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Abstract The purpose of this study is to investigate the
effectiveness of 7E Inquiry Integrated Module. The
purposive sampling method was used to select 73
participants distributed among Concrete, and formal
cognitive levels based on (LCTSR) Lawson Classroom
Test of Scientific Reasoning. States of Matter Achievement
Test (SMAT) was used in pre-test and Posttest and delayed
posttest for data on academic achievement. The researchers
randomly assigned students to an experimental group (39
students) and a control group (34 students). Four research
questions guided the study. Meanwhile, the standard
deviation was used to answer the research questions. The
Mixed between and within-subject ANOVA and
Kruskal-Wallis tests and Mann-Whitney test were used to
test the Null Hypotheses at P<0.05. The significant
findings revealed that the experimental group students
evidenced more learning achievements and retention of
information than the control group students (p<0.05). The
Formal developmental level students showed more
learning achievements than the Concrete developmental
level students (p<0.05) across the group. Statistical
interactions of phase and treatment were found to be
significant (p<0.05) in learning achievement.

Keywords 7E-Inquiry Integrated Module, States of
Matter, Academic Achievement, Cognitive Level

1. Introduction

The primary objectives of the United Nations’
Sustainable Development Goals (UNSDGs) are to
eliminate poverty, protect the planet and ensure prosperity
for all by the year 2030 [1]. These objectives can only be
actualized by tremendous efforts in the development of
education, especially science education. The world today
faces crisis on quality learning. However, controversy has
continued to emerge as how best is to teach students in
this 21 century, more especially students on different
cognitive architectures [2]. Nigeria as a country faced the
same challenges considering several efforts made by the
federal government and key stakeholders to make sure the
overall goal of its education is achieved. Unfortunately,
not much has been achieved, as the efforts yielded only
minimal result as the case of students’ bad performances
persist [3]. According to Ayodele [4] in the face of great
significance attached to science education in the society,
there has been reported students’ low level of achievement
at all levels of education in schools, as revealed in public
examinations results. This is evident from the recent
examiners reports of the junior secondary school living
certificate examination with lower percentages of passes
over the years: 36.6% in 2013, 33% in 2014, 38% in 2015,
20.1% in 2016 and 39% in 2017 [5]. These low
achievements according to Samuel [6] are as result of the
teaching strategy employed by the basic science teachers.
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On the other hand, Idowu (2011) argued that the problems
steam from students lacking good background in basic
science which is a prerequisite for studying science
discipline (chemistry, biology, physics) in tertiary
institution.

States of matter is one of the key topics in basic science
and a background for further studies in biology, chemistry,
and physics. Students’ misconception about states matter
has been generally reported as one major obstacle to
students' understanding about subject matter. The types of
information which contradict scientific claims are defined
in various ways as misconceptions, alternate frameworks,
intuitive beliefs, perceptions of ideas, spontaneous thought,
child science and naive beliefs [7]. The results of the earlier
quantitative and qualitative research on the understanding
of the matter concepts and its changes of states showed that
majority of children do not master the concepts and have
different misconceptions about the transformation of
changes in states of matter [8]. There is a misconception on
the properties of matter, students believe “since ice is solid
then its molecules are solid and since water is liquid also its
molecules are liquid” [9]. It has been reported that students
generally have trouble in conceptualizing a gas to be a
substance, with many believing that a gas is weightless or
is lighter than solids and liquids [10-13]. Consequently, the
current practice of teaching and learning in the classroom is
doing more harm than good on misconceptions students
has on transformations of states of matter. This is evident
from several research reports indicating students being
taught under teacher centre method [14-17]. It is believed
that identifying and redefining the prior conception of
students using appropriate teaching strategies is imperative
for student’s success [18]. The elicit stage of the 7E-IIM
allows teacher to identify the prior information of students
which helps the teacher to choose further information to be
learn by the students.

2. Students Misconception on State of
Matter: An Overview

For decades, a considerable amount of research was
undertaken that shed light on the students’ learning about
the structure of matter and its changes of states [19-25]. All
related studies have documented difficulties and
misconceptions in this field. States of the matter is one of
the key topics under basic science and background for
further studies in biology, chemistry, and physics. Students
misconception about states matter has been generally
reported as one major obstacle to students' understanding
of the state of matter. The findings of quantitative and
qualitative research into the learning of concepts of matter
and its changes of states demonstrated that most children
do not master the concepts and have different
misconceptions about the transformation of changes in
states of matter [8]. The author added that students were
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confused between the concepts of “shape, size and weight”
of solid, liquid and gas. It was reported that students
generally have trouble in conceptualising a gas to be a
substance, with many believing that gas is weightless or is
lighter than solids and liquids [10-13]. It is believed that
misconceptions affect students’ way of interpreting and
constructing new concepts [26]. The report also maintains
that misconceptions may originate from particles drawings
related to solids, liquids, and gases in the texts. Because
solids molecules have been packed together and usually are
seen in a regular pattern in pictures. According to the
participants, since the particles of solids are more
significant in comparison to others, they seem entrapped in
comparison to liquids and gases with the same volume.
Since the gaps between solid particles are small, the
particles cannot take any substances between themselves
and move in any way [8, 27].

