry between the Experimental
Group and the Control Group

Source Type 11l Sum df Mean Square F p
of Squares

Corrected Model 118.96% 2 59.48 451 0.01
Intercept 563.18 1 563.18 42.70 0.00
Pretest 115.70 1 115.70 8.77 0.00
Group 4.324 1 4.32 0.32 0.56
Error 751.76 57 13.18

Total 19386.00 60

Corrected Total 870.73 59

*R-squared = 0.13

The results of this statistical procedure showed that there was no significant difference in the
academic performance in Chemistry between the experimental and control groups controlling
the effect of pretest. It can be seen that there is no statistically significant difference between
the adjusted means since p = 0.56 > 0.05.
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The results further revealed that the integration of the Think-Tac-Toe differentiated
instruction strategy on topics on matter had little impact on the academic performance of the
experimental group. The academic performance of students was affected by interplay of
factors such as the nature of the subject, students’ readiness, interests and motivation to learn.
This supports the findings of Mulder (2014) that differentiated instruction and student science
achievement have no significant difference which may have been caused by various factors.
This was explicitly seen in the works of Schibeci and Riley (1986) who investigated the
factors influencing students' background and perceptions on Science attitudes and
achievement.

They found out that not only the cognitive variables but also some affective characteristics
are important factors in influencing Science achievement. Henceforth, students in the control
group who were taught using the conventional teaching approach managed to have a
comparable academic performance with students in the experimental group who were taught
using the Think-Tac-Toe teaching strategy because the students’ academic performance was
not solely influenced by the said strategy.

The Engagement Level of Students

The engagement level of students of both groups was measured by answering an engagement
scale instrument adopted and modified from the study of Gaylo (2016). It consisted of three
dimensions: cognitive, affective and behavioral.

Table 3.Engagement of Students in Chemistry

Experimental Group Control Group

Pretest Posttest Pretest Posttest

Engagement X s.d. QS QD X sd. QS QD X s.d. QS @D X s.d.
Cognitive 232 0.10 S L 273 009 U A 234 033 S L 237 0.67
Affective 293 0.11 U A 323 015 U A 251 0.26 U A 304 0.09
Behavioral 294 014 U A 305 019 U A 254 0.35 U A 305 0.39

Mean =2.73 Mean = 3.00 Mean = 2.74 Mean = 2.93
SD=0.34 SD=0.31 SD =0.30 SD =0.33
Qs=U QS=U QS=U Qs=U
QD=A QD=A QD=A QD=A

QS
S
u
u

QD
L
A
A

Legend: [QS: Always (A); Usually (U); Sometimes (S); Never (N)] and [QD: High (H); Average (A); Low (L); None (N)]

As can be inferred in Table 3, students in the experimental and control groups had an average
engagement in Chemistry before and after the conduct of the experimentation. The pre-
assessment of the engagement level conducted by the researcher in both groups indicated that
both groups had a very close and almost similar engagement level as seen in the mean scores.
The pretest result suggested that an improvement in the engagement of students in Chemistry
must be considered. This implied that intervention and strategies must be given in order to
improve students’ engagement level (Ganuc, 2014).

The results of the post-test of the engagement level of both groups have slightly improved in
comparison to the results in the pre-test. This explicates that the lessons carried out in class
have slightly influenced the learning engagement of students in Chemistry. Also, the
distribution of scores for both groups showed homogeneity with respect to the mean scores
presented. Further, the increase in the mean scores obtained in the posttest of the
experimental group is slightly higher than that of the control group so the integration of the
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Think-Tac-Toe differentiated instruction strategy caused such improvement in the mean
scores of students in the experimental group.

It is clear now that employing a differentiated instruction may improve the engagement level
of students (Hess, 1999;MacAdamis, 2001;Twoli, 2006). Furthermore, the Think-Tac-Toe
strategy served as an avenue for students to express what they have learned in different
modalities. Each student is valued for his or her unique strengths, while being offered
opportunities to demonstrate skills through a variety of assessment techniques (Tuttle, 2000;
Felder, 1993).

Looking at the posttest mean scores of the two groups in the cognitive dimension however, it
can be seen that students in the experimental group had an average engagement in Chemistry
while the control group had a low engagement in this dimension. Clearly, this showed that
there was an impact of the Think-Tac-Toe differentiation in teaching Chemistry especially on
the cognitive dimension. This was highlighted in the activities that were included in the
Think-Tac-Toe choice boards that have challenged students’ higher order thinking skills and
as a result, students obtained an average engagement in the cognitive dimension. Hence, the
integration of the Think-Tac-Toe strategy enhanced students’ comprehension, critical and
creative thinking skills.

Ganuc (2014) mentioned that engagement is associated to students’ academic achievement
such that student engagement according to Kuh (2007) and Coates (2008) means participation
of students in educationally effective practices, both inside and outside the classroom, which
leads to a range of measurable outcomes.

Table 4.Comparison of the Engagement in Chemistry between the Experimental Groupand
the Control Group

Source Type Il Sum Df Mean Square F p
of Squares

Corrected 1.60° 2 0.80 10.08 0.00
Model
Intercept 1.95 1 1.95 24.63 0.00
Pretest 1.52 1 1.52 19.20 0.00
Group 0.08 1 0.08 1.01 0.31
Error 452 57 0.07
Total 534.58 60
Corrected 6.12 59
Total

*R-squared = 0.26

It can be seen that there was no significant difference in the learning engagement in
Chemistry between the groups controlling for the effect of pretest. Also, there was no
statistically significant difference between adjusted means (p = 0.31 > 0.05). This implies that
the use of Think-Tac-Toe differentiated instruction strategy did not exclusively contribute to
the improvement of the level of learning engagement of students in Chemistry. It can be
deduced that there were other factors affecting the level of learning engagement of students in
a particular subject area.
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Research supports the view that curricula should be designed to engage students; it should
have the ability to connect to their lives and positively influence their levels of engagement
(Coleman, 2001). Knowing students well allows teachers to figure out their strengths; thereby
helping students to move forward (Rueda, 2001). A study conducted by Salta (n.d.) revealed
that students’ attitudes towards Chemistry indicate a low level of student motivation to
engage in Chemistry learning, a fact which could be related to the following issues: difficulty
of the Chemistry course, demanding curriculum in combination with little allocated teaching
time, use of unattractive teaching methods, and lack of career opportunities.

CONCLUSION

The general findings of this study signify that the academic performance and engagement in
Chemistry of students were not solely influenced by the teaching strategies integrated in their
lessons, other factors such as student readiness, interest and motivation and classroom setting
and learning environment have played an important role in the teaching-learning process.

RECOMMENDATION

Based on the results of the study, it is recommended that a similar study could be conducted
with longer span of time, different grade levels and with different subject areas to determine
the effectiveness of the intervention used.
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