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Abstract

Learning Biology through 7E Instructional Model with Metacognitive Scaffolding
and Students’ Motivation

Habtamu Wodaj
Addis Ababa University, 2019

The main purpose of this study was to investigate the effect of 7E instructional model with
metacognitive strategies on students’ learning biology and motivation compared to conventional
instruction. Moreover, the effect of 7E instructional model alone and conventional instruction
with metacognitive strategies on these dependent variables were also investigated. The research
method was mixed research method with quasi experimental design with pretest — treatment —
posttest - delayed posttest. The study consisted of four schools and four classes (one from each)
and assigned as treatment group 1, 2, 3 and comparison group randomly. In treatment group 1,
7E instructional model, in treatment group 2, 7E instructional model with metacognitive
strategies, in treatment group 3, conventional instruction with metacognitive strategies and
comparison group with conventional instruction alone were used to teach human biology for 10
weeks. Human biology achievement test, human biology conceptual understanding test and
motivation questionnaires were administered for all groups as pre test, post test and only human
biology achievement tests, human biology conceptual understanding tests were administered as
delayed post test. After the treatment, 24 students, six from each group, were interviewed semi-
structurally. Multivariate Analysis of Variance (MANOVA) and Analysis of Variance (ANOVA)
were used for analysis of the quantitative data and the qualitative data were transcribed, coded
and categorized. The results showed that 7E instructional model supported with metacognitive
strategies had significantly superior effect over 7E instructional model alone, conventional
instruction supported with metacognitive strategies and conventional instruction alone for
improving students’ achievements, conceptual understanding and retention of concepts in
learning biology and minimizing misconceptions. Moreover, it was found out that 7E
instructional model alone was also superior than conventional instruction supported with
metacognitive strategies and conventional instruction alone in improving students’
achievements, conceptual understanding and retention of concepts in learning biology and
minimizing misconceptions. But conventional instruction supported with metacognitive strategies
was not superior to conventional instruction alone in improving students’ achievement,
conceptual understanding and retention of concepts in learning biology minimizing
misconceptions. The interview results supported these findings. In relation to motivation it was
found out that 7E instructional model supported with metacognitive strategies had significantly
superior effect over conventional instruction supported with metacognitive strategies and
conventional instruction alone but not over 7E instructional model. Similarly, 7E instructional
model was superior to conventional approach in enhancing motivation. However, there was no
significant difference found between male and female students in learning biology.

Keywords: 7E instructional model, metacognitive scaffolding, misconceptions, human biology,
achievement, conceptual understanding, retention, motivation, gender.
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Chapter One: Introduction

Science education in the twenty first century demands the introduction and proper
implementation of modern instructional methods and integration of technology in to school
curricula so as to enhance students’ science learning. Due to this, exploring appropriate and
suitable instructional method and integrating technology in the teaching learning process to
improve students’ science learning were the work of many educators in the world for the past
many years. To this end, varieties of instructional methods and educational technologies that
support learning have been developed and their effectiveness in enhancing science learning has

been proven with research findings.

Despite such efforts, science learning in Ethiopia has suffered a lot of setbacks. One of
the major setbacks is the lack of appropriate instructional method in science classrooms because
the predominant teaching method in schools is teacher- centered (Reta, 2017; Teshome, 2012),
which has its own drawback in helping students’ effectiveness in science learning (Hosseeini,
2012). In order to improve the effectiveness of science learning in Ethiopian classrooms research
in this area has become indispensable. This particular study was conducted to investigate
Ethiopian Grade Nine students’ of biology learning through 7E instructional model (7E 1M)
combined with metacognitive strategies (MS) and motivations. The 7E instructional model
consists of seven phases that start with an English letter “E” (Elicit, Engage, Explore, Explain,
Elaborate, Evaluate and Extend). Metacognitive strategies include planning, monitoring and
evaluation strategies. In order to triangulate the investigation, the effect of learning biology
through 7E IM alone and the effect of learning biology through the combination of conventional
method with metacognitive strategies were also examined. The theoretical framework for this

study is constructivism.



The study used mixed research method and concurrent embedded research design in
which qualitative research is embedded within quantitative research. Within this framework,
nonequivalent quasi- experimental research design with pretest, treatment, posttest and delayed

posttest were employed.

Once data were generated, organized and analyzed writing of the thesis was arranged in
to five chapters. The first chapter covers back ground of the study, the context, statement of the
problem, purpose of the study. The second chapter discusses theoretical perspectives
(constructivism, metacognition and motivation) that framed this study. The third chapter depicts
the research methodology (method and design). The fourth chapter presents results and

discussion while the fifth chapter presents summary, conclusion and recommendation.

1.1 Background of the Study

Generally, it is known that education takes the lion’s share of the factors that affect the
social, political and economic development of any country. In the 21* century, most countries
especially the underdeveloped ones, need scientifically literate citizens that contribute for the
social, political and economic development of their country. As a result, in countries were
education is regarded as priority, it has been taken as a major mechanism for the socio-economic
development. Historically, science education most particularly has played a great role in the
socio - economic development of nations. However, research indicated that in many places
around the world, science education is facing serious challenges as population grows and the
demand for technology and development increases (EU, 2007; Osborne & Dillon, 2008;
UNESCO, 2008). Among the challenges that developing countries faced in particular are the

lack of resources (educational and financial) and adequately trained teachers (ICSU, 2011).



These challenges seriously affected the quality of science education, which in turn affects
students’ achievements and their interests towards science education. The two large scale survey
studies, the Programme for International Student Assessment (PISA) study and the Trends in
Mathematics and Science Study (TIMSS), provide sufficient evidences for effects of these
challenges on quality of science education. These surveys provided a great variety of information
about the status of school science education in the world in terms of test scores and issues related
to curricula, time allocation, resources for teaching, teacher education and later professional
development, classroom methods and activities. The results of these studies show that “the status
of science education in terms of quality, achievements and the interest of young people towards
science are low in the emerging and less developed countries” (ICSU, 2011, p.11). Obviously,
these lacks of quality, low achievement and interest towards science education affect the ability
of educated peoples to apply what they have learned in their day to day life to solve different
problem. A research conducted by Wieman & Perkins (2006) in the United States described this
problem, in well developed countries as “science classes from elementary school through to
university are generally failing to provide most students with a thorough understanding of

science that will allow them to live and work successfully in the twenty-first century” (p. 290).

The problem becomes much more serious when scan the situation in developing
countries. Research indicated that students in Africa fail to connect what they have learned in
classroom to their day today life in order to solve real problems. For instance, Asabere-Ameyaw,
Sefa Dei and Raheem (2012) described this condition as: Young learners in Africa either shy
away from applying school knowledge, or are not prepared enough to apply what they have
learned in their classrooms to everyday community problem solving (p 1). Similarly, Gitari

(2008,), described the situation in Africa as:



Underachievement and under-representation of girls and women in science and the

efficacy of the content knowledge learned in school, that is, the inability of the
majority of science graduates to transfer the science knowledge they gained in
school to everyday problem-solving situations are key issues in Africa (p.42).

In addition to lack of resources and adequately trained teachers, lack of the integration of
indigenous African knowledge in to modern science education is also a factor that affects the
provision of quality education which enable students to solve real problems (Engida, 2008;
Gitari, 2008, Faris, 2008, 2012; Asabere-Ameyaw et al, 2012; Emeagwali and Sefa Dei, 2014).
Situated in Africa, the problem in Ethiopia is not different from what is mentioned above. In
spite of the expansion of higher education in Ethiopia, there were problems in provision of
quality education. In addition to the economy of the nation, the graduates’ competency and the
quality of trainings are determinants of unemployment rate (Oluwajodu, Blaauw, Greylin, and
Kleynhans, 2015). According to Mulu (2009) the quality of higher education in Ethiopia has
been negatively affected by inadequate schooling at lower levels of the education system
including secondary schools and that the tendency to promote students regardless of their
performance, including at tertiary level, has become a critical challenge. Hence there is a need to

work on quality of education at all level particularly at lower level schools.

These problems resulted in the presence of large number of unemployed graduates and in
those who are unable to create job and solve the problem of the society. This may result in loss
of interest among the societies on the ability of science education to improve their social and
economic status and hence the need to invest on students science learning. The society may
prefer other alternatives to solve its day to day problems rather than through learning scientific
knowledge. For instance, children from agricultural areas may prefer to spend their time in
traditional agricultural activities while children from urban prefer to be engaged in labor

activities and small business. This will result in the presence of large number of illiterate

4



citizens that in turn result in poor nation. To alleviate this problem, provision of quality science

education that enables to be creative and innovative in science and technology is mandatory.

The concern of this study is, therefore, on the way we deliver creative and innovative
science education and the way students learn in secondary schools which affects quality of
education and base for the tertiary level. Research indicated that students’ effective science
learning can be affected by different factors such as the methods of instruction (Munck, 2007),
the nature of the subject (Cimer, 2004; Tekkaya, Ozkan and Sungur, 2001) and the students
themselves (Saavedra, and Opfer, 2012). According to Kennedy (1998), students’ conceptual
understanding of science is dependent on how their teachers teach science. To be effective,
science teachers need to develop the skill to represent important ideas and abstract concepts for
students in understandable way. The ability to do this is the root of effective teaching (Munck,
2007). Whenever there is effective science teaching in schools, students can understand science
and easily apply it in their environment to solve different types of problems. Therefore, the
method of instruction by which education is delivered (the pedagogical approach in teaching
learning process) is one of the important factors that affect students’ learning of science

(Hosseini, 2012).

In another sense, the failure in the instructional approaches used in a classroom is one of
the reasons for students’ ineffective science learning (Ganyaupfu, 2013; Munck, 2007; Orji and
Ebele, 2006; Oloyede, 2010; Umar, 2011). So far, there are two globally recognized types of
approaches in teaching learning process. These are traditional (teacher centered) and modern
(learner centered) instructional approaches. In the past many years the traditional teacher

centered instructional approach has been given a great emphasis.



In the traditional instructional approach, teachers are considered as knowledgeable
persons and expected to transfer this knowledge to the students. In this approach, students have
little role in the teaching learning process. They are more passive participants, i.e. listen to the
information, take notes, and retrieve or recall the information for evaluation purposes (Hake,
1998; Hejazi, 2006; Schiller, 2009). With such traditional approach, the focus is more on
acquisition of information than on aiding critical thinking, conceptual understanding and
cooperative learning. It also fails to stimulate student motivation, confidence, and interest of
learning (Weimer, 2002).Traditional approach does not promote long—term retention of some
abstract concepts in biology (Ahmed and Abimbola, 2011; Umar, 2011). More particularly, in a
science classroom where students are expected to develop critical observation and analytical

skills, the traditional approach is not worthwhile to pursue.

These drawbacks of the traditional approach resulted in the need for exploration of an
effective way of teaching approach in science during the 20" century. Scholars emphasized
searching on approaches that promote meaningful learning, problem solving, and critical
thinking for a diverse students in science education that focuses on students than teachers. This
movement resulted in the emergence of an alternative approach which is termed as learner
centered approach, a countermovement to traditional teacher-centered approach (Baeten, Dochy,
and Struyven, 2012). Hence, since the mid 1980s there has been an extensive reform in science
education around the globe, based on findings on how humans learn and the development of
science teaching models (Jonassan, 1991; Lewin, 1992). Since then, varieties of instructional
approaches have been developed within the learner centered approach under constructivism

learning theory.



For instance, learning cycle is one of the learner centered approaches recommended by
constructivists. The learning cycle is a systematic approach to instruction proposed during the
implementation of Science Curriculum Improvement Study (SCIS) project by J. Myron Atkin
and Robert Karplus in 1967 and consists of three phases: Exploration, Invention and Discovery
(Byee et al., 2006). Afterward, the most commonly used revised form of the learning cycle is the
5E learning cycle which was later on expanded to 7E learning cycle. The 5E instructional model
also known as learning cycle was developed in the late 1980s as a component of the science for
life and living curriculum created through the Biological Sciences Curriculum Study (BSCS)
(Bybee & Landes, 1990). The instructional model has five phases; Engage, Explore, Explain,
Elaborate and Evaluate (Bybee et al., 2006) Subsequently, 5E learning cycle and instructional
model has been extended to another instructional model with seven phases (Elicitation,
Engagement, Exploration, Explanation, Elaboration, and Evaluation and Extension) and named
as 7E learning cycle and instructional model (Eisenkraft, 2003) (see the detail in the literature

part, chapter 2).

Unlike the traditional one, learner centered approach resulted in the students’ active
involvement in classroom (McCombs and Whisler, 1997). It also resulted in change in the role
of the teacher from transmitter of information to facilitator of the classroom practices and
promoter of learners’ involvement in the teaching and learning process (Meece, 2003, Schiller,
2009).

There are wide ranges of evidences to support the view that a learner-centered approach
has positive consequences to learning science. Learner-centered teaching produce higher
learning achievement and higher motivation, greater retention of knowledge, deeper

understanding, higher critical thinking skills, responsibility in their learning and the ability to



apply complex ideas in real-life situations and more positive attitudes towards the subject being
taught (Burke, 1983; Collins and O'Brien, 2003; Wachanga and Mwangi, 2004; Weimer, 2002).
Moreover, research indicated that learner centered approach resulted in significantly better
understandings of scientific conception and elimination of misconceptions (Tebabal and

Kahssay, 2011).

As mentioned above, in addition to instructional approach, the nature of the subject also
affects students learning. Biology is one of the subjects in science education. It deals about living
things: the nature, the process and the interaction within and with the physical environment. In
biology there are different concepts included in secondary school education. Most of the
concepts are difficult for secondary school students to learn. For instance, biology topics like
transport in plants and genetics (Bahar, Johnstone and Hanseli, 1999; Johnstone and Mahmoud,
1980), cellular respiration, protein synthesis, photosynthesis, Mendelian genetics, mitosis and
meiosis (Anderson, Sheldon and Dubay, 1990; Finley, Stewart and Yarroch, 1982), gaseous
exchange (Seymour and Longdon, 1991), and concept of energy (Jennison and Reiss, 1991),
were reported among the most difficult biology topics to be learnt by secondary school students.
Moreover, Lazarowitz and Penso (1992), identified cells, organelles, organs, and physiological
processes, hormonal regulation, oxygen transport and the principle of structure and function as

difficult concepts for students in high school biology.

In order to overcome these difficulties and make biology learning more effective,
according to Cimer (2012), it is necessary to use varieties of strategies of teaching biology and
connect the topics with daily life while teaching. It is because of this hat the identification of
suitable instructional approach which will enable all learners to learn effectively became the

major concern of science education researchers (Patrick, 2013).
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The other factor mentioned above that affects students learning is the student themselves.
In relation to students, the 21* century science education requests the learner to be self directed,
self regulated and independent learners so as not to depend completely on teachers in knowledge
acquisition. In other word, educating students for the 21* century requires teaching them how to
learn on their own and hence they need to be aware of how they learn and their own learning
(Saavedra, and Opfer, 2012). This implies that students need to monitor themselves and their
own work as self-monitoring is important principle in science learning (Donovan and Bransford,
2005). Self-monitoring refers to whether students are metacognitively aware of their learning or
not. To do so, emphasis should be given to metacognitive awareness of learners about different
metacognitive strategies used in effective learning. Metacognitive strategies include planning,
monitoring and evaluation of thinking and learning process (Chauhan and Singh, 2014).
Research suggests that those students that are aware of metacognitive strategies are more
successful than the others in their learning (Caraway, Tucker, Reinke and Hall, 2003; Dignath et

al., 2008; Imani, Sabetimani, Qujurand and Ardestani, 2011).

Furthermore, metacognitive awareness of learners has a relation with personality
variables. Research indicated that there is a relationship between metacognition and certain
personality variables such as motivation, self-efficacy and academic achievement (Landine and
Stwart, 1998). Motivation refers to the initiation, direction, intensity and persistence of behavior
(Namasaka, Mondohand Keraro, 2013). Individuals can be motivated from within, by
fascinations, inquisitiveness, or a value for the task at hand as well as external factors such as
reward systems, grades, exams or punishment (Mahadi and Jafari, 2012). Motivation is a key
factor in learning and achievement of students at all levels of school (Rehman and Haider, 2013).

It has positive relation with academic achievement and the use of metacognitive strategies



(Landine and Stewart, 1998). According to the research finding of Aydm (2016) the use of
metacognitive strategies resulted in a positive and significant prediction of students' motivation
to learn biology. This study, therefore, tried to look into how learner centered approach (7E
instructional model) and metacognitive strategies affect students’ learning biology and

motivation compared to conventional/ teacher centered approach.

1.2 Context of the Study

Ethiopia, as a developing country, needs to create a scientifically literate, critical thinker,
creative and innovative society in science and technology so as to solve very deep rooted
problems in the nation. To do this, science education plays an important role. It enables citizens
to have scientific and technological knowledge, helps decisions based on scientific evidence and
recognizes the importance of science and technology in the development of the nation which in
turn positively affect their lives. Students’ effective science learning, therefore, is indispensable

in the 21% century.

Modern education in Ethiopia reported to be officially commenced in 1908 with the
opening of Menelik 11 School in Addis Ababa, marked a significant step in the history of modern
education in Ethiopia (Bekele, 1991). Modern education expansion continued during Emperor

Haile Selassie | and Derge regimes (Bishaw and Lasser, 2012).

Currently, more than any time ever, expansion of education in Ethiopia is at its highest
rate in line with the millennium development goals in which all children should go to school by
2015. Nevertheless, there are many problems in delivering quality education for learners. Some

of the problems mentioned in the Education Sector Development Program three (ESDP-III)
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includes: rapid increase in the level of enrolment, lack of a sufficient number of qualified
teachers, weak program management and implementation capacity (MoE, 2005). Although there
is much improvement, challenges like completion rate and achievement, equity in access, and
management capacity that affect quality of education remained to be realized in ESDP IV (MoE,
2010). In addition to expansion, nowadays, Ethiopia has given a great emphasis for science
education. An evidence for this is the 70:30 professional mix introduced in Ethiopian in which
70% of students should be enrolled in science and technology and the remaining 30% of students

should be enrolled in the social science and humanities streams (MoE, 2008).

The science education in Ethiopia was developed based on the needs of the nation and
global requirements in producing qualified educators though had not been effective as expected.
This ineffectiveness of the education system enforced the government to critically revise and

develop new education system which is now floored as a roadmap for discussion.

The current Ethiopian education system is structured in to kindergarten, primary
education, secondary education, higher education, Technical, Vocational Education and Training
(TVET) (MoE, 2010). Primary education is organized in to first cycle (grade 1-4), and second
cycle (grade 5-8) school levels and secondary organized in to first cycle (grade 9-10), and second
cycle or preparatory (grade 11-12,) school levels. Higher education includes colleges and

universities.

The Ethiopian secondary school curriculum comprises major science subjects like
physics, chemistry and biology. Biology is one of the core subjects in Ethiopian education
system starting from elementary schools to universities. Biology was taught as a part of

environmental science course at first cycle primary school (1-4) and as integrated science course
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at second cycle primary school (grade 5-6). It starts as a separate course in second cycle primary
school at Grade Seven in Addis Ababa city. In first cycle secondary school (grade 7-8), students
learn biology with three period per week. In secondary and preparatory schools, students’ learn
biology four periods per week and it covers contents that are important for students to grasp the
knowledge required for their further education, for instance, in medicine, agriculture,
environmental science and biotechnology. In order to achieve this end, there is a need to devise
appropriate instructional approaches in line with constructivism learning theory and properly

implement in schools.

Among priority areas identified for Education Sector Development Program four (ESDP—
V), the improvement of students’ achievement through the enhancement of the
teaching/learning process is one (MOE, 2010). Teaching learning process includes the
instructional approaches and the assessment techniques used in classroom and hence, using

appropriate instructional and assessment method is required.

In the past many years, the Ethiopia education system emphasized on the traditional
teacher centered method of delivering education and accompanied with traditional assessment
techniques that encourages memorization of facts. As a result of criticism made by educators
here in Ethiopia and worldwide, the use of this method in teaching science became questionable
and necessitated shifting of teaching approaches to the learner centered method. In line with this,
the Ethiopian government made a change in education policy since 1994. Accordingly, the
Ethiopian education and training policy launched in 1994 emphasized on the constructivist based
learner centered approach that use different active learning techniques than the traditional chalk
and talk mode of delivery (MoE, 2002). This policy clearly indicated that curriculum

development and textbooks preparation are based on current sound pedagogical and
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psychological principles (TGE, 1994). The syllabi prepared for courses at different levels also
gave emphasis to the learner centered approach. For example, the biology syllabi for grades 9-
12 prepared by the Ministry of Education in 2009 clearly states that approaches to develop
learning competencies in biology is based on constructivist theory of learning which emphasizes
on active involvement of learners and construction of knowledge (MoE, 2009). It has

summarized principles of learning as follows based on constructivist learning theory:

Principles of learner
centered learning
environments

A 4

Knowledge Learning is Learners are Teachers Learning is a
Develops construction of persons actively encourage social, and hence
knowledge engaged in knowledge language based
constructing construction activity
knowledge

Figure 1. Biology Syllabus, Grades 9 -12, 2009: (Source: Federal Democratic Republic of
Ethiopia Ministry of Education, p. 6)

The above figure explicitly shows that learning has an individual and social aspect which
reflects the constructivism learning theory and the need to properly implement learner centered
approach in the constructivism environment. According to this theory, learning is construction of
knowledge as a result of individual interaction with task, with each other and with the teacher
than passive absorption of knowledge. However, implementation of the concept of this general
idea stated in the figure in the classroom is not easy. It needs appropriately designed instructional
model that facilitate learners engagement, learners interaction, teachers facilitation role in

knowledge construction and development. Therefore, designing suitable instructional approaches
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that enable students to learn in the way intended, improve their creativity and effectiveness in the

society to solve different types of problems is necessary.

In addition to using appropriate instructional approaches, using educational technologies
is also crucial in the 21* Century. With the expansion and shift in the way of delivering a lesson,
another important activity done in Ethiopian education system in the past few years is the
integration of information and communication technology (ICT) to enhance quality of education
and maximize students learning. One of the technologies used in Ethiopian education system is
educational broadcast through a satellite receiving device and a plasma television. It was
introduced in 2004 for teaching the courses English, mathematics, physics, chemistry, biology,
and civics and ethical education. However, research findings indicated that its effectiveness was
doubtful. According to Latchanna and Garkebo (2012), the problems related to this are
interactivity, role of the classroom teacher, language of instruction, time allocation between
classroom and plasma television teachers, pace and length of broadcast, attitudes and awareness
about the program. Similarly, a study conducted by Berhanu (2013) shows that students and
teachers were not interested in using the plasma television in teaching learning process. Even
though there was no doubt that integration of technology enhances quality of education, it was
not properly implemented in Ethiopian secondary schools to attain an intended outcome. It is
within this context that this study was conducted aimed at improving students’ biology learning

using different instructional strategies.

1.3 Statement of the Problem

It is obvious that learners are expected to achieve the expected outcomes while learning.

Unfortunately, results from national learning assessment in Ethiopia indicated that most students

14



after completing each grade cycle are unable to fulfill the minimum learning competencies stated
by the Ministry of Education. The Ethiopian baseline national learning assessments of Grades 10
and 12 students conducted in April 2009 indicated that students are unable to attain the required
competencies (NAE, 2010). According to this finding, the academic achievement of the students
as measured by the composite mean score of the five subjects namely English, mathematics,
biology, chemistry and physics was found to be less than the 50% achievement level. The
minimum achievement level set by the Education and Training Policy of Ethiopia is 50% (TGE,
1994, p.18). The national composite mean score (the average of what the students scored in the

five subjects) was only 36% for Grade 10 and 47.8% for Grade 12.

Looking at the mean score of biology for Grade 10, the mean scores (40.3) was below
the minimum requirement (50%). However, in Grade 12, the mean score of biology was found
slightly higher than the minimum requirement 50% i.e. 55.5%. The recent national learning
assessment of Ethiopia also indicated that grade 10 students scored 46.96% which is still below

50% (NEAEA, 2014).

An academic achievement of students is a reflection of their level of conceptual
understanding and retention of concepts. According to Omolade (2008), in order for students to
have higher academic achievement, they must have deeper understanding of basic concepts of
the subject. The students’ conceptual understanding of science in turn depends on how their
teachers teach science (Kennedy, 1998). It is also indicated that achievement in education is
directly related to knowledge retention (Agaba, 2013). For learners to improve their biology
achievement, they must retain knowledge acquired during teaching/learning process (Agaba,

2013).
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Researchers linked regular poor academic achievement of majority students to the
inability to apply effective instructional approaches by teachers while teaching (Adunola, 2011;
Ahmed and Abimbola, 2011; Ganyaupfu, 2013; Gatlin; 1998; Orji and Ebele, 2006; Oloyede,
2010; Umar, 2011; Zakaria and Iksan, 2007). This implies that academic achievement of learners
is a reflection of quality of teaching (Ganyaupfu, 2013). Currently, the constructivist based
learner centered approaches are considered to be effective ways of teaching in improving

students learning provided that it is implemented effectively.

Studies in Ethiopia show that the level of understanding and skills of teachers in applying
suitable learner-centered methodology in biology classes were limited and traditional lecture
methods are dominant in classrooms (Areaya, 2008; Bekele and Melesse, 2010; Berhe, 2006;
Beyessa, 2014; Dufera, 2006; Teshome, 2012; UNICEF, 2010 and Yalew, 2004). One of the
reasons for this is because most of the teachers were not trained in the modern teaching learning

approach and even some were unable to get in to in-service training (Bekele and Melesse, 2010).

So, it is evident to partially link the low academic achievement of students in biology
with inability to identify and implement suitable learner centered instructional approach in
schools. It is within this context that we see students’ biology achievement in Ethiopia. Biology
is one of the components of education system in Ethiopian. As part of scientific inquiry, biology
has special relevance to students as individuals, to the society and to the growth and development
of Ethiopia at large. Biology education equips learners with the basic knowledge and skills that
are essential in the study of fields such as medicines, pharmacy, nursing, agriculture, forestry and
biotechnology. Moreover, many of the contemporary issues and problems such as nutrition,
health, drug abuse, agriculture, pollution, rapid population growth, environmental degradation,

global warming and conservation in the society are essentially biological in nature. If these
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problems are to be dealt with realistically, an understanding of biological knowledge is required.
Therefore, teaching biological science needs instructional approaches that help students to
understand biology and be able to apply their knowledge in their day to day life. There is a real
need to search effective learner centered instructional approach that helps learners to learn

biology better and improve their performance in the Ethiopian context.

Another important issue in science learning is students’ motivation. Students’ motivation
towards learning science has a positive impact on their academic achievement and conceptual
understanding of concepts (Cavas, 2011; Chan & Norlizah, 2017; Pintrich & Schunk, 2002). In
Ethiopia, for instance, in a research conducted by Geberew and his colleagues, teachers reported
that students have low motivation to learn science in secondary schools (Geberew, Tigist and J-
F, 2017). Moreover, Giertz, (2016) indicated that one of the cause for teachers de-motivation in

Ethiopia is a decrease in students motivation to learn.

In short, the problems are: 1) Students’ low learning outcomes. 2) Students’ low
motivation. 3) Use of traditional teacher centered approach in schools. 4) Lack of awareness

among students on how to learn?

Therefore, if the learning outcomes of students can be affected by the way education is
delivered and motivation of students, there is a need to search a mechanism by which the
problem pertaining to these issues could be addressed. Hence, this study focused mainly in
investigating ways of improving students’ biology learning and motivation in the context of

Ethiopian secondary schools.
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1.4 Objective of the Study

Science education is crucial in the development of the country and transformation of
peoples live. Thus, there is a need to offer quality education to produce critical thinker, creative
and competent individuals in the field of science. To do so, using different modern ways of
delivering science education is important. Hence, the main objective of this study was to
investigate how the 7E instructional model, one of the learner centered approaches, supported
with metacognitive scaffolding enhances students’ biology learning and their motivation.

In order to attain this objective, four groups of student were involved in the study. The
groups were treatment group 1, treatment group 2, treatment group 3 and comparison group.
Students in these groups were taught using 7E instructional model, 7E instructional model with
metacognitive strategies, conventional instruction with metacognitive strategies and conventional
instruction respectively. Based on this, specific objectives and research questions were
formulated.

The specific objectives were:

1. To compare students’ achievement, conceptual understanding and retention in human
biology concepts between groups,

2. To examine students’ motivation among groups,

3. To compare achievement, conceptual understanding and retention of human biology concepts
and motivation across gender,

4. To determine misconceptions held by students in each groups,

5. To investigate extent of misconception among groups.
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1.5 Research Questions

1. Is there a significant mean score difference in achievement, conceptual understanding and
retention of human biology concepts between groups?

2. Isthere a significant mean score difference in motivation among groups?

3. Is there a significant mean score difference in achievement, conceptual understanding and
retention of human biology concepts and motivation across gender?

4. What are the misconceptions in human biology held by students in each groups?

5. How different are misconceptions in human biology among groups?

1.6 Significance of the Study

As it is discussed previously in the statement of the problem, there is a difficulty in
achieving the minimum learning competencies in biology and other secondary school subjects.
Scholars relate this problem with the inability to use and implement suitable instructional
approaches in schools. Research on the effective instructional approaches that helps learners
learn science better in Ethiopian context is undeniable. Hence, a study on the effectiveness of
different instructional approaches in teaching biology to improve students’ learning is very
important. The findings from this study contribute to the existing body of knowledge in relation
to active learning methods that actively engage learners and assessment techniques in order for
teachers to organize and teach the lesson and assess students learning effectively so as to
enhance their learning. This study serves as a ground for further research at different school
context, and educational levels from primary to tertiary on how to improve students’ biology
learning. It also serves as a basis to conduct large scale studies on the effectiveness of these
instructional approaches particularly the 7E instructional model with metacognitive strategies.
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The findings from this study will serve as an input to policy makers, curriculum developers and
teachers to teach science particularly biology in an effective way to maximize students learning

and ensure quality of education that ensure sustainable development of the country.

1.7 Delimitation of Study

This study was conducted in secondary schools in Addis Ababa, Ethiopia. It is delimited
to four governmental schools in the city. The content covered in this study is human biology
from Grade Nine. The unit deals with food and nutrition, the digestive systems, respiratory

systems, circulatory systems and cellular respiration of humans.

1.8 Limitations of the study

While conducting a research there are a number of limitations. This study was conducted
in four schools with four teachers. The teachers and the schools may affect the intervention
because it is difficult to control all teachers and school related variables, even though the
researcher tried to select similar schools and teachers from different perspectives, gave trainings
on the instructional approaches and ways of implementation and conducting classroom
observations and discussions with the teachers during implementation to ensure the research
protocols were adhered to. The other limitation of this study was that it was conducted in natural
setting since the classes had been formed at the beginning of the semester by school
administrators. This limits the extent of generalizability of the findings to different schools

unless they have similar characteristics.
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1.9 Definitions of Terms and Concepts

Learning — in this study learning refers to students’ achievement, conceptual understanding and
retention of human biology concepts.

Achievement - Student achievement is the status of human biology knowledge of students which
is assessed by scores on human biology achievement test.

Conceptual understanding - Conceptual understanding reflects a student's ability to reason out
their responses which is assessed by scores on human biology conceptual
understanding test.

Retention — refers to maintaining acquired human biology knowledge/ concepts to use at a later
time which is assessed by scores on human biology achievement and conceptual
understanding test.

Misconception — refers to those conceptions in human biology which are not consistent with
concepts that are currently accepted by the scientific communities which are
assessed by scores on human biology conceptual understanding test.

Motivation - refers to the initiation, direction, intensity and persistence of behavior (Namasaka,
Mondohand Keraro, 2013).

Metacognitive strategies - in this case refers to metacognitive strategies of planning, monitoring
and evaluation of regulation of cognition.

7E Instructional model - is a learning cycle with seven phases that include elicitation,
engagement, exploration, explanation, elaboration, evaluation and extension.

Metacognitive scaffolding — in this case refers to supporting students learning with

metacognitive strategies of planning, monitoring and evaluation.
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7E Instructional model with metacognitive strategies - is a learning cycle with seven phases
that include elicitation, engagement, exploration, explanation, elaboration,
evaluation and extension and metacognitive strategies of planning, monitoring and
evaluation

Conventional instruction - in this case refers to the actual teaching practice in schools mainly
lecture and lecture with demonstration or lecture with some times group

discussion.
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Chapter Two: Literature Review

Introduction

Teaching and learning are core components of educational process. Research indicated
that there is a direct relationship between quality of teaching and students learning (Darling-
Hammond & Youngs, 2002). Effective methods of teaching are essential to learning in teaching
and learning process that actively involves learners (Ding & Sherman, 2006). The traditional
teacher centered teaching and the learner centered teaching methodologies are the two most
commonly mentioned methods in educational literatures. According to Sablonniere, Taylor and
Sadykova (2009), the philosophical basis and underlying principle of teacher centered
instructional approach is positivism and behaviorism. Behaviorism understands learning as a
system of behavioral responses to physical stimuli, driven by reinforcement, practice and
external motivation. Research shows that the traditional approach often promotes passive and

superficial learning (Bransford, Brown and Cocking, 2000).

Due to a number of limitations of traditional teacher centered method of teaching, a new
paradigm emerged with learner centered method of teaching. The philosophical basis and
underlying principle of the learner centered approach to education is interpretivism and
constructivism (Sablonniere, et al., 2009). They indicated that constructivism understands
learning as a process of making meaning in which “learners construct their own version of reality
while at the same time transform it and themselves in the process” (p.629). According to
McCombs and Whisler (1997) and Richardson (2003), constructivism focuses on individual

learners need and prior knowledge rather than teachers in teaching learning process. In recent

23



year, constructivism learning theory with varieties of teaching methodologies has been

investigated widely in science education.

In this chapter literatures in relation to constructivism, conceptual understanding,
misconceptions, metacognition, motivation and gender issues in science education were
reviewed and presented. The first sections deals with the constructivism learning theory. The
second section presents the teaching strategies recommended in constructivism learning theory
from which the strategy used in this research is adapted and studies related to these strategies. In
the third, fourth, fifth and sixth section metacognition, conceptual understanding,

misconceptions, motivation and gender are described respectively.

2.1 Constructivism Learning Theory

The theories of teaching learning process in the twenty first century dictate that there
should be active involvement of learners in the construction of knowledge. This is because
learning science is a complex process that needs students’ active engagement on activities,
curiosity, motivation and self regulation to learn. Due to its complex nature of science learning
and the current inappropriate ways of delivering lessons, learners are facing difficulties in
understanding most of the concepts in science. To help students understand what they learn,
understanding and applying appropriate learning theory and pedagogy that advances the current
environment is important. In the past many years the behaviorist learning theory and teacher
centered approach were dominant in science education. The method of teaching in this theory
usually was lecture method which didn’t help students much in understanding science concepts
other than just memorizing facts. This problem initiated scholars in the world to search new

learning theories with related pedagogy. Consequently constructivism learning theory emerged.
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Constructivism is a learning theory developed recently based on cognitive learning theory

currently becoming more popular.

The development of present day constructivist theory is considered to originate in the
work of two early 20™ century contemporary epistemological theorists, Jean Piaget (1976) and
Lev Vygotsky (1986). Piaget’s research focused on the cognitive nature of constructivist learning
in which the learner is actively involved in knowledge construction while Vygotsky’s on the

cultural and social context for cognitive development in constructivist learning environment.

Constructivism is not a unified theory, but rather a collection of different positions with
varying emphases. In recent literature, the two branches of constructivist thought are found:
radical or cognitive constructivism and social constructivism (Derry, 1996; Marshall, 1996;

Phillips, 1995; von Glasersfeld, 1984).

2.1.1 Cognitive Constructivism

According to cognitive constructivism, knowledge is seen as something that individuals
actively construct through a series of intellectual stages or steps based on their existing cognitive
structures rather than as something passively absorbed as traditionalist say (Bruner, 1960; Piaget,

1970).

Cognitive constructivism was developed by Jean Piaget, a well-known developmental
psychologist. He was concerned with how the individual constructs knowledge. Piaget's theory
of cognitive development indicated that humans must construct their own knowledge instead of

receiving information to understand and use (Piaget, 1953).
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Through his observations of children, Piaget identified four stages of development. The
first stage was sensorimotor stage (0-2 yrs old) which is pre-linguistic characterized by
kinesthetic understandings and organizations of experience (Swan, 2005). In this stage children
start to discover their surroundings at first through their own senses and physical activity and

secondly through language (Piaget, 1953).

The second stage was preoperational stage (2 to 7 yrs old) which is characterized by
egocentrism, the organization of knowledge relative to oneself (Swan, 2005). Children in his
next stage of preoperational develop their own language skills but still cannot grasp the thoughts
of others. Piaget stated that within this stage there is "symbolic function™ where children start to
differentiate pictures or symbols for diverse objects in their environment and “intuitive thought™

where children ask all type of questions about the whole thing within their environment.

The third stage was concrete operational stage (7 to 11 yrs old) in which knowledge is
organized in logical categories but still linked to concrete experience (Swan, 2005). Within this

stage children start to substitute the intuitive thought with their own logical reasoning.

The fourth stage was formal operational stage (11 yrs old to adulthood) in which
knowledge is abstracted from experience and formal reasoning can occur (Swan, 2005). In
Piaget's formal operational stage children, up to adulthood, start using higher levels of thinking

or abstract ideas to solve problems.

Piaget (1953) stated that children's mental structures (schemas) are constructed through
the process of assimilation and accommodation, when going through four different stages of
development as search for balance or "equilibration" (Swan, 2005; Wadsworth, 2004). In
assimilation, new knowledge is incorporated into existing schemas in much the same way a new
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wing is added to a building. In accommodation, new knowledge conflicts with existing schemas
which accordingly must be altered to incorporate it (Swan, 2005). Equilibration occurs when

children shift from one stage to another.

The theory of equilibration, assimilation and accommodation deals with children's
capability to construct their own new knowledge within their own stages and resolve conflicts
(Piaget, 1953). For teachers, it is important to recognize this process within each individual
student at a different pace in order to facilitate constructivist learning. Cognitive constructivism
theory of Piaget emphasizes the importance of considering individual students need and pace to
get knowledge and learn. Teachers need to facilitate the process in equilibration, assimilation and

accommodation in the classroom.

2.1.2 Social Constructivism

Social constructivism was formed after Piaget had already described his theories
involving individual or cognitive constructivism. Social constructivism, unlike cognitive
constructivism, focuses on social and cultural aspects of learning. Social constructivism was
developed by Lev Vygotsky, Soviet psychologist, the founder of a theory of human cultural and
bio-social development commonly referred to as cultural-historical psychology. Social
constructivist theory, in contrast to cognitive constructivism, maintains that knowledge is
structurally and internally formulated by learners in response to interactions with their
environment. Social constructivist theory maintains that because language and culture are the
frameworks through which humans experience, communicate, and understand reality, cognitive

structures must be explained as products of social interaction (Vygotsky, 1986).
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All of Vygotsky's research and theories are collectively involved in social constructivism
and language development such as, cognitive dialogue, the zone of proximal development(ZPD),
social interaction, culture and inner speech (Vygotsky, 1962). One of Vygotsky's main theories
is the zone of proximal development (ZPD). This part of child development controls how a child
learns. According to Vygotsky (1962), ZPD is a zone at which learning occurs when a student is
supported in learning a concept. According to him, cooperative learning is an integral part of
creating a deeper understanding. Cooperative learning is a part of creating a social constructivist
classroom. Teachers can prepare activities for students to work together with each other to
construct knowledge. Teachers should recognize the diversity of the class and embrace their
differences. To embrace diversity, students must interact socially and for interaction language is

mandatory.