Cantu and Herron [28] argue that students do not
spontaneously acquire a general idea of gas before their
formal introduction to the concept. The author articulates
that students later show evidence of the inherent difficulty
in conceiving the structure of a gas state. Similarly, results
have shown that students also hold alternative conception
regarding the bubbles that rise from boiling water [13, 29].
An additional and exciting point is that students have a
great deal of difficulty understanding that the properties of
the states of matter are due to the collective behaviour of
particles [30]. They often regard a particle or a molecule as
a little quantity of a substance having all the macroscopic
properties of the substance [31, 32]. That is, ice molecules
or particles are regarded as frozen or solid molecules,”
water molecules as liquid molecules, and so forth [22].
Furthermore, many students were not able to think; clearly,
students jumbled observable substance properties with
molecular properties, attributing changes in substance to
changes to the molecules [22].

Significant conceptual difficulties are reflected in the
way that students make a distinction in states of matter
transformation. Nguru [8] reports that students’
misconceptions about liquids are because liquids are
simply known to be in an intermediate state between solids
and gases. In this context, the molecular spacing of liquids
is overestimated. Likewise, several students have assumed
that particles in the gas and liquid state are in continuous
movement, there is no movement of particles in the
solid-state [11, 13]. In another report, molecular gases
spacing was underestimated and students ignored the
movement of particles [33]. There have also been cases of
misperceptions regarding particles size. The most common
misconception of students is that gas is neither a material
nor has weight or mass [12, 13].

In an attempt to further investigate the various
difficulties students faces, a longitudinal study with
secondary pupils aimed at further exploring different
perceptions of the nature of matter, a longitudinal study
with secondary English pupils (age 11-14) was carried out
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by Tsitsipis, Stamovlasis [30]. Students' understanding of
the structure of matter and its changes of state, such as
melting, evaporation, boiling, and condensation was also
investigated in relation to three cognitive variables: logical
thinking (LTh), field dependence/independence, and
convergence/divergence. The study aims to explore the
effectiveness of context-based instruction integrated with
learning cycle model as compared to the traditional
instruction on tenth-grade students’ achievement and
knowledge retention on the states of matter subject and
their attitudes toward chemistry. A total of 150 tenth grade
students of two high schools were the participants of the
study. During the treatment, experimental group students
received context-based instruction integrated with the
learning cycle model, whereas control group students
received traditional instruction. The treatment lasted for six
weeks, and the data were collected through the “States of
Matter Achievement Test” and “Affective Characteristics
Questionnaire”. The result of MANCOVA revealed that
the context-based instruction integrated with learning cycle
model resulted with significantly higher achievement
scores and higher knowledge retention on the states of
matter subject and better attitudes towards chemistry when
compared to the traditional instruction. The study took
place in Greece with the participation of 329 ninth-grade
junior high school pupils (age 14—15). The results showed
that students had difficulty in conceiving the notion of
"space" between particles.

As a consequence, they reacted inappropriately by filling
space between gas particles with other particles, such as air
or dust. To contribute to further clarification of students’
particle ideas and to facilitate their better understanding
regarding the changes of state, Sunar [27] applied
thoroughly quasi-experimental design in a teaching
intervention and compared the results to those of a
corresponding intervention without the use of the software.
In both, control and experimental interventions, the

concepts of the particle theory of matter were implemented.

The writers collaborated with 52 university students
enrolled in introductory chemistry courses. The findings
showed that the teaching approach followed was a
successful way to minimise the number of alternative
conceptions that students held about the boiling term" (p.
531). However, "Some students have retained their
alternate conceptions during the study." (p. 532), for
example. In contrast, students believe that bubbles in
boiling water contain air decreased from pre-test (27%) to
post-test (23%) (p. 533), the belief finally increased
considerably (47%) in a retention post-test.

In all accounts, the results of teaching approaches
reinforce the proof that, despite the improvements may be
made by effective teaching techniques, the students’
misconceptions about particles and the physical changes in
the matter seem to continue to a significant degree. The
question still raised is what hinders the comprehension of
the students? Especially the partially effective teaching

recorded in the literature and the fact that many students are
able to approach the science view, while many others are
far behind, suggest that the individual differences that
researchers overlooked in the related research might be
worth investigating. In the light of the above reported
findings, the present study seeks to contribute to the
existing knowledge the influence of the constructivist
approach to the matter and its changes of states instruction.

To achieve effective learning in science, a student’s
misconception must be eradicated from an individual. In
this context, the role of the teachers in selecting effective
and most relevant pedagogy is imperative. It is crucial to
adopt an instructional approach that reduces students’
misconceptions and subsequently improves students’
learning of science, and the present study adapted the 7Es
learning approach. Accordingly, several empirical studies
have established and demonstrated the potentials of the 7Es
learning cycle and its effect on the quality and use on
individual learning by inquiry [34-46]. The 7E learning
cycle is a procedure structured by and for teachers that
looks to expand the effect of instruction investigation into
improved practice [47].

However, controversy has continued to emerge as to
how best it is to teach students in this 21* century, more
especially students on different cognitive architectures [2].
Over the years, research in science education aimed at
arresting the low academic achievement of students in
Nigeria have been conducted [4-6, 14, 17, 48-59]. Though
these studies have been reported and cited as solutions to
the lingering low academic achievement of students, they
may not fully realise the goals of improved students
learning of matter and its changes of states. There is a
strong belief that no two students in the class understand
the same way in each lesson or any given activity due to
individual differences [60]. Consequently, the current
practice of teaching and learning in the classroom is doing
more harm than good on misconceptions students have on
transformations of states of matter. This is evident from
several research reports indicating students being taught
under teacher centre method [14-17].

In view of all that has been mentioned about students’
challenges in the understanding matter and its changes of
state, the present study will not attempt to add many
difficulties to students but will rather focus more on
instructional approaches that are found to improve students
achievement with the aim to end the lingering students’
misconception which invariably results in low achievement.
Although research on constructivist instruction has been
conducted and reported on the efficacy the 7E model on
student learning [34, 46, 61-64] as carlier attest, little or
none of this study investigated the efficacy of 7E on
Piaget’s cognitive level as a predictor of student learning of
matter and its changes of states. Moreover, the reviewed
literature are mostly studies dealing with the higher-level
students. In the same vein, none has substantially reported
empirical data that directly relate the variables under this
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study. The reviewed studies demonstrated only the
variables classified under students’ achievement, attitude,
motivation, critical thinking, retention, gender, and age.

Drawing on the aforementioned, it is evident that there is
little research effort around the influence of the 7Es
learning cycle in the teaching of matter and its changes of
states among students of different cognitive abilities, more
specifically in northern Nigerian Junior Secondary Schools.
A few related studies to this topic include the works of [35,
42, 43]. These studies were conducted in the senior
secondary school setting. However, none of the works
reviewed above was conducted among students of different
cognitive abilities within the junior secondary school
setting in Nigeria. Based on the previous studies, the
researchers have convinced no empirical studies with 7E
model have been conducted on students with different
cognitive abilities in States of matter achievement and
retention, hence the justification for performing the present
research. Since the efficacy of the 7E model on these
students of different cognitive abilities is yet to be
established, this study therefore set out to assess the effect
of 7E learning cycle. The present study will go a step
further to contribute to the existing knowledge in providing
more details on the effect of the 7Es learning cycle model
on concrete and formal students' academic achievement to
see if there is a significant mean difference between
concrete, and formal students taught through 7E-IIM in
terms of achievements.

Those students who expose to mind on activities of
learning science are believed to attain success in science
class [65]. It is globally accepted that learning of science is
a continuous construction and reconstruction of
information [65]. Moreno [66] reported that there is an
increasing body of research suggesting that students learn
more deeply when they are strongly guided. The 7E-IIM
was developed to provide a full guided sequence of
instruction that one should go through in solving a problem;
it contains some hints and evaluation phase aim to facilitate
the teaching of science. According to Kirschner, Sweller
[2], the instructional sequence that failed to acknowledge
the structure that constitutes human cognitive architecture
is likely to be ineffective. Cakici and Yavuz [67] and
Yilmaz [68] claim that instruction not within the cognitive
development of the learner demolished their confidence
and enthusiasm towards science class, which consequently
result to poor learning. The 7E-IIM was designed to
identify and support students with different cognitive
abilities. The aim of all instruction is to bring a positive
change to the learner. It was reported that teachers who
achieved many of their goals due spend time on
instructional interaction with their student by continuously
teaching relevant subject matter [69]. To achieve the aim of
this study, the sequentially 7E-IIM was flexible to adapt to
different learning situations for teachers and students to
share ideas and skills.

There is a strong belief that the student who lacks proper
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Schemas to integrate the new information with their prior
knowledge finds it very complex to learn [2]. This suggests
that there is a need for an instructional approach that takes
into cognizance the individual differences in the learning
situation. The elicit phase in the 7E-IIM provides the
teacher to elicit the learner’s prior knowledge that will
consequently determine further information to learn. In
every science class, students bring in conflicting ideas or
information from their everyday life. These contradictory
ideas can only be demonstrated in a view to turning
personal beliefs to a proper science knowledge in a guided
science class [65].

According to Oluremi and Oyewole [70], there is
continuous complaint about the low performance of
children, failure rate, high dropout rate and poor reading
and writing skills among students at all levels. Odia and
Omofonmwan [14] concede that low performance is
related to the type of instructional approach science
teachers adapted. Studies have reported shreds of evidence
which show students underachievement in Basic Science at
the Junior Secondary School level [4, 49, 54, 57]. It is
widely acknowledged that students often struggle with
abstract concepts in the learning process, yet the pedagogy
employed in most science classrooms does not address the
students' needs to develop appropriate mental models of
abstract science concept [15, 16, 71].

Most of the science concepts are abstract in nature. The
correct classification of these concepts cannot be centred
on identification or direct observation, either because these
concepts lack identifiable examples, or the crucial concepts
are not observable in the examples [28]. For example, if
one wants to teach the concept of the ideal gas, it is difficult
to establish to the students that particles of ideal gas do not
occupy any space and exert no force on each other by
pointing to these attributes in examples of the ideal gas.
Ideal gasses do not exist. Cantu and Herron [28] further
insist that, even if there are examples, we could not use
examples to show these attributes of the concept, because
our senses are unable to identify atomic particles. An ideal
gas is abstract because there are no measurable examples,
and the attributes are not perceptible. Comprehending
abstract concepts requires more than carrying out logical
operations on a concrete reality. In view of the number of
abstract concepts faced in science, the learning difficulties
inherent in these concepts, and the number of science
students working at a concrete-operational level, it is
imperative to adopt a strategy that ensures both concrete
and formal students learning.