To sum up, common to these diverse views, basis for constructivism, is that the
acquisition of knowledge is described as a building process in which knowledge is actively
constructed by individuals or social communities. These schools of thought differ from each
other mainly in the role they give to the individual and the social aspects in learning (Tynjalé,
1999). The radical or cognitive constructivist stresses individuals' knowledge construction
processes and mental models, social constructivists or constructionists are more interested in

social, dialogical, and collaborative processes (Tynjala, 1999).

Constructivism is a theory of knowing and learning that aims to explain what knowledge
is and how it is acquired in contrast to behaviorist tradition in learning (Duit, 1996; Tynjala,
1999). Concerning knowledge, realism was the theory of knowledge in behaviorist era before
constructivism (Colliver, 2002, p.49). “Realism entails the assumptions that there is something

out there, not directly accessible to us, hidden from us and that our knowledge claims can
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accurately depict this shadowy realm- reality” (Colliver, 2002, p. 49). However, knowledge in
constructivism consists simply of our claims, our constructions (Colliver, 2002). “The
constructivist view is that knowledge claims are justified if we agree that they are useful in
reaching our practical goals rather than verified by proving that they correspond to reality”
(Colliver, 2002, p.49).

Constructivism can be broadly defined as a theory of learning or meaning making, that
students make their own understandings as a result of an interaction between prior knowledge,
believe and ideas and new knowledge that they come into contact (Richardson, 2003). From
constructivism point of view learning is considered as a dynamic and social process that enable
learners to actively construct new meaning from their experiences and prior knowledge in social
setting (Driver, Asoko, Leach, Mortimer and Scott, 1994). According to constructivism
principles, learners actively construct their own new understandings or knowledge because of the
interaction between their prior knowledge and the newly acquired knowledge (Richardson,
1997). The belief that learners are empty headed (tabula rasa) passively waiting to receive
readymade knowledge from teachers in behaviorist principle is not a proper description of
learners from constructivism principles point of view. In the view of constructivist, students
should no longer be passive receiver of knowledge given by the teachers; and the teachers should
no longer be provider of knowledge (Fosnot, 1996; Tynjala, 1999). According to Madu (2012)
the constructivist view of learning argues that “students do not come to the science classroom
empty but have tenaciously held ideas about how the natural world works” (p. 3). It is believed
that learners actively create knowledge using their prior knowledge and experience as they

interact with the environment and/or instructional topic (Richardson, 2003; Tynjala, 1999).
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Constructivism emphasizes on understanding instead of memorizing and reproducing
information and it relies on social interaction and collaboration in construction of meaningful
knowledge and understanding (Richardson, 1997; Tynjala, 1999). This understanding of
constructivism is regarded as a shift in instructional approach from teacher-centered to student
centered method of teaching. For this, learners must actively participate in the teaching learning
process through discovery, reflection and critical thinking for best achievement in learning
(Santrock, 2001). Therefore, from the perspectives of constructivism learning theory, teaching is
making the environment suitable for students to actively engage in scientific activities and make
their own construction instead of providing information and assessing their learning to check
whether they have received it or not. Hence, according to Yager (1991), teachers should
encourage students to inquire, actively involved in learning process, elicit their preconceptions,
and create suitable classroom environment. In line with this constructivism learning theory,
different alternative learner centered approaches that allow the learners to actively engage and

construct knowledge individually as well as by interacting with each other emerged.

2.2  Constructivist Teaching Strategies

The traditional teaching methods in behaviorist learning theory have different drawbacks.
They did not actively engage learners in their learning and usually do not recognize learners
prior conception and are unable to provide meaningful learning. In contrast to behaviorist view,
constructivist methods of teaching are learner centered with different techniques and activities
that provide an opportunity for student to actively engage in teaching learning process. Teaching
strategies in constructivist learning theory considers students’ prior knowledge at the beginning
of the teaching learning process, encourage active participation of learners with guidance of the

teacher during the learning process and lead to meaningful learning with deep understanding of
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concepts. Accordingly, the classrooms are arranged in a way that facilitates collaboration and
discussions of ideas among students and teachers like, for instance, circle or semicircle
arrangements of desks than in rows as traditional classroom. Literature indicated that the role of
the teacher according to this theory is facilitator whereas the role of the students is to become
active participants in teaching learning process (Vighnarajah, Luan, & Bakar, 2008). To this end,
constructivists recommend different teaching strategies that help to implement their principles in

learning (Driscoll, 1994).

The teaching methods which are recommended by constructivism learning theory
proponents include cooperative learning (Lord, 2001; Tanner, Chatman & Allen, 2003);
conceptual change approach (Pearsall, Skipper, & Mintzes, 1997; Venville & Treagust, 1998);
concept mapping (Novak, 1990; Uzuntiryaki & Geban, 2005; Wallace & Mintzes, 1990);
argumentation (Osborne, Erduran, & Simon, 2004; Zohar & Nemet, 2002); learning cycle model
(Cavallo, McNeely; Marek, 2003; Lawson & Johnson, 2002). Among these methods of teaching,
the learning cycle with three phases, 5phases (5E) and 7phases (7E) have become very popular in
science education. In the current study, 7E learning cycle model which is based on constructivist
learning theory principles was used. Therefore, in the following section, the learning cycle, the

gradual development of 7E learning cycle model and studies conducted so far will be discussed.

2.2.1 Learning Cycle

Learning science in the twenty first century demands learners to be active participant in
learning, critical thinkers, self-directed learners, and problem-solvers in their everyday life.
There are different types of constructivist based instructional models that enables learners to
develop these demands. Learning cycle is one of an inquiry based instruction recommended by

constructivists. This systematic approach to instruction was proposed during the implementation
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of Science Curriculum Improvement Study (SCIS) project by J. Myron Atkin and Robert
Karplus in 1967(Lawson, Abraham, & Renner, 1989). They first developed an instructional
model/learning cycle with three phases. The first phase was preliminary exploration, the second
phase was invention and the third phase was discovery (Lawson, Abraham, & Renner, 1989).
Later on, according to Hanley, (1977), these phases were revised in to three phases of
exploration, concept introduction, and concept application in 1977 by Karplus. Since then, the
learning cycle was used as inquiry method in teaching different subjects at different field of
study and educational levels; at elementary, secondary and tertiary level (Marek, Maier, and
McCann, 2008). In addition to serving as method of teaching in science education, the learning
cycle was also used as a model for curriculum organization in education (Marek, Laubach, &

Pedersen, 2003).

According to Krajcik, Czerniak and Berger, (1999) and Carin and Bass, (2001), the first
stage of the learning cycle (exploration) was designed to give opportunities for students to
explore science concepts and construct knowledge and understand scientific ideas through
different activities such as doing hands on experimental activities. The second stage of the
learning cycle (concept introduction) was designed to give the opportunity to the teacher to
explain the scientific concepts for students based on their prior knowledge so that students can
understand the scientific concepts easily. The third stage of the cycle (concept application) was
designed to gives opportunity for the teachers to engage students in to new situations to expand
their understanding by focusing on the importance of the concepts and knowledge they gained in

learning.

The stages and the names of the learning cycle were modified so many times and resulted

in the development of additional stages such as four phases learning cycle (Barman, 1997), five
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phases learning cycle (Bybee & Landes, 1990) and the seven phases learning cycle (Eisenkraft,
2003). Within this modification, it is not only adding additional phases to the first one but also
they differ in arrangement and activities that describe each phases. The most commonly used
revised form of the learning cycle is the 5E learning cycle which was later on expanded to 7E
learning cycle. The 5E instructional model also known as learning cycle was developed in the
late 1980s as a component of the science for life and living curriculum created through the
Biological Sciences Curriculum Study (BSCS) (Bybee & Landes, 1990). The instructional model
has five phases: Engage, Explore, Explain, Elaborate and Evaluate. It falls within the theories of
constructivist teaching model and promote students construction of knowledge (Bybee, Taylor,
Gardner, Scotter, Powell, Westbrook and Landes, 2006).

As explained above, the Atkin-Karplus Learning Cycle developed in 1960s created
through the Science Curriculum Improvement Study (SCIS) consists of three phases:
Exploration, Invention and Discovery which was later on revised to Exploration, Concept
Introduction, and Concept Application. The middle three elements of the BSCS model are
fundamentally equivalent to the three phases of the SCIS learning cycle but the first and the fifth

element included additionally (Byee et al., 2006).

Table 1 Comparison of the Phases of the SCIS and BSCS 5E Models (adopted from Byee et al.,

2006, p.8)
SCIS Model BSCS 5E Instructional Model
Engagement (New Phase)
Exploration Exploration (Adapted from SCIS)
Invention (Concept Introduction) Explanation (Adapted from SCIS)
Discovery (Concept Application) Elaboration (Adapted from SCIS)

Evaluation (New Phase)
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The five phases of the BSCS 5E Instructional Model can be applied at several levels in
the design of curriculum materials and instructional sequences and from organizational pattern of
a yearlong program, to units within the curriculum, and to sequences within lessons (Bybee et

al., 2006). Bybee and his colleagues described the five phases as follows:

Phase | - Engagement: During the first phase, the teacher engages students through brief
activities that focus students’ attention on the phenomenon, stimulate curiosity, and reveal prior
knowledge. The students mentally focus on an object, problem, situation, or event. The activities
prepared in this phase help students to make connections to their past experiences and identify
students’ misconceptions SO as to mitigate cognitive disequilibrium. This phase invite the
learner’s consideration, encourage their interest, spur them to unearth their prior experiences

with the concepts about to be studied, and pique their interest to know more (Tanner, 2010).

Phase II- Exploration: Once the activities have engaged the students, the teacher challenges
students to conduct an exploration and formulate and test predictions, make observations, record
data, and collaborate with peers to develop and test alternative solutions. In this phase the role of

teacher is to facilitate or coach students.

Phase IllI- Explanation: in this phase concepts, processes, or skills become plain,
comprehensible, and clear. Students review, analyze, and interpret their observations and data.
The process of explanation provides the students and the teacher with a common use of terms
relative to the learning task. The key to this phase is to present concepts, processes, or skills
briefly, simply, clearly, and directly and to move on to the next phase. This phase allows both

instructor and students to actively participate in teaching learning process.
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Phase V- Elaboration: Once the students have an explanation and terms for their learning
tasks, it is important to involve the students in further experiences that extend, or elaborate, the
concepts, processes, or skills. This phase helps students to deepen their conceptual

understanding, enhance their skills, and broaden their understanding of science.

Phase V- Evaluation: This is the important opportunity for students to use the skills they have
acquired and evaluate their understanding. In addition, the teacher gives feedback for students on
the adequacy of their explanations. However, informal evaluation can occur throughout the 5E

phases but the teacher can conduct formal evaluation after the elaboration phase.

Similarly, as the three phases learning cycle extended to 5 phase learning cycle (5E), the 5 phase
learning cycle also extended to 7phases learning cycle (7E) with the addition of two more
phases. The next section deals with this recently developed learning cycle which is the focus of

this study.

2.2.2 TE Instructional Model/Learning Cycle Model

As science grows and need more sophisticated environment for effective learning to
occur, improving the way we structured our schools, curricula, instruction, instructional
materials and assessment techniques in education system is important. To this end, the 5E
learning cycle was extended to the 7E phases (Elicitation, Engagement, Exploration,
Explanation, Elaboration, and Evaluation and Extension) and named as 7E learning cycle and
instructional model (Eisenkraft, 2003) to make it more suitable than the previous one. In this
newly developed learning cycle model, two more phases were added. These are elicitation phase
to examine prior knowledge of learners and extension phase for application of knowledge gained

in daily life or to transfer learning in a new situation (Eisenkraft, 2003). The other phases are
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similar with that of 5E learning cycle described above. The engage phase expanded to elicit and

engage phase; elaborate and evaluate phase expand to elaborate, evaluate and extend phases.

According to Eisenkraft (2003), the objective of the change is not to make the learning
cycle complex but rather to give emphasis for the need of eliciting prior knowledge of students
and transferring their learning in to new situation in their day to day life which are crucial
elements in learning science. When students face new information, the prior knowledge serve as
a back ground information on which the new information either fit with it through the process of
assimilation or reorganized changing their schema through the process of accommodation as
described by Piaget (1953). Therefore, Eisenkraft argue that the elicit phase should be treated as
separate phase rather than with in engage phase, as in 5E learning cycle, so as to give emphasis
on the significance of identifying students prior knowledge in learning science and constructing
scientific knowledge(Eisenkraft, 2003). Similarly, the extend phase is “intended to explicitly
remind teachers of the importance for students to practice the transfer of learning and teachers
need to make sure that knowledge is applied in a new context and is not limited to simple
elaboration” (Eisenkraft, 2003, p. 59). This phase assists the transfer of knowledge to new but
closely related situations. One of the major goals of science education is not only to master the
content of the concepts being presented, but also to apply those concepts appropriately to new
contexts and situations (Tanner, 2010). The expansion of 5E instructional model to the 7E

instructional model is shown in Table 2, below.
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Table 2 Expansion of 5E instructional model to 7E learning cycle and instructional model

BSCS 5E Instructional Model Eisenkraft 7E Instructional Model

Engagement
Exploration

Explanation
Elaboration

Evaluation

Elicit (New phase)
Engagement
Exploration
Explanation
Elaboration
Evaluation

Extend (New phase)

Each phase of the instructional models has their own descriptions. The following table

summarizes each phases and expansion of 5E to 7E instructional models.

Table 3 Summary of each phase of the instructional models (Adapted and modified from Bybee
& Landes, 1990 & Eisenkraft, 2003)

Phase Instructional Description of each phases
Models
Elicit e The teacher identifies students’ prior conceptions
e Students express their own knowledge.

Engagement\ eThe teacher engages students through brief activities that
focus students’ attention on the phenomenon, stimulate
curiosity

e The teacher reveal students prior knowledge (5E)
Exploration e The teacher challenges students to conduct an exploration
and formulate and test predictions, make observations,
> 5E 7E record data, and collaborate with peers to develop and
test alternative solutions.

Explanation e Students present what they have explored.

e Concepts, processes, or skills become comprehensible and
clear.

Elaboration e Students elaborate the concepts, processes, or skills in

u

Evaluation

Extend /

new context and situations.

eStudents deepen their conceptual understanding, enhance
their skills, and broaden their understanding of science.

e Students use the skills they have acquired

e Students evaluate their understanding.

e Students apply knowledge in their daily life, in a new
context, practice transfer of learning

e Students motivated to use their knowledge so as to make
a new one.
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The researcher wants to focus on the 7E instructional model because it gives more clear
steps to grasp students’ prior knowledge/conceptions that affect students learning and transfer of
learning. Students’ prior knowledge can help or hinder learning (Brent & Felder, 2011). Prior
knowledge helps learning when activated, sufficient, appropriate and accurate otherwise hinders

if the opposite happens (Brent & Felder, 2011).

The four criteria essential in constructivism learning theory are eliciting prior knowledge,
creating cognitive dissonance, applying new knowledge with feedback, and reflecting on
learning, aspect of metacognition (Hartle, Baviskar & Smith, 2012). Elicitation of prior
knowledge is one of the important principles of constructivism learning theory and conceptual
understanding which should be given a great emphasis in learning (Hartle, et al., 2012). Hence, it
seems that the 7E instructional model is an appropriate approach in constructivism learning
theory because it provides an opportunity to learners to eliciting prior knowledge, reflect on their

own prior knowledge and transfer their learning.

Similarly, Eisenkraft argue that the last phase of 7E instructional model, extend phase,
explicitly remind teachers the importance of practicing the transfer of learning. It also reminds
the learners to transfer what they have learned in schools to their day to day life beyond
answering questions during evaluation in schools. The use of 7E instructional model ensures that
eliciting prior knowledge and opportunities for transfer of learning are not omitted (Eisenkraft

2003). Moreover, the 7E instructional model is relatively new and not researched well.

2.3  Metacognition

The term metacognition was introduced by developmental and cognitive

psychologists in the 1970s (Schwarz, 2013). However, defining the term metacognition created
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some debate among scholars because of the variation in field of study or the viewpoints of the
defining theorists. Due to this, different definitions of metacognition are available in the
literature. For example, Flavell (1979), the founder of the concept, defined metacognition as
one’s knowledge concerning cognitive processes and products, and one’s actively monitoring
and regulating that cognitive process. In short, it is ‘thinking about thinking’; questioning to
know about what we know and what we don’t know (Blakey & Spence, 1990). In another word,
metacognition has been defined as the ability to monitor, evaluate /asses, and make plans for
one’s learning understanding (Okoro & Chukwudi, 2011). Moreover, metacognition refers to the
“ability to reflect up on, understand and control one’s learning” (Schraw & Dennison, 1994,

p.460).

According to Schraw (1998), it is a learner’s knowledge or awareness about processes of
his or her cognition/thinking process and the ability to control and monitor those processes in
learning. It is “An individual’s awareness of where they are in the learning process, their content
knowledge, personal learning strategies, and what has been done and needs to be done” (Wilson,
1999). However, even though researchers have given different emphases based on their own
different theoretical point of views, they commonly agree on the definition of metacognition as
the knowledge and the ability of learners to control their own cognition/thinking and learning
process (Flavell, 1979; Jacobs & Paris, 1987). Hence, metacognition is considered as an engine
that drives self-directed learning (Shannon, 2008). According to Hayati (2001), self-directed

learners are responsible owners and managers of their own learning in teaching learning process.

Educators classified metacognition in to two distinct but interrelated subcomponents as
metacognitive knowledge or knowledge of cognition and metacognitive regulation or regulation

of cognition (Flavell, 1979; Schraw & Dennison, 1994; Schraw and Moshman, 1995; Schraw,
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1998). The former refers to awareness of one’s thinking and the later refers to the ability to

manage one’s own thinking processes.

2.3.1 Knowledge of Cognition

As indicated above, knowledge of cognition refers to awareness and reflecting on what a
person knows or thinks. It is the knowledge that learners have about their cognition and the way
of learning (Sperling, Howard, Staley & Dubois, 2004). According to Flavel (1979) and Schraw
& Dennison (1994), knowledge of cognition includes at least three different types of
metacognitive awareness: Declarative Knowledge: refers to knowledge about oneself as a
learner and about what factors can influence one's performance; Procedural Knowledge: refers to
knowledge about doing things, knowing about which one is useful and how to use those useful
learning strategies and procedures that are best for us to accomplish the task and Conditional
knowledge: refers to knowing when and why to use different useful and applicable strategies and
other procedures in declarative and procedural knowledge. Knowledge of cognition develops
later on and explicit in nature and hence adults can develop more knowledge about their own
cognition than children and adolescents and are better able to describe it (Efklides 2008; Kuhn

2000 & McCormick, 2003).

2.3.2 Regulation of Cognition

Regulation of cognition is the second component of metacognition. It refers to directing
our learning or regulating our cognition process (Schraw & Dennison, 1994). According to
Schraw & Dennison (1994), regulation of cognition includes five components: planning,

information management, monitoring, debugging and evaluation. However, planning,
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monitoring, and evaluation are the three basic essential skills in regulation of cognition (Jacobs

& Paris, 1987; Schraw & Moshman, 1995; Schraw, 1998).

Regulation of cognition involves the ability to think strategically and to solve problem,
plan, set goals, organize ideas, and evaluate what is known and not known. This means that
learners with metacognitive awareness of regulation can regulate their own learning. “Self -
regulated learning is a process that assists students in managing their thoughts, behaviors, and
motions in order to successfully navigate their learning experiences” (Zumbrunn, Tadlock &
Roberts, 2011, p. 4). Self-regulated learners uses different strategies to plan, monitor, and
evaluate their learning activities (metacognitive strategies), as well as to control their motivation
and emotion (volitional strategies) in their learning (Gonzales, 2013). It also involves the ability

to teach to others and make the thinking process visible.

Research indicated that monitoring cognitive process enhances learning (Paris &
Winograd; 1990, p. 15). According to Butler and Winne (1995) those learners that regulate their
own learning and activities are the most effective learners. Moreover, Schraw (1998, p. 114)
states that “academic performance is improved by metacognitive regulation as learners utilize
resources and existing strategies better”. Furthermore, Camahalan (2006) indicated that when
students get chance to self-regulate and explicitly taught metacognitive strategies, their academic
achievement is more likely improved. The following section briefly describes components of

regulation of cognition.

Planning
Planning is the first essential skills of regulation of cognition. It involves selecting

appropriate strategies; allocate resources that include goal setting, activating background
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knowledge, and budgeting time in order to attain the desired outcomes in learning (Schraw,
1998). As described above, the first essential skills of regulation of cognition is planning. At the
start of a learning activity, learners should be able to select strategies, set goals, and allocate time
and resources. This is planning and learners should be engaged in this process because when
learning is planned by someone else, like a teacher as usually occurs, it is difficult for learners to

become self-directed learners because they are expecting from other (Blakey & Spence, 1990).

Monitoring

Monitoring is the second essential skill of regulation of cognition. It is “one’s on-line
awareness of comprehension and task performance” (Schraw, 1998 p.115) and includes the self-
testing skills essential to regulate learning. Although adults are able to monitor their learning
than adolescent, even skilled adult learners may be poorly monitors under certain conditions

(Pressley & Harris 2006).

Evaluation

Evaluation is the third essential skill of regulation of cognition which involves checking
the process and determining if the learning outcomes are attained and the regulation processes
used were effective or not (Schraw & Moshman, 1995). It is “appraising the products and
regulatory processes of one’s learning,” and includes revisiting and revising one’s goals (Schraw,
Crippen & Hartley, 2006). According to Lucangeli, Cornoldi, and Tellarini (1998), students
having awareness of strategies of the evaluation can evaluate their goals, performance on the

task, compare their performances with others and locate the error for improvement.
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2.3.3 Role of Metacognition in Learning

Metacognition is an important component of teaching and learning process (Efklides
2006). As research indicated, there is a link between metacognition and students learning and
performance (Muijs & Reynolds, 2001; Rahman, Jumani, Chaudry, Chisti, & Fahim, 2010). This
is because, the learners’ awareness about their learning and control of the way they are learning

is important in meaningful learning (Azevedo, 2005; Lin, 2001).

The abilities of students to control their own learning are crucial for effective learning
(Boekaerts, Pintrich, & Zeidner, 2000). Active learners control their own learning because they
know and use useful and best learning strategies and are effective in their schools but passive
learners do not control their own learning because they do not know or use good learning
strategies and are not successful in school. Metacognition helps student to understand what they
understand and adjust their learning strategies to improve their learning when they feel their
understanding is incomplete (Samson, 2011). Students who have well metacognitive awareness
are able to plan, monitor, and modify their cognition at different levels in their learning than who

have low metacognitive awareness (Zimmerman & Martinez-Pons, 1986).

In constructivism learning environment learners are expected to be independent learners
than merely dependent on the teacher to investigate and construct knowledge. Metacognition is
considered as the engine that drives independent self-directed learning (Shannon, 2008). As
stated by Hayati (2001), independent self-directed learners are responsible owners and managers
of their own learning process. Educators suggest that “Metacognitive approach to instruction can
help students learn to take control of their own learning by defining learning goals and

monitoring their progress in achieving them” (Donovan & Bransford, 2005, p.10). In order to
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self-regulate their learning, students need to use different metacognitive strategies of planning,

monitoring, and evaluating their learning (Okoro, and Chukwudi , 2011).

It is indicated that metacognitive awareness may arise at age 4-6 years (Demetriou and
Efklides, 1990) and gradually develops during the primary school years as a function of age and
experience (Flavell, 1988). Researchers also indicated that metacognitive abilities develop and
appear to improve gradually among learners with age (Cross & Paris, 1988; Schraw &
Moshman, 1995). According to Schraw and Moshman (1995) cognitive knowledge appears first,
with children as young as age 6 in which they are able to reflect on the accuracy of their
cognition but consolidation of these skills typically becomes evident by 8-10 years of age in
metacognitive development. In metacognitive development, ability of the children to regulate
cognition appears next by 10-14 years of age with dramatic improvements in monitoring and
regulation in the form of planning. They indicated that monitoring and evaluation of cognition
develop gradually and may remain incomplete in many adults. However, metacognition does not
automatically develop in all students and therefore teachers and methods of instruction have a
role in its development and acquisition of metacognitive skills than growth (Veenman, Wilhelm

& Beishuizen, 2004).

Research indicated that using metacognitive strategies in learning increased learning and
achievement of students (Bransford et al., 2000; Everson, & Tobias, 1998). Moreover, research
findings revealed that metacognitive strategies (monitoring and control) has enabled learners to
solve more complex problems and faster problem solving compared to the control group
(Caraway, et al., 2003). However, most of the time, students do not use metacognitive strategies
which in turn resulted in lower academic results (Bannert & Mengelkamp, 2013; Greene,

Dellinger, Tuysuzoglu, & Costa, 2013; Zimmerman, 2008). Therefore, teaching about
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metacognitive strategies is important because it has positive consequence in enhancing learning
and time management of students (Caraway, Tucker, Reinke & Hall, 2003; Cross & Paris, 1988;

Dignath, Buettner & Langfeldt., 2008; Imani, Sabetimani, Qujurand & Ardestani, 2011).

In order to enhance students’ academic performance, metacognition can be taught to
students (Magsud, 1997). Several researchers offer evidence that metacognition is teachable
(Cross and Paris, 1988; Dignath et al., 2008; Haller Child & Walberg, 1988). According to
Schoenfield (2001) teachers should teach students how to regulate their own learning processes
so as to improve their academic achievement. This is because students cannot be expected to
develop such metacognitive strategies by their own unless we help them by teaching specific
strategies at different levels. Cross & Paris (1988) indicated that students received strategy
training that included explicit attention to declarative, procedural, and conditional knowledge
about reading strategies made significant gains relative to comparison students. Similarly,
Dignath et al. (2008) conducted a research on the effect of training in self-regulation on learning
and use of strategies among students and found that teaching combination of planning and
monitoring and the combination of planning and evaluation both of which were more successful

in enhancing learning.

On the other hand, researchers argue that the constructivist learner centered approache by
itself can create the opportunity for students to develop awareness on metacognitive strategies
(Jonassen, 2000). It promotes awareness of learners’ personal thinking that lead to independent;
self- regulated learning (Blakey & Spence, 1990). Learner centered approaches like cooperative
learning, discussions, concept maps, graphic organizers, feedback and scaffolding can enhance
students’ use of metacognitive strategies (Fouché & Lamport, 2011). This is because student-

centered learning, for instance, requires students to set their own goals for learning, and
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determine resources and activities that will help them meet those goals, which are metacognitive
strategies (Jonassen, 2000). For instance, a research conducted by Feyzioglu & Ergin (2012) and
Tandel (2013), shows that 5E instructional model created opportunity for students to develop
metacognitive awareness compared to traditional instruction.

Furthermore, according to Bransford et al. (2000) metacognitive strategies should be
consciously integrated into curricula in all disciplines and age levels. They pointed out that this
integration could improve learners learning and could help them to develop the ability to become
independent learners. According to Georghiades (2004) teachers can also embed metacognitive
strategy instruction within subject matter while teaching the courses.

It is reported that, one of the problems students’ encountered in teaching learning process
is an overall lack of awareness to their own learning process (Shannon, 2008). Most of the time
students do not see learning as a process that occurs in a cycles involving engagement in the
learning task, revision of previous work in learning to evaluate weakness that can be improved
and planning for improvements of the weakness observed in the learning process. Hence, there
is a need to teach them how to plan, monitor and assess their learning using metacognitive
strategies of planning, monitoring and evaluation. This may encourage students to become self-
directed and independent learners that constructivism requires. The following section deals about
deferent metacognitive strategies that can be taught for students and employed while teaching a

course so as to enhance their learning.

2.3.4 Metacognitive Strategies

According to Flavell, (1981) metacognitive strategies refer to the “conscious monitoring
of one’s cognitive strategies to achieve specific goals, for example when learners ask themselves

questions about the work and then observe how well they answer these questions” (p. 273). They
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are strategies that enable students to actively engage in metacognitive thinking process,’thinking
about their own thinking’. These strategies are actions that help learners to coordinate their own
learning process so as to become an effective learner. Moreover, metacognitive strategies are
strategies which allow students to plan, control and evaluate their learning (Okoro & Chukwudi,
2011). According to Bransford, et al., (2000), metacognitive strategies assist students to manage
their own learning through defining learning goals and monitoring their progress in order to
achieve the stated goals. This in turn enables learners to ensure that their goals and tasks are
properly understood and then successfully completed and enhanced their learning (Gourgey,

1998).

Metacognitive strategies are used in the various phases of the learning process as
described by Zimmerman (2002). He distinguished three phases: the forethought phase, which
involves the development of planning strategies. Examples are setting goals and allocation of
time. The performance phase, in which an actual learning or task performance takes place. Here
the monitoring strategy comes into play; the learner repeatedly checks whether he/she
understands the material, e.g. by self-questioning. The last phase is that of self-reflection, during

which the learner evaluates the learning process and/or product.

There are different types of metacognitive strategies that can help learners to improve
regulation of cognition. Some of them are self questioning, concept map, journaling, modeling,
think aloud, metacognitive prompts, KWL chart, regulatory checklists, etc (Blakey & Spence,
1990; King, 1991; Schraw, 1998). As described by Kumari and Jinto (2014) using these
strategies in teaching learning process by the teachers can help students to follow appropriate

procedures in the process of learning. Some of the strategies described below.
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Self-questioning: One of the strategies that can be used in developing metacognition is to
encourage students to think and ask questions about themselves. Self-questioning is a
metacognitive strategy in which learners ask questions frequently for themselves before, during
and after learning a session or the reading a material to determine whether they understand the
concept; link it with prior knowledge; and relate the main concept to other concepts (Blakey &
Spence, 1990; Ratner, 1991). This strategy encourages students to assess their thinking and
monitor their own cognition for self-correction for new understanding of the concepts (Ganz &
Ganz (1990). As described by Tanner (2012), several examples of self-questions can be
explicitly used by students in learning a biology course during class session, active-learning task,
homework, assignment, quiz and exam. The following table shows examples of self-questions
that can be used to promote student metacognition about learning during class session.

Table 4 Sample self-questions to promote student metacognition about learning during class
session (Adapted from Tanner, 2012)

Activity Planning Monitoring Evaluating
Class * What are the goals of the class e+ What insights am I having < What was today’s class session
e session going to be? as | experience this class about?

* What do I already know about
this topic?

* How could I best prepare for the
class session?

* Where should | sit and what
Should I be doing (or not doing)
to best support my learning
during class?

* What questions do I already
have about this topic that | want
to find out more about

session? What confusions?

* What questions are arising
for me during the class
session? Am | writing them
down somewhere?

* Do I find this interesting?
Why or why not? How could
I make this material
personally relevant?

* Can I distinguish important
information from details? If
not, how will | figure this
out?

» What did I hear today that is in
conflict with my prior
understanding?

* How did the ideas of today’s
class session relate to previous
class sessions?

» What do I need to actively go
and do now to get my questions
answered and my confusions
clarified?

* What did I find most interesting
about class today?

Journaling: it is a strategy in which learners keep a personal diary throughout a learning

experience. According to du Toit and Kotze (2009) in journaling learners make notes of

concepts that are not clear, discrepancies, mistakes and ways to correct their mistakes.
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Modeling: it is a metacognitive strategy in which the teachers demonstrate the steps of
performing a task by thinking aloud (Muijs & Reynolds, 2005) and students develop

metacognition because student learn imitating adults Costa (1984).

Thinking aloud: it is a strategy in which students talk loudly about their thinking while doing an
activity or solving a problem. It helps learners to identify their thinking skills (Blakey &

Spence, 1990).

Metacognitive prompts: Questions that remind student to ask themselves about what they are
thinking and doing during learning or doing a task (Sedgley, 2015). Metacognitive
prompts are commonly used in order to remind students to: activate their metacognitive
strategies or provide a scaffold that helped learners follow and internalize scientific
processes during science learning especially for process during metacognitive regulation
(Devolder, Van Braak & Tondeur, 2012). Such prompts help to engage students in
metacognitive process of planning, monitoring and evaluation of their own learning
involving them in regulatory activities and encourage students to explicitly express their
own thinking so as to evaluate and revise their learning (Bannert, 2006; Lin & Lehman,
1999).

Metacognitive prompts can be used in the form of questions, like what do | know about
this topic? or sentence starters like my difficulties in this topic are... . (Conner & Gunstone,
2004; Davis, 2003 & King, 1994). Prompts are usually presented before, during, and after
learning period i.e. during planning, monitoring and evaluation. Before a lesson: Prompts during
planning; why did you come today to this class/session? What is your goal/objective? What do

you know about this topic? During a lesson: Prompts during monitoring; do you understand what
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you are doing? Are you on the right track in reaching your goal? After a lesson: Prompts during
evaluation; did you understand what you learn? What does work? What does not work?

Research findings indicated that metacognitive prompts have beneficial effects on
students learning (Johnson et al., 2011; Lin & Lehman, 1999). Researchers pointed out that
prompts are successful at all phases of metacognitive regulation (Nickles et al., 2009),
particularly when supported with metacognitive strategies training (Bannert & Reimann, 2012).

In this study, the question prompts were employed in written and verbal form.

Know — Want to Know — Learned (KWL) strategy: this strategy was developed by Ogle
(1986) and first suggested as reading strategy. It is a learner centered active learning strategy
used to teach a course (Draper, 2002; Ogle, 2009). According to Ogle, 1986, the KWL active
learning strategy consists of three stages: the first stage allows students to access and activate
their prior knowledge about the topic. The second stage allows students to determine what they
want to know. The third stage allows students to remember what they have learned at the end of
a session or sessions. In other word, it has three columns with know (K) — want to know (W) —
learned (L) (Fig. 2). Students begin by writing everything what they Know about a lesson on the
first column(K column) and write list of questions about what they want to know about the
lesson/prediction on the second column (W column) and record the new information that they
have learned in the third column ( L column) (Kumari & Jinto, 2014). Ogle (2005) pointed out
that the KWL strategy help students to perceive learning as a metacognitive process. Therefore,
KWL can be considered as one of the metacognitive strategies that help students to know what
they already know, what they want to learn and what they did learn after learning a topic (Dixon-

Krauss, 1996). According to Conner (2006) this strategy can be used for eliciting prior
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knowledge, setting a goal for learning, monitoring their understanding, assess their

comprehension of the lesson and expanding their ideas beyond the classroom lesson.

What | Know What | Want to Know What | have Learned

Figure 2 KWL chart

Since then, the KWL was modified to include different activities. For instance, Weaver
(1994) modified KWL in to KWLH chart, by adding H which stands for how can | learn more to
encourage students to think about the possible way of expanding their knowledge and future

learning.

Similarly, for this study researcher modified the KWL to include different activities
suitable for implementing metacognitive strategies of planning, monitoring and evaluation.
Therefore, I modified this KWL chart in to KWHAL by adding two more columns with H and A
between L and W columns so as to include metacognitive strategies of planning, monitoring and
evaluation. H column stands for How will I know/learn to give an opportunity for students to
select strategies and A column stands for Am | learning well to give students an opportunity to
check themselves whether they are on the right track or not. In short, the H column helps
students to think of strategies and the A column helps the students to monitor their learning
process. The metacognitive strategies of regulation of cognition used in this study are planning,
monitoring and evaluation. The researcher used this chart as metacognitive strategies in which

the first three columns (column K, W & H) for planning purpose, the fourth column (column A)
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for monitoring purpose and the fifth column for evaluation purpose. According to Shannon
(2008), although students, even at a rudimentary level, have some basic understanding of their
own knowledge and thinking, they should be encouraged to develop a sense of their own
knowledge by asking questions such as, “What do I know?”, “What don’t I know?” and “What
do I need to know?” These types of reflective questions can help students become more self-
aware and help them to make real world connections to the information they are currently

learning (Shannon, 2008). The following figure shows the chart.

Planning Monitoring Evaluation
What do | Whatdol Want How will | learn Am | learning well? Am | What have |
know? to learn? it? on the right track? Learnt?

Figure 3 KWHAL Chart

In addition to KWHAL, the researcher used self regulatory check list developed by
Schraw (1998) to facilitate and improve regulation of cognition. Teachers can enhance
metacognition by guiding learners to evaluate the learning activities (Costa, 1984). This self
evaluation of learning activities can be introduced by using checklists focusing on thinking
process and can be applied independently (Blakey & Spence, 1990). The commonly used
checklist in metacognition is self regulatory checklist developed by Schraw (Schraw, 1998).
According to Schraw (1998) regulatory checklist help learners to implement a systematic
regulatory sequence to control their performance. Self regulatory checklist helps learners to
develop self regulatory characteristics to be more strategic and systemic in their learning (SESS,
2009). As it is described in Special Education Support Service (SESS, 2009) document, learners
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should have the checklist on their homework dairy, workbook or desk so that they can refer at
any time while learning to make sure that they are on track. The following table shows some of

the self regulatory checklist.

Table 5 Some of the self -regulatory check list (adapted from Schraw, 1998)

Planning Monitoring Evaluation

What is my goal? Do | have a clear understanding of Have | reached my goal?

What kind_ of information what | am doing? What worked?

and strategies do I need? Does the task make sense to me? L .

How much time and Am I reaching my goals? What didn’t worki

resources do | need? Would I do things differently the
next time?

In this study students used metacognitive strategies of planning, monitoring and
evaluation before, during and after learning. Particularly, KWAHL, regulatory checklist and
metacognitve prompts in relation to planning, monitoring and evaluation were used in this study.

2.3.5 Metacognitive Scaffolding

Students usually face difficulty in learning different subjects especially when the topic is
new for them. At this time they need different types of support from their teachers, classmates
and parents in order to be successful in their learning. A teacher can support his students to
become competent in, for instance, problem solving skills, learning strategies skills, reading
skills, study skills etc and this is part of scaffolding. According to Wood, Bruner & Ross, (1976)
scaffolding can be defined as giving support to students based on their need and gradually
decreasing the support as the ability of the students’ increases and become competent enough.
Similarly, Hartman (2001) defined scaffolding as providing assistance to students on activities
that they need guidance from others. He stated that the aim of scaffolding is to make students

independent, self-regulating thinkers, self-sufficient learners and less teacher-dependent.
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Scaffolding can be divided in to two types; static scaffolding and dynamic scaffolding
(Hill and Hannafin, 2001; Molenaar & Roda, 2008; Puntambekar & Hubscher, 2005). Similarly,
Saye and Brush (2002) divided scaffolding it to hard scaffolds and soft scaffolds to mean static
and dynamic scaffolding respectively. Static scaffolding is predetermined and constant over time
and the same for all students (Molenaar & Roda 2008; Puntambekar & Hubscher 2005). In other
words, Saye and Brush (2002) also defined Hard scaffolds as “static supports that can be
anticipated and planned in advance based on typical student difficulties with a task” (p. 81).
According to Hill and Hannafin (2001), static resources have stable content and include print-

based textbooks as well as encyclopedias magazine and newspaper articles.

In contrast, dynamic scaffolding is to diagnose, calibrate, and provide support based on
performance on the learning (Molenaar & Roda 2008; Puntambekar & Hubscher 2005).
Similarly, Saye and Brush (2002) also defined soft scaffolds provide dynamic and spontaneous
support based on learner responses. Dynamic resources do not have stable contend and hence,

undergo regular change and include many web-based resources (Hill & Hannafin, 2001).