3. Eisenkraft’s Learning Cycle (The 7E
Model)

Most of the research on the effectiveness of the 7Es
model has been conducted in Turkey, where a
constructivist approach to science curriculum development
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and science education was adopted in 2005 [72]. The
present study thus adds to the picture by considering the
7Es Model inquiry in Nigeria. Learning cycle is an inquiry
learning instruction for learners to investigate the scientific
knowledge wusing science process skill to acquire
knowledge or significant self-learning information based
on constructivist theory [73]. The previous learning cycle
comprises  three  steps:  surveying, introducing
keyword/building concept for achieving concept, and
applying the concept. The learning cycle, then, has been
adapted into four steps called the 4E learning cycle
approach by adding the step of learning presentation. Later,
the 4E learning cycle approach has been adapted into the
SE by adding the step of prior knowledge check. Finally, it
was extended from the 5E to the 7E learning cycle by
including the steps of examining prior knowledge and
applying knowledge [47]. Consequently, the 7Es learning
cycle emphasizes examining the learner's prior knowledge
for what they want to know first before learning the new
content. The sequence of the 7E learning cycle support
effective learning process through seven steps: examining
prior knowledge, motivating interests, surveying, and
searching, explaining, extending knowledge, evaluating,
and applying knowledge [73]. Based on research into
curriculum and lesson plans, Eisenkraft [47] expanded the
SE model to a 7Es model that stresses knowledge transfer
[74]. The newer model adds an “elicit” stage before
“engage” and an “extend” stage after “evaluate” and the
effort has been endorsed by Bybee [74].

The pattern of the learning cycle is an inquiry by nature
for learners to investigate the scientific knowledge through
science process skills to search for knowledge or
significant self-learning experience based on constructivist
theory under the guidance of a facilitator. Learning is
defined as a very personal and adapted experience for
students who usually must follow an educator's pedagogy
or strategy of teaching [75]. Several versions of the
learning cycle appear in the science curriculum, with
phases ranging from three to five to seven. Irrespective of
the number of phases, each learning cycle has the same
objective at its core, which is to provide a level playing
field for a person to explore information. The learning
cycle used in this study is the [47] learning cycle, which
has seven phases (7Es learning cycle). The expended
version of the 5E learning cycle ensures developing prior
knowledge at the beginning and the transfer of experience
at the end of the instruction.

Studies have shown that learning cycle model has a
positive impact on some teaching contents and is an
effective tool for teaching concepts. It also has a positive
impact on students’ achievement, can increase students’
awareness overtime, allow students to build or enhance
positive attitudes towards courses and provide students
with science, experimental and practical thought [36, 40,
46,47, 72, 76-81]. Application of the 7Es learning cycle in
science learning increases students' success and conceptual

achievement more efficiently because the model has been
prepared to give students the chance to explore ideas.
However, the fact that the phases of the model are
teacher/student-friendly, effective learning takes place.
Though the 7Es learning cycle can be time-consuming
because each phase should be carried out with great
attention to details, it is found that the learning cycle
provides a greater opportunity for the acquisition of
scientific conceptions than the traditional methods [41].

An inquiry is an instructional approach that follows the
constructivist view on how students learn. The learning
cycle is an inquiry-based instructional approach or model
with its roots on the constructivist perspective [82, 83].
Constructivism theory forms the basis for inquiry-based
learning, which focuses mainly on the works of Piaget and
Vygotsky. Several researchers have agreed that there is a
high ranking of inquiry activities ranging from
teacher-centred to student-centred [84, 85]. Constructivists
believe that meaningful learning occurs if students are
actively involved in their learning activities by being
authentically engaged in the problem-solving process [42,
64]. Quality teaching is better when teachers ask questions
and students discover for themselves and answer the
question, rather than transmitting the knowledge, an
inquiry is when students are involved, ask a question,
reflect, and identify the problem, then typical classroom
situations where teachers just pass information to students.
Learning cycle approach is inquiry-based learning and it is
"goal is to enhance learning and provide students with
more authentic science experience that imitate those real
scientists and are in accordance with the nature of science"
[80].

According to Celik, Ozbek [38] in utilizing the learning
cycle, students can learn science concepts, fix their
erroneous or inadequate information. They further affirm
that students can significantly become familiar with the
ideas, and adapt the learning gained in school to their
everyday life. A similar finding was reported by [78, 86].
Also, Giirbiiz [87] studied the effect of 7Es instructional
model on academic achievement and retention of
knowledge in the unit of "Electricity in our Life" in
6th-grade science and technology, using materials which
were developed in accordance with 7Es learning model in a
science lesson at secondary school. The findings of the
study indicate that the materials prepared in accordance
with the 7Es learning model enhance students' academic
excellence and increase the permanency of knowledge.

To review the first stage of the 7Es model (elicit),
Eisenkraft [47] distinguished this stage from "engage" to
draw attention to the importance of accessing students'
prior knowledge since they use it to construct new
knowledge. One simple way in which a teacher may
encourage students' participation in this stage is to ask for
their thoughts or beliefs about a topic. Thus, in State of
Matter class, a teacher may pose a question to the class,
designed to elicit students' prior knowledge. Basic science
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teachers can also assess students' misconceptions about a
topic during the elicit stage. The elicit stage is closely
followed by the engage stage, the main goal of which, in
either the 5Es or 7Es model, is to capture the students'
attention [47]. Teachers ask questions, pose problems, or
present conflicting notions of piquing a student’s interest.
Students should be puzzled and thoughtful about the
content during this stage, which does not have to involve a
full lesson but can be merely a brief demonstration
designed to spark students’ interest and raise questions in
their minds [74]. The “engage” and “elicit” stages are
distinguished, again, to make sure that students’ prior
knowledge is accessed [47].

4. Theoretical Framework

The theoretical framework has been described as a
general representation of the relationship between things in
the phenomena, in other words, it means the relationship
between theories and variables under study [88]. This study
was underpinned by two constructivism's learning theories
(Piaget cognitive constructivism and Vygotsky social
constructivism). According to constructivism, learners
individually construct their own knowledge [89]. The
present study is to determine the effects of the 7Es inquiry
Integrated Teaching Module on the achievements of form
two learning of matter and its changes of states. These
educational theorists have tried to describe how learning
takes place in the learner, emphasizing the type of
environment and cognitive development that should be
considered to promote learning. The choice of these
theories is born out of the fact that the relationship between
theories of learning and educational practices is
complicated. It is difficult for one to conclude that all
learning is based on a given theory.

There is no single theory that can explain learning in all
situations and in all types of learning [90]. Each of the two
learning theories selected to be the theoretical base of this
research has an essential ingredient that makes the
designed teaching model unique and effective in
addressing learning problems in the 7E-Inquiry classroom
design. While the social cognitive theory views learning as
an interactive process of negotiation and discussion, it
stresses collaboration and information sharing in learning.
The scaffolding theory maintains that individuals under the
same condition come out with different knowledge. It
stresses the need for teachers to support the learners in their
learning tasks through scaffolding [91]. Scaffolding in this
situation can be provided by the teacher or peers either in
the face-to-face learning setting or using 7Es phases of
learning; guidance can be provided at the beginning of each
activity, and eventually be removed as the child progress
on his/her own pace [92]. The 7E Inquiry Integrates
Module (7E-IIM) is designed to include practical activities
during class sessions.
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5. Methodology

The study employed a pre-test, posttest, and delayed
posttest quasi-experimental design. For clarity and
consistency, throughout the study Phasel, Phase2 and
Phase3 terms will be used to refer to pre-test, posttest, and
delayed posttest on all implementations, respectively. The
sample of the study consisted of 73 students of forming two
Junior Secondary Schools. Purposive method of sampling
was used. This was to ensure selection based on Piagetian
age of formal and concrete developmental stages. The
sample was administered the Lowson Classroom Test of
Scientific Reasoning (2000) to classify the student into
Concrete, and formal, based upon criteria discussed in
Lawson (1978) as in modified 2000 [93]. State of Matter
Achievement Test (SMAT) instrument was used for data
collection on academic achievement on states of matter.
The test was based on the unit of form two basic science
and technology “Type of Energy”.

(a) Lawson Classroom Test of Scientific Reasoning
(LCTSR): It consisted of ten multiple-choice items.
(Adopted from Revised Edition: August 2000). The
object of the instrument is to test the reasoning
ability of the respondents, consequently classified
the respondents into Concrete, and a formal group
of reasoning. The instrument was scored from 0-10.
The participants who scored 0-5 and 6-10 were a
group as Concrete and formal, respectively.

State of Matter Achievement Test (SMAT):
According to Korb [94], if the researcher(s) find no
other instruments available, then the last option is
to develop an instrument. This test was developed
by the researchers to measure the achievement of
the respondents. The test is composed of
twenty-five items. The twenty-five items were
drawn from the junior secondary school syllabus.
The researcher was assisted by Basic Science
teacher (research assistant) in administering these
instructional  materials.  States of Matter
Achievement Test was pilot tested with 30 students
for the reliability, responses obtained from the pilot
testing were subjected to a statistical analysis using
the Kuder-Richardson (KR-21) and a coefficient
KR= 0.73 was realized. According to Wells and
Wollack [95], index scale of 0.70 or high is the
desirable reliability coefficient.

(b)

In the first week, both experimental and control group
were pre-tested with SMAT. After which treatment was
followed for seven weeks of using 7E Inquiry Integrated
Module. The instruction was performed for both groups
with the same content for 7 weeks, 90 minutes each week,
during November and January 2018/2019 calendar. The
students followed the sequence of the module, which
includes in and outside classrooms activities. Laboratory
practical were conducted for each week of the seven weeks
for the experimental group students. Similarly, participants
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were divided into groups to brainstorm and report findings
on a given task. They were also engaged in some group
competitions and playing games with the aim of
understanding the States of matter and encouraging social
interaction. Meanwhile, the control group followed
textbook and teachers’ explanations on the concept of
matter. After the end of treatment, post-test SMAT was
re-administered to both groups of students to measure their
understanding of the subject matter. Three weeks later
delayed Posttest followed to measure store of knowledge.
For the achievement test, the mean and deviation of each
of the group at the pre-test, Posttest and delayed post-test
scores were found and reported and The Mixed between
and within-subjects ANOVA was used to test the Null
Hypotheses at a=0.05 (P<0.05) to determine if there is any
significant difference between Phasel, Phase2 and Phase3
means scores across the group. However, Kruskal-Wallis
tests and Mann-Whitney test were also conducted to
determine if there is any significant difference between the
means score of Concrete, and formal with respect to
academic achievement at Phase2. All analyses were done
with the statistical package of social sciences (SPSS 20.0).