On the other hand, according to Hill and Hannafin (2001), there are four types of
scaffolding. These are conceptual scaffolding, metacognitive scaffolding, procedural scaffolding,
and strategic scaffolding. The following table describes each of the scaffolding types with

examples.
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Table 6 Resource-based learning environments scaffolding components (adapted from Hill and
Hannafin, 2001)

Scaffolding Function Examples
Mechanism
Conceptual Mechanism designed to  Creating an outline of a paper before you start to write or
Scaffolding assist with defining things  examining a map of a location to determine best ways to reach
to consider. your destination (either in a paper or a physical place).
Metacognitive Assist with establishing ¢ Providing learners with structured “reflection reminders,”
Scaffolding what is known and how to  which may come in the form of daily journal entries.
think. * Enabling scaffolded inquiry so that as learners are engaging
the process, they are assisted in ways that make the most sense
for them.
Procedural Assist with how to use a < Providing and encouraging the use of help functions in
Scaffolding resource. productivity tools to assist the learner with trouble-shooting

and problem-solving.
* Creating Web site maps so the learner can get a sense of the
scope of the site, as well as indicators of how varied elements
in the site are linked together.
Strategic Alternative ways to do a < Arranging for an expert consultant to demonstrate how to
Scaffolding task. perform a task so learners can observe and ask questions while
learning a new technique.
+ Creating “question pools” where learners can pose questions
for others to provide responses, enabling multiple perspectives
on a problem.

Metacognitive scaffolding is defined as a way of guiding students to know what they are
thinking about and assisting students to know how to solve problems (Xie & Bradshaw, 2008).
According to Brown (1987) in Metacognitive scaffolding, the three activities are planning
scaffolds, monitoring scaffolds and evaluating scaffolds. This type of scaffolding, according to,
Hannafin et al. (1999) enhances metacognitive thinking and metacognitive strategies of planning,
monitoring, and evaluating. In other words, metacognitive scaffolding helps learners to reflect on

what they know, how they are learning and what they have learned at the end of the session.

In metacognitive scaffolding, the guidance may be in various forms, such as expert
modeling, expert advice, prompts, learner guides, and tools that assist them in organizing and

accessing their knowledge (Way & Rowe, 2008).
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Studies have investigated the effects of metacognitive scaffolding on learning. For
instance, a research conducted by Ge and Land (2003) shows that metacognitive scaffolding
enhances problem-solving processes and use of metacognitive strategies. According to this study
students who were instructed with metacognitive question prompts performed significantly better
than those who did not in problem-solving processes. Moreover, studies reveal that
metacognitive scaffolding has a positive effect on students’ content learning and knowledge
construction and metacognitive processes as well (Bulu & Pedersen, 2010).

The current study focused on metacognitive scaffolding in which students were give
supports to use metacognitive strategies of planning, monitoring and evaluation with training.
The metacognitive scaffolding used in this study was to enhance ability of the regulation of
cognition of students during learning through metacognitive strategies training on planning,
monitoring and evaluation and hence to improve their motivation, achievement, conceptual

understanding and retention of concepts in biology combining with 7E instructional model.

7E instructional model has seven phases (section 2.2.2). The first phase of the 7E
instructional model is (Elicit). For this phase students need to be aware of what they know.
Hence, they need to think of what is there in mind. The third (explore), fourth (Explain) phases
students need to be aware of want to know and how to know. Hence they need to plan ahead with
objective, strategies of exploring and presentation, time and resources. This is metacognitive
strategies of planning which can be used during forethought phase as described by Zimmerman
(2002). For this purpose students can use the first three columns of KWHAL chart and the first
column of self regulatory checklist, self questioning and other strategies listed above. In the
second, fifth, and seventh phases, the teacher engages students by providing activities and keeps

attention and stimulates curiosity, clear confusions and extends learning beyond the classroom
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respectively. During all these phases, students are expected to manage their progress. They have
to monitor what and how they are doing. This is metacognitive strategies of monitoring which
can be used during performance phase as described by Zimmerman (2002). For this purpose
students can use fourth column of KWHAL chart, second column of self regulatory checklist,
metacognitive prompts and other strategies. The teacher can also use metacognitive prompts as a
reminder of students to monitor their activity. The sixth phase (evaluation) expects students to
assess their learning. This requires metacognitive strategies of evaluation which can be used
during self reflection phase as described by Zimmerman (2002). For this they can use the last

column of KWHAL chart, self regulatory checklist, self questioning and other strategies.

2.4  Studies Related to Learning Cycle and Metacognitive
Strategies

Following the beginning of the implementation of the three phase learning cycle
developed in Science Curriculum Improvement Study (SCIS), several studies have been
conducted to evaluate the effectiveness of the constructivist based learning cycle and
recommended by many scholars as effective way of teaching for meaningful learning (Lawson,
2001; Levitt, 2002; Ray & Beardsley, 2008; Wilder & Shuttleworth, 2005). Research on the
impact of using learning cycle has been conducted in a variety of disciplines and teaching
contexts from elementary school through colleges. The studies focused on the effectiveness of
learning cycle alone and with combination of other instructional method like conceptual change
approaches, metacognitive strategies, concept map, technology etc comparing with traditional
approaches (Ajaja, 2013; Artun and Costu, 2012; Dogru and Tekkaya, 2008; Kaynar, Tekkaya &
Cakiroglu, 2009; Lee, 2003; Nuhoglu & Yalcin, 2006; Odom and Kelly; 2001; Sadi &

Cakiroglu, 2010). Many of them documented improvement in students’ conceptual
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understanding, achievement, scientific reasoning, as well as more positive attitudes toward

science among students.

Most of the studies conducted on the effectiveness of learning cycle in biology gave great
emphasis on conceptual understanding (Balci, Cakiroglu, & Tekkaya, 2006; Yilmaz, et al. 2011;
Odom & Kelly, 200) and achievement of students in biology (Appamaraka, Suksringarm, &
Singseewo, 2009; Cakiroglu, 2006; Dogru-Atay & Tekkaya, 2008; Sadi & Cakiroglu, 2010).
Moreover, a research conducted to see the effect of learning cycle on retention in biology
concepts found positive results (Blank, 2000). For instance, learning cycle instruction promoted
high school students understanding in diffusion and osmosis (Marek, Cowan, & Cavallo, 1994;
Odom and Kelly, 2001). According to these finding, students taught with learning cycle had
better understanding about the concept of diffusion and osmosis than those taught with
expository instruction. Similarly, researchers investigated the effect of the learning cycle on
students’ achievement in genetics and cell concepts (Dogru & Tekkaya, 2008; Kaynar, Tekkaya,
& Cakiroglu, 2009). The results of the study shows that the experimental groups instructed with
the learning cycle better achieved in genetics and cell concept results than the controlled group

instructed with traditional approach.

Particularly, studies conducted on the effectiveness of 5E learning cycle show that
students’ achievement, retention and conceptual understanding improved and alternative
conceptions reduced after the instruction of 5E instructional model (Ajaja, 2013; Artun & Costu,
2012; Lee, 2003; Lord, 1999; Nuhoglu & Yalcin, 2006; Sadi & Cakiroglu, 2010). A study
conducted by Ajaja, (2013) found that students taught with 5E learning cycle scored the highest
marks and retained more of the biological knowledge than those taught with concept mapping,

cooperative learning and lecture methods respectively. Similarly, study results revealed that
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teaching activities based on the constructivist SE model are effective means for conceptual
understanding and reduction of misconceptions (Artun & Costu, 2012). Moreover, a study
conducted by Sadi and Cakiroglu, (2010) show that 5E learning cycle instruction increased
students’ achievement in biology more than the traditional instruction did. Furthermore,
researches have been conducted to see the effect of the combination of learning cycle with other
strategies. For instance, a research conducted by Blank, (2000) on effectiveness of the three
phase (SCIS) learning cycle model combined with metacognitive cycle found that there was no
significant difference between the two groups in content knowledge in ecology but

metacognitive learning cycle groups did better ecology understandings.

After the development of the 7E instructional model, many studies have been conducted
to see its effectiveness in learning science in different fields. The results of these studies revealed
that 7E instructional model significantly improved students’ critical thinking skills, conceptual
understanding, retaining acquired knowledge, and promoting self-regulation, achievement (Gok,
2014; Mecit, 2006; Polyiem, Nuangchalerm & Wongchantra, 2011). According to Shaheen, and
Kayani (2015) the 7E instructional model was more effective than the traditional instructional in
terms of students’ biology achievements. Moreover, a research conducted by Adesoji & ldika
(2015) in chemistry field revealed that 7E instructional model is effective in improving students’

achievement.

Though, 7E learning cycle was proofed to be effective, few researches were conducted by
combining 7E learning cycle with other strategies. For instance, a research conducted by
Warliani, Muslim and Setiawan (2016) on effects of 7E learning cycle model using technology
based constructivist teaching shows that students in experimental group performed better in

understanding than control group instructed with 7E learning cycle model alone. Similarly, a
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research conducted by Bulbul (2010) shows the effectiveness of 7E learning cycle with computer
animation on students understanding and achievement. Students in this group performed better in
understanding of concepts in osmosis and diffusion. Parallel to this result Kunduz & Secken,
(2013) in chemistry found that experimental groups taught with 7E learning cycle with computer

assisted teaching material performed better in achievement than control group.

A research conducted by Yerdelen-Damar & Eryilmaz (2016) on the effectiveness of
metacognitive 7E learning cycle on the students’ epistemological understandings revealed that
students with in experimental group performed better. According to this study, metacognitive
activities like the prompted small and whole group discussions, journal writings as homework,
error analyses, and concept mapping were used with 7E learning cycle. They found that the
group assigned with metacognitive 7E learning cycle performed better than those taught with
teacher-centered instruction. Another study conducted by Sornsakda, Suksringarm & Singseewo
(2009) on the effect of using 7E instructional model with three metacognitive techniques of
intelligibility, plausibility and wide — applicability found that the experimental groups performed

better in learning achievement, integrated science process skills and critical thinking than control

group.

In the current study, however, metacognitive strategies of planning, monitoring and
evaluation were used with 7E instructional model to see how these approaches help students’
biology learning in the Ethiopian context. My study builds on what is reported in the literature by
including metacognitive strategies into the 7E instructional model. Using metacognitive
strategies of planning, monitoring and evaluation with 7E instructional model, however, makes
this study somewhat different from the studies conducted so far and it will have its own

knowledge contribution to the literature.
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Therefore, the main purpose of this study was to investigate the effectiveness of 7E
instructional model supported with metacognitive strategies on Ethiopians 9th grade students’

motivation, achievement and conceptual understanding of biology concepts.

2.5  Conceptual Understanding

The concept of gaining knowledge and understanding of science should be seen
separately. Gaining knowledge about science may not necessarily be understanding science.
Wiggins & McTighe (1998), associate the term knowing with facts, memorization, and
superficial knowledge, whereas the term understanding signifiess a more complex,

multidimensional integration of information into a learner’s own conceptual framework.

Conceptual understanding has become a focus of wide range of current research in
science education (Alkhawaldeh, 2007; Bilal & Erol, 2012; Marasigan & Espinosa, 2013).
Many of them attempted to address students’ conceptual understanding of science concepts from
different perspectives such as learning, teaching and assessment techniques. In relation to
learning, researchers found that students have major problem in understanding major concepts
and hold misconceptions or alternative conceptions in science concepts (Bahar, Johnstone &

Hansell, 1999; Tekkaya, Ozkan & Sungur, 2001).

It is clear that students do not come to classroom with an empty mind in view of
constructivism. They come with some knowledge about the concept which may be constructed
from their daily life experience before they come to the formal classroom instruction (Teichert &
Stacy, 2002). This prior knowledge held by students may or may not be similar with the formal

concept that is agreed upon by scientist community. So, students’ prior knowledge might be able
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to cause some difficulties in students’ learning process affecting their conceptual understanding

about science concepts.

Taking the prior knowledge of learners in to account, conceptual change within
conceptual change theory has become the term denoting learning science from constructivist
perspectives (Lin, 2004; Tanner & Allen, 2005). Conceptual change is define as “a learning
process in which an existing conception (idea or belief or knowledge about how the world
works) held by a student is shifted and restructured, often away from an alternative or
misconception and toward the dominant conception held by experts in a field” (Tanner and

Allen, 2005, p. 113).

According to Posner et al. (1982) conceptual change is defined in relation to assimilation
and accommodation. Assimilation, a weak knowledge structuring or conceptual capture occurs
when students use existing concepts to deal with new phenomena whereas accommodation, a
radical knowledge structuring, occurs when students lack sufficient existing knowledge to grasp
new phenomena and replace or reorganize their central concepts (Duit & Treagust, 2003; Posner

et al., 1982).

As stated by Posner et al. (1982), there are four conditions for conceptual change to
occur. These are dissatisfaction with existing conceptions, intelligibility; plausibility and
fruitfulness of new conception. Dissatisfaction with existing conceptions occur when students
first encountered difficulties with an existing conception to consider a new one due to anomaly
which creates cognitive conflict that prepare students for accommodation. The intelligibility of
new conception is when students know the meaning of new conception, create a logical

representation and see that it is internally consistent existing conception. The new conception is
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plausible for students when they bring together a new conception with preconception without
any difficulties. The new conception is fruitful for students when it has a potential to open up
and lead new insights and discoveries. This type of learning process helps students to have deep
understanding of science concepts (Jonassen, Strobel & Gottdenker, 2005).

With regard to the problem of how to teach for conceptual understanding, research
findings point out that the traditional instructional approach encourages memorization and
recalling of facts which is gaining knowledge than conceptual understanding (Zakaria & Iksan,
2007). Similarly, Dhaaka (2012) reported that this approach encourages students to memorize the
content and reproduce the same to pass the examination without understanding the concept of the
subject. Researchers indicated that students’ academic achievement cannot be determined by
acquiring knowledge to pass examination but rather by acquiring deep meaningful understanding

of the materials presented to the students (Sakiyo & Waziri, 2015).

In teaching toward understanding, an explicit confrontation between pre-knowledge and
new knowledge is the critical element, as stated in theory of conceptual change (Posner, George,
Strike, Hewson & Gertzog, 1982; Tanner & Allen; 2005). Thus, in teaching toward
understanding of major concepts in biology and achieving conceptual understanding for students,
it is first necessary to understand students’ prior knowledge and identify misconceptions or
alternative conceptions. This needs effective implementation of suitable learner centered
approaches that enables to extract prior knowledge of learners and treat misconceptions and
leads to conceptual understanding. Different learner centered methods are recommended to
facilitate effective learning with understanding. For example, the 5E and 7E instructional

approaches are useful to extract students’ prior knowledge and misconceptions and to teach for
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conceptual understandings (Bybee, et al., 2006; Eisenkraft, 2003). The following section deals

with misconceptions and related literatures.

2.5.1 Misconceptions

As indicated above, students come into classroom with their own prior knowledge which
may not be consistent with ideas accepted by scientific community. These students prior
knowledge have been given different names by scholars at different times. Among the different
names, some of them are misconceptions (Lawson & Thompson, 1988; Nakhleh, 1992; Treagust,
1988; Schmidt, 1997), alternative conceptions (Taber, 2001), alternative views (Odom &
Barrow, 1995), alternative frameworks (Gonzalez, 1997; Taber, 2001) and preconceptions

(Novak, 1977). In this study, the most commonly used name misconception was used.

Misconceptions can be held by all students at all levels of education. There are different
sources of misconception. According to Duit & Treagust, (1995) and Harrison & Treagust
(1996) the possible sources of misconceptions include text books; teachers; culture and language;
mass media; daily usage of concepts; personal real-life experiences and lack of understandings
from previous school courses. Moreover, innate structures of the brain (Duit, 1991) and
traditional instruction (Kindfiled, 1991) were also reported as source of misconceptions.
Concerning sources of misconceptions, there are different studies conducted in science education
(Chattopadhyay, 2012; Chu, Treagust, & Chandrasegaran, 2009; Dikmenli, 2010; Pesman &

Eryilmaz, 2010; Sesli & Kara, 2012; Williams et al., 2012).

Students learning can be affected by their prior knowledge, experience and the social
context in which learning occurs (Grayson, Anderson & Crossley, 2001; von Glasersfeld, 1992).

Since the students have previously perceived concepts in their mind, students may have
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difficulties in understanding the new concepts (Schmidt, Baumgartner, & Eybe, 2003). While
teaching, considering these misconceptions and planning instructions according to these
conceptions becomes very important to ensure meaningful learning. This is because
misconceptions are obstacles for meaningful learning, they are persuasive, stable, and resistant to
change especially through traditional instructional strategies and remain even after formal
science instruction (Guzzetti, 2000, Stavy, 1991; Wandersee, Mintzes, Novak, 1994). For
meaningful learning to occur, students need to link new knowledge to previously perceived
relevant concepts; otherwise, rote learning occurs (Ausubel, 1968). This integration of
previously perceived concepts and new concepts during introduction of the concept and entire

lesson enable learners to understand the subject matter (Muijs & Reynolds, 2005).

2.5.2 Misconceptions in Biology

Similarly, students understanding and misconceptions concerning biology concept have
been the focus of researchers in the past many years (for instance, Coley & Tanner, 2012; Lin,
2004; Tanner & Allen, 2005; Vitharana, 2015). The studies were conducted on different topics
in biology. For example, Lewis & Wood-Robinson (2000) and Kriger, Fleige, & Riemeie
(2006) conducted a research on cell division; Odom (1995) and Odom & Kelly (2001) on
diffusion and osmosis; Balci, Cakiroglu, & Tekkaya (2006) and Griffard & Wandersee, (2001);
Haslam & Treagust (1987) and Mikkila, (2001) on photosynthesis and respiration in plants;
Dogru & Tekkaya, (2008) and Tsui & Treagust (2004) on genetics and Mauricio & Pinto (2008)
on cell metabolism focusing on students understanding and misconceptions. Moreover, Caravita
& Falchetti, (2005) conducted a research on skeletal system; Sungur, Tekkaya & Geban, (2001)

on circulatory system; Alparslan, Tekkaya & Geban, (2003); Sanders, 1993) on respiratory
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system and Teixeira, (2000) on the digestive system. They found that students hold different
types of misconceptions concerning these concepts in biology. Research findings on students’
understanding of biology concepts showed that there were misconceptions at different grade
levels and difficult to change these misconceptions by traditional teaching methods (Marek et al.,

1994; Odom & Barrow, 1995; Odom & Kelly, 2001; Christianson & Fisher, 1999).

2.5.3 ldentifying Misconceptions

Students’ understanding of scientific concepts is key component of any school science
curriculum. Science learning with conceptual understanding could not be possible with shifting
only the method of instruction from teacher centered to student centered approaches but rather
the assessment technique too. Therefore, the shift away from a focus on facts towards conceptual
understanding requires the shift of assessment techniques from recalling of facts to conceptual
understanding (Richmond, Merritt, Urban-Lurain & Parker, 2010). In order to facilitate students’
understanding of scientific concepts, appropriate assessment tools have to be used by teachers
(Duit & Treagust 2003). In literature, many studies have been conducted to develop different
assessment tools to assess students understanding and identify students’ misconceptions in

science education.

In traditional classroom, teachers are unable to identify misconceptions because students
are not encouraged to reflect on their thinking, assessment techniques (multiple-choice and short
answer) do not allow students to express their thinking and destructors were constructed based
on teachers decision rather than students thinking (Wandersee, Fisher, & Moody, 2000). The
most commonly used traditional multiple-choice test items (MCQs) evaluates only content

knowledge without considering the reasoning behind students’ choices of responses that
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indicates their deep understanding of concepts. These types of multiple choice test items are
unable to identify the reasons behind the answers of the students (Palmer, 1998). Therefore,
identification of misconceptions requires different methodologies than those traditional
assessment technique that are used in traditional classrooms such as multiple-choice, short

answer and matching assessment techniques (Wandersee et al., 2000).

Different types of methodologies that have been used in science education for the
identification of students’ misconceptions includes: concept maps (Hazel & Prosser, 1994;
Kinchin, 2000), interviews (Stewart et al., 1990), drawings (Dikmenli, 2010; Smith, 1991),
open-ended questions (Atilboz, 2004), two tier diagnostic tests (Mann & Treagust, 1998; Odom
& Barrow, 1995; Sesli & Kara, 2012; Treagust, 1988; Wang, 2004) and three-tier diagnostic
tests (Arslan, Cigdemoglu & Moseley, 2012). Though it has some limitations, science teachers
preferred to use multiple choice tests because they can be easily applied with in short period and
help to assess large number of students unlike interview, concept map and open ended questions.
As an improvement to traditionally used multiple choice test, two-tier and three tier multiple
choice tests were developed to assess the reason behind the answer to the first choice (Arslan et

al., 2012; Tan, Goh, Chia, & Treagust, 2002; Treagust, 1995).

Multiple choice test items that require students to justify their choice with reason was
proposed by Tamir (1971). Treagust (1995) described this approach as two tiers multiple choice
test (TTMCT) items that diagnose students’ conceptual understanding and misconceptions in

science education research.

The first tier involves a content response and the second tiers reasoning response. The

questions also aim to identify misconceptions held by students as many of the distracters are
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based on such misconceptions. He described the item format of the two-tier multiple choice tests
as the first tier consisting of a content question with two, three, or four choices and the second
tier with four possible reasons for the first part with three of them alternative reasons and one
desired reason. The second tier can also include a blank that students can write a reason for the
first tier when they cannot see their reasons among the alternatives of the second tier (Griffard &

Wandersee, 2001).

Since then, it has been used to assess understanding and misconceptions (Dhindsa, &
Treagust, 2009). Currently, two-tier multiple choice tests become popular instruments among
science educators and many researchers from different fields of science preferred to use two-tier
multiple choice tests instead of traditional multiple choice test items to measure students’
understanding and identify misconceptions (Chu, Treagust, & Chandrasegaran, 2009; Odom &
Barrow, 1995; Wang, 2004). Two tiers multiple choice test is useful for classroom teachers to
understand students understanding and identify misconceptions by administering at the
beginning and at the end of specific topic (Treagust, 2006). However, students still have a
chance to guess the correct answer in two tier diagnostic test that may lead to over estimation of
students understanding (Pesman & Eryilmaz, 2010). To minimize this problem a three tier
multiple choice test that asks students on third tier for the certainty of response has been

proposed (Hasan, Bagayoko, & Kelley, 1999; Pesman & Eryilmaz, 2010).

A wide range of two-tier multiple choice instruments have been developed and used to
determine students understanding of the concepts in several science disciplines. Examples of two
— tiers diagnostic instruments developed since 1980’s and used to investigate topics in biology
include: instruments on photosynthesis and respiration ( Haslam & Treagust, 1987),

photosynthesis (Griffard & Wandersee, 2001), breathing and respiration (Mann and
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Treagust,1998), diffusion and osmosis (Odom & Barrow,1995), internal transport in plants and
human circulatory system (Wang, 2004). In addition, open ended questions and interviews are
recommended by educators to assess conceptual understanding. According to Cohen and Manion
(1989), interview allows assessing students’ understandings and justification for answers in-
depth. Similarly, this study used the two tiers multiple choice test and interview questions in

order to assess students understanding and misconceptions of biology concepts.

2.6  Motivation

In any curriculum students are expected to understand scientific concepts and
phenomena. In addition to the misconceptions held by students and instructional method used,
learning can be affected by different factors. The two major groups of factors are cognitive
factors and affective factors. Factors that are considered as cognitive include reasoning ability,
information processing and academic achievement (Lawson, 2004; Lawson, Banks, & Logvin,
2006). The factors that are considered as affective include attitude, self-efficacy and motivation
(Osborne, Simon & Collins, 2003; Uzuntiryaki & Capa Aydin, 2008). Affective issues are
considered as catalyst to learning science for understanding to occur (Perrier & Nsengiyumva,
2003). In science education, the affective factor that has been given a great emphasis was
motivation than the other factors (Osborne, et al., 2003). The term motivation has been defined
in different ways from different perspectives. From psychological perspectives, according to
Glynn, Brickman, Armstrong, and Taasoobshirazi (2011), motivation is defined as “an internal
state that arouses, directs, and sustains students’ behavior” (p. 1160). They extended this
definition of motivation to learning science perspectives and defined as “internal state that

arouses, directs, and sustains science-learning behavior” (p.1160).
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Motivation is the internal energy that stimulates a person to keep on engagement on an
activity and consist of intrinsic and extrinsic motivation, self-determination, self -efficacy,
personal relevance, and anxiety (Chow & Yong, 2013; Stewart, Bachman, & Johnson, 2010). It
is these components that influence students’ intrinsic motivation to learn science (Koballa &

Glynn, 2007).

Intrinsic motivation is mental satisfaction which is achieved by others’ praise, while,
extrinsic motivation is an incentive activated by external factors such as good marks and getting
reward (Mahadi & Jafari, 2012). It is the eagerness and interest to do and take part in some
certain activities because an individual feels that they are attractive and pleasant (Mahadi &
Jafari, 2012). In comparison, intrinsic motivation is motivation of students to engage in an
activity for their own sake whereas extrinsic motivation of students to engage in an activity as a
means to an end (Pintrich & Schunk, 2002). Those students who are intrinsically motivated do
the task because they enjoy with work whereas those students who are extrinsically motivated do
the task because of the outcome such as teacher praise and reward. Research on motivation
focused on extrinsic motivation like grades, praises or appreciation (Stipek, 1996) and intrinsic
motivation like an innate interest, joy and pleasure that comes from within (Guay, Chanal,
Ratelle, Marsh, Larose, & Boivin, 2010). Intrinsic motivation is more long lasting and
sustainable as compared to extrinsic motivation (Guay, et al., 2010). It is this type of motivation
that helps students to take on the accountability of acquiring knowledge in all their life (Ainley,
2004). When students are intrinsically motivated, they know the way and means how to master
the content of the course in science learning and develop the skills required to learn the content
(Cavallo, Rozman, Blinkenstaff, & Walker, 2003). They also tend to develop high regard for

learning course information without the use of external rewards or reinforcement unlike those
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extrinsically motivated who depend on rewards and desirable results for their motivation (Lei,
2010). Studies indicated that students are intrinsically motivated when they are engaged in
science activities (Wigfield, Eccles, & Rodriguez, 1998) like doing and discovering which in

turn enhances meaningful science learning (Carin & Bass, 2001).

Generally, research findings indicted that motivation is one of the most important aspects
of learning in science education (Pintrich, Marx, and Boyle, 1993; Palmer, 2003)). A research
conducted by Chan and Norlizah (2017) revealed that students’ motivation towards science
learning has a significant correlation with students’ science achievement. Moreover, Athman and
Monroe (2004) and Betil Seving et al. (2011) indicated that there is a link between motivation
and academic achievement of students in science. The more they are motivated to learn science,
the more they achieve in their science learning (Glynn et al., 2009 & Betil, Haluk & Netzat,
2011). Hence, students’ motivation to learn science plays a crucial role in enhancing their
construction of conceptual understanding (Cavas, 2011) and achievement (Pintrich & Schunk,

2002).

According to Tuan, Chin and Shieh (2005), factors that influence students’ motivation
towards science learning include science learning values, self-efficacy, active learning strategies,
achievement goals, and learning environment. Similarly, Williams & Williams, (2011) indicated
that student, teacher, content, method/process, and environment are important components that

influence student motivation to learn science.

In relation to the impact of the method of teaching used on students’ motivation to learn

science, different researches have been conducted so far. Research indicated that students’
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motivation and cognitive gain can be affected by the instructional approaches teachers use in the

classroom (Mills, 1991).

Teaching methods that actively participate learners would likely lead to higher
motivation and meaningful learning than those teaching methods where learners remain passive
in classroom (Shihusa and Keraro, 2009). For example, the finding of the research conducted by
Tuan, Chin, Tsai & Shieh (2005) revealed that students instructed with inquiry instruction were
significantly motivated than those instructed with traditional teaching method. Another research
conducted by Shihusa and Keraro ( 2009) revealed that students taught using advance
organizers had a higher level of motivation than those taught using traditional teaching methods.
Similarly, Tosun & Taskesenligil, (2012) indicated that teaching students with problem based
learning method had positive effect on motivation. Moreover, according to Keraro, Wachanga
and Orora (2007) cooperative concept mapping teaching approach significantly enhanced
secondary school students’ motivation to learn. Furthermore, studies indicated that the learning
cycle instruction has positive effect on students’ affective aspects like motivation to learn science
(Kim, 2005; Turk & Calik 2008). In the current study, the constructivist based 7E instructional

model with metacognitive strategies was investigated in relation to motivation.

2.7 Gender Issues in Science Education

Science education was one of the areas in which gender difference was most strongly
pronounced in the past. In the last decades, gender difference in science education investigated
very well and reported that there was a gender difference (Alparslan, Tekkaya, & Geban, 2003;

Cavallo et al., 2004; Young & Fraser, 1994). Studies in relation to gender were focused on
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psychological (motivation), societal, schooling, and achievement in science learning (Kahle &

Meece, 2004; Fuselier & Jackson, 2010) and reported that there was a gender gap.

In most studies it has been reported that there was a significant difference between male
and females in achievement favoring males (Lee & Burkam, 1996). A research conducted by
Amedu (2015) on the topics microorganisms using jigsaw method shows that males performed
significantly better than females. Similarly, Young and Fraser (1994), reported that there was a

significant gender differences in biology achievement in favor of boys.

However, other studies point out female students performed better than male students
(Anderman & Young, 1994; Britner, 2008; Britner & Pajares, 2006). A research conducted by
Filgona and Sababa (2017) on learning with mastery learning strategy revealed that female
students performed better than their male counterparts. Soyibo (1999) revealed that females
performed significantly better on a test in biological labeling. Alparslan et al., (2003) also found
that a significant difference between girls* and boys™ performance in favor of the girls on

understanding of respiration (Alparslan at al., 2003).

On the other hand, studies revealed that there was no significant difference between
males and females with respect to science achievement (Cakiroglu, 2006; Hupper et al., 2002;
Shaheen and Kayani, 2015; Sungur and Tekkaya, 2003; Thompson & Soyibo, 2002; Ugwu &
Soyibo, 2004). For instance, Sungur and Tekkaya (2003), reported that there was no difference
between males and females in achievement and attitude toward biology. Similarly, according to
Shaheen and Kayani (2015), there was no significant difference in the mean scores of boys and
girls with respect to students’ achievement. Ugwu and Soyibo (2004) also reported no significant

gender difference in performance on nutrition and plant reproduction concepts.
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Similarly, concerning motivation, studies reported that there was gender differences in
science education boys performing better than females (Meece, Glienke, & Burg, 2006; Jacobs &
Bleeker, 2004; Shihusa and Keraro, 2009). For instance, Shihusa and Keraro (2009) found that
male students had a significantly higher level of motivation than females after teaching using
advance organizers. Moreover, gender difference was found in components of motivation such
as, for instance, in intrinsic and extrinsic motivation, self-determination, self-efficacy, test
anxiety and goal-orientations (Britner, 2008; Glynn, Taasoobshirazi, & Brickman, 2009; Britner

& Pajares, 2006).

In contrast, females were significantly more motivated than males in learning science (Cavas,
2011; Chan & Norlizah, 2017). They reported that female students have higher motivation in
learning science than male students.

On the other hand studies also reported that there is no difference between male students
and females students in science motivation (Akbas & Kan, 2007; Albert, 2010; Mubeen, Saeed,

& Arif, 2013; Ongowo & Hungi, 2014).

Studies reported that teachers and parental influence have contributed for such gender
difference in science learning (Adamuti-Trache & Andres, 2008; Jacobs & Bleeker, 2004; Jones,
1991). In addition to teachers and parental influence, the method of teaching implemented in a
classroom may contribute for gender differences in science education. For instance, , active
learning strategies used in classroom is one of the factors that influence students’ motivation
towards science learning (Tuan, Chin and Shieh, 2005). This study was designed to investigate

gender issues in relation to learning biology and motivation.
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2.8 Conceptual Framework

This conceptual framework shows the theoretical perspectives of the study and the
relationship between independent and dependent variables while students learn human biology.
The guiding theories for this study are constructivism, motivation and metacognition. The
constructivist based 7E instructional model and components of regulation of cognition of

metacognition were considered in this study.

As shown in the figure, the independent variables of this study were 7E instructional
model (7EIM), 7E instructional model with metacognitive strategies (7EIMMS) and
conventional instruction with metacognitive strategies (CIMS). Theoretical basis of 7EIM is
constructivism learning theory and metacognitive strategies (MS) are from regulation of
cognition in metacognition. In addition gender was considered as independent variables. The
dependent variables of this study were achievement, conceptual understanding, retention of
human biology concepts and motivation of students to learn biology. The effect of each
independent variable on each dependent variable was investigated and the extents of their effects

on the dependent variables were compared.
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Chapter Three: Research Methodology

Introduction

This section is devoted to explain the research methodology of the study. Here, the
research method, research design, population and sampling technique, variables, instruments
used to collect data, procedure, treatments, data analysis methods, and ethical issues are

presented in some details.

3.1 Research Method

For this study, the mixed method research was used. Literature indicated that in
educational research there are three types of research approaches namely quantitative, qualitative
and mixed research methods. Creswell (1994) has given a very concise definition of quantitative
and qualitative research. He defined quantitative research as a type of research explaining
phenomena by collecting numerical data that are analyzed using mathematically based methods
(in particular statistics). Qualitative research, on the other hand, is concerned with qualitative
phenomenon, i.e., phenomena relating to or involving quality or kind. Qualitative approach to
research generates results either in non-quantitative form or in the form which are not subjected
to rigorous quantitative analysis (Kothari, 2004). Mixed methods research combine quantitative
and qualitative research methods in different ways, with each approach adding something to the

understanding of the phenomenon.

The underlying philosophy and world view of the mixed methods research is described as
being pragmatist (Ary, Jacobs & Sorenson, 2010). Pragmatism focuses on “what works” to

answer the research question and the pragmatic mixed method research is considered as the
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“third paradigm” or the “third wave” in research (Ary, et al., 2010). Scholars point out that
mixed method research can take advantage of the combined strengths of qualitative and
quantitative approaches and can use the strengths of one method to overcome the weaknesses of
another (Ary, et al., 2010). It can provide stronger evidence for a conclusion through

corroboration of findings (Ary, et al., 2010).

One of the purposes of this study was to investigate students’ biology learning especially
in terms of conceptual understanding. Assessing students’ conceptual understanding through
only quantitative method is not enough because they may score by chance. Therefore, in addition
to measuring students’ conceptual understanding through quantitative method it is useful to
apply qualitative method so as to find detail information on students’ in-depth understanding. In
this study, the findings from qualitative data help to support or contend the findings of the

quantitative data so as to have strong evidence.

For qualitative part, I mainly focus on students understanding of human biology and
misconceptions. As it is known the commonly used traditional multiple choice test can assess
students learning but it can’t help to assess how much they understood the concepts. As a
solution for this, a two tier multiple choice test has been developed in the past. But, still there is a
problem with this because it is a multiple choice test in which students can select answer
possibly without understanding. Therefore, supporting the quantitative data obtained from the
two tiers multiple choice tests with qualitative data obtained from semi-structured interview was
necessary to have strong evidence for conclusion through triangulation. Moreover, qualitative
data about the actual classroom practice, students and teachers’ perception towards the

intervention were collected through classroom observation and interviews.
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3.1 Research Design

The research design according to Ary, et al. (2010), is the researcher’s plan of how to
proceed to gain an understanding of some group or some phenomenon in its context. It is a
logical plan for getting from here to there i.e. from initial research questions to conclusions (Yin,

2003).

For this study the concurrent embedded mixed research design was used in which the
qualitative research is embedded in the quantitative research (Creswell & Plano Clark, 2011).

QUAN and qual represents quantitative and qualitative data respectively.

QUAN Interpretation based on
qual QUAN (qual) results

A\ 4

Figure 5 Embedded Mixed Research Design (adapted and modified from Creswell and Plano
Clark, 2011, p. 70)

According to Creswell (2009), concurrent embedded approach has a primary
method(quantitative) that guides the study and a secondary method (qualitative) that provides a
supporting role in the procedures or vice versa. In short, the secondary method is embedded, or
nested, within the predominant method. In this mixed research design, the researcher is able to
collect the two types of data simultaneously (before, during and after) intervention and it
provides a study with the advantages of both quantitative and qualitative data (Ary, et al., 2010;

Creswell, 2009).

In educational research, it is difficult to conduct true experiment for the reason that
variables cannot be controlled fully and randomization is not easy. As a result of this, quasi

experiment emerged as an alternative in experimental research. In this study, the non equivalent
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pretest, multiple treatments, post test control group quasi experimental research design
(Creswell, 2009; Shadish, Cook & Campbell, 2002) was used. The design has one comparison
(CG) group and three experimental groups (TG) with pretest, post test and delayed post test.
Accordingly, Group 1 was with treatment of 7E instructional model (X;), Group 2 was with
treatment of 7E instructional model supported with metacognitive strategies (X;), Group 3 was
conventional method with metacognitive strategies(Xs) and Group 4 was with conventional

methods. Because of this, the research design for this study can be presented as follows:

Groups Pre test Treatment Post test Delayed post test
Treatment Groupl(TG1) 0, X1 0, Os
Treatment Group2(TG2) 0, X, 0, Os
Treatment Group3(TG3) 0, X3 0, Os
Comparison Group (CG) 0 0, O;

Similarly, for qualitative part an instrumental case study was used to provide an in-depth
examination of conceptual understanding of students in support to the quantitative data (Ary, et
al., 2010, Creswell, 2009). According to Creswell (2009), in the instrumental case study, the
researcher focuses on an issue or concern and then selects one bounded case to illustrate this
issue. In this study, the researcher focuses on conceptual understanding of human biology

concepts and grade nine students learning of this topic.

The nonequivalent control group quasi experimental research design with pretest and
posttest has been described as “one of the most commonly used quasi-experimental designs in
educational research” (Cohen, Manion & Marrison, 2007). This is because students in schools

were organized in to groups as classes at the beginning of each academic year by school
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administrators and was not possible to assign the students randomly into groups as in true
experiment (Best & Kahn, 2006). However, the groups are considered to share similar
characteristics. Wiseman (1999) stated that when the assignment of subjects to treatment groups
is done without the application of randomization procedures, the design is described as a quasi-

experimental design.

In a similar vein, Campbell and Stanley (1963) stated that when a researcher lacks the
full control over the scheduling of experimental stimuli which makes a true experiment possible,
collectively, such situations can be regarded as quasi-experimental designs. Nonequivalent
groups specifically mean that participant characteristics may not be balanced equally among the
control and experimental group and hence participants’ experiences during the study may differ
(Heiman, 1999). Due to this, it is preferable to use the nonequivalent control group quasi
experimental research design for this study. This is because biology students in the schools were
not randomly assigned to treatment due to intact sections and class schedule formed by the

schools and inability to control variables fully in the schools.

Although randomization of subjects to treatment was not applicable in quasi-experiment
research design because of the aforementioned reasons, schools and intact classes were randomly
assigned as treatment and comparison groups. The treatment groups were instructed using 7E
instructional model (7EIM) alone, 7E instructional model supported with metacognitive
strategies (7EIMMS) and conventional instruction with metacognitive strategies (CIMS). The

comparison group was instructed using conventional instruction (CI).