5.1. Statement of the Problem

According to Osuolale [17], students performed poorly
in science subjects because of ineffective teaching methods,
poorly equipped science laboratories and over-reliance on
printed materials. Similarly, Gongden, John [96] argues
that students’ low performance is because of difficulties
they faced in understanding science concept which include
poor understanding of the particulate nature of matter.
Several studies have found the learning cycle model to
increase the understanding of science concepts and to
address the misconceptions of students [34, 42, 46].
However, the extent to which 7E Inquiry Integrated
Module (7E-IIM) predicts improved understanding of
matter and its changes of states among children of the
different cognitive developmental level are not clearly
understood. Therefore, the purpose of this study was to
investigate an instructional strategy for teaching Concrete,
and Formal students learning state of matter. It is believed
that good quality pedagogical instructions enable students
to learn actively and motivate students' learning, thus
increasing  students' achievement and reducing
misconceptions. The instructional strategy was a module
designed around 7E learning cycle. Therefore, the present
study is going to determine if there is any significant effect
of 7E-IIM on concrete, and formal student’s achievement.

5.2. The Objective of the Study

The main aim of this study is to determine whether
7E-Inquiry Integrated Module teaching is effective in the
learning of form two Basic science students.

5.3. Research Questions

1) Is there a significant interaction between phase and
treatment on students’ academic achievement?

2) Is there a significant mean difference between groups
exposed to 7E Inquiry Integrated Module and
Conventional Method of Instruction with respect to
students' Academic achievement on states of matter
before the treatment (Phasel), after the Treatment
(Phase2), and three weeks later the Treatment
(Phase3)?

3) Is there a significant difference in the academic
achievement of students at the concrete operational
stage and those at the formal operational stage when
exposed to 7E Inquiry Integrated Module?

4) Is there a significant difference in the academic
achievement of students at the concrete operational
stage and those at the formal operational stage when
exposed to Conventional Method of Instruction?

6. Result

Data obtained using LCTSR from this study show that
the sample was 56% concrete (experimental group) and
52.94% concrete (control group) cognitive level and 44%
formal (experimental group) and only 47.06% formal
(control group) cognitive level. These results indicate that
most of the sample are operating at concrete cognitive level
(54.80%) and only 45.20% constitute formal cognitive
level.

(a) Hol. There is no significant interaction between
phase and treatment on students’ academic

achievement.

The Hol was investigated through Table 6.1. The
Mixed Between-Within Subject ANOVA results revealed
that there was a statistically significant interaction effect
between phase and treatment X*=0.60, F (2, 142) = 15.90,
p=0.00. The partial n* value of interaction effect is 0.16,
indicating that 16% variance of dependent variables was
explained by time and treatment effect.

Table 6.1. Mixed Between-Within Subject ANOVA Results for SMAT

Mauchly's D . . Partial
effect Test £ F Sig W2
Phase*Treatment 0.60 2 15.90  0.00 0.18

* Analysis was performed with the significance level of a=0.05

The significant interaction effect means that the
changes in students' SMAT scores over the phase for two
groups (7E-IIM and CMI) were different. In other words,
the impact of treatment (teaching method) on academic
achievement of students in states of matter differs over
time (see figure 6.1). Thus, the hypothesis Hol was
rejected.
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Figure 6.1. Estimated marginal means of groups

(b) Ho2. There is no significant mean difference
between groups exposed to 7E Inquiry Integrated
Module and Conventional Method of Instruction
with respect to students' Academic achievement on
states of matter before the treatment (phasel), after
the Treatment (Phase2), and three weeks after
Treatment (Phase3)

State of Matter Achievement Test was administered
before the students undergo the 7E-IIM and Posttest was
administered after the completion of intervention
conducted for a period of 7 weeks; however, delay post-test
followed three weeks.

Table 6.2. Means of Groups with Respect to Phase for SMAT

Phase Treatment Mean Std. Deviation N
EG 43.69 7.215 39
Phasel
CG 42.76 6.805 34
EG 52.41 4728 39
Phase2
CG 40.00 7.924 34
EG 50.44 8.255 39
Phase3
CG 48.06 8.577 34

Table 6.3. Pairwise Comparisons of Groups by Phase for SMAT

Phase (1) Treatment Tre:gl)nent Diffe?gziz 1-) Eslfr(:).r Sig!
EG CG 928 1.649 576

! CG EG -.928 1.649 576

) EG CG 12.4107 1.505  .000
CG EG -12.410° 1.505  .000

3 EG CG 2.377 1972 232
CG EG -2.377 1972 232

As shown in Table 6.2 and Table 6.3, at the beginning of
the states of matter intervention (Phasel), there was no
statistically significant mean difference between the two
groups regarding students' academic achievement (p>.05).
At the end of the intervention (Phase2), there was a
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significant mean difference between the experimental
group (M= 52.41) and control group (M=40.00) (p<.05).
The significant difference found between groups after the
intervention aroused from the treatment effect in favor of
experimental group. In contrast, three weeks later (Phase3)
no significant mean difference between the two groups was
observed. This finding implied that the retention of the
knowledge was not significantly different between groups
(p> .05). Although students in the experimental group
(Phase3) slightly gain higher mean score (M=50.44) than
the control group students (M=48.06). In other words,
students exposed to 7E-IIM stored the knowledge better
than students under CMI even though, it is not statistically
significance.

Consequently, it can be concluded that the 7E-IIM
experience as a learning tool by the students at
experimental group caused a significantly better
understanding of concepts and knowledge related to state
of matter than the students who are exposed to CMI in
control group. This has indicated that students perform
better and get higher marks after experiencing 7E-1IM.
Thus, the null hypothesis Ho2 is rejected. The main effect
of treatment was also significant which means that there
was a statistically significant mean difference between
groups F(1, 71)=20.66, p= 0.00. The partial n* value 0.99
indicating that 99% variance of dependent variables was
explained by treatment effect, this according to Cohen
(1988) as cited in Pallant [90] is a large effect size. See
Table 6.4.

Table.6.4. Tests of Between-Subjects Effects Results for SMAT

Source Type Il SS  df F Partial p’

1495.29 1

Sig.(p)*
0.00

Treatment 20.66 0.99

The finding revealed that students under 7E Inquiry
Integrated Module (7E-IIM) had a higher mean score than
the students under the conventional method of instruction.
Therefore, the 7E-IIM has influenced student’s academic
achievement and retention of knowledge.

(©) Ho3. There is no significant difference in the
academic achievement of students at concrete
cognitive level and those at the formal cognitive
level when exposed to 7E Inquiry Integrated
Module (7E-I1IM).

To test the Ho3, the post-test SMAT scores of concrete
and formal students under 7E-IIM were subjected to Mann
Whitney U test. The summary of the analysis is presented
in Table 6.5.

Table 6.5. Mann Whitney U test Analysis for SMAT Ranks of Concrete
and Formal Students in Experimental Group

Cognitive Mean Sum

level N Rank of rank U P-value
Concrete 22 17.27  380.00 127.00 0.09
Formal 17 23.53 400.00
Total 39
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Mann Whitney U test indicated that there was no
statistically significant difference in academic achievement
of students with respect to states of matter U
(concrete=17.27, formal=23.53)=127.00,Z=-1.71, P>0.05.
It can be concluded that there is no significant difference in
the post-test academic achievement of concrete and formal
students in the experimental group. This shows that the
7E-IIM has positively influenced the academic
achievement of both students at the formal and concrete
developmental level. Though there is a mean rank
difference of students at formal cognitive level, who
slightly gain a higher mean score than their counterpart.
The null hypothesis 3 was failed to be rejected.

(d) Ho4. There is no significant difference in the
academic achievement of students at concrete
cognitive level and those at the formal cognitive
level when exposed to Conventional Method of

Instruction (CMI).

To test the hypothesis, the State of Matter Achievement
Test scores of concrete and formal students under CMI
were subjected to Mann Whitney U test. The summary of
the analysis is presented in Table 6.6.

Mann Whitney U test indicated that there was
statistically significant difference in academic achievement
of students with respect to states of matter U
(concrete=14.08, formal=21.34) =82.500, Z=-2.13, P<0.05.
It can be concluded that there is significant difference in the
post-test academic achievement of concrete and formal
students in the control group.

Table 6.6. Mann Whitney U test Analysis for SMAT Ranks of Concrete
and Formal Students in Control Group

PN e g U v
Concrete 18  14.08  253.50 82.50 0.03
Formal 16 2134  341.50

Total 39

The significance difference could be as result of the
ability of students at formal cognitive stage to reason in
abstraction as an added advantage they had over their
counterparts who operates at concrete cognitive level and
may be one of the factors responsible for the observed
differences between the two groups. Therefore, null
hypothesis 4 which states that there is no significant
difference in the academic achievement of students at
concrete cognitive level and those at the formal cognitive
level when exposed to Conventional Method of Instruction
(CMI) is rejected. This implies that students mean scores
across the groups are different. Apparently, the CMI is
weak in influencing students understanding of abstract
concept.

7. Discussion of Findings

Overall, the test of the hypothesis showed that there was
a statistically significant difference in the students’
academic achievement at 0.05 level of significance. This
large difference in student performance may be attributed
to the fact that the teacher teaching experimental group
took time to elicit the student's previous experience to find
out what they knew about states of matter. The result from
Table 6.1, Pre-test (phasel) showed that students in both
groups had the same entry behaviour in the sample, their
level of performance in the SMAT score was the same,
(P>0.05). Quantitative comparison of phase and phase2
results indicated significant positive improvement in their
States of matter achievement p<0.05. The finding revealed
that student who experienced 7E Inquiry Integrated
Module had higher mean score in phase2 achievement than
in phase, in other words, the overall finding of the study
suggested that student’s academic achievement through
TE-1IM.

The significant finding indicated that the students under
7E-IIM attain success in learning States of matter than
students under CMI. The attainment of success is because
of practical activities and group discussion classes
conducted during the intervention. Similarly, 7E inquiry
integrated module had a significant effect on concrete and
formal developmental level students. The researchers
concluded that applying 7E-IIM for students learning in of
science help to improve their academic performances
regardless of their cognitive level, and this finding is in line
with the findings of Mari and Gumel [97] whose study was
meant to determine the effect of jigsaw on concrete and
formal students’ academic achievement and self-efficacy.
The finding generally reveals significant improvement on
the students in their academic achievement. The study,
however, found a slight difference in the mean score of
concrete and formal students on their chemistry
achievement. Also, no significant difference was found in
their self-efficacy.