All the four groups were instructed by different biology teachers who have similar

experience in teaching grade 9 biology courses. Before the beginning of the implementation of
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the intervention the teachers were informed about the purpose of the study and trained about 7E
IM (treatment group 1), 7EIMMS (treatment group 2) and CIMS (treatment group 3). Similarly,

the students in TG 2 and TG 3 were trained about metacognitive strategies.

At the beginning of the study, human biology achievement test, human biology
conceptual understanding test, motivation questionnaire were administered to students in all
groups as a pretest (O1) in order to check whether the groups were equal in motivation,
understanding and achievement in human biology concepts. Moreover, metacognitive awareness
questionnaire was administered before training to check students’ awareness about metacognitive
strategies.

After 10 weeks implementation period of the treatment, these instruments were
administered again as posttest (O,) and 6 weeks later, human biology achievement test and
human biology conceptual understanding test were administered as a delayed post test (O3).
Furthermore, metacognitive awareness questionnaire was used to check whether the

metacognitive strategies training have brought improvement on the students’ awareness or not.

Besides to these tests and questionnaires, semi-structured interviews were conducted with
twenty four students (eighteen of them from three treatment groups - six students from each) and
six of them from comparison groups. The study was conducted over 10 weeks. There were four

periods, 45-minute each per week for each group.

3.2 Population and Sampling Technique

The study was conducted in Addis Ababa, Ethiopia, on secondary education particularly
on first cycle secondary schools (Grade Nine). Hence, the population of this study was grade 9

students in government secondary schools.
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Secondary education is an important sub-sector of an educational system for several
factors. It provides the middle level work force for the economy and other sectors. It serves as a
feeder for the higher levels of education. Production of high quality professional in different
fields from higher education depends on the quality of secondary education. This level of
education, therefore, needs to equip learners with necessary skills and scientific knowledge that
serve as a basis for higher education. Moreover, the researcher, have exposure to the problems
that exist in secondary schools biology teaching because of his engagement in teaching

secondary school biology, training and supervising secondary schools biology teachers.

The reason for the selection of Grade Nine is that secondary education starts from Grade
Nine. As already mentioned in the statement of the problem, achievement in biology for Grade
Ten is low and not that much good for Grade Twelve. So it is better to work at the start of
secondary education to improve students’ achievement and prepare them well for higher
education. It is believed that the experience obtained from this grade will help the learners to

learn better in the next consecutive grades.

Four particular schools were selected using purposive sampling for the intervention.
Those schools that have relatively similar condition in terms of school facilities (laboratory with
microscope, library with references materials), teachers’ qualification and experience, school
effectiveness (those ranked 1% - 2" by sub-city education bureau) were selected. This is because,
although in non equivalent quasi experimental research design difference between groups
naturally exists, according to Cohen et al. (2007), the researcher should have to select similar
groups as much as possible. The aim of having four schools is to avoid contamination of
information during intervention and data collection. Then, the four schools were randomly

assigned as treatment and comparison group.
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From each of the four schools, one biology teacher and one section of Grade Nine
students were involved. First, relatively well qualified and experienced biology teachers in
teaching grade 9 biology were selected purposely for each school. Teachers involved in this
study taught grade 9 biology for more than 10 years. Moreover, they are currently attending
summer program for their master degree in biology. Second, among the sections that the selected
teacher was teaching, one section was selected randomly from each school. The assignment of
sections in to comparison and treatment group was based on the already made assignment of

schools.

Based on this, the study involved 164 ninth grade students (64 boys and 100 girls) in the
selected government secondary schools. The age of students range from 14 to 19 and the mean
age of students was 15.51. Moreover, in order to triangulate the data, 24 students were selected
using purposive sampling (based on their conceptual understanding scores) for semi structured

interviews after the intervention.

The intervention covered five topics of human biology under unit three of 9" grade text
book. The unit includes contents like food and nutrition, the digestive systems, respiratory
systems, cellular respiration and circulatory systems. In the syllabus it is indicated that the unit
needs 37 periods to be completed. Hence, the intervention took about 10 weeks in the first
semester (4 periods per week, 45 minute each). The reason for the selection of this unit is that, as
already mentioned in the background, contents within this unit are reported as difficult concepts
for students to learn and hence, needs suitable instructional approaches to enhance students

learning.
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3.3 Variables

According to Leech, Barrett and Morgan (2005), variables are characteristic of the
participants or situation for a given study that has different values in that study. Variables are the
conditions or characteristics that the experimenter manipulates, controls, or observes (Best &
Kahn, 2006). There are three types of variables: independent variables (active or attribute),
dependent variables, and extraneous variables. The independent variables are the conditions or
characteristic that the experimenter manipulates or controls in his or her attempt to ascertain their
relationship to observed phenomena whereas the dependent variables are the conditions or
characteristics that appear, disappear, or change as the experimenter introduces, removes, or
changes independent variables(Best & Kahn, 2006). Accordingly, there were six variables in this

study. These are two independent variables and four dependent variables.

3.3.1 Independent
The independent variables of this study were instructional method and gender. One of
the independent variables of this study, the teaching method, has four levels which are 7EIM

alone, TEIMMS, CIMS and CI. Likewise, gender has two levels which are male and female.

3.3.2 Dependent

The dependent variables of this study were the human biology achievement, human

biology conceptual understanding, retention of human biology concepts and motivation.

3.4 Data Gathering Instruments

In order to answer the research questions of this study, data were gathered using different
data gathering tools. The data gathering tools of this research were human biology achievement

and conceptual understanding test (prepared by the researcher), science motivation questionnaire
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—I1 (SMQ-II) and metacognitive awareness inventory test (MAIT) (adapted from literature),

semi-structured interviews and classroom observation.

The conceptual understanding and achievement tests were used three times as pre-test
before intervention, post-test and delayed post test after intervention. Questionnaire were used
two times as pre-test before intervention and post-test after intervention; interview was
conducted once at the end; classroom observation was made throughout the intervention. The

characteristics and development process of these instruments are described in detail below.

Human Biology Achievement Test (HBAT)

The human biology achievement tests were developed by the researcher. The
development of the tests was based on the objectives of human biology unit stated in 9" grade
syllabus, questions in the biology textbooks and those in the Ethiopia general secondary
education certificate examination (EGSECE) prepared for grade 10 students. Questions prepared
for Ethiopia general secondary education certificate examination (EGSECE) in the years 2003 -
2008 E.C were reviewed and those questions that came from grade 9 human biology unit were
considered in preparing the tests. Moreover, while preparing the multiple choice test items a
table of specification was used base on Blooms taxonomy. Originally, 40 multiple choice test
items were developed and after item analysis was conducted, five of them were rejected and a
total of 35 multiple choice items with four distracters were prepared (appendix 1). The final 35
multiple choice test items were administered to all four groups to assess students’ achievement
on human biology concept before and after the intervention and 6 weeks later after the

intervention was completed to assess retention of concepts.
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Human Biology Conceptual Understanding Test (HBCUT)

Students’ conceptual understanding about human biology concepts was measured by the
use of human biology conceptual understanding test (HBCUT). HBCUT was a two tier multiple
choice test. As described in literature, this two tiers multiple choice test (TTMCT) contains
content response (first tier) with two to four choices and a set of four to five possible multiple
choice reasoning responses and one additional blank space (second tiers) that diagnose students’
conceptual understanding and help to identify misconceptions held by students in science. Some
of the items (item 6, 7, 8, 9, and 10) that focus on breathing and gas exchange were used from
Professor David Treagust (1998) from two-tier breathing, gas exchange and respiration
diagnostic instrument with permission. The rest 13 items were prepared by the researcher. The
following section describes the development process of human biology conceptual understanding

test.

Development Process of HBCUT

To develop HBCUT, the two tiers multiple choice test development procedure described
by Haslam and Treagust (1987) and Treagust (1988, 1995) was used. The procedure includes
three phases and 10 steps in which the first phase with four steps, the second phase with 3 steps
and the third phase with 3 steps. The three phases with each step are presented in table below

(Table 7).
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Table 7 The three phases and 10 steps.

Phases Title Steps

| Defining the Content 1 Identify propositional knowledge statements.
2  Develop a concept map.
3  Relate propositional knowledge to the concept
map.
Content validation
Review literature related
Conduct interview
Conduct multiple choice content items with free
response
Develop two-tier items
Design a specific grid.
10 Refine test

I Obtaining Alternative Conceptions

~No onbs

i Developing the Instrument

© 0o

The flowchart of human biology conceptual understanding test development process is shown
bellow.

Phase | .| ldentify propositional knowledge
Defining the Content statements
Develop a concept map.
v

Relate propositional knowledge to
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Figure 6 The Flow Chart of HBCUT Development
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Phase 1: Define the Content

This phase with first four steps was used to define the margins for the students’
understanding of human biology. The first step in phase | is the identification of propositional
knowledge statements from the text book and syllabus by examining each sub topics in human
biology unit which includes food and nutrition, digestive system, breathing system, cellular
respiration and circulatory system. The objectives and core concepts of the content were
identified from what is written under this unit in grade 9 text book and syllabus. The list of
propositional knowledge statements were identified from human biology unit categorized under
the following five target concepts. The target concepts are food and nutrition, the digestive
system, the respiratory system, cellular respiration and the circulatory system. For the

propositional knowledge statements identified for the target concepts, see appendix (appendix -2)

After identification of propositional knowledge statements, the second step in phase 1 is
the development of concept map. A concept map for human biology was developed based on the
content of grade 9 text book and syllabus. The contents under the unit human biology are wide.
Because of this it was difficult to put all concepts in to one concept map. Hence, the researcher
developed three concept maps. The first one includes the target concept of food and nutrition, the
digestive system and cellular respiration (Fig. 7). The second and the third concept map were the

breathing/respiratory system (Fig. 8) and circulatory system (Fig.9).
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The third step in phase | is relating the identified propositional knowledge with the
concept maps developed. The fourth step is to validate the propositional statements and concept
map with validity checking mechanisms. To do this, the identified propositional statements and
concept maps were given to two experienced secondary school biology teachers for validation
(forth step). The comments obtained from the teachers are considered to improve the

propositional knowledge and the concept map.

Phase 2: Identifying Misconceptions

Phase Il is to identify students misconceptions/alternative conceptions from different
resources. The alternative conceptions were obtained from students’ response during interview

and multiple choice open ended questions and literature review.

The fifth step in phase Il is to examine related literature that discuss about

misconceptions. Therefore, the following literatures were consulted. Some of the literatures
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discussed misconceptions on cell division (Kriger et al., 2006; Lewis & Wood-Robinson, 2000).
Other researchers focused on misconceptions in photosynthesis and respiration in plants (Balci et
al., 2006; Griffard & Wandersee, 2001; Haslam & Treagust, 1987; Mikkila, 2001). There are
also literatures on genetics (Dogru & Tekkaya, 2008; Tsui & Treagust, 2004) and on cell
metabolism (Mauricio & Pinto, 2008) focusing on students understanding and misconceptions.
The findings of the studies to identify misconceptions of plant transport and human circulation
(Wang, 2004), human body systems (Aydin & Balim, 2009), skeletal system (Caravita &
Falchetti, 2005; Teixeira, 2000), circulatory system (Alkhawaldeh, 2007; Sungur, Tekkaya &
Geban, 2001) and respiratory system (Alparslan, Tekkaya & Geban, 2003) are also among

literatures that were consulted for this study.

The sixth step is about identifying misconceptions through interview. Students’
misconceptions were identified using semi structured interview questions about human biology.
Interviews were conducted with a total of 15 grade 9 students each interview lasting 15 to 25
minutes to examine students’ understanding of human biology concepts. The interviews were

audio recorded and transcribed and used to prepare list of misconceptions.

The seventh step in this phase is another way of identifying alternative conceptions
through multiple choice open-ended responses for students to respond freely. Each item was
followed by a blank space for the student to write the reason why they selected the content
choice. So, | developed 15 multiple choices with open-ended response and administered to 45
grade 9 students. The responses obtained from open-ended response part were examined to
collect misconceptions of human biology. Misconceptions identified from students’ responses to
each multiple choice open-ended questions and interviews and literatures were used to develop

the instrument.
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Phase 3: Develop the Instruments

The eighth step is about constructing the items. Based on the data obtained from phase |
and Il, the first version of the two tiers multiple choice test items were developed.
Misconceptions collected from multiple choice tests with free responses and interviews were
used to develop the two tier diagnostic instruments in relation to the propositional knowledge

statements identified and concept map developed.

As described above, the final instrument of two tier multiple choice test item consisted of
two parts: the first part assess the students’ knowledge about the topics such as food and
nutrition, digestive system breathing system, cellular respiration and circulatory system and the
second part consisted of the reasons for the responses of the first part. The first tier consisted of
one correct answer and one to four other alternative distracters. The second tier consisted of one
accepted reason and two to four other alternative reasons with one blank space to write reasons

that are not included in the alternatives distracters.

The ninth step is about developing specification gird. The purpose of developing
specification gird was to make sure that the items fairly covered all propositional knowledge
statements identified from the human biology unit. The following table shows the specification

gird that consisted of content area and propositional statement that they refer to.
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Table 8 Specification grid

Topic Sub- topic areas Items Propositional statements
Food and nutrition 2 3,6,8
=) Digestive system 3 4,5,6,7,8,9, 14, 15
E Breathing system 5 4,5,6,7, 89, 10,11, 12, 16
é Cellular respiration 3 3,4,5,6,7
f Circulatory system 5 2,3,5,6,10,11, 12, 13, 14,15, 21, 24

The tenth step is about refining the instrument. After the development of items, each item
was revised again based on comments from experts in biology and the students’ responses about
accuracy of distracter, correctness of the answers, clarity of the questions, consistency with the
grade level and addressing the concepts in the topics. The final version of the two tiers multiple

choice test item for assessing human biology concept consisted of 18 items (Appendix 3).

There are several studies on how to analyze two tiers multiple choice items. They
analyzed differently. For instance, Chandrasegaran, Treagust, and Mocerino (2007) consider the
two-tier test item as correct answer if both content and reason parts were correctly answered.
According to Tarakci, Hatipoglu, Tekkaya and Ozden (1999), if students give correct answer in
two tiers evaluated as complete understanding, if students give correct answers in the first tier
and wrong in the second tiers evaluated as partial understanding with specific misconceptions
and if students give wrong answer in both tier evaluated as complete misunderstanding of
concepts. Moreover, according to Ozkan and Selcuk (2015), if students scored both tiers correct
(T-T) considered as sound understanding, if first tier correct and second tier incorrect (T-F) as
specific misconception, if first tier incorrect and second tier correct (F-T) as Partial
understanding) and if both tiers incorrect (F-F) as No understanding. Based on Tarakci

Hatipoglu, Tekkaya and Ozden (1999) and Ozkan and Selcuk (2015) classification of students
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understanding, the table below was used to analyze the data obtained from the HBCUT.
Misconceptions are considered significant and common if it is hold at least by 10% of the total

sample of students (Chandrasegaran et al., 2007; Haslam & Treagust, 1987).

Table 9 Classification of understanding of students

Combination answers

First tier Second tier Classification
Correct Correct Sound understanding
Correct Incorrect Misconceptions
Incorrect Correct Partial understanding
Incorrect Incorrect No understanding

Science Motivation Questionnaire —Il (SMQ-I1)

Science motivation questionnaire —I1 (SMQ-I1), developed by Glynn, et al., (2011), was
used to assess students’ motivation to learn biology. The item originally consists of 25 items in 5
scales such as intrinsic motivation, self determination, self efficacy, career motivation and grade
motivation. Students respond to questions using the scale never (0), rarely (1), sometimes (2)
often (3) and always (4) and the score ranges from 0-20 (Glynn, et al., 2011). In this study career
motivation was not considered because it was felt that it is not appropriate for secondary school
students.  Similarly, Bryan, Glynn, Kittleson (2011), used only the first three components
intrinsic motivation, self determination, self efficacy to assess secondary students’ motivation to

learn biology. Hence, the items for this study were 20 items (Appendix 4).

Metacognitive Awareness Inventory Test (MAIT)

Metacognitive awareness inventory test (MAIT) for regulation of cognition adapted from
(Schraw & Dennison, 1994) was used to assess student’s metacognitive awareness. The MAIT

developed by these scholars consists of 52 items of which 17 items are for knowledge of
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cognition and 35 items are for regulation of cognition. Of the 35 items for regulation of
cognition, the three essential skills, planning, monitoring, and evaluation, (Jacobs and Paris,
1987) consists of 20 items. These 20 MAIT items were used for this study because of the

emphasis given to the three skills (appendix 5).

Semi-Structured Interviews

It is obvious that collecting data from different sources increases the credibility and
validity of the results of the study (Cohen & Manion, 1989). Therefore, in addition to biology
conceptual understanding test, semi-structured interviews were conducted to assess students
understanding of human biology concepts and the benefit they gained from the intervention. For
this purpose, 6 individuals from each group (total of 24 individuals) were selected based on their
score on human biology conceptual understanding test i.e. 2 students from the top, 2 from middle
and 2 from bottom of the scores. There were 10 interview questions from all sub topics in
human biology unit (Appendix 6). Interview with each student lasted from 15-25 minutes and

was audio recorded and transcribed.

Classroom Observations

Moreover, classroom observations were conducted to evaluate the practice of teaching
learning process and proper implementation of the intervention as it was intended. For this
purpose there was one classroom observation per week for ten weeks and data were collected
manually. For evaluation of proper implementation of the intervention, observation check list,
prepared by the researcher based on the seven phases in 7E instructional model and

metacognitive strategies was used. An observation checklist consisting of 29 items with Yes, No
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and Partially scale was prepared by the researcher and used during observation to evaluate the
extent of the implementation (Appendix 7). Before actual implementation of the intervention, the
researcher conducted a classroom observation so that students become familiar with the process.
Furthermore, there were a discussion with the teachers and students about the intervention and its

benefit at the end.

3.4.1 Validity of Instruments

Validity can be defined as the extent to which an instrument measured what it claimed to
measure (Ary, et al., 2010). Validity also indicates the degree of accuracy of study conclusions

(Polit & Beck, 2004).

Of various aspects of validity, content and face validity are commonly employed.
Content validity is the extent to which a measuring instrument provides adequate coverage of the
topic under study (Kothari, 2004). To demonstrate this form of validity the instrument must show
that it fairly and comprehensively covers the domain or items that it purports to cover (Cohen et

al., 2007).

Content validity usually depends on the judgment of experts in the field (Kothari, 2004;
Kimberlin and Winterstein, 2008). It can be determined by using a panel of persons who shall
judge how well the measuring instrument meets the standards (Kothari, 2004). Setting up a panel
of experts /users and getting them to comment on your instrument while you are developing it is
a good way of doing it (Muijs, 2004). Accordingly, content and face validity of instruments were
checked using experts opinions from biology education, psychology and curriculum and
instruction. Data collecting instruments such as human biology achievement and conceptual

understanding test were given to experts from biology. A PhD candidate in biology education
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and biology teachers from secondary schools reviewed the test items to check the consistency
between what is in the text book (objectives, concepts) and items, clarity and mistakes in the
answer key. Finally, corrections were made by considering the feedbacks and recommendations

obtained from the experts.

Similarly, science motivation questionnaire (SMQ) and metacognitive awareness
inventory test (MAIT) were translated to Amharic by language experts and given to experts from
psychology and language for validation. The instruments were reviewed according to the
comments obtained. Furthermore, according to Cohen et al. (2007), validity might be also
improved through careful sampling, appropriate instrumentation and appropriate statistical

treatments of the data.

The materials prepared on 7E instructional model that contain brief description on the
model, each phases of the model with specific examples of biology lesson plans and
metacognitive strategies, mainly on regulation of cognition (planning, monitoring and
evaluation) were given to experts from related fields like curriculum and instruction, subject area
(biology) and language for review and validation (face and content validity). Comments obtained

from these experts incorporated to prepare the materials.

After doing all this, a pilot study was conducted for item analysis of instruments and
reliability checking. The following section deals with the process of pilot testing, item analysis

and reliability checking.

3.4.2 Pilot Study

To see the practicability of the models, difficulty and discrimination level of test items and

reliability of instruments, pilot test were conducted at selected school in Addis Ababa.
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Piloting the model

First, orientation on 7TEIMMS was given to teachers and students. The orientation was
given by the researcher for two consecutive periods each 45 min in school. Second, the 7EIM
alone, TEIMMS and CIMS were implemented in actual classroom for one week while teaching
Grade Nine biology topic. During the pilot study data were collected though classroom
observations note and discussion with participants (the teachers and some selected students).
Useful feedbacks were obtained in relation to the time to implement the 7 phases with in 45
minute, use of the metacognitive strategies in addition to the instructional methods. Feedback
obtained from observation and participants was considered and revision was made on methods
for implementation. For instance, feedbacks on if the topic needs more investigation, extending
the explore phase to the next period, relating the metacognitive strategies with the 7E phases and

activities used during engage phase were obtained.

Piloting the instruments

The final versions of data collection instruments such as human biology achievement test
(HBAT), human biology conceptual understanding test (HBCUT), science motivation
questionnaire (SMQ) and metacognitive awareness inventory test (MAIT) were pilot tested to
check reliability. The instruments were administered to 114 grade 9 students during the second
semester after they studied the content. Using the results obtained from the pilot test, first item
analysis for biology achievement and conceptual understanding test using parameters such as
difficulty index and discrimination index were conducted. Second, internal consistency reliability
of instruments was estimated using Cronbach’s coefficient alpha for scales (MAIT) and (SMQ)
and Kuder-Rechardson coefficient alpha for testes (achievement and conceptual understanding).
The following sections describe the item analysis and reliability.
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3.4.3 Item Analysis

Item analysis is an investigation of test items to determine how the items are appropriate
in terms of difficulty (P) and discrimination (D). This means that checking whether items are not
too difficult or too easy and how the test effectively differentiates students that scored higher and
lower on tests. The test results were investigated using item difficulty and discrimination index

of items.

Item difficulty index expresses how difficult the item is and the value ranges from 0.0 to
1.0 in which the higher the scores, the easy the items and the lower the scores, the difficult the
items (Boopathiraj and Chellamani, 2013; Miller, Linn and Gronlund, 2009). In other word the
higher the score means that high number of students selected a correct answer and the smaller the

score means a small number students selected the correct answers.

According to Miller, Linn and Gronlund (2009), the recommended p-value for item
difficulty ranges from 30 - 70% or 0.3 — 0.7 that means items having p-values below 0.3 and

above 0.7 are considered difficult and easy items respectively.

Table 10 Difficulty index of items according to p value

p value Interpretation
>0.7 too easy
0.3-0.7 Average

<0.3 too difficult

Item discrimination describes how well the item discriminates between low scorer and
high scorer students and the D-value ranges from -1 to +1. Items having D-value closer to +1
discriminates better and items having D-value closer to 0 discriminates less. According to Ebel

and Frisbie (1986), items with discrimination index values (D) range 0.20 - 0.29 needs to be
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checked and the items with discrimination value index values (D) below 0.20 should be

discarded or reviewed in depth. The table below shows the value and interpretation.

Table 11 Discrimination power of the answers according to their D value

D Quality Recommendations

>0.39 Excellent Retain

0.30-0.39 Good Possibilities for improvement
0.20 - 0.29 Mediocre Need to check/review
0.00-0.20 Poor Discard or review in depth
<-0.01 Worst Definitely discard

Based on the above description, item difficulty and discrimination of items in the current

study were analyzed as follows.

The mean difficulty level of the human biology achievement test (HBAT) was 0.34
which shows that it was average that means items are moderately difficult for students. The item
difficulty of HBAT ranges from 0.15 to 0.53. Out of 40 items, most of the items were in an
acceptable difficulty range, some of them revised but 5 of them (item 4, 9, 12, 28 and 37)

appeared to be very difficult items to students and hence dropped.

The mean discrimination index of the human biology achievement test (HBAT) was .34
which shows that it was good test for students. The discrimination index of HBAT ranges from
0.0 to 0.58. Out of 40 items, 35 of the items discriminated fairly well between high and low
achiever students but 7 of them appeared to be poor items in discriminating the students because
they have low discrimination index , i.e. < 0.2. Two of the items were reviewed and 5 of them,

items 4, 9, 12, 28 and 37 were dropped.
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Table 12 Item difficulty (P) and discrimination index (D) for Human biology achievement test

Test item type Difficulty indices (p)  No. of items  Discrimination indices (D No. of items

HBAT (0.4<p<0.6) 8 (04<D<0.6) 13
(0.3<p<0.4) 15 (0.3<D<0.4) 9
(0.2<P<0.3) 12 (02<D<0.3) 11
(P<0.2) 5 (D<0.2) 7
Mean = 0.34 Total = 40 Mean = 0.34 Total = 40

Therefore, the final version of HBAT which consisted of 35 items (appendix 1) was

administered to all treatment and comparison groups as a pre-test, post-test and delayed post test.

Similarly, in the human biology conceptual understanding test (HBCUT), the mean
difficulty level was .40 which shows that it was average that means items are moderately
difficult students. The item difficulty of HBCUT ranges from 0.29 to 0.52. Out of 20 items, 19
of the items were in an acceptable difficulty range but 1 of them (item 2) appeared to be very

difficult items to students and hence dropped.

The mean discrimination index of the human biology conceptual understanding test
(HBCUT) was .49 which shows that it was excellent test for students. The discrimination index
of HBCUT ranges from 0.03 to 0.75. Out of 20 items, 17 of them discriminated fairly well
between high and low achiever students but 3 of them were average items in discriminating the
students because they have low discrimination index < 0.3. One of the items were reviewed and

2 of them (item 2 and 4) were dropped.
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Table 13 Item Difficulty (P) and Discrimination Indexes (D) of HBCUT

Test item type Difficulty indices (p)  No. of items  Discrimination indices (D No. of items

HBCUT (0.5<p<0.6) 3 (0.6 <D <0.8) 6
(0.4<p<0.5) 5 (0.4<D<0.6) 6
(0.3<P <0.4) 11 (0.3<D<0.4) 5
(p<0.3) 1 (D<0.3) 3
Mean = 0.40 Total = 20 Mean = 0.49 Total =20

Therefore, the final version of HBCUT consisted of 18 items (appendix 3) and was

administered to all treatment and comparison groups as a pre-test, post-test and delayed post test.

3.4.4 Reliability of Instruments

According to Leech, et al. (2005), reliability is used to indicate the extent to which the
different items, measures, or assessments are consistent with one another and the extent to which
each measure is free from measurement error. Reliability indicates how consistently a test

measures whatever it does measure (Ary, et al., 2010).

Reliability estimates are used to evaluate (1) the stability of measures administered at
different times to the same individuals or using the same standard (test—retest reliability) or (2)
the equivalence of sets of items/instruments from the same test (internal consistency) or of
different observers scoring a behavior or event using the same instrument (inter-rater reliability)

(Kimberlin and Winterstein, 2008).

One of the commonly used ways of calculating internal consistency reliability is
coefficient alpha (Muijs, 2004). The most widely used method for estimating internal
consistency reliability are Cronbach’s coefficient alpha for scales and Kuder-Rechardson

coefficient alpha for testes (Ary, et al., 2010). Hence, for this study, | used Cronbach’s
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coefficient alpha for scales (MAIT) and (SMQ) and Kuder-Rechardson coefficient alpha for
testes (achievement and conceptual understanding) as checking mechanism of reliability of
instruments after pilot testing.

During calculation of HBAT scores, correct responses were coded as 1 and incorrect
responses were coded as 0, hence, the maximum score was 35 and the minimum was O.
Similarly, to calculate HBCUT scores, correct responses for both tiers (first and second tier)
were coded as 1 and incorrect responses in any one of the two tiers were coded as 0, hence, the
maximum score was 18 and the minimum was 0.

Reliability of HBAT and HBCUT tests were investigated by calculating an internal
consistency measure of Kuder-Richardson 20. The reliability coefficient of HBAT and HBCUT
was found to be 0.73, and 0.70, respectively. Similarly, reliability coefficient of science
motivation questionnaire (SMQ) and metacognitive awareness questionnaire (MAIT)  was
calculated by SPSS program to get Cronbach’s coefficient alpha. It was found to be 0.82 and
0.83 respectively. The values of all instruments are within acceptable ranges. Therefore, the test
items were considered as reliable and valid instrument to be conducted in the current study. The
following table presents Cronbach’s coefficient alpha value and KR-20 Values of HBAT
HBCUT

Table 14 Cronbach alpha and Kuder Richardson reliability coefficient value of instruments

Instrument type N of items Cronbach alpha Kuder Richardson-20 (KR-20)
HBAT 35 0.73

HBCUT 18 0.70

SMQ 24 0.82

MST 20 0.83

After instruments passed all these process and necessary revisions made, the final forms

of the tests and questionnaires were administered as pretest, post test and delayed post test to
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determine their achievement, conceptual understanding, retention of human biology concepts,

motivation and metacognitive awareness before and after intervention.

3.4.5 Intervention Procedure

First, four schools, four teachers and four sections (one teacher and one section from each
school), were selected and assigned as treatment and comparison group randomly. In this study
there were three treatment groups and one comparison group. One of the sections in the selected
schools was assigned with 7EIM and the second section was assigned with 7EIMMS, and the
third section was assigned with CIMS randomly. These were considered as experimental groups
in three schools. The forth section in the remaining school which was considered as comparison

group was assigned with CI.

Second, training was conducted for teachers and students in treatment groups. At the
beginning of the intervention, | gave brief information about the purpose of the study, the ways
of the implementation of the intervention, the activities to be carried out during the intervention,
and the time schedule. The training on 7EIM was given to the teacher from the treatment group
which was assigned with 7EIM. Similarly, training on 7EIMMS strategies were given to the
teacher from the second treatment group which was assigned with 7EIMMS. Then, training on
MS was given to students from the second and third treatment groups which were assigned with
TEIMMS and CIMS. The training was given by the researcher and lasted for 6 days, 45 minute
per day. The first day, two 45 minutes, was for explanation on the materials and the rest days

were for practice in actual classroom.
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The training consisted of brief description of the 7EIM, its developments and each phase
within the model. The training also consisted on how teachers can prepare a daily lesson plan

using the model with practical examples.

The other part of the training was about MS. Before the start of the training, a
metacognitive awareness inventory test on regulation of cognition was administered as a
diagnostic assessment. The training in this case was focused on what metacognition is, how we
can use MS of planning, monitoring and evaluation during teaching and learning. The purpose of
this training was to support or scaffold students to develop metacognitive skills so as to become
self directed and independent learners. At the beginning of the training | provided training
manuals for participants and described the aim of the study and the training and provided a
general presentation about metacognition and MS. Definition of metacognition, regulation of
cognitions, planning, monitoring and evaluation were presented and discussed with the
participants. The discussion on planning was focused on setting goals, activating their prior
knowledge, selecting a strategy (e.g. concept map, taking notes, self questioning, discussing with
others, practicing things over and over), allocating time and resources before starting the work.
Similarly the discussion on monitoring was focused on how students get aware of the process of
learning and tasks. It focused on questions like ‘how am I doing?’; ‘Do | understand what | am
learning?’; ‘Am | in the right direction for achieving the task objective?’ These can be used both
during learning, studying and doing activities in classroom as well as outside classroom. The
discussion on evaluation was focused on making careful judgments about the effectiveness of
their learning which includes checking whether they achieved their goal or not and their own

strengths and weakness while learning and doing activities.
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During training KWHAL chart and Regulatory check list were used for making the
training practical. KWHAL refers to: K = What do | know? W = What do | want to know? H =
How will I know it? A = Am | learning well/on the right tack/achieving my goal? L = What
have | Learnt?. Self Regulatory checklist were also used which help to check whether they are

on track or not (see the detail description under literature review).

These two materials were given to all students in the treatment group, taped on their desk,
wall and exercise book. Students were given a topic to practice planning, monitoring and
evaluation using the KWHAL chart. Finally, students were given some assignments to do on
metacognitive strategies of planning, monitoring and evaluation using KWHAL chart and bring
back the next session so as to practice before the intervention. The following table shows

KWHAL chart and self regulatory check list used during training and intervention as well.

KWHAL — “Thinking about my Thinking” Student Worksheet

Name: Date: Topic/lesson:
Planning Monitoring Evaluation
Whatdol What do | How will I learn Am] learning? What have | Learnt?

know? Want to learn? it?

Figure 10 KWHAL Chart
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Table 15 Some of the self-regulatory check list

Planning Monitoring Evaluation

What is my goal? Do | have a clear understanding of Have | reached my goal?

What kind of information what | am doing? What worked?

and strategies do | need? Does the task make sense to me? ,

How much time and Am  reaching my goals? i el ek

resources do | need? Would | do things differently the next
time?

Third, pretest about the content (human biology achievement test and human biology
conceptual understanding test) and science motivation questionnaire were given to the four

sections taught by the four teachers.

After completing these activities, implementation of intervention was started. During the
intervention, normal class schedule were used in the school because most of the schools did not
want alteration of their normal school timetables. The following is an example of how the
intervention was implemented in one of the treatment group which was assigned with 7EIMMS

using the topic inhalation and exhalation in human biology unit.

The 7EIM was used while designing the lesson plans on human biology unit taking MS
in to consideration. The lesson plan was prepared based on the phases of the 7E instructional

model which are elicit, engage, explore, explain, elaborate, evaluate and extend (appendix 8).

In the first phase, students were asked questions to elicit their prior knowledge. The
teacher used metacognitive prompts like ‘why did you come today to this class/session?’; ‘What
is your goal/objective?’; ‘What do you know about this topic?” This is to remind students about
using MS while learning in classroom. The KWHAL chart was given to students ahead of the
section to come with their own plan. The teacher reminded the students to use the first, second

and third column of the KWHAL chart and first column of self regulatory check list as part of
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planning in MS. Then, the instruction was started with brainstorming students’ prior knowledge
about how air moves in to and out of our body and what happens to the structure of respiratory
system like a lung, intercostals muscles and diaphragm while we breathe in and out, the
composition of inhaled and exhaled air and the importance of breathing for humans. For that

purpose the teacher asked the students to discuss what they know about these inquiry questions.

During the second step, engagement phase, the teacher showed a model of the breathing
system made by one of the groups from locally available materials such as plastic bottle, balloon,
pen and hollow stick and ordered the students in each group to see what they came with. This

helped the teacher to get the attention of the students.

During the third step, explore phase, students referred the brief note written on their text
book, read about the movement of the air in to and out of the lung, the volume of the lung,
pressure in the lung, the shape of the diaphragm, the movement of the ribs and place where gas
exchange occurs in lung and discussed in a group. For this purpose, the teacher formed a group
and informed about what they are going to do with the model while reading and discussing.
Then they investigated how the air moves in to the lung and out of the lung by blowing air in to
the model and opening the pore to release the air out of the balloon so as to observe what
happens to the volume of the lung, the shape of diaphragm. They compared this phenomenon by
breathing in and out by themselves. The teacher used metacognitive prompts like Do you
understand what you are doing? Are you on the right track in reaching your goal stated earlier?
This is to remind students about using MS while learning in classroom especially in relation of
monitoring their learning process. The teacher kept reminding students to refer to column 4 of

KWHAL and second column of self regulatory check list. These prompts were used until phase
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five. The teacher served as a facilitator and guidance while students are exploring about the days

lesson.

During the fourth step, explanation phase, the teacher asked the group representatives of
each group to explain about the model in relation to breathing in and out and encouraged
students to explain in detail and other members of the group to add their own opinion. The role
of the teacher was to facilitate the learning process by observing and listening to students’
presentation and corrected and added his own idea to make concepts clear and make students to
understand the concepts. Teacher answered and clarified the questions asked in the previous

phases and connected explanations with students daily life.

During the fifth step, elaboration phase, teacher provided students an activity for further
investigations to elaborate the concepts gained during the previous phases. For this purpose the
teacher gave an activity for students to explore about the volume of the air that we can take in
and out each time at normal condition and the difference between tidal volume and vital

capacity.

During the six step, evaluation phase, the teacher encouraged students to assess their
understandings of concepts from previous phases. To do this, the teacher asked three questions in
classroom and provided two questions as homework for students. The teacher checked their
answers and then gave feedback for them. The teacher used metacognitive prompts like ‘did you
understand what you learn?’; ‘What does work?’; ‘What does not work?’ This is to remind
students about using MS while learning in classroom especially in relation to evaluation. He
reminded the students to refer column5 of KWHAL chart and the third column of self regulatory

check list.
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During seventh step, extension phase, students were involved in different activities in
order to practice the transfer of their learning in new situation. To this end, the teacher provided
an activity to explore about the use of inhaled air in our body and exhaled air in the environment.
This one helps students to transfer their learning in to energy production (cellular respiration) in
our body and photosynthesis in plants. Finally, he told the topic for the next section and to come

with their own first, second and third column filled KWHAL chart.

The group assigned with 7EIM alone, TG 1, followed the same procedure with TG 2
except they did not get training and didn’t use MS. The treatment group assigned with CIMS
used the method that the teachers always used in actual classroom but the teacher and students
trained to use MS. In comparison group the teacher used the method of teaching that he always

used while teaching biology.

While implementing the intervention, the researcher conducted a meeting with teachers
at the beginning of each week to discuss on how to prepare the lesson plan and how to
implement the activities of the intervention in the treatment groups to minimize variation in
practice. At the end of the interventions post test (HBAT, HBCUT, SMQ and MAIT) were
administered for all students in the four groups. After six weeks delayed post test (HBAT and
HBCUT) were administered for all groups. Moreover, classroom observation during
implementation of the intervention and interview after intervention were conducted. The

following table summarizes the intervention.
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Table 16 summary of intervention procedure

o Group Pre Training Trainees Intervention/T Post Delayed
test reatment test post test

Comparison Yes No No No Yes Yes

> group

% Treatment Yes Yes (TEIM) Teacher 7E IM(X4) Yes Yes

2

= Group 1

©

g

T Treatment Yes Yes(7TEIMMS)  Teacher and 7EIMMS (X;)  Yes Yes
Group 2 Students
Treatment Yes Yes (MS) Teacher and MS(X3) Yes Yes
group 3 Students

3.4.6 Analysis Methods

Data collected from such different sources were analyzed quantitatively using appropriate
statistical data analysis methods and qualitatively. In analyzing the data Statistical Package for
Social Sciences (SPSS) version 20 software was used. Since, the data were normally distributed
parametric test - multivariate analysis of variance (MANOVA), ANOVA, independent t-test and
pearson correlation were used. Concerning the qualitative data obtained from semi-structured
interviews transcription and categorization under themes were made. Students’ responses t0
interview questions were compared among the four groups. Similarly, data obtained from
conceptual understanding test were also categorized, analyzed and compared among the four

groups in relation to sound understanding, partial understanding and misconceptions.

3.4.7 Ethical Issue

This study did not intend to cause any possible harm to the participants (neither teachers
nor students). Therefore, in relation to ethical issues, at first the proposal was approved by the
Department of Science and Mathematics Education. Then, having official letter from the
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Department, permission was asked from Addis Ababa city Education Bureau and Sub-city
education office by explaining the objective of the study which is purely academic (appendix 9).
After taking the permission, the researcher requested the acceptance of the school administration
by explaining the aim of the study. After this, the participants were informed on the rationale for
the study and were guaranteed that any data collected from or about the participants held is
confidential and the names of participants will never be used in any publication. Students were
not asked to write their name rather a code was used. The study was also conducted based on
the consent of the school director, teachers and students. For this purpose, a consent letter was
prepared and signed by all participants (appendix 9). The study was conducted in their regular
school environment and neither the activities nor the instruments covered a potential danger for

the students.