A similar finding was reported by Ali, Ghazi [98] based
on their study on the effectiveness of Modular Teaching in
Biology at Secondary Level. Their findings reveal that
modular teaching is effective. Also, Nor [99] conducted a
study on the development of a Classroom Instruction Based
on Constructivist SE-learning Cycle Approach to Enhance
Students'  Conceptual ~ Understanding in  Data
Communications and Networking. The findings reveal that
the module is effective and suitable for students learning.
In a related study by Alias and Siraj [100] on design and
development of Physics module based on learning style
and appropriate technology by Employing Isman
Instructional Design Mode, the result revealed that the
developed instructional module was effective in the
learning outcome of students.

It is not difficult to conclude that the findings of this
study support the claim that 7E-learning cycle model helps
to engage students in their learning process, making them
self- aware of how they learn, as well as what they learn to
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enhance overall learning experiences. This finding
supports the views of [77, 101-103] who researched the
effectiveness of 7E learning cycle on students’ academic
achievement. The finding of this study is also similar to the
findings reported by Sornsakda, Suksringarm [104],
indicating that students of high and low achievers attain
success after undergoing 7E learning cycle.

8. Conclusions

Based on the present findings, the researchers believe
that the following conclusions are justified.

a). Based on the empirical evidence provided in this
study, the finding has shown that the 7E-Inquiry
Integrated module is found to be more successful than
the conventional method of instruction.

b). No matter what strategy is employed in teaching
students; the success of formal developmental level
students should be expected to be slightly greater than
the success of concrete developmental level. That was
certainly the case in this study.

c). Although the success of formal cognitive level
students is likely to be greater than the performance of
Concrete cognitive level students, the success of
Concrete cognitive level students may be quite
satisfactory if concrete concepts are studied under a
carefully designed approach like 7E-Inquiry
integrated module. Concrete and formal cognitive
level students have statistically achieved the same
results in the conceptual understanding of States of
matter in the experimental group, and the possibility
exists that concrete students’ might performance
greater than the formal developmental level based on
the individual comparison. It must be stressed that
this conclusion is only valid if the strategy adapted in
teaching concrete does not require formal reasoning.

d). The use of the module to demonstrate the important
features of formal concepts enhances the achievement
of students, regardless of their intellectual level.

e). The study has confirmed the belief that well-designed
teaching strategies can bridge the gap between the
achievement of Concrete, and formal developmental
level students, but the findings warrant further
investigation of the subject matter.

f). Based on what we now know, we realise that no
teaching strategy will remove the difference in
achievement between Concrete, and
formal-operational students, as science ideas require a
formal rationale for overall understanding, and
therefore more effort should be made to develop
instruction that can be used to enhance the intellectual
development of students.

g). The research found that both groups (experimental
and control) of students reported similar scores in
their States Matter Academic Test at phase3. This
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implies that the 7E-IIM there is no difference in
retention of knowledge across the groups of students
learning of States of matter. Though students under
7E-IIM slightly had a high mean score that student
under Conventional Method of Instruction.

This study has a very important contribution and high
implication for educational practices. This study supports
the view of Hartman [105], Oyelekan and Olorundare
[106], Perinpasingam and Balapumi [107], Perinpasingam,
Arumugam [108] who assert that instructional module
design based on effective strategy enhances academic
achievement. Furthermore, research conducted by [36, 40,
46, 78-81] affirm the effectiveness of 7E learning cycle on
students’ academic achievement. According to Glynn,
Britton [65], a student exposes to mind on activities of
learning science are believed to attain success in science
class. When students’ readiness is established, students
are motivated to learn and are more confident to ask
questions from one another for a better understanding of
the tasks being learnt. Findings from these studies have
indicated a substantial difference between students
thought under 7E learning cycle and those under
conventional instruction.

9. The Implication of the Study

Student understanding States of the matter is very
crucial in their subsequent learning of science, specifically
chemistry and physics. It is suggested that since students’
cognitive level is important for their understanding of
science concepts. It is crucial for science teachers to
identify students’ cognitive development, which is to
insure there should be concrete activities so that students
understand abstract concepts irrespective of their level of
reasoning. Since the influence of the 7E strategy is so
strong, teachers should be encouraged to integrate this
strategy into their teaching and gradually adapt it to their
own personalized teaching style.

10. Suggestions

Based on the findings of this study, the following
recommendations were made:

a). Basic science teachers should adapt mind and
hands-on 7E-IIM and other various inquiry teaching
strategies to enhance students’ academic achievement
in Basic science.

b). Atthe preservice level, the use and implementation of
constructivist teaching strategies in the classrooms
should be stressed in the methodology courses being
offered by the Student-teachers at the universities and
colleges of education.

c). At the in-service level, seminars and workshops
should be established by ministry officials, zonal
educational authority, and local education authority to
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educate practicing teachers on how to embed the
7E-1IM in schools at all levels.

d). More study to determine if there is a relationship
between Lawson classroom test of Scientific
reasoning (LCTSR) scores and academic
achievement of children is also recommended.
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