Moreover, the teachers were informed about the purpose of observing their lessons.
Generally, teachers were informed that the aim of this study is not to investigate their knowledge
rather it is to provide evidence as to whether the implementation of the intervention was carried
out as planned.

Furthermore, honesty, confidentiality, anonymity were taken in to consideration while
conducting research. There were regular reports about the process of the research to advisers,
files on the computer were protected with password and documents will be locked in a locker.
Access of information was only with the advisors and personally identifiable information will be
protected. Access of information was only with the advisors and personally identifiable

information was protected.
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Chapter 4: Result and Discussion

Introduction

This chapter presents the results, data analysis and discussions. The main purpose of this
study was to investigate the effects of 7E instructional model with metacognitive scaffolding on
students learning biology and motivation. Therefore, the chapter first presents the results of both
quantitative and qualitative data analysis and second discussions of the findings on students’
human biology achievement, conceptual understanding, retention of concepts, misconceptions

and motivation across groups and gender in relation to related literatures.

4.1 Results

In this section, the results of data analysis are presented. The quantitative data were
analyzed statistically using SPSS version 20 software and the qualitative data were manually
transcribed, coded and categorized in to themes. The statistical analysis of quantitative data
included checking the assumptions for selected statistical analysis techniques and pretest,
posttest and delayed posttest scores analysis using one way analysis of variance (ANOVA) and
multivariate analysis of variance (MANOVA). The pretest and post test scores were human
biology achievement test (HBAT), human biology conceptual understanding test (HBCUT) and
science motivation questionnaire (SMQ) whereas the delayed post test scores were HBAT and
HBCUT. Moreover, metacognitive awareness inventory test was also analyzed under this

section. The analysis results are presented, described and interpreted as shown below.

4.1.1 Results of Pretest Scores Analysis

In this study, there were four groups: TG 1, TG 2, TG 3 and CG. A week before the

implementation of the intervention, a MAIT was administered to all groups to see their status of
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metacognitive awareness. Then, training was given to TG 2 and TG 3 on MS of planning,
monitoring and evaluation. After assumptions for normality was checked One Way ANOV A was

run to check their status of metacognitive awareness.

The descriptive statistics result (Table 17) revealed that the mean scores of Pre-MAIT for
TG 1, TG 2, TG 3 and CG were slightly different. The descriptive statistics of Pre-MAIT tests
scores of the groups were summarized in table below.

Table 17 The descriptive statistics of pre-MAIT scores of the groups

Variables Groups
Treatment Group 1 Treatment group 2 Treatment group 3 Comparison group
N M SD N M SD N M SD N M SD

PreMAIT 41 373 52 38 377 44 43 375 49 41 378 49

After the analysis of the descriptive statistics, one way ANOVA was conducted to check
whether there is significant difference between groups on their Pre-MAIT tests. Result from one
way ANOVA revealed that there was no significant mean difference between the groups in Pre-
MAIT F (3, 163) = .08, p = .97), for the groups (Table 18). In summary, there is no statistically
significant difference among groups in metacognitive awareness before the training. So, the
groups were assumed to be the same with their metacognitive awareness of planning, monitoring

and evaluation. Below is the ANOVA result of pre-MAIT scores.

Table 18 ANOVA result comparing groups in terms of pre- MAIT scores

Variable Sum of Squares Df Mean Square F p
Between Groups .06 3 .02 .08 .97
Pre- MAIT  Within Groups 37.57 160 24
Total 37.63 163

After completing the training on metacognitive strategies for TG 2 and TG 3 and before
the implementation of the intervention begins, HBAT, HBCUT and SMQ were administered to
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all groups as a pretest. The purpose of administering the pretests were to compare whether or not
students in three treatment groups and comparison group were different from each other in their
knowledge, understanding on concepts in human biology and motivation before the

implementation the intervention.

Therefore, ANOVA were executed to see whether there was a significant mean
difference between them in biology achievement, conceptual understanding and motivation.
Before performing the analysis of pre-test scores, assumptions of ANOVA such as normality and
homogeneity of variance were checked. For normally distributed scores, the skewness and
kurtosis values were described by different scholars. According to George & Mallery, (2003) the
skewness and kurtosis value should be within the range of -2 and +2 to be normally distributed.
The following table (Table 19) shows the skewness and kurtosis of the pretest data and it was in
an acceptable range in both cases. This means the data were approximately normally distributed.
The other assumptions of ANOVA, the homogeneity of variance, was checked from the Levene
test which was not significant for all dependent variables, pre- human biology achievement test
(Pre- HBAT), pre -human biology conceptual understanding test (Pre- HBCUT) and pre-science
motivation questionnaire (Pre- SMQ ) (Table 19). This means that the variance of scores on each
variable for the population of the groups is equal. So, the assumptions for ANOVA were not
violated.

Table 19 Skewness, kurtosis and Levene test of homogeneity of variances

Levene Test of Homogeneity of VVariances

Dependent variables N  Skewness  Kurtosis F P
Pre- HBAT 164 -.01 -.74 1.98 12
Pre- HBCUT 164 .29 -.22 2.48 .06
Pre- SMQ 164 -.45 A3 1.99 12
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After checking the assumption for ANOVA, descriptive statistics of the pre test scores
were determined whose results of pre-HBAT, pre-HBCUT and pre-SMQ tests scores of the
groups were summarized below (Table 20). The descriptive statistics result revealed that the
mean score of pre-HBAT, pre-HBCUT and pre-SMQ for TG 2 were higher than the other groups

and lower for TG1 and TG3 respectively.

Table 20 The descriptive statistics of pre-HBAT, pre-HBCUT and pre-SMQ tests scores of the
groups

Variables Groups

Treatment Group 1 Treatment group 2 Treatment group 3 Comparison group
N M SD N M SD N M SD N M SD

Pre-HBAT 41 2390 1055 38 2631 930 43 2525 949 42 2619 801
Pre-HBCUT 41 1247 774 38 1316 539 43 1034 563 42 1072 6.18
Pre-SMQ

41 2.82 41 38 2.86 S0 43 2.64 S8 42 2.71 51

After performing descriptive statistics, ANOV A was conducted to check whether there is
statistically significant difference between groups on their pre-HBAT, pre-HBCUT and pre-
SMQ tests. Result from the ANOVA analysis (Table 21) revealed that there was no statistically
significant mean difference between the groups in pre-HBAT F (3, 163) = .57, p = .63), pre-
HBCUT F (3, 163) = 1.88, p = .14) and pre-SMQ tests F (3, 163) = 1.64, p = .18). This means
that the groups were assumed to be the same in their achievement, understanding and motivation
before the implementation of the intervention. So, the change observed after intervention could
not be attributed to treatment groups difference before the implementation of the intervention.

The ANOVA result is shown in the table below (Table 21).
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Table 21 ANOVA result comparing groups in terms of pre-HBAT, pre-HBCUT and pre-SMQ

scores
Variables Sum of Squares Df Mean Square F p
Between Groups 150.88 3 50.29 .57 .63
Pre-HBAT Within Groups 14069.16 160 87.93
Total 14220.04 163
Between Groups 22451 3 74.84 1.88 14
Pre-HBCUT  Within Groups 6367.71 160 39.80
Total 6592.22 163
Between Groups 1.27 3 42 1.64 .18
Within Groups 41.21 160 .258
Pre-SMQ Total 42.48 163

After completing the implementation of the intervention data were collected through post
- HBAT, post- HBCUT, post -SMQ and delayed post- HBAT and delayed post- HBCUT. Before
the statistical analysis of these data was made, assumptions for statistical analysis techniques

were checked. The following sections deals with assumptions for statistical analysis techniques.

4.1.2 Evaluation of Assumptions

For different statistical analysis techniques, there are different statistical assumptions that
need to be fulfilled. For the analysis of the assumptions, the data measured through post-HBAT,
post- HBCUT, post- SMQ and delayed post- HBAT and delayed post- HBCUT in relation to
groups and gender were considered. Therefore, for analysis of these data, multivariate analysis of
variance (MANOVA) was used because of the presence of more than two dependent variables.
Hence, under this section, assumptions of MANOVA for these variables were checked.
Assumptions of MANOVA include sample size and independence of observation, normality,
outliers, linearity, homogeneity of variance-covariance matrices, and multicollinearity and

singularity assumptions.
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Sample size and independence of observation

For this study, the sample size was enough to conduct the analysis for each variable and
students completed the post test and delayed post test individually to assure independence of
observation assumption. So, the assumptions were not violated.

Normality

The other assumption is that the data should be normally distributed to run a MANOVA.
The normal distribution of the data can be checked by looking at skewness and kurtosis value. If
the skewness and kurtosis values are around zero, the data are expected to be normally
distributed. As stated above, according to George & Mallery (2003) the skewness and kurtosis
value should be within the range of -2 and +2 for a data to be normally or approximately
normally distributed. In this study, as presented in the table below (Table 22), the skewness and
kurtosis values were between -1.5 and +1.5. Therefore, the data were approximately normally

distributed and hence normality assumption was not violated to run parametric test.

Table 22 Skewness and kurtosis

Variables N Skewness Kurtosis
Post-HBAT 164 .63 14
Post-HBCUT 164 46 44
Post-SMQ 164 -.79 1.10
Del-Post-HBAT 164 .92 1.38
Del-Post-HBCUT 164 .28 -.61

Outliers

Another assumption was that there should be no outliers in the data to run MANOVA.
Outliers were checked by examining Mahalanobis distances as described by Pallant (2007,

2005). He reported the critical value for three and two dependent variables to be 16.27 and 13.82
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respectively. For this study, the three post testes (HBAT, HBCUT and SMQ) and the two
delayed Post testes (del-HBAT and HBCUT) were taken as three and two dependent variables
respectively. Therefore, the Mahalanobis distance for post test data of this study was 15.94. This
is nearly below the critical value for three dependent variables which is 16.27. So, there was no
outlier for post test data. Whereas, the Mahalanobis distances for delayed post test data of this
study was 14.95 (Table 23). This is slightly higher than the critical value for two dependent
variables which is 13.82 but only one scores exceed the critical value and are not too high as it
was seen from Extreme Values box. Therefore, there was no need to remove any outlier value
from the data. So, the assumption of outlier was not violated. The table below shows the

Mahalanobis distance values of post test and delayed post test scores.

Table 23 Mahalanobis distances for post test and delayed post scores

Variables N Min Max Mean SD
Post tests Mahal. Distance 164 .08 15.94 2.98 2.48
Delayed Post tests Mahal. Distance 164 .03 14.95 1.99 2.17
Linearity

The linearity assumption was checked by producing scatter plots between each pair of the
dependent variables for each group. This study consisted of two groups. The first group is with
three treatment group and comparison group and the second group is gender with male and
female. There are four dependent variables (achievement, understanding and motivation)
measured through post test and (retention of concepts) measured through delayed post tests.
Therefore, scatter plots were generated for each pair of the dependent variables and revealed that

there was no violation of this assumption.
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Homogeneity of Variance-Covariance Matrices

In order to check the Homogeneity of variance-covariance matrices, Box‘s Test of
Equality of Covariance Matrices was generated. From Table 24, it can be seen that there was no
violation of homogeneity of variance-covariance matrices with Box‘s M significant values of
post test and delayed post test p > 0.001 (Pallant, 2005). The table below shows the Box‘s Test

of Equality of Covariance Matrices.

Table 24 Box's Test of Equality of Covariance Matrices of post test and delayed post test

Box's Test of Equality of Covariance Matrices®

Variables Box's M F dft df2 Sig.
Post test 56.79 1.26 42 28911.56 12
Delayed Post test 36.20 1.65 21 55589.07 .03

Moreover, Levene‘s Test was also investigated to examine the homogeneity of variances
between groups. As Table 25 shows, there was no violation of homogeneity of variance

assumption for all variables p > 0.05. The table below shows the Levene test for the variables.

Table 25 Levene's Test of Equality of Error Variances of post test and delayed post test

Levene's Test of Equality of Error Variances®

Variables F 41 42 P
Post-HBAT 1.37 7 156 .22
Post-HBCUT A7 7 156 .86
Post-SMQ 1.19 7 156 31
Del-Post-HBAT 2.11 7 156 .05
Del-Post-HBCUT 1.96 7 156 .06

Multicollinearity and Singularity

According to Pallant (2005) MANOVA works best when the dependent variables are
moderately correlated. To check this assumptions correlation were computed for all dependent

variables, Post-HBAT, Post-HBCUT, Post-SMQ dependent variables, and there was no a strong
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relationship between them (r < .8) (Pallant, 2001). Similarly, there was no strong correlation
among delayed post- HBAT and delayed post-HBCUT dependent variables. Therefore, there

were no violations of assumptions to conduct MANOVA.

Table 26 Pearson of correlation dependent variables

Post-HBAT Post-HBCUT  Post-SMQ  Del-post-HBAT  Del-post-HBCUT

Post-HBAT 1

*k

Post-HBCUT 45 1

Post-SMQ 327 327 1

Del-post-HBAT - - - L

Del-post-HBCUT : - - 56 1

In summary there was no violation of assumptions to run multivariate analysis of
variance (MANOVA). Hence, MANOVA was run and the results for post test and delayed post

test scores are presented.

4.1.3 Results of Post Test Scores Analysis

The following section presents the descriptive statistics of Post-HBAT, post-HBCUT and
post-SMQ test scores in relation to groups and gender. As it can be seen from the table below
(Table 27), the mean scores of the TG 1, TG 2, TG 3 and CG on post-HBAT, post-HBCUT and
post-SMQ tests were different. The mean score for TG 2 (60.98) is higher than the other groups
in post HBAT. The mean score for this group (44.44) is also higher than the other groups in post
HBCUT. Likewise, the mean score for TG 2 (3.02) is slightly higher than the other groups in

post SMQ. The mean score for the CG is lower than the others in all the three variables.
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Table 27 Descriptive statistics for post-HBAT, post-HBCUT and post-SMQ tests scores across

groups
Variables Groups
Treatment Group 1 Treatment group 2 Treatment group 3 ~ Comparison group
N M SD N M SD N M SD N M SD

Post-HBAT 41 5192 1579 38 6098 1431 43 4246 892 42 40.68 11.71
Post-HBCUT 41 3794 10.16 38 4444 857 43 3191 814 42 30.69 8.52
Post-SMQ 41 2.99 .59 38 3.02 517 43 2.57 .65 42 2.55 74

In addition to groups, descriptive statistic of post test scores across gender also computed.
As it can be seen from the table below (Table 28), the mean post-HBAT score of female students
(57.14) were higher than male students in TG 1(43.75) but male students scored slightly higher
than female students in TG 2 (63.03), TG 3 (43.39) and CG (45.36). Similarly, the mean post-
HBCUT score of female students (40.67) were higher than male students (33.68) in TG 1 but
score of male students (33.68) in TG 3 were higher than female students (30.86) whereas score
of male students were almost similar with female students in TG 2(44.79 and 44.19) and CG
(30.90 and 30.56) respectively. In the same manner, the mean post-SMQ score of female
students (3.08) was higher than male students (2.83) in TG 1 and the same with male students
(3.02) in TG 2. However, the mean score of male students (2.66 & 2.65) was slightly higher than
female students (2.52) in TG 3 and CG (2.48). Table 28 shows descriptive statistics of post

SCOres across gender.
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Table 28 Descriptive statistics for post-HBAT, post-HBCUT and post-SMQ tests scores across
gender

Variables Groups
Treatment Group 1  Treatment group 2 Treatment group 3  Comparison group
N M SD N M SD N M SD N M SD

Post-HBAT M 16 43.75 1339 16 63.03 1297 16 4339 8.03 16 45.36 11.94
F 25 5714 1519 22 5948 1534 27 4191 951 26 37.80 10.82

Post-HBUT M 16 33.68 10.03 16 4479 772 16 33.68 1044 16 30.90 8.83
F 25 4067 945 22 4419 931 27 3086 641 26 30.56 8.50
M 16 2.83 .58 16 3.02 49 16 266 516 16 265 .48
F

25 3.08 .59 22 3.02 .55 27 252 Jq2 26 248 .87

Pos-SMQ

As described above, the result of the descriptive statistics revealed that there was a mean
score difference between groups and male and female students in relation to post test scores of
HBAT, HBCUT and SMQ tests. To assess if there were statistically significant post- tests mean
score differences between the four groups and gender and if there was an interaction between
treatment groups and gender, MANOVA was conducted. The MANOVA results revealed that
there was a statistically significant difference between the four groups on post test mean scores:
F (9, 374) = 9.89, p = 0.00; Wilks’ Lambda =.60; n*> = .16 (Table 29). The eta squared (n°) value
is much larger than typical value based on the (Cohen, 1988). This eta squared (n°) value
indicated that 16 % of multivariate variance of post test mean scores was associated with the
intervention. This means that the difference between the groups accounted for by the
intervention. However, the MANOVA result revealed that there was no statistically significant
mean difference between male and female students on post test mean scores: F (3, 154) = .13°, p
= .94; Wilks’ Lambda = .99; n*- .00. Moreover, the MANOVA result revealed that there was a
statistically significant interaction effect between treatment groups and gender: F (9, 374) = 2.22,
p = 0.02; Wilk‘s A = .88; n? = .04. The eta squared (n°) value of interaction effect is medium or

typical based on the (Cohen, 1988). This implies that 4% of the multivariate variance of post test
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mean scores was associated with the interaction between intervention and gender. This means
that the difference between the groups accounted for by the interaction between treatment group

and gender. The following table is the MANOVA result.

Table 29 MANOVA Result — multivariate test

Wilks’ Lambda F Df  Error df p W
Treatment groups .60 9.89 9.00 374.95 .00 .16
Gender .99 13° 3.00 154.00 .94 .00
Gender * Treatment groups .88 2.22 9.00 374.95 .02 .04

Tests of Between-Subjects Effects result (Table 30) confirmed that there was a significant
mean difference between groups in post-HBAT (p = .00), Eta- Squared .28; post-HBCUT (p =
.00), Eta-Squared .27 and post-SMQ tests scores (p = .00), Eta-Squared .10. The eta squared (n%)
values are .28, .27 and .10 respectively for post-HBAT, post-HBCUT and post-SMQ indicating
that 28 %, 27 % and 10 % of multivariate variance of dependent variables was associated with
treatment. The eta squared (n°) values are much larger than typical value for post-HBAT and
post-HBCUT and large or larger than typical for post-SMQ based on the (Cohen, 1988). This
implies that the difference between groups in dependent variable was attributed to the

intervention.

Similarly, no significant difference was found between males and females on each
dependent variable p= .92, .57 and .89 respectively. Interaction effects between gender and
treatment for each variables were.09 p = .00, .04 p = .08, .02 p = .44 respectively. Below is table

30 that shows the above results.
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Table 30 Tests of Between-Subjects Effects

Independent Dependent Type 111
variables variables Sum of
Squares Df F p W
Treatment group Post-HBAT 9441.24 3 20.40 .00 28
Post-HBCUT 4384.67 3 18.93 .00 27
Post-SMQ 6.60 3 5.444 .00 10
Gender Post-HBAT 1.55 1 .01 92 .00
Post-HBCUT 25.28 1 33 57 .00
Post-SMQ 01 1 02 89 .00
gr‘i::j‘:)er * Treatment  pogy HBAT 2452.99 3 5.30 00 09
Post-HBCUT 535.73 3 2.31 .08 .04
Post-SMQ 1.09 3 .90 44 .02

Although the Tests of Between-Subjects Effects result showed that there was a
statistically significant mean score difference between treatment groups in all dependent
variables, it did not show which group differs from the other one. Therefore, in order to see
which group is different from the others, post hoc multiple comparisons were conducted. In this
case, according to Tabachnick and Fidell (2007, p. 270) Bonferroni type adjustment should be
made in order to ensure a lower Type 1 error on multiple comparisons. Accordingly, to make the
adjustment, it is to divide already set alpha by the number of dependent variables of the study. In
this study alpha was set to be 0.05. As a result, when we divided 0.05 by 3 (dependent variables),
it gives 0.02 which is an adjusted alpha for the multiple comparisons. The three dependent

variables for this analysis are achievement, conceptual understanding and motivation.
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The post hoc multiple comparison result revealed that there was statistically significant
mean difference between each pair of the group (p = .01) except between TG 3 and CG (p=.91)
in HBAT mean scores. Students in TG 2 performed better than TG 1, TG 3 and CG with mean
gain of 9.06, 18.52 and 20.30 respectively. Similarly, students in TG 1 performed better than TG

3 and CG with mean gain of 9.46 and 11.24 respectively in HBAT mean scores.

In the same way, post hoc multiple comparison result revealed that there was statistically
significant mean difference between each pair of the groups (p = .01) except between TG 3 and
CG (p=.92) in HBCUT mean scores. Students in TG 2 performed better than TG 1, TG 3 and
CG with mean gain of 6.05, 12.53 and 13.76 respectively. Similarly, students in TG 1 performed
better than TG 3 and CG with mean gain of 6.03 and 7.25 respectively in HBCUT mean scores.
The 7TEIMMS helped students to score significantly higher mean scores in both post HBAT and
post-HBCUT indicating its effectiveness over the other methods in enhancing achievement and

conceptual understanding followed by 7EIM.

Although there was a mean difference between TG 3 and CG in both post HBAT and
post-HBCUT, it was not statistically significant. This implies that the use of MS with CI has no
effect on student’s achievement and conceptual understanding but it has meaningful effect when

it is with 7EIM.

In relation to post-SMQ, the post hoc multiple comparison result revealed that there was
a statistically significant mean difference between pairs of groups (p = .01) except between TG 1
and TG 2 (p = .98) and between TG 3 and CG (p= .98). Students in TG 1 and 2 have higher
mean score than TG 3 and CG with mean gain of .41, .44, and .45, .47 respectively in post-SMQ.

However, though there was a difference in mean score between pairs of groups (TG 1 and 2) and
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(TG 3 and CG) in post-SMQ, it was not statistically significant. This implies that MS has no
significant effect on students’ motivation but the 7E instructional model. The table below shows

post hoc multiple comparison result.

Table 31 post hoc multiple comparison test result

Dependent Variable (1) group (J) group Mean Std. Error P
Difference (1-J)

TG 2 -9.06" 2.80 .01

TG 1 TG 3 9.46" 2.71 .00

CG 11.24 2.73 .00

Post-HBAT 2 TG 3 18.52" 2.77 .00

CG 20.30" 2.78 .00

TG 3 CG 1.78 2.70 91

TG?2 -6.50" 1.98 .01

TG 1 TG3 6.03" 1.92 .01

cG 7.25" 1.93 .00

Post-HBUT 162 TG 3 12_53: 1.96 .00

CG 13.76 1.97 .00

TG 3 CG 1.22 1.91 92

TG?2 -.03 14 .98

TG 1 TG 3 417 14 .01

CG A4 14 .01

Post-SMQ — TG 3 45 14 .01

CG AT 14 .01

TG 3 CG .03 14 .98

In summary, 7EIMMS significantly better than the others instructional approaches in improving
students’ achievement and conceptual understanding of concepts in biology followed by 7EIM

alone. However, it was not better in enhancing students’ motivation than 7EIM alone.

4.1.4 Analysis of HBCUT Items and Misconceptions

In addition to descriptive statistics and significant result of MANOVA, percentage of
students’ response to post-HBCUT and misconceptions identified from students’ response
provided evidences of the difference between the groups after the treatment supporting the

effectiveness of the intervention on conceptual understanding. At first the percentage of students’
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response and then the percentage of students’ misconceptions for each item were calculated and

analyzed.

First, students correct response to only first tiers (content), only the second tier (reason)
and both two tiers (content and reason) of the treatment and the comparison groups post-HBCUT
were calculated. In relation to students response to only first tiers, only the second tiers, both two
tiers of the treatment and the comparison groups of post-HBCUT, the mean percentages of those
students who answered only first tiers were 27.42, 25.02, 31.52 and 30.87 for TG 1, TG 2, TG 3
and CG respectively. TG 3 had the highest percentage in answering the only first tier followed
by CG. TG 2 was with the lowest percentage in answering only the first tier. The highest
percentage of only first tier correct answers were recorded from item 10 for TG 1(50.22%), item
16 for TG 2 (50%), and item 13 for TG 3 (58.13%) and item 17 for CG (54.76%). Similarly, the
lowest percentages of only first tier correct answers were recorded from item 2 and 4 for TG

1(7.32%), item 2 for TG 2(5.26%), item 18 for TG 3 (9.31%) and item 1 for CG (24.28%).

The mean percentages of those students who correctly answered only the second tier
were 11.70, 11.62, 12.14 and 15.07 for TG 1, TG 2, TG 3 and CG respectively. All the groups
are relatively similar in answering only the second tier. The mean percentages of those students
who answered both two tiers were 37.21, 44.06, 31.26 and 30.47 for TG 1, TG 2, TG 3 and CG

respectively. TG 2 has the highest percentage in answering both tiers followed by TG 1.

When the percentage of the combination of both correct first and second tiers answers
examined, the highest percentages of correct combination of the two tier answers were recorded
from item 11 for TG 1 (70.32%), TG 2 (74.24%) and CG (59.44%) and from item 6 and 17 for

TG 3 (46.89%). The next highest percentage was recorded from item 8 for TG 2 (66.33%) and
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item 9 for TG 1 (57.58%). The lowest percentage of correct combination of the two tiers was
recorded from item 18 for TG 1 (19.1%), item 7 for TG 2 (26.1%), item 1 and 2 for TG 3
(18.99%) and item 7 for CG (18.96%). The following table summarizes the students’ response to

each item with respect to tiers.

Table 32 percentage of the response of students on post-HBCUT scores

Only First Tier Correct Only Second Tier Correct Both Tier Correct

EGl1 EG2 EG3 C EG1 EG2 EG3 C EGlL EG2 EG3 C

o

21.96 23.68 2326 14.28 29.27 2632 2326 3333 28.86 26.85 18.99 30.86
7.32 5.26 2558 19.04 1464 1052 931 2142 2642 40.01 1899 26.1

36.59 7.89 18.6 19.04 122 789 698 476 2154 2949 2829 23.72
7.32 7.89 2559 16.66 19.51 13.16 11.63 16.67 33.73 40.01 2829 26.1

39.03 36.84 4188 2956 9.76 13.16 186 953 28.86 40.01 3526 26.1

29.27 23.68 2317 38.1 12.2 1559 6.98 119 5081 42.64 46.89 42.77
19.51 36.64 3253 26.18 14.63 13.16 11.63 1429 2154 26.1 21.31 18.96
36.58 23.68 3256 23.8 12.2 5.26 11.63 9.3 28.86 66.33 28.29 30.86
39.03 3422 4884 5001 7.14 789 2093 1429 5758 5538 25.96 40.39
10 50.22 4211 4186 4524 7.32 789 93 9.52 50.81 40.01 3526 28.48
11 9.76  7.89 18.61 2857 4.88 526 931 714 7032 7422 3526 59.44
12 17.08 18.42 2558 33.33 4388 1578 16.28 26.19 3129 50.54 30.61 23.72
13 41.47 4211 58.13 54.76 2.44 0 233 476 3129 558 25.96 33.25
14 244 2895 4418 2856 9.76 13.16 11.63 7.14 5476 4264 30.61 30.86
15 31.72 7.89 39.54 2142 9.76 23.68 9.13 19.05 36.17 53.17 39.92 26.1

16 26.84 50 30.23 26.18 122 526 931 16.66 28.86 32.12 39.92 23.72
17 409 40.11 2791 5476 17.07 23.68 16.28 1429 4593 4528 46.89 28.48
18 1464 1315 0931 26.18 2683 1053 1396 3095 191 3212 2596 28.48
Mean 2742 25.02 3152 30.87 1259 1212 1214 1507 3721 4406 31.26 30.47

O©oO~NO O WNRZ

Second, based on the above response of students (Table 32), the percentage of students
responses were categorized in to sound understanding, partial understanding, misconceptions and
no understanding (Table 33). As indicated in the methodology part (p. 94), development process
of HBCUT, the categories of students response in to sound understanding (SU) - those students
who answered both two tiers correctly; partial understanding (PU) - those students who answered
only the second tier correctly; misconception (MC) - those students who answered only first tiers
correctly, and no understanding (NU) - those students who answered both tiers incorrect were

used for each items. When the percentage of students’ responses in to sound understanding,
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partial understanding, misconceptions and no understanding examined, the mean percentage of
students’ response in the table below (Table 33) showed that 37.21, 44.06, 31.26 and 30.47 of the
students for TG 1, TG 2, TG 3, and CG have sound understanding on the concepts in human
biology. Comparatively, highest percentage of students in TG 2 understood the concepts in
biology followed by students in TG 1. On the other hand, 12.59, 12.12, 12.14 and 15.07 mean
percentages of students’ response showed that they have partially understood the concepts while
27.42, 25.02, 31.52 and 30.87% for TG 1, TG 2, TG 3, and CG respectively showed that they
have misconceptions about concepts in human biology. Moreover, 23.54, 19.30, 25.08 and 23.47
mean percentages of students’ response for TG 1, TG 2, TG 3, and CG respectively showed that
they have no understanding of the concepts. Comparatively, highest mean percentage of
misconceptions found from TG 3 and CG (31.52 and 30.87) respectively. The relatively highest
percentage of sound understanding (44.06) and lower percentage of misconception held (25.13)
among students in TG2 ensures the effectiveness of 7E instructional model with metacognitive
strategies than the others in conceptual understanding and minimizing misconceptions followed

by TG 1 (27.65) with 7E instructional model alone in sound understanding.

The percentage of students response in TG 2 was higher than the others followed by
students in TG 1 in relation to sound understanding and lower in relation to misconceptions and
no understanding indicating that 7Einstructional model with metacognitive strategies was
relatively superior to the other instructional methods and 7E instruction model alone is also
relatively superior to the two instructional method (conventional alone and with metacognitive
strategies) in helping students understand the concept. This can be taken as evidence that support
the MANOVA result. The following table summarizes the percentage of students’ response for

each item under each category.
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Table 33 percentages of the response of students on post-HBCUT scores per categories

Treatment Groupl
Item SU

PU

MC

NU

Treatment Group 2

SU

PU

MC

NU

Treatment Group 3

SU

PU

MC

NU

Comparison Group

SU

PU

MC

NU

0 N O WN B

©

10
11
12
13
14
15
16
17
18

28.86
26.42
21.54
33.73
28.86
50.81
21.54
28.86
57.58
50.81
70.32
31.29
31.29
54.76
36.17
28.86
45.93
19.1

Mean  37.21

29.27
14.64
12.2
19.51
9.76
12.2
14.63
12.2
2.44
0
4.88
4.88
2.44
9.76
9.76
12.2
13.07
26.83
11.70

21.96
7.32

36.59
7.32

39.03
29.27
19.51
36.58
39.00
50.22
9.76

17.08
41.47
244

31.72
26.84
40.9

14.64
27.42

19.91
51.62
29.67
39.44
22.35
7.72
44.32
22.36
0.98
1.02
15.04
46.75
24.8
11.08
22.35
32.1
0.01
39.43
23.54

26.85
40.01
29.49
40.01
40.01
42.64
26.1

66.33
55.8

40.01
74.22
50.54
55.8

42.64
53.17
32.12
45.28
32.12
44.06

26.32
10.52
7.89
13.16
13.16
15.59
13.16
5.26
7.89
7.89
5.26
15.78
0
13.16
23.68
5.26
14.68
10.53
11.62

23.68
5.26
7.89
7.89
36.84
23.68
36.64
23.68
34.22
42.11
7.89
18.42
42.1
28.95
7.89
50
40.11
13.15
25.02

23.15
44.21
54.73
38.94
9.99
18.09
241
4.73
2.09
9.99
12.63
15.26
21
15.25
15.26
12.62
.07
44.2
19.30

18.99
18.99
28.29
28.29
35.26
46.89
21.31
28.29
25.96
35.26
35.26
30.61
25.96
30.61
39.92
39.92
46.89
25.96
31.26

23.26
9.31
6.98
11.63
18.6
6.98
11.63
11.63
20.93
9.3
9.31
16.28
2.33
11.63
9.13
9.31
16.28
13.96
12.14

23.26
25.58
18.6

25.59
41.88
23.17
32.53
32.56
48.84
41.86
18.61
25.58
58.13
44.18
39.54
30.23
27.91
9.31

31.52

34.49
46.12
46.13
34.49
4.26

22.96
34.53
27.52
4.27

13.58
36.82
27.53
13.58
13.58
11.41
20.54
8.92

50.77
25.08

30.86
26.1

23.72
26.1

26.1

42.77
18.96
30.86
40.39
28.48
59.44
23.72
33.25
30.86
26.1

23.72
28.48
28.48
30.47

33.33
21.42
4.76
16.67
9.53
11.9
14.29
9.3
9.29
9.52
7.14
26.19
4.76
7.14
19.05
16.66
14.29
30.95
15.07

14.28
19.04
19.04
16.66
29.56
38.1

26.18
23.18
50.01
45.24
28.57
33.33
54.76
28.56
21.42
26.18
54.76
26.18
30.87

21.53
33.44
52.48
40.57
34.81
7.23

40.57
33.66
0.69

16.76
4.85

16.76
7.23

33.44
33.43
33.44
2.47

14.39
23.47

When each item was examined in relation to sound understanding, in 12 of the items
(67%) TG 2 performed better in understanding of the concept than TG 1. Similarly, TG 2
performed better in understanding of the concept in 15 of the items (83%) than TG 3 and in 16 of
the items (89%) than CG. TG 1 better performed in understanding of 10 of the items (56%) than

TG 3 and 11 of the items (61%) than CG.

Highest percentage of sound understanding was recorded from item 11 with percentage
70.32, 74.22 and 59.44 for TG 1, TG 2 and CG respectively whereas from item 6 and 17 with
percentage of 46.89 each for TG 3. In other words, item 11 was the easiest item for the three
groups (TG 1, TG 2 and CG) whereas item 6 and 17 were easiest item for TG 3. On the other
hand the lowest percentages of sound understanding were recorded from item 18 for TG 1(19.1),
item 7 for TG 2 (26.1), item 1 and 2 for TG 3 (18.99) and item 7 for CG (18.96). In other words,

these items were relatively the difficult items for these groups. The following line graph (Fig.11)
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shows the percentage of sound understanding for each item. As it can be seen from the line graph

below, students in TG 2 performed better in most of the items followed by students from TG 1.

80

BTGl
B TG2
mTG3
mCG

Percentaae of students response

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Number of items
Figure 11 Bar graph of percentage of sound understanding for each item

In relation to misconceptions, students in TG 2 hold less percentage of misconceptions in
11 of the items (61%) than the TG 1 and in 12 of items (67%) than TG 3 and in 13 of items
(72%) than CG. Students in TG 1 hold less percentage of misconceptions in 12 of the items

(67%) than TG 3 and in 11 of the items (61%) than CG.

Highest percentage of misconception recorded from item 10 with percentage of 50.22 for
TG 1 and from item 16 with percentage of 50 for TG 2 and from item 13 for TG 3 and CG with
percentage of 58.13 and 54.76 respectively. The following line graph (Fig. 12) shows the
percentage of misconception for each item. As it can be seen from the line graph below, students

in TG 2 performed better most of the items in minimizing misconceptions.
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Percentaae of students response
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mTG1

BmTG2

mTG3
mCG
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Number of items

Figure 12 Bar graph of percentage of misconceptions of each item

The analysis and identification of misconception using percentage of students’ response
to each item are presented as follows with examples of items. The analysis was based on the
categories of concepts in human biology in to food and nutrition; the digestive system; the
respiratory system, cellular respiration and the circulatory system. For identification of
misconceptions, responses of students to all items were analyzed but those items on which
relatively considerable differences between treatment and comparison groups observed were
taken as an example to show the analysis and identification of misconceptions. Therefore, items
2, 4, 8, 9, 12, 14, 15 from HBCUT were presented as an example in the analysis and

identification of misconceptions. See appendix for the rest items (appendix 11).

For the first category, food and nutrition, item 1 and 2 were prepared to examine
students’ conceptual understanding about concepts in food and nutrition. Three misconceptions

were identified from these two items.
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According to the percentage of correct fist tier and incorrect reason choice, it was found
that considerable percentage of students had misconceptions about the purpose of converting
food in to lipid and result of glucose test with Benedict solution. For this study, those correct first
tier and incorrect second tier reason responses above 10% were taken as major misconception
(Haslam & Treagust, 1987). Based on this, one misconception was identified from item 1 in that
students considered the conversion of excess food to lipid is because of lipid serve as major
source of energy when there is lack of oxygen in our body while the correct reason is because it

is the most important source and effective storage of energy for our body.

Iltem 2 was taken as an example to show the analysis and identification of
misconceptions. When we look at item 2, the result showed that only 26.42%, 40.01%, 18.99 %
and 26.1% from TG 1, TG 2, TG 3 and CG respectively have understood the reason for colour
change in glucose test using Benedicts solution while relatively higher percentage of students in
TG 3 (25%) and CG (19%) have misconceptions compared to students in TG 1(7%) and TG 2
(5%). Comparatively higher percentage of the students understood the concept from TG 2 (40%).
Considering correct first tier and incorrect second tier, students’ responses with percentage of
13.95 from TG 3 and 11.93 from CG were taken as two misconceptions from item 2. Students in
comparison group considered the change in colour during testing the presence of glucose with
Benedict’s solution is due to reduction of monosaccharide to disaccharides in the reaction and it
is because when water boils it changes its colour. However, no major misconceptions were
identified from TG 1 and TG 2. This implies that 7E instructional model alone and with
metacognitive strategies was effective in reducing misconception. Responses of students for item

2 were analyzed as shown in the table below (Table 34).
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Table 34 percentage of students’ response to item no. 2

Item TGl TG2 TG3 CG

2 A grade 9 student conducted an experiment in biology laboratory. First
she put a sample of glucose powder and water in to a test tube. Then she
added a few drops of Benedict’s solution in to the test tube and placed it
in boiling water. What was the most probable colour she observed within

the test tube?

A Blue 29.27 26.56 42.14 29.66
B Purple 30.73 23.84 11.62 27.28
C Black 7.32 5.26 2.33 7.14
D Orangey-red* 33.74 4527 4447 475

The reason for my answer is:

1 Copper(Il) in the Benedict’s solution is reduced to copper(I)* 26.42 40.01 1899 26.1
2 Copper(]) in the Benedict’s solution is oxidized to copper(II) 244 526 2.33 7.14
3 Monosaccharide is reduced in the reaction to disaccharides 0 0 9.3 11.93
4 When water boils it changes its colour 4.88 0 13.95 2.38
5 Other reason: 0 0 0 0

NB. Percentages under reasons are those only with correct first choice
* indicates correct combination of response

For the second category, the digestive system, item 3, 4 and 5 were used to examine
students’ conceptual understanding of concepts in the digestive system. According to the
percentages of correct fist tier choice and incorrect reason choice, considerable percentage of
students had misconceptions about the absorption of food in small intestine, mechanical
digestion and enzymes. Six misconceptions were identified from these three items. One

misconception from item 3, two from item 4 and three from item 5.

Result from item 3 showed that small percentage of students understood the concept
behind absorption of food in the small intestine. One misconception identified with regards to
absorption of food in small intestine is that students considered absorption of food from small
intestine in to blood stream is because of the process of peristalsis to move substance through
villi. They confused with the movement of food through the digestive track. The correct
conception is that absorption occurs in small intestine because digestion is completed in small
intestine and contains structure called villi that increase surface area for diffusion to occur

rapidly in to the blood stream.
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Result from item 5 showed that, compared to item 3, relatively higher percentages of
students have understood the concept of enzymes and have misconceptions as well. The three
misconceptions identified were students considered that enzymes take part in the reaction,
affected by the reaction they catalyze and broken down in to amino acids after they catalyze a
reaction because they are proteins. The correct conception is that enzymes do not take part in
the reaction and not affected by the reaction they catalyze at the end. Hence, they are used over

and over again to catalyze a reaction in human body.

Item 4 was taken as an example from this category to show the analysis. When we look at
item 4, the result showed that only 33.73 %, 40.01%, 28.29% and 26.1% from TG 1, TG 2, TG 3
and CG respectively have understood the concept of mechanical digestion while 7%, 8%, 26%
and 17% from TG 1, TG 2, TG 3 and CG respectively have misconceptions. Quite higher
percentage of students in TG 2 understood the concept (40.01%) followed by TG 1 (33.73%). On
the other hand, lower percentages of misconceptions held in TG 1 (7%) and TG 2 (8%) while
higher percentage of misconception held in TG 3. Moreover, two misconceptions with response
percentage of 11.63 and 11.93 from TG 3 and CG were identified from this item. This implies
that 7E instructional model alone and with metacognitive strategies were effective in reducing
misconceptions. One of the misconceptions identified was that students considered that
mechanical digestion releases enzymes from glands and it involves enzymes action for food

digestion. Responses of students for item 4 were analyzed as shown in table below (Table 35).
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Table 35 Percentage of students’ responses to item no. 4

Item TGl TG2 TG3 CG
4 Mechanical digestion breaks down large food substance in to smaller
and soluble molecules?
A True 58.15 52.05 48.8  54.67
B False* 41.05 479 51.76 452
The reason for my answer is:
1 It releases enzymes from glands and breaks food substance in  2.44 0 1163 0
to small and soluble molecules.
2 It breaks down food in to smaller pieces and increases the
surface area for enzyme action* 33.73 40.01 2829 26.1
3 It breaks down food substance in to small and soluble 2.44 2.33 4.76
molecules through hydrolysis reaction.
4 It changes large and insoluble molecules to smaller and soluble 2.44  7.89 11.63 11.93
one through the action of enzymes.
5 Other reason: 0 0 0 2.38

For the third category, respiratory system, item 6, 7, 8, 9 and 10 were used to examine
students’ conceptual understanding of concepts in human respiratory system. According to the
percentage of correct fist tier choice and incorrect reason choice, considerable percentage of
students had misconceptions about movement of air in and out, the lungs and related structures
and the relation between breathing and respiration. Thirteen misconceptions were identified from
these five items. Three from item 6, two from item 7, two from item 8, three from item 9 and

three from item 10.

Result from item 6, showed that relatively higher percentage of students from all groups
have understood the role of oxygen and its presence within the air that we breathe in and out
during inhalation and exhalation and have misconceptions as well. From this item, three
misconceptions were identified that indicates no oxygen exist in exhaled air because it is used for
different purpose in our body. The first one was students considered all the oxygen that we
breathe in is absorbed and it is all used in the process of respiration. The second misconception
was all of the oxygen we inhale absorbed because we need it and only carbon dioxide is remove

because it poisonous to us. The third one was students considered that unabsorbed oxygen is
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stored in the alveoli for later use and it is not exhaled. The correct conception is that not all of the
oxygen inhaled is absorbed and so there is some left in the lungs that will be breathed out with

the carbon dioxide and other gases during exhalation.

Results from item 7, showed that smaller percentage of students have understood the
concept of lungs phenomena while some percentages of students have misconceptions in all
groups. Two misconceptions were identified from this item. The first misconception was that
students considered the lungs as two balloons in a cavity that expand to let air into them and get
smaller to push air out of them. The second misconception was that students consider the lungs
are composed of lots of little sacks and the air entering them makes them expand. The correct
conception is that the lungs are made up of a lot of tiny sacks and the lungs expand and contract
as the thoracic (chest) cavity changes its volume, not as a result of the presence of two balloons

like structures and movement of air in to and out of the lungs.

The results from item 10 showed that most of students in treatment groups have
understood the concept of the role of diaphragm, chest cavity and intercostals muscles on lung
volume except CG. However, misconceptions were also found in all groups. There are three
misconception identified from this item. The first misconception was students considered the
carbon dioxide produced during exercise make the lung to expand more. The second
misconception was that students assumed the air we breathe in during exercise causes the lungs
to expand as the air needs more space than normal breath and this pushes out the diaphragm and
ribs and so we get an increase in thoracic (chest) cavity size. The third misconception was
students conceived the extra oxygen moving into the lungs makes them bigger and as we use
oxygen the volume decreases. The correct conception is that it is the contraction and relaxation

of diaphragm and intercostals muscles that leads to an increase and decrease in the volume of the
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thoracic (chest) cavity which in turn changes the volume of the lungs rather than exercise and

excess oxygen.

Item 8 and 9 was taken as an example for the analysis of misconceptions in this category.
When we look at item 8, the result showed that only 28.86%, 66.33%, 28.29% and 30.86% from
TG1, TG2, TG3 and CG respectively have understood the concept of the difference between
breathing and respiration while 36%, 24%, 33% and 23% from TG1, TG2, TG3 and CG
respectively have misconceptions. Higher percentage of students in TG 2 (66.33%) understood
the concept whereas relatively higher percentage of students in TG 1 (36%) and TG 3 (33) held
misconceptions. Two misconceptions were identified. One of the misconceptions identified was
with response percentage of 14.6(TG1), 16.28 (TG3) and 11.9 (CG). Students considered that
breathing is getting oxygen into the body and carbon dioxide out; while respiration is the process
involved in moving these gases around the body in the blood. The second misconception
identified was with response percentage of 14.63(TG1), 10.53 (TG2), 11.63 (TG3). Students
considered breathing as the process of getting oxygen into the lungs from the atmosphere
(inhaling) and carbon dioxide out of the body (exhaling) while respiration as the process of
getting oxygen from the lungs to the body and carbon dioxide from the body into the lungs.

Responses of students for item 8 were analyzed as shown in Table 36.
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Table 36 Percentage of students’ responses to item no. 8

Item TGl TG2 EG3 CG
8 Breathing is the same as respiration.
A True 34.07 1053 39.49 4584
B False* 65.48 90.01 60.42 54.46
The reason for my answer is:
1 Both of these processes involve getting oxygen into the body 4.88 5.26 4.66 2.38
and carbon dioxide out of the body so they are the same.
2 Breathing is getting oxygen into the body and carbon dioxide 14.63 2.63 16.28 11.9

out; while respiration is the process involved in moving these
gases around the body in the blood.
3 Breathing is the process of getting oxygen into the lungs from 14.63 10.53 11.63 7.14
the atmosphere (inhaling) and carbon dioxide out of the body
(exhaling). Respiration is the process of getting oxygen from
the lungs to the body and carbon dioxide from the body into
the lungs.
4 Breathing is the process of getting oxygen from the atmosphere
into the cells and carbon dioxide out of the cells and into the
atmosphere. Respiration is the process in which the cells
produce energy and carbon dioxide* 28.86 66.33 28.29 30.86
5 Breathing occurs in the lungs while respiration occurs 5.26 2.38
elsewhere in the body but not in or near the lungs. Apart from
where they occur they are the same thing.
6 Other reason: 2.44

The second item taken from this category is item 9. When we look at item 9, the result
showed that 57.58 %, 55.8 %, 25.96% and 40.39% from TG1, TG2, TG3 and CG respectively
have understood the concept of the nature of volume of the lung when we breathe in while still
students have misconceptions while 38%, 34%, 49% and 50% from TG1, TG2, TG3 and CG
respectively have misconceptions. Higher percentage of students in TG 1(57.58 %) understood
the concepts followed by TG 2 (55.8) whereas higher percentage of students in TG 3(49) and CG
(50%) held misconceptions. From this item, three misconceptions were identified. One of the
misconceptions identified was with response percentage of 12.2 (TG1), 13.16 (TG2), 11.63
(TG3) and 19.05 (CG). Students considered that the air moving into the lungs forces them to
expand to let the air in and as the air moves out the lungs decrease in volume because there is
less air to fill them. The second misconception identified was with response percentage of 12.2

(TG1), 10.53 (TG2), 27.91(TG3) and 16.67 (CG). The students considered the lungs change in
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volume and this causes the thoracic cavity to change in volume to accommodate the lungs new
volume. The third misconception identified was with response percentage of 14.63 (TG1), and
10.53 (TG2) and 14.29 from CG. The students considered that the lungs actively expand and
contract so as to breathe in and out respectively. The correct conception is that the surface
tension between the thoracic (chest) cavity, the pleura and the lungs causes the thoracic cavity to
increases in volume (size) which in turn increases the volume of the lungs. Responses of students

for item 9 were analyzed as shown in Table 37.

Table 37 Percentage of students’ responses to item no. 9

Item TGl TG2 TG3 CG
9 When we breathe in, the lungs expand in volume because the thorasic
(chest) cavity expands.
A True* 96.12 89.06 74.8 90.44
B False 434 1116 2554 9.52
The reason for my answer is:
1 Air moving into the lungs forces them to expand to let the air 12.2 13.16 11.63 19.05

in and as the air moves out the lungs decrease in volume
because there is less air to fill them.

2 Because of surface tension between the thorasic (chest) cavity,
the pleura and the lungs, as the thorasic cavity increases in
volume (size) the lungs increase in volume as well* 57.58 55.5 25.96 40.09
3 The lungs change in volume and this causes the thorasic cavity 12.2 10.53 27.91 16.67
to change in volume to accommodate the lungs’ new volume.
4 The lungs actively expand so we can breathe in (inhale) and 14.63 10.53 9.3 14.29
they contract so we can breathe out (exhale).
5 Other reason:

For the fourth category, cellular respiration, items 11, 12 and 13 were prepared to
investigate students’ conceptual understanding of concepts in cellular respiration. Nine

misconceptions were identified from these three items.

Result from item 11 showed that highest percentage of students understood the concept
of the place where respiration occurs. The misconception held by few students was students

considered that energy is released in all cells is because of lungs take oxygen and stomach
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digests food. The correct reason is that respiration occurs in all cells because every cell need

energy and must respire.

Results from item 13 showed that considerable percentage of students especially in TG 2
have understood the concept of the difference between aerobic and anaerobic respiration while
still some have misconceptions. From this item, three misconceptions were identified. The first
misconception was that students considered that in aerobic respiration, there is metabolism but in
anaerobic respiration there is no metabolism. The second misconception is that anaerobic
respiration use oxygen but aerobic respiration does not use oxygen. The third misconception is
that anaerobic respiration breaks food molecules partially and releases high energy. The correct
conception is that anaerobic respiration is less efficient because it breaks food molecules

partially and releases less energy.

Examining item 12 in detail, the result showed that only 31.29%, 50.54%, 30.61% and
23.72% from TG1, TG2, TG3 and CG respectively have understood the concept of respiration
and some students have misconceptions. Relatively higher percentage of students in TG 2
(50.54%) understood the concepts in respiration. But 26% and 35% of students in TG 3 and CG
respectively held misconceptions compared to 17% and 18% of students in TG 1 and TG2
respectively. Responses with percentage of 13.16% from (TG2), 16.28% (TG3), 11.93 and
16.67(CG) were taken as major misconceptions. From this item, three misconceptions were
identified. The first misconception is that students considered respiration as oxidation of food
and release of energy because food cannot be used by the body unless energy is used to break it
down. The second misconception was they consider respiration as oxidation of food and release
of energy because oxygen contains chemical energy which can only be released by breaking it

down. The third misconception was they consider respiration as a process of taking and
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releasing energy and oxygen. The correct conception is that oxidation of food in respiration
occurs because food contains chemical energy which can be released by using oxygen to break it

down. Responses of students for item 12 were analyzed as shown in the table below (Table 38).

Table 38. Percentage of students’ responses to item no. 12

Item TGl TG2 TG3 CG
12 Which of the following is true about respiration?
A It involves the oxidation of food and release of energy* 48.37 68.96 56.19 58.46
B It involves the extraction of energy from oxygen. 26.71 1342 1163 321
C Energy is used to oxidize food. 19.5 15.77 30.04 2.38
D It involves extraction of oxygen from food. 4.86 2.63 2.33 7.12
The reason for my answer is:
1 Food cannot be used by the body unless energy is used to 2.44 13.16 16.28 7.14
break it down.
2 Food contains chemical energy which can only be released by
using oxygen to break it down* 31.29 5054 30.61 23.72
3 Oxygen contains chemical energy which can only be released 4.88 2.63  4.65 11.93
by breaking it down.
4 Respiration is a process of taking and releasing energy and 9.76 2.63  4.65 16.67
oxygen.
5 Other reason:

For the fifth category, the human circulatory system, he items 14, 15, 16, 17 and 18 were
prepared to examine students’ conceptual understanding of circulatory system. According to the
percentage of correct first tier choice and incorrect reason choice, higher percentage of students
had misconceptions but also considerable percentage of students understood the concepts about

circulatory systems. As a result, fourteen misconceptions were identified from these five items.

For instance, result from item 16 showed that three misconceptions were identified.
Students considered that arteries have thick and elastic walls because: (1) they pump blood under
high pressure to the nearest body parts; (2) they prevent heat loss as blood travels through them
and (3) they maintain high blood pressure in human body. The correct conception is that arteries
have thick and elastic walls because it helps them to stretch as blood forced in to them and to

pump long distance from the heart throughout our body.
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Similarly, the result from item 17 showed that relatively higher percentage of treatment
groups than comparison groups have understood the concept of the type blood circulations in
human being and some have misconceptions in all groups. Three misconceptions were identified
from this item. The first one is that students considered that pulmonary circulation transports
deoxygenated blood and systemic circulation transports oxygenated blood throughout the body.
The second was pulmonary circulation transports deoxygenated blood from different part of the
body to the heart and oxygenated blood from the heart to different parts of our body. The third
one was systemic circulation transports deoxygenated blood to the lung and oxygenated blood to
the heart. The correct conception is that systemic and pulmonary circulation in human being
transports both oxygenated and deoxygenated blood because systemic circulation transports
deoxygenated blood from different part of the body to the heart and oxygenated blood from the
heart to different parts of our body. Similarly, pulmonary circulation transports deoxygenated

blood from the heart to the lungs and oxygenated blood from the lung to heart.

In the same way, result from item 18 showed that though most of students have a
problem in understanding the concepts, only two misconceptions were identified in relation to
the contraction of right and left ventricle. Students considered that as the right and left ventricle
contract, the right side of the heart pumps blood to the right side of the body whereas the left side
pump blood to left side of the body and only oxygenated blood enters the heart because the heart
needs pure blood. The correct conception is when the right ventricle contracts, blood pumped in

to the lung and when the left ventricle contracts blood pumped in to the body.

From this category, item 14 and 15 were taken as an example for the analysis. Result
from item 14, showed that 54.76 %, 42.64%, 30.61 and 30.86% from TG 1, TG 2, TG 3 and CG

respectively have understood the concept of why left side of the heart has thick muscles wall. In
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this item, TG 1 performed better understanding the concept followed by TG 2. Three
misconception with response percentages of 12.2 (TG1), 10.53 (TG2), 13.95 and 11.63 (TG3)
and 11.93 from CG were taken as major misconceptions. Students considered that the left side of
the heart is thicker than right side because: (1) it pumps blood to a relatively short distance; (2) it
receives much of the digested food to build them and (3) the heart is found in the left of the

chest. Responses of students for item 14 were analyzed as shown in Table 39

Table 39 Percentage of students’ responses to item no. 14

Item TGl TG2 TG3 CG
14 Which part of the heart has thicker muscles wall?
A The left side of the heart * 79.16 7123 7473 58.48
B The right side of the heart 21.45 2895 2558 4221
The reason for my answer is:
1 It protects the heart from external damage. 244 526  4.65
2 It pumps blood to a relatively long distance* 54.76 42.64 30.61 30.86
3 It pumps blood to a relatively short distance. 7.32 10.53 13.95 11.93
4 It receives much of the digested food to build them. 10.53 1395 11.93
5 The heart is found in the left of the chest. 12.2 2.63 11.63 4.76
6 Other reason: 2.44

Similarly, result from item 15 showed that 36.17%, 53.17%, 39.92 and 26.1% from TG 1,
TG 2, TG 3 and CG respectively have understood the concept of blood transfusion but still
students have misconceptions. Students in the TG 2 (53.17%) understood the concept better than
the other groups. Students in TG 2 held less percentage of misconceptions (10%) and students in
TG 3 held higher percentage of misconceptions (34%). Responses with percentage of 12.2
(TG1), 11.63 and 13.95 (TG3) and 11.9 (CG) were taken as major misconceptions. No
misconception was identified from TG 2 but three misconceptions were identified from this item
in other groups. The first one was that students considered that transfusion of blood from a
person with O blood type to A blood type is possible because O blood type has no antibody that

reacts with antigen of the red blood cells of the person with blood type A. The second

147



misconception was that transfusion of O blood type is possible because it has antigen AB that do
not react with antibody in the red blood cells of the person with blood type A. The third
misconception was that the transfusion of O blood type was possible because it has no antigen
and antibody that reacts with the red bloods of the person with blood type A. The correct
conception was transfusion of O blood type to a person with blood type A is possible because it
has no antigen that reacts with antibody of the red blood cells of the person. Responses of

students for item 15 were analyzed as shown in the table below (Table 40).

Table 40 Percentage of students’ responses to item no. 15

item TGl TG2 TG3 CG

15 If someone with blood group “A” has got a car accident and lost a lot
of blood. Therefore, he needs blood transfusion. Which of the
following blood group is used during the transfusion?

A B 9.76  5.26 13.95 14.28
B AB 22.03 3112 6.98 40.14
C O* 67.73 63.78 79.36 47.52
The reason for my answer is:
1 It has no antibody that reacts with antigen of the red blood 9.76 7.89 11.63 4.76
cells of the person.
2 It has antigen AB that does not react with antibody in the 9.76 2.63 13.95 11.9
red blood cells of the person.
3 It has no antigen that reacts with antibody of the red blood
cells of the person* 36.17 53.27 39.92 238
4 It has no antigen and antibody that react with the red 12.2 0 11.63 4.76
bloods of the person.
5 Other reason: 2.33 2.38

4.1.5 Results from Students Interviews

After the implementation of the intervention, semi-structured interviews were conducted
to gain detailed data on students’ conceptual understandings on human biology concepts and

misconceptions. There were twenty four students, 6 from each group, involved in the interview.
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The interview results were treated under the five categories of sub-topics of the unit; food
and nutrition, digestion system, respiratory system, cellular respiration, and circulatory system.
Interviewees from the four groups were asked first general questions about these five sub topics
in human biology and specific questions to assess their conceptual understanding and

misconceptions.

The first general question was focused on the general concept of food and mechanism of
testing foods from the subtopic food and nutrition. When we look at students’ response, most the
interviewees from all groups described that there are different types of food and mechanisms of
testing foods. They mentioned the different food types that our body needs and testing
mechanism as follows:

There are different nutrients such as carbohydrates, proteins, lipids and minerals
required by our body. We can test these food types in laboratory using different
substance like iodine, paper, etc (Student A, TG 1).

Food types that our body needs include proteins, vitamins, carbohydrates, lipids and
minerals. We can use different tests for example paper to test water and oil, iodine for
starch, etc (Student J, TG 2).

There are different types of food such as carbohydrates, fat and protein. For instance,
when we test starch with iodine it gives blue black color (Student O, TG 3).

The food substance for our body includes nutrients such as minerals, carbohydrates,
proteins and lipids. For instance, we can test lipid by adding on paper (Student T,
CQG).

However, when interviewees are asked specifically concerning testing the presence of
glucose in a solution and the reason behind the result, only some of the interviewees from TG 1
and most of interviewees from TG 2 answered correctly that when we add Benedict’s solution,
orange red colour appears indicating the presence of glucose but they failed to answer the reason

why orange colour. Interviewees from TG 2 described well about testing the presence of glucose
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indicating that the orange red colour is due to the reaction between glucose and Benedict solution
but failed to mention the change of copper Il to copper I which is the cause for the change in
colour. Some of the interviewees confused with other types of food test for instance with protein
test and starch test and answered that purple and blue black colour were observed when we add
Benedict solution. Sample excerpts are presented as follows:

| think we use Benedict solution to test the presence of glucose in a solution. | think

orange red colour will be formed in the test tube when we heat if there is glucose. | do
not know the reason why the colour changes (Student A, TG 1).

We can test using Benedict solution. The result is orange but slight red colour (“Fezaza
key” in Amharic). The colour is because there is glucose that reacts with the solution
(Student J, TG 2).

We test the presence of glucose with Benedict solution and observe blue black color. This
is because plants prepare glucose (Student O, TG 3).

| think we can test using Benedict solution and the colour changes from red to orange on
heating. This is because there is more glucose (Student T, CG).

From this category, food and nutrition, it seems that interviewees from TG 2 better
understood the concepts in food and nutrition. The quantitative data analysis result of item 2
from this category (Table 34) and line graph (Fig. 11) indicated that students in TG 2 have sound
understanding of concepts in this category.

The second question was about the general concept of digestion of food from sub-topic
digestive system and the role of enzymes. When we look at students’ response to this general
question, it can be said that majority of interviewees in all groups described the food digestion
and mentioned the structures involved very well. Especially, all interviewees in TG 2 explained
correctly digestion and all structures with different enzymes involved in digestion but most of
them failed to recognize that enzymes can catalyze a reaction over and over again without taking

part in a reaction. Responses of few students are quoted below.
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Digestion is breaking down of food. It changes large molecules to smaller once. There
are two types of digestions namely mechanical (physical change) and chemical (identity
change) digestions. Digestion starts from our mouth and goes to stomach and small
intestine to end digestion (Student C, TG 1).

Digestion is the breaking down of food in to smaller and soluble one. There are two type
of digestion: physical digestion— changes food substance in to smaller size and chemical
digestion—which occurs when other substances added, for instance enzymes, and changes
food substance in to soluble substance. Digestion starts from mouth and passes through
esophagus— stomach — intestine and removed out through anus (Student G, TG 2).

It is the breaking down of food. There are two type: mechanical and chemical digestion.
It starts from our mouth and then the food inters in to stomach — small intestine - large
intestine (Student P, TG 3).

Digestion is the breaking down of food (“Mefechet”’in Amharic). There are two types.
These are mechanical digestion which is breaking of food, no change occurs and
chemical digestion which is breaking of food to new substance. It starts from mouth —
stomach- here there is chemical process then through blood cells it to our body (Student
S, CG).

However, with regards to specific questions on absorption of food after digestion, almost
all interviewees from TG 2 and majority of the interviewees from TG 1 and some interviewees
from TG 3 and CG answered correctly as absorption occurring in the small intestine and majority
of intervieweesfrom TG 2 and some interviewees from TG 1 answered the reason behind
absorption in small intestine correctly. Below is a sample excerpt from each group:

| think absorption of nutrients occurs in small intestine because digestion ends in small
intestine and diffusion occurs from here and the presence of structure known as villi to
facilitate diffusion (Student C, TG 1).

Digested food substances absorbed in to the blood in small intestine because last
digestion occurs here and small intestine contains villi structure that increase surface
area for absorption (Student G, TG 2).

Absorption occurs in the small intestine because it is the nearest to the rest part of our
body and easy to transport (Student P, TG 3).

Absorption of food is in small intestine because nature designed it (Student S, CG):
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Although interviewees from TG 3 and CG explained digestion and structures involved,
only some students understood that absorption of nutrient takes place in small intestine and it
was found that they hold two misconceptions. One of the misconceptions was held by students in
TG 3 and another in CG. The first misconception was absorption occurs in small intestine
because small intestine is the nearest to our body and easy to transport and the second one is it is

because nature designed it.

From this category, the digestive system, it looks that interviewees from TG 2 and TG 1
well understood the concepts in digestion and digestive system but most interviewees from TG 2
answered with more explanations, an indication of their understanding. This result is supports
findings of quantitative data analysis result especially for students in TG 2. For instance, analysis
of item 4 from this category (Table 35) and line graph (Fig. 11) indicated that students in TG 2

have sound understanding in relation to concepts in digestion and digestive system.

The third question was about the general concept of respiratory system. When we look at
students’ response, to these general questions, interviewees in all groups described the
respiratory system and structures involved very well. Particularly, majority of interviewees from
TG 1 and almost all interviewees from TG 2 and some interviewees from TG 3 and CG
explained the process of breathing with structures involved very well during interview. Sample
excerpts are presented as follows:

Breathing is the process of gas exchange between our body and the environment. The

process of breathing occurs in a respiratory system. The air that we breathe in contains

different gases. They enter in to our body through respiratory system which includes

mouth, nose, lung and exchange of gases occurs in the air sac alveoli in the lung (Student
D, TG 1).
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Breathing is exchange of air between us and the environment. The process of breathing
involves structures like nose, mouth, lung, bronchi and other structures. Oxygen and
other gases enters through nose — mouth - lungs (expands to take the air) — bronchi.
Carbon dioxide is removed out through these structures (Student G, TG2).

Breathing is inhaling and exhaling of air. We inhale oxygen and exhale carbon dioxide
through nose, trachea and lungs (Student P, TG3).

Breathing means exchange of gases or “Atenefafes” in Amharic. Oxygen enters from
outside through respiratory systems and reach lung passing through trachea. In the lung
oxygen is received and carbon dioxide is removed by the blood (Student S, CG).

Moreover, in relation to composition of inhaled and exhaled air, most of the interviewees
from TG 1, TG 2 and some of the interviewees from TG 3 and CG understood that the air we
breathe in mainly contain oxygen, carbon dioxide and nitrogen and the air we breathe out contain
oxygen, carbon dioxide and nitrogen. Some interviewees from TG 1 and TG2 and most
interviewees from TG 3 and CG, however, did not realize the presence of oxygen in exhaled air
because it was used up in respiration in our body and the presence of carbon dioxide in inhaled
air because it is toxic. This indicates the existence of misconceptions among interviewees though
the extent varies. Below is a sample excerpt from each group.

During breathing oxygen moves in and carbon dioxide moves out. Inhaled air consists of

Nitrogen 80%, CO2 0.04%, oxygen 21%. Exhaled air consists of Nitrogen 80%, CO2 4%

and oxygen 16%. The 4% CO2 is because each cell under goes respiration and releases
CO2 (Student D, TG 1).

Inhaled air mainly consists of oxygen but nitrogen and carbon dioxide are also inhaled
pith percentage of Nitrogen 80%, CO2 0.04%, oxygen 21%. Exhaled air consists of
Nitrogen 80%, CO2 4%, and oxygen 16%. Exhaled air consists of more of carbon
dioxide but nitrogen and some oxygen also removed out (Student G, TG2).

During in halation we take clean air that is needed by our body, example oxygen. During

exhalation the burned air that our body does not need is removed; example, carbon
dioxide which “disturbs our body”. “Oxygen is very important for our body, we do not
release it out because it gives peace for our body but other gases like from coal and
cigarette affect our internal body” and, therefore, removed (Student P, TG3).
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During inhalation oxygen and nitrogen enters in to our body and during exhalation
carbon dioxide and methane moves out. After the oxygen finished its work in our body, it
is removed in the form of carbon dioxide in a burnt form. We do not exhale oxygen but
inhale carbon dioxide (Student S, CG).

Similarly, when students were asked specifically about what happens to the lungs, chest
cavity, diaphragm, ribs and intercostals muscles during inhalation and exhalation interviewees
from the four groups answered the question. Interviewees from TG 1, TG 2 and TG 3 explained
what happens to the lungs, the diaphragm, the chest cavity and the ribs as air moves in and out of
the body correctly. However, most of the interviewees from all groups especially from TG 3 and
CG did not realize the change in volume of the lungs is due to change in thoracic (chest) cavity,
intercostals muscles and diaphragm rather than due to structures of the lung and movement of air
in and out. Most of them had misconception except few students from TG 1 and TG 2. Sample
excerpts are presented as follows:

Chest cavity increases when we breathe in and decreases when we breathe out. A
diaphragm contracts when we breathe in and relaxes when we breathe out. Lungs

volume increase when we breathe in and decrease when we breathe out because the
chest cavity increases to give space for lung (Student D, TG 1).

During inhalation lung volume increases; diaphragm leaves the place for lung
(contracts), it moves down, chest cavity increases, ribs moves up. During exhalation the
reverse occurs because the chest cavity increases and decreases due to intercostal
muscles (Student G, TG2).

When we inhale, the volume of lungs increases and the size becomes large and the
diaphragm contract. When we exhale the volume of the lungs decreases and diaphragm
relaxes. The air that we take during in halation increases the volume and when air
leaves lungs, the volume decreases (Student P, TG3).

During inhalation lung expands (relax) and contracts during exhalation. Diaphragm
moves down to increase space for lung during inhalation and ribs move up. The gases in
the lungs increase the volume (Student S, CG).
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From this category, respiratory system, it seem that interviewees from TG 2 and TG 1 explained
respiratory system and functions of structures, composition of inhaled and exhaled air,
understanding the presence of oxygen in exhaled air and some of them even the cause for
changes in lungs volume. This result supports the quantitative analysis results which show that
students in the two groups performed better than the others. For instance, analysis of item 8 and
9 from this category (Table 36 and 37) and the line graph (Fig. 11) clearly show the better
performance of students in the two groups. The misconception that the volume of the lungs
change due to movement of air in to and out of the lung, identified during quantitative data

analysis, also identified during interview.

The fourth question was about the general concept of respiration. When we look at
students’ response to these general questions, most of the interviewees described respiration and
well differentiated its types in terms of the presence and absence of oxygen but some
interviewees from CG confused it with breathing which can be considered as misconception
while others explained it properly. Interviewees from TG 2 and TG 1 explained it very well with
the reaction that occurs especially during aerobic respiration. Sample excerpts are presented as
follows:

Respiration is the process that cells use to produce energy. That is: Glucose + oxygen

carbon dioxide water and energy (ATP). There are two types: aerobic and anaerobic

respiration. Aerobic respiration uses oxygen, as | said earlier, glucose + oxygen gives as

carbon dioxide + water + ATP. In anaerobic respiration there is no use of oxygen
(Student TG 1 A).

Respiration is the process of producing energy in our body. | think there are two types,
anaerobic and aerobic respiration. Aerobic respiration uses oxygen and anaerobic
respiration occurs without oxygen. In aerobic respiration, glucose + oxygen give as
carbon dioxide + water + ATP (Student H, TG2).

155



Respiration produces energy for our body. It is divided in to aerobic and anaerobic
respiration. Aerobic respiration uses oxygen and anaerobic respiration is without oxygen
(Student M, TG3).

Respiration is mechanism of gas exchange and energy production. Two type: aerobic and
anaerobic respiration. Aerobic respiration is with oxygen and anaerobic without oxygen
to produce ATP (Student T, CG).

Students were also asked specific question to compare aerobic respiration with anaerobic

respiration in relation to the amount of energy produced. When we look at the responses,

majority of interviewees from TG1 and TG 2 responded more correctly with reasons behind.

Most interviewees from TG3 and CG also answered correctly but not the reason. The followings

are sample excerpts from the four groups.

Anaerobic respiration produces little energy but aerobic respiration produces more
energy. | think it is because in aerobic respiration uses oxygen to breaks down glucose
to release all energy in the food but in anaerobic respiration glucose forms lactic acid
(Student A, TG 1).

Aerobic respiration produces more energy than anaerobic respiration because our body
uses oxygen to break food completely and release all energy in the food molecules
(Student H, TG2).

Aerobic respiration gives more energy but no reason mentioned (Student M, TG3).

Aerobic produces more ATP because there is exchange of gases during breathing
(Student T, CG).

From this category, cellular respiration, it looks that majority of the interviewees from all

groups understood the concept of respiration and the difference between aerobic and anaerobic

respiration. Interviewees from TG 2 and TG 1 explained the reason behind production of more

energy. This result also provides supportive evidence for quantitative data in which TG 2

students were better in understanding concepts. For instance, analysis of item 12 from this

category (Table 38) and the line graph (Fig. 11) clearly show the better performance of students

156



in TG 2. However, interview result showed that interviewees from TG 1 had sound

understanding of the concepts in this category unlike the quantitative result.

The fifth question was about the general concept of circulatory system. When we look at
students’ response, to this general question, most of the interviewees from TG 1, TG 2, TG 3 and
CG described what blood circulation mean and the difference between systemic and pulmonary
circulatory system but failed to correctly trace the path of the whole circulatory system except

some interviewees from TG1 and TG2. Sample excerpts are presented as follows:

Blood circulation is the transport of blood in the body. Blood circulation consists of three
parts: Heart, blood vessels and blood. Blood from right heart goes to lung -- left auricle -
- left ventricle — then pumped to the body. Deoxygenated blood enters the right auricle --
right ventricle -- lung -- left auricle -- left ventricle — then oxygenated blood move to the
body parts. Pulmonary circulation is transport of blood from heart to lung whereas
systemic circulation is the transport of blood from heart to body part (Student A, TG 1).

Blood circulation is the transport of blood to heart and lung and body parts. Blood from
body parts — right part of heart — right auricle —right ventricle — lung -left auricle - left
ventricle — then pumped to different parts of the body. Pulmonary circulation transports
blood between heart and lung but systemic circulation transports blood between body
and heart (Student G, TG2).

Blood circulation is a system of blood transportation. Oh! ........ 1 think it is from heart to
the body and from the body to the heart. Systemic circulation is from heart to different
parts of the body (Student M, TG3).

Blood circulation is the transport of blood in our body. I do not remember the exact path
but | think it is from body to the heart... Imm.... no I can’t. Pulmonary circulation pumps
blood to the lungs and I think systemic circulation pumps blood to other body organs
(Student T, CG):

Nevertheless, when students are asked specifically about the function and nature of left
and right side of the heart, almost all interviewees from TG 1 and TG 2 understood that the heart

has four chambers and left and right part of the heart are different but some answered the reason
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correctly. Some of the interviewees from TG 3 and CG answered the difference correctly but

none of them answered the reason behind. Sample excerpts are presented as follows:

The left and right side of the heart are different. They have left and right atrium and
ventricles. Left side pump oxygenated blood and right side pump deoxygenated blood.
Left side of the heart has strong muscles especially left ventricle because they pump
blood long distance with high pressure in our body (Student A, TG 1).

The right and the left part of the heart are not the same. The difference depends on the
blood they receive and transport. The right receives deoxygenated blood and passes it to
the lung but the left receives oxygenated blood and passes to different parts of the body. |
think the left side has strong muscles because it pumps oxygenated blood strongly to long
distance to all body parts (Student G, TG2).

The left and right side of the heart are different. They receive oxygenated and
deoxygenated blood respectively. | think the left is stronger than the right, no reason
mentioned (Student M, TG3).

The two side of the heart are different. Right side carries deoxygenated blood and left
side has oxygenated blood, no reason mentioned (Student T, CG).

The second specific question directed to students was about the type, function and nature
of blood vessels. Majority of the interviewees from each group mentioned the types and
described their function but variation occurred in explaining why arteries are thick and have
elastic nature. In this case, some interviewees from TG 1 and majority of interviewees from TG 2
performed better in explaining the nature of arteries. The followings are sample excerpts from
the four groups.

Blood vessels transports blood in our body. There are three blood vessels. These are

arteries, veins and capillaries. The difference is that veins — carry deoxygenated blood

except pulmonary vein; arteries — carry oxygenated blood except pulmonary artery and

capillaries — link veins and arteries and carry both oxygenated and deoxygenated blood.
Arteries are thick because they transport the blood with high pressure (Student B, TG 1).

Blood vessels carry blood in our body. There are three types of blood vessels; Arteries,
Veins and Capillaries. They differ in that Arteries — take oxygenated blood away from the
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heart with high pressure; veins take deoxygenated blood towards the heart with low
pressure and capillaries connect small arteries and veins. Arteries have elastic nature
that helps them to relax and contract because they transport oxygenated blood long
distance away from the heart with high pressure (Student H, TG2).

Blood vessels transport blood. There are three different types; capillaries, veins and
arteries. Arteries — take oxygenated blood; veins take deoxygenated blood and capillaries
connect arteries and veins. Veins are thick because they transport deoxygenated blood
(Student M, TG 3).

There are different blood vessels such as arteries, veins, capillaries. Arteries carry
oxygenated blood; veins carry deoxygenated blood and capillaries connect the two. I
think arteries have elastic nature, no reason mentioned (Student T, CG).

The third specific question asked from circulatory system was about blood groups and
blood transfusion. Most of the interviewees from all groups answered that there are four blood
groups in human being. These are blood group A, B, AB and O based on blood grouping
systems. Their understanding, however, differs on blood transfusion and the reason why all
people cannot transfer blood to anyone. In this regard, majority of interviewees from TG 1 and
TG 2 were better in understanding of blood transfusion. They explained that a person can give a
blood to another person if they have the same blood type due to the presence of antigen and
antibody. They also understood that blood type O is a universal donor because it has no antigen
and blood type AB is universal recipient because it has no antibody. Some interviewees from TG
3 and CG also explained the transfusion well but most of them unable to do so. Misconception
was also identified from TG 3. The followings are sample excerpts from the four groups.

Blood transfusion is the transfer of blood from one person to another. It is only possible

if the blood type is the same that they can transfer from one person to another person.

For example a person with blood group A can give for a person with blood group A.

Similarly, a person with blood group B can give for a person with blood group B. If not

the same blood type, they can take from blood O because it has no antigen which reacts
with other. A person with blood group AB can receive blood from all type because no
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antibody. Blood group O is universal donor and blood group AB is universal recipient
(Student C, TG 1).

Blood transfusion is the transfer of blood from one person to other person. Anybody
cannot transfer blood for any one. For example if a person with blood group O got
accident, he receives from a person with O blood type. A person with blood type AB can
receive from all blood group types. Similarly, a person with blood group A can receive
and give for a person with blood group A. A person with blood type O can give blood for
all blood groups. This is because they are different type because of the presence of
antigen. One antigen affects the other unless they are the same. For instance, a person
with type O can give for all because it has no antigen (Student I, TG2).

Blood transfusion is the giving of blood to another person. Transfer of blood depends on
the blood type. Transfer is not possible unless the blood type is similar based on antibody
and antigen. A person with blood type A can take blood from blood group A. A person
with blood type AB can take from blood group A and B. Blood group O is universal
donor. I think it is because of antigen (Student M, TG 3).

Blood transfusion is the transfer of blood. It is only if they have the same blood type
blood transfer possible because ..... no answer mentioned (Student W, CG).

From this category, circulatory system, it seems that almost all interviewees from all
groups described what blood circulation means and the difference between pulmonary and
systemic circulation but students from TG 2 were found better in describing the correct path of
blood flow in our body. Similarly, in relation to function and nature of left and right side of the
heart, function and nature of blood vessels and blood groups and blood transfusion, interviewees
from TG 2 and TG 1 found to be better in explaining these concepts with reasons behind. This
interview result also supports the quantitative result. For instance, analysis of item 14 and 15
from this category (Table 39 & 40) and the line graph (Fig. 11) clearly show the better
performance of students in the two groups. However, the result of this analysis (Table 40 & Fig.

11) indicated that TG 3 also understood concepts better.

In summary, this interview results provided evidences for the results obtained from

quantitative data analysis in terms of overall mean score and percentage of each items in which
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students in TG 2 found to have better mean score in understanding human biology concepts,
higher percentage of sound understanding and lower percentage of misconceptions followed by
students in TG 1. All misconceptions that were identified from all items during each item

analysis and interviews are presented in appendix (appendix 12).

Moreover, classroom observation during implementation of the intervention and
interview after intervention were conducted in order to assess proper implementation of the
intervention as intended and teachers and students view bout the instructional methods. During
classroom observation, a checklist with list of activities (appendix 7) which the teachers are
expected to implement was used and found that teachers were implementing the intervention as
expected. Similarly, teachers and students in treatment groups have positive response about the
instructional models used particularly 7TEIMMS and 7EIM. The teachers responded that 7EIM
enabled them to organize the lesson effectively and the MS helped them to focus students’
attention to learning because it enabled them to always ask themselves. Students responded that
the instructional models helped them to actively engage in their learning especially those
students that used the MS with 7EIM indicated that they actively involved and monitored their
learning progress before, during and after teaching learning process. They also indicated that the

MS helped them while they are doing their home works, assignments and studying for exam.

4.1.6 Metacognitive Awareness

In addition, MAIT was administered after the implementation of the intervention was
completed in order to assess the effect of training on metacongitive strategies on students’
metacognitive awareness about regulation of cognition. This helps the researcher on one hand as
mechanism of checking the effectiveness of the training and on the other hand to fill the gap in

literature because in literature there are two claims. The first claim is that the learning cycle
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could create an opportunity for students to develop metacognitive awareness and the second
claim is that MS should be taught to develop students’ metacognitive awareness. To see the
result, the analysis was made as follows staring with descriptive statistics and followed by

ANOVA and post hoc multiple comparison tests.

The descriptive statistics result (Table 41) revealed that the mean score of Post-MAIT
for those groups who received training on metacognitive strategies (TG 2 and TG 3) were
higher than the other groups who did not receive the training (TG 1 and CG). The descriptive

statistics of Post-MAIT tests scores of the groups were summarized in table 41.

Table 41 The descriptive statistics of post-metacognitive awareness scores of the groups

Variables Groups
Treatment Group 1  Treatment group 2  Treatment group 3 Comparison group
N M SD N M SD N M SD N M SD

POStMAIT 41 371 43 38 404 34 43 394 42 4 367 58

From the results obtained, there was mean difference between the groups. Therefore,
ANOVA was conducted to check whether there is significance difference between comparison
and treatment groups on their Post-MAIT tests after checking assumptions. Result from one way
ANOVA analysis (Table 32) revealed that there was statistically significant mean difference

between the groups in Post-MAIT F (3, 163) = 6.17, p =.00).

Table 42 ANOVA result comparing groups in terms of post- MAIT scores

Sum of Squares df Mean Square F p
Between Groups 3.76 3 1.25 6.17 .00
Post- MAIT  Within Groups 32.47 160 20
Total 36.22 163
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Although the ANOVA result showed that there was a significant mean difference
between treatment groups in all dependent variables, it did not show which group differs from
which one. Therefore, in order to see which group differs from the other, post hoc multiple
comparisons was conducted. The post hoc multiple comparison result (Table 43) revealed that
there was a statistically significant mean difference between pairs of groups (TG 1and TG 2, p =
.01; TG 2 and CG, p = .00; TG 3 and CG, p = .04) in post-MAIT. However, there was no
statistically significant mean difference between pairs of groups (TG 1 and TG 3, p=.09; TG 1

and CG, p=.98and TG 2 and TG 3, p =.76) in post-MAIT.

Table 43 post hoc multiple comparison test result

Dependent Variable () group (J) group Mean Difference Std. Error p

(1-9)
TG?2 -33" .10 .01
TG 1 TG 3 -.23 .10 .09
CG .04 .10 .98

Post-MAIT

TG 3 .10 .10 76

TG?2 .
CG .36 .10 .00
TG 3 CG 27 .10 .04

The result showed that students that received MS training (TG 2) had more awareness
than those who didn’t receive the training (TG 1 and CG). The result also revealed that those
students that received MS training (TG 3) had more awareness than (CG). This implies that the
training on metacognitive strategies has created an opportunity to increase metacognitive
awareness of students. On the other hand, although students in TG 3 had higher mean score than
students in CG indicating that learning cycle could create an opportunity to increase
metacognitive awareness, it was not significantly different. Hence, supporting 7EIM with MS

training was better than using only 7EIM and CI to help students in improving metacognitive
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awareness. Similarly, supporting Cl with MS training was also better in enhancing students’
metacognitive awareness. Therefore, teaching metacognitve strategies was better in enhancing

students’ metacognitive awareness than the opportunity the learning cycle created.

4.1.7 Results of Delayed Post Test Scores Analysis

In order to examine the effects of the treatment on students’ retention of information
gained during the intervention, delayed post tests were administered. To this end, delayed post
human biology achievement test (del-post HBAT) and delayed human biology conceptual
understanding test (del-post HBCUT) were used. Hence, the descriptive and inferential statistics

of del-post HBAT scores and del-post HBCUT were computed.

The descriptive statistics result showed that, there were differences across groups and
gender in mean scores of delayed post-HBAT and delayed post-HBCUT tests. The mean score
of del-post-HBAT for TG 2 (56.47) was higher than the other groups whereas the mean score of
CG was lower than the other groups. Likewise, the mean score of del-post-HBCUT for TG 2
(41.08) was higher than the other groups. Table 44 summarizes the descriptive statistics of the

delayed post test across groups.

Table 44 Descriptive statistics for Del-post-HBAT and Del-post-HBCUT tests scores across

groups
Variables Groups

Treatment Group 1 Treatment group 2 Treatment group 3  Comparison group

N M SD N M SD N M SD N M SD

Del-Post-HBAT 41 4850 1365 38 5647 1285 43 3973 102 42 37.28 9.08
Del-Post-HBCUT 41 3564 824 38 4108 665 43 2571 642 42 2553 684

Similarly, the mean del-post-HBAT score of female students in TG 1 and TG 2 (51.07
and 57.66) were higher than male students (44.47 and 54.82) respectively but male students in

CG (39.82) scored higher than female students (35.71). In TG 3 both male and female students
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scored almost similar result (40.18 and 39.47) respectively. Similarly, the mean del-post-
HBCUT score of female students in TG 1 and TG 3 (37.11and 26.75) were higher than male
students (33.33 and 23.96) respectively. Table 45 summarizes the descriptive statistics of the

delayed post test across gender.

Table 45 Descriptive statistics for Del-post-HBAT and Del-post-HBCUT tests scores across
gender

Groups
Treatment Group 1 Treatment group 2 Treatment group 3 Comparison group
N M SD N M SD N M SD N M SD

Del-Post-HBAT M 16 4447 1568 16 5482 1620 16 4018 1214 16 39582 9.92
F 25 5107 11.79 22 57.66 10.00 27 3947 911 26 3571 833
Del-Pos-HBUT \ 16 3333 7.03 16 4062 854 16 2396 664 16 2569 532
F 25 3711 874 22 4141 506 27 2675 6.17 26 2543 7.72

Variables

The descriptive statistics revealed that there were differences between the four groups
and between male and female students. In order to see if there is any significant difference
between post test and delayed post test that indicates students’ retention of concepts in each
group, paired sample t-test was conducted. The descriptive statistic result revealed that the mean
of the TG 1, TG 2 and TG 3 in the post HBAT were (51.92, 60.98 and 42.46) respectively and
the mean in the post del-post HBAT were (48.50, 56.47 & 39.73) respectively with some
difference in favor of the post HBAT. The achievement score analysis revealed that there was no
statistically significant mean difference between post HBAT(M = 51.92, SD = 12.44) and del-
post HBAT(M = 48.50, SD = 12.44, t(40) = 1.76, p = .09) of TG 1; post HBAT (M = 60.98,
SD = 16.87) and del-post HBAT(M = 56.47, SD = 16.87, t(37) = 1.65, p = .11) of TG 2 and
post HBAT (M = 42.46, SD = 11.61) and del- post HBAT(M = 39.73, SD = 11.61, t(42) = 1.54,

p = .13) of TG 3. This indicates that there was retention of concepts within each treatment group
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students in relation to achievement test. This implies that using the 7EIM alone, 7EIMMS and

CIMS was effective in the retention of concepts among the students in achievement test.

However, the result revealed that the mean of the CG in the post HBAT was (40.68), and
del-post HBAT was (37.28), with a difference in favor of the post HBAT. There was statistically
significant mean difference between post HBAT (M = 40.68, SD = 8.79) and del-post HBAT (M
=37.28, SD =8.79, t (41) = 2.51, p =.02) of CG. This indicates that there is lack of retention of
concepts in relation to achievement test among the CG students. This implies that the
conventional instruction was not effective in the retention of concepts among students in

achievement test.

Table 46 paired sampled t-test result post and delayed post -HBCUT

N Mean SD t df P

Treatment group 1 Post-HBAT 41 51.92
12.44 1.76 40 .09

Del-post- HBAT 41 48.50

Treatment group 2 Post- HBAT 38 60.98
16.87 1.65 37 A1

Del-post- HBAT 38 56.47

Treatment group 3 Post- HBAT 43 42.46
11.61 1.54 42 .13

Del-post- HBAT 43 39.73

Comparison group Post- HBAT 42 40.68
8.79 2.51 41 .02

Del-post- HBAT 42 37.28

Similarly, the result revealed that the mean of TG 1 and TG 2 in post HBCUT were
(37.94 & 44.44) respectively and the mean in the del-post HBCUT were (35.64 & 41.08)
respectively with some difference in favor of the post HBCUT. Analysis of conceptual
understanding test scores revealed that there was no statistically significant mean difference
between post HBCUT (M = 37.94, SD = 12.04) and del-post HBCUT(M = 35.64, SD = 12.04,
t(40) = 1.23, p= .23) of TG 1; post HBCUT (M = 44.44, SD = 10.86) and del- post HBCUT(M
=41.08, SD = 10.86, t(37) = 1.74, p = .09) of TG 2. This indicates that there is retention of
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concepts in relation to understanding among students in the two treatment groups. The result
indicates that using the 7E IM alone and 7EIMMS was effective in the retention of concepts

among the students in conceptual understanding test.

Moreover, the result revealed that the mean of TG 3 and CG in post HBCUT were (31.91
& 30.69) and the mean in del-post HBCUT were (25.71 & 25.52) with a difference in favor of
the post HBCUT. There was statistically significant mean difference between post HBCUT (M =
31.91, SD = 9.41) and del- post HBCUT (M = 25.71, SD = 9.41, t(42) = 4.32, p = .00) of TG 3;
post HBCUT (M = 30.69, SD = 10.07) and del-post HBCUT (M = 25.52, SD = 10.07, t(41) =
3.32, p= .000) of CG. This indicates that there is lack of retention of concepts among students’
in TG 3 and CG conceptual understanding test. This implies that CIMS and CI alone were not

effective in retention of concepts among students.

Table 47 paired sampled t-test result of post and delayed post- HBCUT

N Mean SD t df p
Treatment group 1 E(zzsltp;?t:lTBUT 31 2;23 12.04  1.23 40 .23
Treatment group 2 E%?;;EUI—-IFBUT gg jigg 10.86 1.74 37 .09
Treatment group 3 Eﬁ:o':f'il;UT 32 2;31 041 432 42 .00
orwmges SR & 52y am w

In summary, HBAT analysis result showed that all treatment groups retained what they
have learned but comparison group students did not retain the biology concept they have learned
after some period of time. However, analysis of HBCUT revealed that TG 1 and TG 2 retained
what they have learned but TG 3 and CG students did not retain the biology concepts they have

learned after some period of time.
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The above analysis result was to see students’ retention of concepts in each group. The
result revealed that students in TG 3 and CG did not retain what they gained at the end of the
intervention (post test). Therefore, in order to see the difference between groups in retention of
concepts, MANOVA was run. The MANOVA result revealed that there was a statistically
significant mean score difference between the four groups on delayed post test scores: F (6, 310)
= 21.89, p = 0.00; Wilks’ Lambda = .49; n? = .30. The eta squared (n°) value is .30 indicating
that 30 % of multivariate variance of dependent variables was explained by treatment effect. The
eta squared value (n°) is much larger than typical value based on the (Cohen, 1988).
Nevertheless, there was no statistically significant mean score difference between males and
females on delayed post test scores: F (2, 155) = 1.23, p = .29; Wilks’ Lambda = .98; n* - .02.
Furthermore, there was no statistically significant interaction effect between gender and
treatment group F (6, 310) = .98, p = .44; Wilk‘s A = .96; n° = .02. The eta squared (n°) value of
interaction effect is .02 which is quite smaller based on the (Cohen, 1988). Table 48 shows the

delayed post test MANOVA result.

Table 48 Delayed post test MANOVA Result

Wilks’ Lambda F df Errordf P 0
Treatment group 49 21.89°  6.00 310.00 .00 30
Gender .98 1.23° 2.00 155.00 29 .02
Gender * Treatment group .96 98" 6.00 310.00 44 .02

Tests of Between-Subjects Effects result table (Table 49) shows that there was
statistically significant mean score difference between groups in del- post-HBAT (p = .00), Eta-
Squared .28 and de-post-HBCUT (p = .00), Eta-Squared .46. The eta squared values (n?) are
much larger than typical value based on the (Cohen, 1988). The eta squared (n°) values are .28

and .46 indicating that 28% and 46% of multivariate variance of dependent variables of del-
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post-HBAT and de-post-HBCUT was explained by treatment effect. This means that the
difference in retention of concepts between the groups is accounted for by the intervention.
However, there is no statistically significant difference between males and females in del-post-
HBAT (p = .53), Eta-Squared .00 and in del-post-HBCUT (p = .12), Eta-Squared .02. The results
revealed that there was no statistically significant interaction effect between gender and
treatment group, p = .20; n? = .03 for del- post-HBAT and, p = .57, n* = .01 for del-post-

HBCUT.

Table 49 Test of Between-Subject Effect-Delayed posttest

Dependent Type 111 Sum
variables of Squares df F p W
Treatment group Del-Post-HBAT 8126.07 3 2047 .00 28
Del-Pos-HBUT 6811.49 3 4556 .00 46
Gender Del-Post-HBAT 52.55 1 40 53 00
Del-Pos-HBUT 112.24 1 245 12 02
gr‘;f:;:)er * Treatment  pgj post-HBAT 626.83 3 158 20 03
Del-Pos-HBUT 99.77 3 67 57 01

In order to see which groups is different from the others, post hoc multiple comparisons
was computed. In this case, the alpha level adjusted to .025 by dividing 0.05 to 2 because there

are two dependent variables measured through del-post HBAT and del-post HBCUT.

The post hoc multiple comparison result revealed that there was statistically significant
mean difference between each pair of the group (p = .01 & .00) except between TG 3 and CG
(p=.76) in delayed post-HBAT mean scores. Students in TG 2 performed better than TG 1, TG 3
and CG in retention with mean gain of 7.89, 16.73 and 19.19 respectively. Similarly, students in
TG 1 performed better than TG 3 and CG in retention with mean gain of 8.77 and 11.22

respectively in delayed HBAT mean scores.
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This indicates that students in TG 2 retained the concept learned significantly better than
the other groups. Similarly, students in TG 1 retained concepts significantly better than TG 3 and
CG. But students in TG 3 and CG did not significantly differ in retaining what they gained in

post HBAT though students in CG didn’t retain what they gained in post test.

Similarly, the post hoc multiple comparison result revealed that there was statistically
significant mean difference between each pair of the group (p = .00) except between TG 3 and
CG (p=.98) in delayed post-HBCUT mean scores. Students in TG 2 performed better than TG 1,
TG 3 and CG in retention with mean gain of 5.45, 15.37 and 15.55 respectively. Similarly,
students in TG 1 performed better than TG 3 and CG in retention with mean gain of 9.92 and
10.11 respectively in delayed HBCUT mean scores. But students in TG 3 and CG did not

significantly differ in retaining concepts in HBCUT though they did not retain post test result.

This implies that students in TG 2 retained the concept learned significantly better than
the other groups. Similarly, students in TG 1 retained concepts significantly better than TG 3 and
CG. But students in TG 3 and CG did not significantly differ in retaining concepts in conceptual

understanding test. The following table shows the multiple comparison result.
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Table 50 multiple comparisons of delayed post test scores

Dependent Std.
Variable () group (J) group Mean Difference (I-J)  Error p
TG 2 -7.89* 2.59 .01
TG 1 TG 3 8.77* 251 .00
CG 11.22* 2.53 .00
Del-Post-HBAT
TG 3 16.73* 2.56 .00
TG 2
CG 19.19* 2.58 .00
TG 3 CG 2.46 2.50 .76
TG 2 -5.45* 1.59 .00
TG 1 TG 3 9.92* 1.54 .00
CG 10.11* 1.55 .00
Del- Post-HBUT
TG 3 15.37* 1.57 .00
TG 2
CG 15.55* 1.58 .00
TG 3 CG .18 1.53 .98

In summary, HBAT and HBCUT analysis result showed that TG 2 students retained what
they have learned significantly better than TG 1, TG 3 and CG. This implies that supporting
TEIMMS was effective in helping students to retain what they have learned in classroom.
Similarly, TG 1 students retained what they have learned significantly better than TG 3 and CG.
This means, using 7EIM alone is also better than the other two methods of teaching in helping

students to retain concepts.
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4.2 Discussion of Results

In the previous sections, the researcher presented the data analysis results and
interpretation of both quantitative and qualitative data. In this section, the findings from the data
analysis results in relation to achievement, conceptual understanding, retention of concepts and
motivation are presented, triangulated and discussed in relation to findings from different related

literature.

As it is mentioned, the aim of this study was mainly to investigate the effect of 7E
instructional model with metacognitive strategies on 9™ grade students’ achievement, conceptual
understanding, retention of concepts in human biology and motivation. The topics covered in this
study included food and nutrition, the digestive systems, respiratory systems, cellular respiration
and circulatory systems. To this end, four schools were purposely selected and randomly
assigned as treatment groups and comparison group and the intervention was carried out for 10
weeks. Data were collected through pretest and post test using human biology achievement test,
human biology conceptual understanding test and science motivation questionnaire and delayed
post test using human biology achievement test and human biology conceptual understanding
test to assess students’ achievement, conceptual understanding, retention and motivation. While
assessing students’ conceptual understanding, misconceptions were also identified. In addition,
semi-structured interviews were conducted with 24 students to determine students’ conceptual
understanding and misconceptions held by students to triangulate the quantitative data obtained

from human biology conceptual understanding test.

Before the start of the intervention, human biology achievement test, human biology
conceptual understanding test and science motivation questionnaire were administered as pretests

to all groups. The descriptive statistics result of the pretest for human biology achievement test,
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human biology conceptual understanding test and science motivation questionnaire (Table 20)
showed that the mean score of the groups seems somewhat different. However, the ANOVA
result (Table 21) showed that there was no significant difference between the groups in relation
to human biology achievement test, human biology conceptual understanding test and science
motivation questionnaire mean scores. Therefore, the groups were assumed to be equal in terms
of their knowledge, understanding of concepts and motivation before the start of the intervention.
Hence, the findings of this study on achievement, conceptual understanding, retention,
motivation and misconception are accredited to the effectiveness of the intervention and not to

students’ prior difference.

After ensuring that there was no significant difference between the groups, the
intervention was implemented. After the implementation of the intervention, all groups took post
tests on human biology achievement test, human biology conceptual understanding test and
science motivation questionnaire. Then, a delayed post test on human biology achievement test
and human biology conceptual understanding test were administered for all groups 6 weeks later
after the implementation of the intervention was completed. After checking the assumptions for
the MANOVA and computing descriptive statistics of the post test score of human biology
achievement test, human biology conceptual understanding test and science motivation
questionnaire and delayed post test score of human biology achievement test and human biology
conceptual understanding test, analyses were made with each dependent variable in relation to
the independent variables. In addition to achievement, conceptual understanding, retention and
motivation, misconceptions were also identified and discussed from human biology conceptual

understanding test and interview results.
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The first research question of the study was to investigate if there is a significant mean
score differences in students’ achievement, conceptual understanding and retention of human
biology concepts between groups. In relation to achievement, which was measured by post
human biology achievement test, treatment group 1 and treatment group 2 students achieved
greater mean scores (M= 51.92; M = 60.98) respectively than treatment group 3 and comparison
group students (M = 42.46; M = 40.68) respectively. To put in descending order, the mean score

of students in treatment group 2 > treatment group 1 > treatment group 3 > comparison group.

Similarly, in relation to conceptual understanding, which was measured by post human
biology conceptual understanding test, treatment group 1 and treatment group 2 students have
higher mean scores (M = 37.94; M = 44.44) respectively than treatment group 3 and comparison

group (M =31.91; M = 30.69) respectively in a similar order as for achievement.

In terms of retention, similar results were obtained as achievement and conceptual
understanding. Retention of concepts was measured through delayed post human biology
achievement test and delayed post human biology conceptual understanding test. Treatment
group 1 and treatment group 2 students have higher retention mean sores (M = 48.50, M = 56.47)
than treatment group 3 and comparison group (M= 39.73, M = 37.28) respectively in
achievement test. Similarly, treatment group 1 and treatment group 2 students have higher
retention mean score (M =35.64, M = 41.08) than TG 3 and CG (M = 25.71, M = 25.53)

respectively in conceptual understanding test.

The descriptive statistics results showed that students in treatment group 2 have higher
achievement, conceptual understanding and retention mean scores than the other groups after the

implementation period of the intervention followed by students in treatment group 1. There was
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slight difference between treatment group 3 and comparison group in the mean score of these

variables.

As it can be seen from the descriptive statistics, all groups have different mean scores in
achievement, conceptual understanding and retention of concepts. To check whether the
differences are statistically significant, MANOVA was run. MANOVA result revealed that there
was a significant mean difference between groups in achievement, conceptual understanding and
retention of concepts between groups. A statistically significant difference was found between
groups in these dependent variables in favor of mainly the treatment group 2 and then treatment

group 1 compared to the other groups.

The findings showed that students in treatment group 2 who received 7E instructional
model with metacognitive strategies outperformed treatment group 1, treatment group 3, and
comparison group who received 7E instructional model alone, conventional instruction with
metacognitive strategies and conventional instruction alone respectively in achievement,
conceptual understanding and retention of concepts. Similarly, students in treatment group 1 who
received 7E instructional model alone outperformed treatment group 3 and comparison group
who received conventional instruction with metacognitive strategies and conventional instruction
alone. In other words, 7E instructional model with metacognitive strategies has more significant
effect on students’ achievement, conceptual understanding and retention of concepts than the
other three types of instructional methods. Moreover, 7E instructional model alone also has
more significant effect on students’ achievement, conceptual understanding and retention of
concepts than the other two instructional methods. The effect size 28%, 27%, 28% and 46% for
post human biology achievement test, post human biology conceptual understanding test, del

post human biology achievement test and del post human biology conceptual understanding test
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respectively, which is much larger than typical value according to Cohen (1988). This also
indicates that the difference between groups was due to the intervention ensuring its

effectiveness to impact students learning.

However, the result revealed that, though the mean score was different, there was no
statistically significant achievement, conceptual understanding and retention mean scores
difference among treatment group 3 and comparison group. This means that the effect of
conventional instruction with metacognitive strategies on students’ achievement, conceptual
understanding and retention is not statistically different from conventional instruction. In other
words, students who received conventional instruction with metacognitive strategies did not
perform well than those who received conventional instruction in terms of the three dependent

variables.

In addition to human biology conceptual understanding test mean score analysis, each
item of the human biology conceptual understanding test and interviews were analyzed. The
results of the analysis of each of the human biology conceptual understanding test item and
interview supported the findings of human biology conceptual understanding test mean score
analysis result. When we categorize the percentage of students’ responses in to sound
understanding, partial understanding, misconceptions and no understanding, the mean percentage
of students’ response in the table (Table 39) showed that students in treatment group 2 have
sound understanding on the concepts in human biology than the other groups. This implies that
7E instructional model with metacognitive strategies was relatively superior to the other
instructional methods in helping students understand the concept. Moreover, 7E instructional
model alone is also relatively superior to the two instructional methods in helping students

understand the concept.
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On the other hand, result showed that the mean percentages of students’ response who
have partially understood the concepts were almost equal in treatment group 1, treatment group 2
and treatment group 3 but a little bit higher for students in comparison group. Moreover, the
mean percentage of students’ response that has no understanding of the concepts was relatively
low for students in treatment group 2 (19.30). This means that the 7E instructional model with
metacognitive strategies helped students to learn effectively and understand concepts better than

the others instructional methods.

When we examine each conceptual understanding test item, treatment group 2 students
performed better in understanding the concepts in 67% of the items than treatment group 1
students, in 83% of the items than treatment group 3 students and in 89% of the items than
comparison group students. Students in treatment group 2 have sound understanding in majority

of test items than the other groups.

Interview result also showed that interviewees from treatment group 2 and treatment
group lexplained questions very well indicating their understanding of concepts. During
interview most of the interviewees from these groups explained the questions asked with the
reason behind their explanation but interviewees from the other groups were observed struggling
to provide correct explanation to some questions with reasons behind. However, interviewees
from treatment 2 were much better in explaining the questions during interview. This implies
that interviewees from treatment group 2 have understood the concepts in human biology.
Moreover, interviewees from treatment group 1 also have understood concepts in human

biology. This provides evidence in support of the result of quantitative data analysis.
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The difference among groups can be explained by the method the teachers used to teach
their students. The result from both quantitative and qualitative data analysis revealed that
students taught using 7E instructional model with metacognitive strategies learned human
biology better than the other groups. Hence, students in this group achieved higher, well
understood and retained concepts better than the other groups. Similarly, 7E instructional model
alone also helped students to learn biology better than conventional instruction alone and with

metacognitive strategies.

The positive effects of 7E instructional model with metacognitive strategies on students
achievement, conceptual understanding and retention of concepts is because, according to
Santrock (2001), for best achievement in learning, learners must actively participate in the
teaching learning process through discovery, reflection and critical thinking. Similarly, to
conceptually understand concepts, an explicit confrontation between pre-knowledge and new
knowledge is the critical element in learning process (Posner, George, Strike, Hewson &
Gertzog, 1982; Tanner & Allen; 2005). In other words, for conceptual understanding to occur,
there should be shifting and restructuring of pre existing knowledge in to new knowledge
(Tanner and Allen, 2005). This type of learning, according to Posner et al. (1982), occurs
through assimilation and accommodation. Similarly, according to Piaget (1953), children mental
structures (schema) which are basic for learning, are constructed through the process of
assimilation and accommodation leading towards equilibrium. Assimilation is using pre existing
knowledge to deal with new knowledge and accommodation is replacing and reorganizing
preexisting knowledge to develop a new knowledge (Posner et al., 1982). This type of learning

process helps students to have deep understanding of science concepts and achieve better in their
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learning (Jonassen, Strobel & Gottdenker, 2005) which in turn affects students’ retention of

concepts.

7E instructional model is one of the learning cycles that are found to be useful to actively
engage students, extract students’ prior knowledge and misconceptions, discover new knowledge
leading to conceptual understandings (Byee et al., 2006; Eisenkraft, 2003). In addition,
literatures reported that metacognition has an effect on students learning and performance
because the learners’ awareness about their learning and control of the way they are learning is
important in meaningful learning (Azevedo, 2005; Efklides 2006; Lin, 2001). This is because,
according to Schraw, Crippen, and Hartley (2006), scientific inquiry requires metacognitive
skills such as planning, monitoring, reflection, and self-evaluation of learning. Moreover,
metacognition helps the learners to be independent self-directed learners (Shannon, 2008).
Independent self-directed learners are responsible owners and managers of their own learning

process (Hayati, 2001).

This study used 7E instructional model and metacognitive strategies to teach human
biology for grade 9 students. The 7E instructional model has 7 phases. These phases are elicit,
engage, explore, explain, elaborate, evaluate and extend. The first phase enables students to
brainstorm prior knowledge so as to know what they know and identify misconceptions.
According to Piaget (1953), the prior knowledge serve as a back ground information on which
the new information either fit with it through the process of assimilation or reorganized changing
their schema through the process of accommodation. The second phase is engagement in which
students are actively engaged mentally in their learning through activities that focus their
attentions and curiosity (Bybee, et al., 2006). At this stage either students try to assimilate the

new information with existing mental structures or reorganize to develop new knowledge,
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accommodation. The third phase is exploration in which students observe, explore, formulate
hypothesis, test and record results and discuss with students. This leads to the process of
equilibration between existing mental structure and new information either through assimilation
or accommodation. The fourth phase is explanation in which student presents concepts,
processes and skills briefly to the teacher and the classmates. In this phase equilibration
continues and misconceptions can be corrected. The fifth phase is elaboration in which students
further discuss the concepts. This helps them to understand concepts and minimize
misconceptions. The sixth phase is evaluation in which students assess their understanding and
skills acquired with feedback from the teacher. The seventh phase is extend phase in which

students apply what they have learned in their day to day life.

Metacognitive strategies used in this study include the strategies of regulations of
cognition in metacognition. These are planning, monitoring and evaluation. The metacognitive
strategies enable learners to develop metacognitive skills of planning, monitoring and evaluation
which are important skills in scientific inquiries (Schraw, Crippen, and Hartley, 2006). These
strategies also enable students to use their prior knowledge and continuously monitor the

learning progress. This is an important aspect of meaningful learning in science.

Therefore, students in this study benefited from combined advantages of 7E instructional
model and metacognitive strategies so as to enhance their achievement, conceptual
understanding and retention of concepts in learning biology. The use of the metacognitive
strategies contributed to the superiority of the 7E instructional model with metacognitive
strategies over 7E instructional model alone in improving students’ achievement, conceptual
understanding and retention of concepts in biology. This is because, in addition to the

opportunities the 7E instructional model provided for students to think and reflect what is in their
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mind (elicit), actively engage in investigations, explain and relate what they have learnt with
their day to day life, the metacognitive strategies gave opportunities for students to plan ahead
what they want to learn, monitor their learning progress while learning and to evaluate what they

have learned before the actual assessment by the classroom teacher.

As a result, students taught by 7E instructional model with metacognitive strategies
outperformed in achievement, understanding and retention of concepts than students taught with
7E instructional model alone. Moreover, students instructed with 7E instructional model alone
also performed better than those instructed with conventional instruction alone and conventional

instruction with metacognitive strategies.

However, the use of metacognitive strategies with conventional instruction was not
effective in enhancing students learning. The reason might be in conventional instruction most of
the time teachers used lecture method, commonly known as traditional method, which didn’t
give opportunities for students to actively engage in their learning because they are expected to
listen to the teacher and take note at the same time. This in turn did not give opportunities for
students to use metacognitive strategies because they are busy so as not to miss what the teacher
is writing and talking about. Moreover, in traditional approach, most of the time students expect
more knowledge from the teacher rather than searching knowledge using their own strategies.

This also might be affected students using metacognitive strategies.

Research findings point out that the traditional instructional approach encourages
memorization and recalling of facts which is gaining knowledge than conceptual understanding
(Zakaria & lksan, 2007). In this approach, students are passive listeners than active participants

in learning. Similarly, Dhaaka (2012) also reported that this approach encourages students to
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memorize the content and reproduce the same to pass the examination without understanding the
concept of the subject. Researchers indicated that students’ academic achievement cannot be
determined by acquiring knowledge to pass examination but rather by acquiring deep meaningful

understanding of the materials presented to the students (Sakiyo & Waziri, 2015).

Another result of this study was that students may score higher in examination prepared
based on commonly used multiple choice assessment techniques but this is not a guarantee for
meaningful learning with conceptual understanding. For instance, according to the findings of
this study the mean score of human biology achievement test was greater than the mean score of
human biology conceptual understand test. This is because students may gain knowledge but
lack understanding of concepts. According to Wiggins & McTighe (1998), gaining knowledge
about science may not be understanding science. They associated the term knowing with facts,
memorization, and superficial knowledge, whereas the term understanding with more complex,

multidimensional integration of information into a learner’s own conceptual framework.

The achievement in this study, the knowledge gained, was measured with traditionally
used multiple choice test (human biology achievement test) items which does not require
learners to provide reasons why they selected the answer for the question. This assesses only the
knowledge gained. Whereas the two tiers multiple choice tests (human biology conceptual
understanding test) used to measure conceptual understanding requires students to provide
reasons for the answer they selected as correct answers. This assesses conceptual understanding
of concepts. The result implies that higher scores in traditional multiple choice test do not imply
learning with conceptual understanding. As indicated in the statement of the problem of this
study, the national learning assessment result in Ethiopia showed that students are unable to

attain the minimum requirement. National learning assessment used the traditional multiple
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choice test to assess students. So, if the students did not score the required result with this type of
assessment, it is not difficult to imagine what happens to students score national learning
assessment if they were provided with two tiers multiple choice tests that require them to provide
the reasons for their answer. According to the finding of this study, students scored higher in
achievement test but not as such in conceptual understanding test. It is possible to infer that they
could score even lower than what was reported in the national learning assessment result if two
tiers multiple choice tests were used instead of the traditional multiple choice tests. The 7E
instructional model with metacognitive strategies was found to be useful instructional model in

order to enhance both students’ achievement and conceptual understanding.

Related literatures indicated that learning cycle has positive effect on students learning.
Different researchers investigated the effect of learning cycles on students achievement,
conceptual understanding and retention in biology (Appamaraka, Suksringarm, & Singseewo,
2009; Cakiroglu, 2006; Dogru and Tekkaya, 2008; Kaynar, Tekkaya, and Cakiroglu, 2009; Sadi
& Cakiroglu, 2010). The results of these studies show that the treatment groups instructed with
the learning cycles better performed in biology results than the controlled group instructed with
traditional approach. For instance, studies conducted on high school students understanding of
diffusion and osmosis found that learning cycle instruction promoted students understanding
(Marek, Cowan, and Cavallo, 1994; Odom and Kelly, 2001). According to these findings,
students taught with learning cycle had better understanding about the concept of diffusion and
osmosis than those taught with expository instruction. Other results obtained from researches
conducted on the effectiveness of 5E learning cycle shows that students’ achievement,
conceptual understanding and retention improved after the instruction of 5E learning cycle

(Ajaja, 2013; Artun and Costu, 2012; Ates, 2005; Cakiroglu, 2006; Ceylan & Geban, 2009; Lee,
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2003; Lord, 1999; Musheno & Lawson, 1999; Nuhoglu and Yalcin, 2006; Sadi and Cakiroglu,

2010).

Similarly, different studies conducted to compare the effectiveness of 7E learning cycle
with traditional instruction on students’ achievement, conceptual understanding and retention of
concepts reported significant result in favor of 7E learning cycle (Gok, 2014; Mecit, 2006;
Polyiem, Nuangchalerm & Wongchantra, 2011; Shaheen & Kayani, 2015). The results of these
studies revealed that 7E instructional model significantly improved students’ achievement
conceptual understanding and retention of concepts than traditional instruction. For instance, a
research conducted by Shaheen & Kayani (2015) found that 7Einstructional model was more

effective than traditional instruction in terms of students’ biology achievement.

Even though, 7E learning cycle was found to be effective in enhancing students’ learning,
few researches have been conducted by combining 7E learning cycle with other strategies. For
instance, a research conducted by Bulbul (2010) shows the effectiveness of 7E learning cycle
with computer animation on students’ conceptual understanding. Students in this group
performed better in understanding of concepts in osmosis and diffusion. Parallel to this result
Kunduz & Secken (2013) conducted a research in chemistry and found that experimental groups
taught with 7E learning cycle with computer assisted teaching material performed better in
achievement than control group. Another research conducted by Warliani, Muslim and Setiawan
(2016) on effects of 7E learning cycle model using technology based constructivist teaching
shows that students in experimental group performed better in understanding than control group

instructed with 7E learning cycle model alone in physics.
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Some studies compared the effectiveness of learning cycle with metacognitive strategies
on students’ learning. For instance, Blank (2000) found that the learning cycle with
metacognitive strategies has positive effect on students’ ecology understanding than traditional
instruction but not on content knowledge. Appamaraka, et al, (2009) also investigated the effect
of 5E learning cycle with metacognitive techniques of intelligibility, plausibility and wide —
applicability on students learning and reported that the experimental groups gained more

learning.

Nevertheless, few studies has been conducted on the effect of 7E instructional model with
metacognitive strategies on students’ achievement, conceptual understanding and retention and
reported significant result in favor of the 7E instructional model with metacognitive strategies.
For instance, a research conducted by Sornsakda, Suksringarm & Singseewo (2009) on the
effect of using 7E instructional model with three metacognitive techniques of intelligibility,
plausibility and wide applicability in environmental education found that the experimental
groups performed better in learning achievement, integrated science process skills and critical
thinking than control group. The other research conducted by Yerdelen-Damar & Eryilmaz
(2016) on the effectiveness of metacognitive 7E learning cycle using metacognitive activities on
the students’ epistemological understandings in physics revealed that students with in
experimental group performed better. They found that the group assigned with metacogntive 7E
learning cycle performed better than those taught with teacher-centered instruction. However,
the type and the way they used the metacognitive strategies was different from the type and the
way metacognitive strategies are used in this study. In this study, metacognitive strategies of

planning, monitoring and evaluation in regulation of cognition, one component of metaconition,
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were used and implemented in classroom using KWHAL chart, self regulation check list and

metacognitive prompts.

Generally, the findings of this study supported the previous research findings that
revealed 7E instructional model with technology and with some metacognitive strategies is more
effective than the other approaches to enhance students’ biology achievement, conceptual
understanding and retention of concepts and extended the previous findings because this study
used different approaches. Moreover, the result provides further empirical support for the studies
that reported significant results about the effectiveness of 7E instructional model alone over
conventional instruction on students’ biology achievement, understandings and retention of
concepts. The finding ensures that using 7E instructional model alone is important in enhancing
students learning but supporting the 7E instructional model with metacognitive strategies is even

significantly better to increase students learning than using 7E instructional model alone.

The second research question of the study was to examine if there is significant mean
score difference in students’ motivation between groups. Students’ motivation was measured by
administering science motivation questionnaire before and after the intervention. As it is
indicated in pretest analysis no significant difference were observed between groups. After the
implementation of the intervention, there was a difference between groups in which treatment
group 1 and treatment group 2 (M= 2.99, M = 3.02) have higher science motivation
questionnaire mean score than treatment group 3 and comparison group (M = 2.57, M=2.55).
The MANOVA result revealed that the mean score of some groups statistically differs from the
others. The science motivation questionnaire mean score of treatment group 2 was statistically
different from treatment group 3 and comparison group. The science motivation questionnaires

mean score of treatment group 1 was also statistically different from treatment group 3 and
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comparison group. Though the science motivation questionnaires mean score of treatment group
2 is higher than science motivation questionnaire mean score of treatment 1, the difference
between them was not statistically significant. Similarly, the difference in science motivation
questionnaire mean score between treatment group 3 and comparison group was not statistically

significant.

Students taught using 7E instructional model with metacognitive strategies seem to be
more motivated than students instructed with conventional instruction alone and conventional
instruction with metacognitive strategies but not more than those taught with 7E instructional
model alone. Similarly, students instructed with 7E instructional model alone seem to be more
motivated than those instructed with conventional instruction with metacognitive strategies and
conventional instruction alone. This implies that metacognitive strategies did not contribute
significantly for students’ motivation rather it is the 7E instructional model because students in
treatment group 1 and 2 motivated significantly better than students in treatment group 3 and
comparison group and students in treatment group 2 didn’t significantly motivate than students
in treatment group 1. Moreover, no difference in motivation between those students instructed
with conventional instruction with metacognitive strategies and conventional instruction because

of no significant contribution of metacognitive strategies.

Literature indicated that students’ motivation is very important in enhancing their
achievement and conceptual understanding at all levels of schools (Cavas, 2011; Pintrich &
Schunk, 2002; Rehman and Haider, 2013). Students with high motivation to learn also have high
level of achievement in science than with low motivation to learn science (Chan & Norlizah,
2017; Glynn et al., 2009). This is because, according to Athman & Monroe (2004), a highly

motivated person develops high levels of internal achievement and engaged in deep learning and
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self-regulation. Motivation has direct relation with students’ achievement and understanding
(Athman & Monroe, 2004; Cavas, 2011; Chan & Norlizah, 2017; Glynn et al., 2009; Pintrich &

Schunk, 2002; Rehman and Haider, 2013).

As it is reported in literature, motivation of students can be influenced by the
instructional method used in classroom (Mills, 1991; Tuan, et al., 2005; Williams & Williams,
2011). Teaching approaches that actively involve learners would likely lead to higher motivation
and meaningful learning compared to those where they remain passive (Shihusa and Keraro,
2009). Among teaching methods, according to Kim (2005) and Turk and Calik (2008) learning
cycle is effective method in improving student motivation to learn science. Motivation has also
positive relation with the use of metacognitive strategies (Landine and Stewart, 1998). According
to Aydm (2016), the use of metacognitive strategies has positive effects on students' intrinsic

motivation to learn biology.

The research findings of Shihusa and Keraro (2009) on teaching methods that actively
involve learners and Kim (2005) and Turk and Calik (2008) on learning cycle support the
findings of this study because students taught with 7E instructional model, one of the learning
cycle that actively involve learners, were more motivated than students taught with conventional
instruction. This is because 7E instructional model is one of the inquiry methods that help
students to actively engage in learning. Similarly, students taught using 7EIMMS and 7EIM
were found to be motivated more significantly than those taught with conventional instruction
with metacognitive strategies and conventional instruction. Hence, the low performance of
students instructed using conventional instruction with metacognitive strategies and conventional

instruction might be also due to low motivation in addition to instructional approach.
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Contrary to the expectation, the use of metacognitive strategies with 7E instructional
model and conventional instruction did not have significant effect on students’ motivation than
using 7E instructional model alone and conventional instruction alone respectively. This is not in
parallel with the findings of research conducted by Aydin (2016) and Landine and Stewart
(1998) which revealed that the use of metacognitive strategies has positive effect on students’
motivation. This might be due to the time of the intervention that might not have been enough to
influence students’ motivation. Moreover, this study used only metacognitive strategies of
regulation of cognition which might again affected the influence of metacognitive strategies on

students’ motivation. Therefore, further research is required in this regard.

The third research question of this study was to examine whether there is a significant
mean score difference across gender in achievement, conceptual understanding, retention of
human biology concepts and motivation or not. In this study, therefore, these variables were also

investigated in relation to gender.

In relation to these dependent variables, after the implementation of the intervention,
there were mean score difference between male students and female students in all variables. The
MANOVA results of this study, however, revealed that there was no significant mean difference
between male and female students in achievement, conceptual understanding, retention of human
biology concepts and motivation. Moreover, the interaction between gender and treatment had
no significant effect on students’ conceptual understanding, retention of concepts in human
biology and motivation except for post achievement. Therefore, it can be said that male and

female students gained similar benefits from the implementation of the intervention.
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Research findings indicated that science was one of the areas in which gender difference
was most strongly pronounced and reported some favoring male, some females and the others
showing no difference between them in achievement, understanding retention of concepts and
motivation. The results of this study are consistent with the studies that investigated the
effectiveness of learning cycle across gender. Several studies indicated no significant difference
between males and females with respect to science learning (Cakiroglu, 2006; Hupper et al.,
2002; Ugwu & Soyibo, 2004; Thompson & Soyibo, 2002). For example, Ugwu and Soyibo
(2004) indicated that there is no significant gender difference in performance on nutrition and

plant reproduction concepts among students.

Similarly, the finding of this study is compatible with the studies that conducted and
found no significant difference between male and female students in students’ motivation
towards science learning (Akbas & Kan, 2007; Albert, 2010; Ongowo & Hungi, 2014).

Therefore, the intervention has no effect on both males and females motivation to learn biology.

The fourth and the fifth research questions were about misconceptions held by students
and extent of these misconceptions among groups. Hence, one of the purposes of this study was
to identify misconceptions in human biology concepts and compare the effects of the
instructional methods with respect to misconceptions and in relation to conceptual understanding
of concepts. As indicated in literature, students generally come to science classroom with their
own understandings, commonly referred to prior knowledge, about how the natural world works
(Madu, 2012). Some of these understandings may be inconsistent with the scientific views and

are labeled as misconceptions (Nakhleh, 1992; Treagust, 1988; Schmidt, 1997).
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Misconceptions can be an obstacle for learning since the knowledge construction occur
based on already existing understandings (Guzzetti, 2000, Stavy, 1991; Wandersee, Mintzes,
Novak, 1994). Therefore, identifying and finding ways of minimizing misconceptions is very
important for meaningful learning. Being aware of the students’ misconceptions is very
important for teachers for designing their instruction to remedy these misconceptions and

overcome the difficulties of students in learning concepts.

Hence, this study investigated misconceptions held by students’ in human biology
concepts from human biology conceptual understanding and interviews. According to the
findings of this study, 7E instructional model with metacognitive strategies was effective than
the other instructional methods in terms of conceptual understanding of human biology concepts
and reduction of misconceptions. The analysis of students’ post human biology conceptual
understanding scores showed that students taught by 7E instructional model with metacognitive
strategies understood the concepts well and reduced misconceptions compare to students
instructed with 7E instructional model alone, conventional instruction alone and conventional
instruction with metacognitive strategies. For instance, when we categorize the percentage of
students responses from human biology conceptual understanding test in to sound understanding,
partial understanding, misconceptions and no understanding, lower mean percentage of
misconceptions was recorded for students in TG2 (25.13). But relatively higher mean percentage
of misconceptions was recorded from students in TG 3 (31.52) and CG (30.87). This implies that
the misconceptions held by students in TG 2 are relatively lower than the other groups ensuring
the effectiveness of 7TEIMMS than the others in minimizing misconceptions followed by TG 1

(27.65) with 7TEIM.
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The relatively lower mean percentage of misconception found among students instructed
by 7E instructional model with metacognitive strategies implies that the use of metacognitive
strategies with 7E instructional model helped students in understanding concepts better than
using 7E instructional model alone. This is because, although students instructed by 7E
instructional model elicit their prior knowledge, engaged in exploration of concepts by their own,
the use of metacognitive strategies of planning, monitoring and evaluation helped them more to

manage their learning, enhance their understanding and minimize misconceptions.

Although the students instructed with 7E instructional model with metacognitive
strategies understood the concepts better and reduced misconceptions than the other instructional
methods, still there are misconceptions held by students in the groups. This is because some
misconceptions are resistant to change and can remain after instruction (Guzzetti, 2000; Kaynar,
Tekkaya and Cakiroglu, 2009). Analysis of post human biology conceptual understanding test
and interview result revealed that students’ in all treatments and comparison group hold some
misconceptions though the extent of the percentage of the misconceptions held varies between

groups.

When we examine each item of human biology conceptual understanding test in relation
to misconceptions, students in treatment group 2 holds less percentage of misconceptions in 61%
of the items than treatment group 1 and in 67% of the items than treatment group 3 and 72% of
the items than comparison group. Similarly, students in treatment group 1 hold less percentage of
misconceptions in 67% of the items than treatment group 3 and in 61% the items than
comparison group. This implies that, though it is difficult to remove all misconceptions, the
misconceptions held by students in treatment group 2 were highly reduced compared to the other

groups followed by students in treatment group 1.
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Highest percentages of misconceptions were recorded from different items for the groups.
For instance, for treatment group 1 the highest percentage was recorded from item number 10
with percentage of 51.22%; for treatment group 2 from item 16 with percentage of 50%; for
treatment group 3 and comparison group from item 13 with percentage of 58.13 and 54.76
respectively. This might be due to the nature of the concepts and extent of the emphasis the
teachers gave while they teach. Item 10, 13 and 16 deals about gas exchange, energy production
and blood circulation respectively. Literature indicated that concepts in these areas were among
the most difficult biology topics to be learnt by students (Anderson, Sheldon and Dubay, 1990;

Jennison and Reiss, 1991 and Seymour and Longdon, 1991).

The result obtained from the analysis of human biology conceptual understanding test is
supported with results obtained from the interview. Interview result showed that interviewees
from treatment group 2 and treatment group 1 explained questions very well. During interview
most of the students in treatment group 1 and 2 explained the question raised but students in the
other groups were observed struggling to provide correct explanation to questions and

misconceptions were found in all groups though the extent varies.

Misconceptions in relation to digestion, presence of oxygen in exhaled air, causes for
change in volume of the lungs and nature of the heart were mainly identified from treatment
group 1, treatment group 3 and comparison group. For example, from analysis of human biology
conceptual understanding test, two major misconceptions were indentified from treatment group
3 and comparison group in concepts of food and nutrition. One of the items asked from this
category was about the result of glucose test with Benedict’s solution and reason behind the
change in colour during glucose test with Benedict’s solution. Students in treatment group 3

answered the formation of orange red colour was due to when water boils, it changes its colour
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and students in CG answered due to monosaccharide is reduced in the reaction to disaccharides.
The correct conception is that the colour change is due to the reduction of copper 11 to copper |
compound during the reaction. From my observation, this concept was presented in the form of
activity in the text book (in a box) but most of the time teachers did not give emphasis for such
activities in the textbook because of lack of materials, their focus on theoretical aspects and they
think that it takes time to do the activities which in turn affects their pace to complete the course

on time at the end of the academic year. This might be the cause to hold these misconceptions.

From digestive system category, students know that mechanical digestion breaks food in
to smaller soluble ones but they considered that mechanical digestion release enzymes from
glands and involves enzyme action to break large food substance. These misconceptions were
also obtained from treatment group 3 and comparison group respectively. The correct
conception is that mechanical digestion breaks dawn food in to smaller pieces by teeth bite and
chewing and muscular tubes so as to increase the surface area for enzymes action. This
misconception may be due to the general information that enzymes speed up chemical reaction in

digestion. However, this one occurs in chemical digestion.

Similarly, with regards to absorption of food in small intestine is that students considered
absorption of food from small intestine in to blood stream is because of the process of peristalsis
to move substance through villi. They confused with the movement of food through the
digestive track. The correct conception is that absorption occurs in small intestine because
digestion is completed in small intestine and contains structure called villi that increase surface

area for diffusion to occur rapidly in to the blood stream.
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From respiratory system category, students know that the lungs change the volume
during inhalation and exhalation but they considered that change in volume of the lungs is due to
the movement of air in to and out of the lungs during inhalation and exhalation and this results
change in volume of thoracic cavity. These misconceptions were observed in all groups. The
reasons for these misconceptions were the way the activities are designed and the way the
teacher explains the process. From my classroom observation, | realized that this might be due to
the model that was prepared by students from two balloons, plastic bottle, tube and string based
on the activities in the text book. The two balloons represent the lungs, the plastic bottle the
thoracic cavity and the tube the trachea. Students used the model in classroom while learning by
blowing air in to the balloon through the tube but the model does not show clearly what happens
to the thoracic cavity, ribs, intercostals muscles and diaphragm except an increase in the volume
of the balloon. They observe when the two balloons expand as they blow air in to it and contract
when air leaves the balloon. This seems that it is the air that moves in and out that changes the
volume of the lung. However, the correct conception is that it is due to an increase in the volume
of the thoracic cavity, the contraction and relaxation of diaphragm, intercostals muscles and
movement of ribs. It is because of the surface tension between the thoracic (chest) cavity that the

thoracic cavity increases in volume (size) and the lungs increase in volume as well.
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Figure 13 Classroom Activities

The other misconception was that students faced a difficulty in differentiating between
breathing and respiration. They considered that breathing is the process of getting oxygen into
the lungs and carbon dioxide out while respiration is the process of getting oxygen from the
lungs to the body and carbon dioxide from the body into the lungs and moves these gases around
the body. This misconception was also observed in all groups. This might be because both
processes are related with oxygen and carbon dioxide. The other reason may be within the text
book it was written as respiratory system for breathing which confuses students with respiration.
The correct conception is that breathing is the process of getting oxygen from the atmosphere in
to the cells and carbon dioxide out of the cells and in to the atmosphere while respiration is the

process in which the cells produce energy and carbon dioxide.

From circulatory system, students know that the left side of the heart is thicker and
muscular than the right side but they answered this is because of it pumps blood to a relatively
short distance, it receives much of the digested food to build them and it is found in the left side
of the chest. Most of these misconceptions were observed in treatment group 3 and comparison

group. The correct conception is that left side of the heart is thicker and muscular because they
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pump blood long distance from the heart throughout the body. This may be due to the diagram of

the heart which did not show the difference clearly muscles and thickness.

The other misconception identified was about the reason behind the transfer of blood
from one person to another person. Although students know that blood type O is universal donor,
they hold misconceptions. They considered that blood type O is universal donor because it has
no antibody that reacts with antigen of the red blood cells of the person; has antigen that do not
react with antibody in the red blood cells of the person and has no antigen and antibody that
reacts with the red bloods of the person. The correct conception is that a person with blood type
A can receive blood from blood type O because blood type O has no antigen that reacts with
antibody of the red blood cells of the person with blood type A. This helps the blood type O not
to be recognized by other cells. The misconception may be due inability of students to

differentiate the concepts of the function of antigen and antibody clearly due to prefix similarity.

Literature indicated that there are different sources of misconception in science
education. Some of them, according to Duit & Treagust, (1995) and Harrison & Treagust (1996)
include the text books; the teachers; the culture and language; the mass media; daily usage of
concepts; personal real-life experiences and lack of understandings from previous school
courses. Moreover, innate structures of the brain (Duit 1991) and traditional instruction
(Kindfiled, 199) were also reported as source of misconceptions. So, the source of misconception
identified in this study could not be different from the sources of misconceptions indicated in the

literature.

There are different research findings that support the findings of the current study. For

instance, according to Marek, et al. (1994), using learning cycle is useful to minimize
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misconceptions and to help students understand the concepts. Moreover, the results obtained
from the research conducted on the effectiveness of 5E learning cycle show that students’
misconceptions reduced after the instruction of 5E instructional model (Ajaja, 2013; Artun and

Costu, 2012; Cakiroglu, 2006; Nuhoglu and Yalcin, 2006; Sadi and Cakiroglu, 2010).

Similarly, in this study, students assigned with 7E instructional model with metacognitive
strategies minimized misconceptions than students taught with 7E instructional model alone,
conventional instruction alone and conventional instruction with metacognitive strategies
because they were engaged in eliciting and exploring concepts by their own and they planned,
monitored and evaluated themselves using metacognitive strategies with the help of the teacher.
Students taught with 7E instructional model alone were also able to understand human biology
better and minimized misconceptions than the two groups taught with conventional instruction

alone and conventional instruction with metacognitive strategies.

However, some misconception in this study also remained after the implementation of the
intervention. This is because literature reported that it is difficult to completely eliminate
misconceptions as there are various misconceptions (Duit & Treagust, 1995; Harrison &
Treagust, 1996). Several researchers, in support of the findings of this study, reported that
students had misconceptions after instructions (Guzzetti, 2000; Kaynar, Tekkaya and Cakiroglu,

2009; Stavy, 1991; Wandersee, Mintzes, Novak, 1994).
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Chapter Five: Summary, Conclusion and Recommendation

Introduction

This chapter presents the main ideas about the process of the study, findings of the study
and the way forward. The first section depicts the summary, the second section present

conclusion and the third section covers the recommendations made by the researcher.
5.1 Summary

The main purpose of this study was to investigate the effects of 7E instructional model
with metacognitive strategies on students learning biology and motivation. Learning biology in
this study expressed in terms of biology achievement, conceptual understanding and retention of
biology concepts which are measured through human biology achievement test and human
biology conceptual understanding test. Furthermore, effects of 7E instructional model alone and
conventional instruction with metacognitive strategies were also investigated. The research was
conducted on 9" grade students in Addis Ababa, Ethiopia. For this study, nonequivalent quasi
experimental research design was employed. Four schools were selected purposely and assigned
as treatment and comparison group randomly. Four different instructional methods were
designed and implemented in these four schools on one group from each school. Treatment
group 1 was taught by 7E instructional model alone. Treatment group 2 was taught by 7E
instructional model with metacognitive strategies. Treatment group 3 was taught by conventional
instruction with metacognitive strategies and comparison group was with conventional

instruction.
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The study was carried out for 10 weeks using four teaching periods per week each with
45 minute. At the beginning, metacognitive awareness inventory test was administered to
students in all groups and then teachers and students from treatment group 2 and treatment group
3 were trained about the metacognitive strategies. Teachers from teachers from treatment group 2
and treatment group 1 were trained about 7E instructional model and ways of the implementation
of the intervention. In addition, before the beginning of the implementation of the intervention
human biology achievement test, human biology conceptual understanding test and science
motivation questionnaire were administered as pretests. At the end of the implementation of the
intervention, human biology achievement test, human biology conceptual understanding test and
science motivation questionnaire were administered as post test. Moreover, after 6 weeks of the
implementation of the intervention, human biology achievement test, human biology conceptual
understanding test were administered as delayed post test to assess retention of concepts. The

analyses of data were made with ANOVA and MANOVA beyond other descriptive analysis.

The result of the ANOVA revealed that there was no significant mean difference between
the four groups in terms of students’ achievement, understanding on human biology concepts and
motivation before the intervention. So, the four groups were assumed to be the same in relation
to achievement, understanding and motivation. Hence, the difference observed at the end of the

intervention was due to the intervention carried out during the implementation period.

To address the objectives of the study, intervention was made and quantitative and
qualitative data were collected after the implementation of the intervention and computed using
MANOVA, follow-up ANOVA, percentage and qualitative analysis. The findings of this study
revealed that students in treatment group 2 outperformed than the other three groups in

achievement, conceptual understanding and retention of biology concepts. This implies that 7E
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instructional model with metacognitive strategies was effective in enhancing students’
achievement, conceptual understanding and retention of concepts than the three instructional
methods. The findings also revealed that students in treatment group 1 outperformed the other
two groups. This implies that 7E instructional model alone was also effective in enhancing
students’ achievement, conceptual understanding and retention of concepts than the two
instructional methods but not better than 7E instructional model with metacognitive strategies.
However, the findings revealed that supporting conventional instruction with metacognitive
strategies did not help much in enhancing students’ achievement, conceptual understanding and
retention of concepts than conventional instruction. Moreover, the findings indicated that the
intervention did not prefer any of the gender in enhancing students learning in terms of

achievement, conceptual understanding and retention of concepts.

In relation to motivation, the finding revealed that students in treatment group 2 were
more motivated than treatment group 3 and comparison group but not than students in treatment
group 1. Likewise, students in treatment group 1 were more motivated than treatment group 3
and comparison group. This implies that students taught using 7E instructional model with
metacognitive strategies and 7E instructional model were more motivated than students taught
using conventional instruction with metacognitive strategies and conventional instruction alone
but students in the two groups were not different in motivation. This indicates that it is not the
metacognitive strategies that contributed for their motivation rather it is the 7E instructional
model. Moreover, students instructed with conventional instruction with metacognitive strategies

and conventional instructions were not different in motivation.

In relation to misconceptions held by students, in a similar way treatment group 2

students were better in minimizing misconceptions than the others followed by students in
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treatment group 1. Hence, 7E instructional model with metacognitive strategies helped students
to minimize misconceptions than the other methods. In the same way, 7E instructional model
alone was also helpful in minimizing misconceptions compared to conventional instruction with

metacognitive strategies and conventional instruction alone.

5.2 Conclusion

Science education is one of the determinant factors in the development of a nation.
Biology, is one of the science subjects, that contributes for the development of the country.
Biology education equips learners with the basic knowledge and skills that are essential in the
study of such fields as medicine, agriculture and biotechnology and plays a great role in many of
the contemporary issues and problems such as nutrition, health, drug abuse, agriculture,
pollution, rapid population growth, environmental degradation, global warming and
conservation. Therefore, understanding of biological knowledge is necessary. However, national
learning assessment results indicated that students achievement in biology were not satisfactory.
Literature indicated that one of the causes for low achievement is the instructional approaches in
classroom. Hence, there is a need for instructional approaches that help students to understand
biology and be able to apply their knowledge in their day to day life. From the finding of this
study, 7E instructional model with metacognitive strategies is found to be effective in enhancing
students learning than the other instructional approaches. This implies that using metacognitive
strategies with 7E instructional model help students to learn biology concepts better. When
students are supported with metacognitive strategies of planning, monitoring and evaluation,
they benefited much from 7E instructional model. 7E instructional model alone is also found to
be effective than conventional instruction with metacognitive strategies and conventional

instruction in enhancing students learning. Hence, using 7E instructional model in classroom
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than using the conventional instruction is also most likely to enhance students learning.
However, using metacognitive strategies with conventional instruction is not useful to enhance
students learning and is not better than conventional instruction alone. Metacognitive strategies
seem to work better with 7E instructional model than conventional instruction because
conventional instruction with metacognitive strategies did not help students in enhancing their
learning better than conventional instruction. The 7E instructional model with metacognitive
strategies is also found to be very useful in reducing misconceptions held by students followed
by 7E instructional model alone. These instructional approaches served both male and female
students apparently at the same scale. Moreover, the finding indicated that 7E instructional
model have positive effect on students’ motivation. Hence, using 7E instructional model helps to

enhance students’ motivation.

Hence, using 7E instructional model with metacognitive strategies can significantly
enhance students’ achievement, conceptual understanding and retention of scientific concepts
related to human biology and reduction of misconceptions than the other instructional methods

provided that similar conditions but further research is required.

5.3 Recommendation
The Ethiopian education policy developed in 1994 clearly indicated that one of the aims
was to produce citizens who are physically and mentally well developed and are capable of
solving problems of the society and contribute for the development of the nation through
education (TGE, 1994). To attain this aim there should be quality education that results in
meaningful learning. Students also need to meet the expected standards. To this end, they must
grasp the necessary knowledge, skills and attitude from an appropriate school curriculum. But

national learning assessment and examination results of the students in the country are not
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promising. It is obvious that one of the factors that affect students’ meaningful learning is the
teaching learning process. The method of instruction in and outside of the class is part of the
teaching learning process. Therefore, searching appropriate method of teaching learning becomes
very important so as to have meaningful learning and to improve students’ learning to meet

expected standards.

According to the finding of this study using 7EIMMS may be a better option in
enhancing students learning biology. Consequently, the findings of this research suggest that if
7TEIMMS is used, it will help students to enhance their learning and motivation. Hence, the
researcher recommends to teachers and students to use this method of teaching and learning to
enhance students learning of biology as well as other subjects. The researcher developed the

following model and proposes for use by all concerned (Fig. 12):
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Enhanced Learning
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|
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Figure 14 7E Instructional Model with Metacognitive Strategies proposed by the researcher
(TEIMMS)

Moreover, the findings of this study suggests to different stakeholders; such as, policy
makers, curriculum, text book and other supplementary material developers to incorporate
appropriate pedagogy (like 7E instructional model with metacognitive strategies in this case) that
fits today’s leading learning theory, constructivism, in order to maximize students learning.
However, this is a preliminary research to entirely inform these stakeholders. Thus, further

research is needed to provide more empirical evidence for the effectiveness of the method.
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Moreover, based on the findings the researcher recommends more research in the

following areas:

Widening the target population: this research was conducted in four government
schools in the capital city, Addis Ababa for about ten weeks. Therefore, research can
be conducted in different government and private schools and grade levels with a
larger sample size at different regions for a long period of time to increase
generalizability of conclusions.

Widening the subject/content areas: this research was conducted on biology,
specifically on human biology contents. Further research, however, can be conducted
to investigate the effect of the 7Einstructional model with metacognitive strategies on
students’ achievement, understanding, retention of concepts, misconception and
motivation other than human biology concepts and other science subjects. Such
research may be able to provide evidence about the effectiveness of the method over
different biology topics and other science subjects like chemistry, physics physical
education and mathematics.

Using variety of assessment techniques: the research findings of this study showed
that students did not score similar results on achievement test and conceptual
understanding test. Research, therefore, can be conducted on the assessment
techniques that we are using. It would be good to develop a two-tier diagnostic test so
as to measure students’ conceptual understanding on different biology concepts

instead of using the traditional multiple choice test.
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e Metacognitive strategies: this study employed some parts of metacognitive strategies
mainly regulation of cognition. It is better to extend and consider other metacognitive

strategies in knowledge of cognition.
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Appendices

Appendix 1. Human Biology Achievement Test

Addis Ababa University
College of Education and Behavioral Studies

Department of Science and Mathematics Education

The main objective of this test is to gather data with regards to grade 9 students’ biology achievement in
the school. The items are from grade 9 human biology topics. Your correct and complete answer to the
following questions will have great value for this study. Therefore, you are kindly requested to answer all

the questions after reading thoroughly.
Thank You in Advance for Your Cooperation!

Direction: - 1. Do not write your name
2. Make a circle on your response

3. Respond all questions
Section 1:- Background Information

1.1. Name of school
1.2. Student’s code

1.2. Sex:  Put atick mark (v) Age
Male |:| Female |:|
1.3 Grade section

Section 2:- Test Items

Instruction: This test consists of 40 multiple choice questions from grade 9 human biology

topics. Choose the best answer and circle your letter of choice.

1. Which of the following substance is used as a source of nutrients and energy for the body?
A. Vitamins C. Food
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B. Minerals D. Water
. Which of the following carbohydrates is mainly found in milk sugar?
A. Sucrose C. Glucose
B. Lactose D. Maltose
. Which of the following is true about balanced diet?
A. Taking only very few foods is enough in order to get a balanced diet.
B. Getting enough amounts from all nutrients is required in order to get a balanced diet.
C. Eating only fruits is sufficient in order to get a balanced diet.
D. Eating injera every day is enough in order to get a balanced diet.
. Assume that you have four test tubes A, B, C and D which contains equal amount of
unknown food solutions. You added equal amount of ethanol and shook the tubes. Then you
poured the contents in to other tubes, a white cloudy layer formed only in test tube “C”. What
will be the food solution in test tube “C”?
A. Vitamin C C. Lipid
B. Protein D. Starch
. Suppose you are asked to determine Biuret test for a certain food. Which of the following is

correct about your test? If the food has:

A. Protein, purple colour will develop C. Sugar, purple coloour
will develop

B. Protein, orange red colour will develop D. Sugar orange colour
will develop

. Which of the following nutrients serve as structural components of cell membrane?
A. Lipids C. Carbohydrates
B. Minerals D. Vitamins
In which part of the alimentary canal the reaction Lipids —E2"__, Fat droplets does

takes place?

A. lleum C. Duodenum
B. Mouth D. Stomach
. Which of the following is a function of bile? It:
A. Kills bacteria C. Facilitates protein
digestion
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10.

11.

12.

13.

14.

B. Emulsifies fat D. Facilitates carbohydrates
digestion

What is the importance of mechanical digestion?

A. Minimize the effect of microbes on the food we eat

B. Initiate the release of digestive enzymes from their glands

C. Increase the surface area of the food for enzyme action

D. Change large and insoluble molecules to smaller and soluble one
Which of the following statement is correct about absorption of the smaller food molecules
from the digestive system?

A. The smaller food molecules are directly absorbed by the body cells

B. Fatty acid and glycerol move directly in to the blood

C. Glucose and glycerol move directly in to the blood

D. The smaller food molecules leave the digestive system by diffusion

Which of the following section of the gut produces enzyme that digests all the three food
types?

A. Oesophagus C. Stomach

B. Small intestine D. Mouth
What do we call the reaction that breaks down carbohydrates, proteins and fats in to their
monomer units during digestion?

A. Dehydration C. Condensation

B. Mastication D. Hydrolysis

Which of the following actions increase the volume of the chest cavity?
A. Lowering of the rib cage
B. Relaxation of the diaphragm
C. Contraction of the diaphragm
D. Relaxation of intercostals muscles
Tidal volume of air is the air which:
A. Is exchanged during a normal breath
B. Remains in the lungs after forced exhalation
C. Isinhaled after forced exhalation
D

. Is forcibly exhaled after normal inhalation
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15. In which structure of the lungs does exchange of gases with blood takes place?
A. Capillaries C. Alveoli
B. Bronchioles D. Bronchi
16. How high altitudes affect our breathing system? At high altitude the:
A. Number of red blood cells increase, as available oxygen increases
B. Number of red blood cells decrease as available oxygen decreases.
C. The amount of oxygen is low, as a result our breathing rate increases
D. The amount of oxygen is high, as our breathing rate increases

17. The first step during artificial respiration is:

A. Opening of the air way C. Calling for help loudly
B. Checking for breathing D. Checking the causality
IS conscious

18. This item is based on the following table which compares the percentage of atmospheric

gases breathed in and out of the lungs.

No | Atmospheric gas Air breathed in Air breathed out
1 Oxygen 23% 16%

2 Nitrogen About 80% About 80%

3 Carbon dioxide 4% 0.04%

Which of the following comparison is/are correct?
A. 2and 3 C.1
B. 2 D.land 2
19. In the activity to demonstrate the tar in cigarette smoke, the white cotton wool plugged in the
smoking machine changes to brown colour as a result of tar accumulation. Where does such
effect observed in the smokers body? In the:
A. Brain C. Heart
B. Lungs D. Kidneys
20. Which of the following happens during breathing air into the lungs? The:
A. Diaphragm become dome shaped
B. Ribs move down and inwards

C. Pressure inside the chest cavity is higher than outside
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D. Volume of the chest cavity increases
21. How does body exercise affect the breathing rate? When the body:
A. Begins exercise, the breathing rate increases
B. Gets rest, breathing is totally lost
C. Begins exercise, the breathing rate decreases
D. Gets rest, breathing rate increases
22. Which of the following breathing structure separates human thorax and abdomen?

A. Trachea C. Bronchus
B. Diaphragm D. Ribs
23. Which of the following are the products of anaerobic respiration?
A. Lactic acid and ethanol C. Ethanol and water
B. Oxygen and lactic acid D. Water and carbon
dioxide

24. Which of the following comparisons about aerobic and anaerobic respiration is correct?

A. The waste product of anaerobic respiration are CO, and H,O while that of aerobic
respiration is lactic acid

B. Energy produced by aerobic respiration is much higher than that produced by anaerobic
respiration

C. Aerobic respiration occurs in the cytoplasm while anaerobic respiration occurs in the
mitochondria.

D. Aerobic respiration occurs in animal cells while anaerobic respiration occurs in plant

cells

25. What is the importance of ATP in the human body? It helps to carry out:

A. Diffusion process C. Passive transport
process
B. Osmosis process D. Metabolism

26. Substance required to produce ATP during aerobic respiration are
A. Glucose and carbohydrate C. Glucose and oxygen

B. Water and carbon dioxide D. Water and glucose
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27.

28.

29.

30.

31.

32.

33.

Which of the following valve structures prevent the back flow of blood in to the right

ventricle?
A. Bicuspid C. Tricuspid
B. Mitral D. Semi-lunar

Which of the following parts of the heart pumps blood relatively long distance? The
A. Right side of the heart C. Left side of the heart
B. Right ventricle of the heart D. Middle part of the heart
What are antigens? They are proteins which:
A. Allow red blood cells to accommodate more oxygen
B. Destroy foreign cells to the body
C. Play regulatory role in cells
D. Allow cells to recognize each other and cells from different organisms
Which of the following is the correct path of blood flow in the heart?
A. Right atrium—> the body —»right ventricle»  lungs —»left ventricle = left
atrium
B. Right ventricle—  right atrium —lung — left atrium —the body—»  left
ventricle
C. The body— right atrium —»right ventricle = left atrium —»left ventricle—
lungs
D. Right atrium—> right ventricle — lungs— left atrium—> left ventricle —»the
body
Which of the following functions of blood vessels is true?
A. Veins always carry blood towards the heart
B. Arteries always carry oxygenated blood
C. Pulmonary vein carries deoxygenated blood from lungs to the heart
D. Capillaries are thicker than veins
If someone with blood group “A” has got a car accident and lost a lot of blood. Therefore, he
needs blood transfusion. Which of the following blood group is used during the transfusion?
A. OB C.B
B. AB D.O

Which of the following structures of the human heart is correctly matched with its function
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Right ventricle—» pumps deoxygenated blood to the body
Left atrium —p receives oxygenated blood from the lungs

o w >

Left ventricle—» pumps deoxygenated blood to the lungs
D. Right atrium—» receives oxygenated blood from the lungs
34. Which of the following statement is true about hypertension? It
A. Is due to the presence of few red blood cell to carry hemoglobin
B. Can be reduced during higher age and over weight of the body
C. Is adeficiency disease caused by lack of iron
D. Can be managed by reducing salt and fats in the diet
35. If the pulse rate of an adult man at rest is 18 times in 15 seconds. What is the pulse rate of
this man per minute?
A. 54 C. 108
B. 90 D.72

Appendix 2. Propositional Knowledge Statements

Propositional knowledge statements identified for the target concepts of food and nutrition,
digestive system, respiratory system, cellular respiration and circulatory system

1. Organisms need energy and nutrients to survive and they obtain these from the food.

2. Human being uses food in three ways: to provide energy for our cells, to provide new
materials to grow and repair and replace damaged and worn out cells, to provide the
resource needed to fight disease and maintain a healthy body

3. Carbohydrates provide energy when it is broken down to form glucose, which is used in
cellular respiration to produce energy in a form used in all cells.

4. Based on their complexity, there are three types of carbohydrate namely simple sugar
(glucose), double sugar(sucrose) and complex sugar(starch)

5. There are a number of chemical tests that you can carry out to test the presence of
carbohydrate an example is to test glucose using Benedict’s test and the result is the blue
solution changes to orange red colour if glucose is present because it reduces copper Il

to copper I.
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Proteins are used for body building up and their presence can be tested using Biuret test
which results purple colour if protein is present.

Formation of carbohydrates from simple sugar and protein from amino acids call
condensation and the reverse process is hydrolysis.

Lipids are extremely important group of chemicals as an important source of energy and the
most effective energy store in your body and this is why your body converts spare food in to
lipid for use at a later date.

The digestive system

1.

10.

The human body needs small soluble molecules to use in all the reactions of metabolism
such as releasing energy and making large molecules

The main job of the digestive system is to breakdown the food we eat in to smaller, soluble
molecules so as to be absorbed in to the blood stream and used by our body.

There are physical or mechanical breakdown and the chemical breakdown of food
Mechanical digestion physically breaks food in to smaller pieces by biting and chewing and
muscular structure of the gut.

Chemical digestion breaks large insoluble food in to small soluble molecules by hydrolysis
so that they can be absorbed in to our body and controlled by enzymes.

The breaking and building of new materials takes place in a rapid and controlled manner by
biological catalyst known as enzymes.

Enzymes are made up of proteins and are not affected by the reaction they speed up, so they
can be used many times.

Enzymes are very specific in that each type of reaction that takes place in our body is
controlled by specific enzymes that do not catalyze any other type of reaction.

The digestive system of human body involves structure such as mouth, tongue, salivary
gland, esophagus (gullet), stomach, liver, gallbladder, pancreas, small intestine (duodenum,
ileum), large intestine (colon and rectum) and anus.

Food digestion begins in mouth with the help of teeth and enzymes like amylase for
carbohydrate digestion and the partially digested food moves along the digestive system by

the help of muscular contraction known as peristalsis.
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11.

12.

13.

14.

15.

The stomach digests protein by the help of the enzyme protease mainly pepsin and produces
hydrochloric acid to kill bacteria and help digestion because pepsin works at acidic
environment.

In the first parts of the small intestine (duodenum), the acidic nature of the food is
neutralized and the fats break down(emulsified) by bile which is produced in liver and
stored in gall balder.

In the second parts of the small intestine (ileum), complete digestion of carbohydrates,
proteins and fats occur by the help of enzymes such as carbohydrase, protease and lipase
from pancreas and ileum.

Once the food molecules have been digested giving glucose, amino acids, fatty acids and
glycerol, they are absorbed in to the blood stream by diffusion in small intestine which is
assisted by villi to increase surface area of the small intestine.

After absorption of food molecules in the blood, undigested food (mainly cellulose), bile
pigments, dead cells and mucus are moved in to the large intestine and finally removed to

external environment in the form of faeces through rectum and anus.

The respiratory system

1.

In human beings, breathing brings oxygen in to their body and removes the waste carbon
dioxide produced by their cells as they work.

The human breathing system/respiratory system involve the structures such as nose, nasal
passage, epiglottis, larynx (voice box), trachea, bronchus, lung, bronchiole and alveoli. It is
assisted by intercostals muscles and diaphragm.

Air that enters in to the breathing system is filtered in the nasal cavity by hairs and mucus to
remove dust and small particles such as bacteria and pollen.

The movement of air in to the lung and out of the lung brought about by the movement of
ribcage and diaphragm change the pressure in the chest cavity.

When we breathe in (inhalation), our ribs move up and out, the muscles of the diaphragm
contracts, the intercostals muscles between the ribs contracts, the volume of the chest cavity
increases, the pressure inside the chest cavity decreases

This results in air to move in to the lung and the volume of the lung increases.
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10.

11.

12.

13.

14.

15.

16.

When we breathe out our ribs move down and in, the muscles of the diaphragm relaxes, the
intercostals muscles between the ribs relaxes, the volume of the chest cavity decreases, the
pressure inside the chest cavity increases

This results in air to move out of the lung and the volume of the lung decreases.

Exchange of oxygen and waste carbon dioxide occurs at alveoli in the lung by diffusion
along concentration gradient.

The mechanism of gas exchange in the alveoli depends on a large surface area, moist
surfaces, short diffusion distance and a rich blood supply maintaining a steep concentration
gradient.

The air breathed in contains 80% nitrogen, 21%oxygen and 0.04% carbon dioxide.

Whereas the air we breathe out contains 80% nitrogen, 16%oxygen and 4% carbon dioxide.
The average resting breathing rate for an adult human being is around 12-14 breaths per
minute.

When you are breathing normally at rest, you take about 500 cm3 of air in and out each time
you breathe. This is known as your tidal volume of air

The vital capacity of your lungs is the absolute maximum amount of air you can take in to or
breathe out of your lungs

Anything that increases the oxygen requirement of our body such as exercise, anxiety,

drugs, altitude, weight and smoking affects the breathing rate.

Cellular respiration

1.

During the process of cellular respiration, glucose reacts with oxygen to release energy that
can be used by the cell and produce carbon dioxide and water as waste products.

ATP (adenosine triphosphate) is the energy currency of the cell that is used by cells released
from food we eat by cellular respiration.

Aerobic respiration takes place in mitochondria of the cell.

The reaction is glucose + oxygen —— carbon dioxide + water + energy (ATP), this
reaction is called aerobic respiration.

anaerobic respiration takes place in cytoplasm of the cell

The reaction is glucose —— lactic acid + energy (ATP), this is called anaerobic

respiration.
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Aerobic respiration is more efficient than anaerobic respiration because it breaks glucose
completely using oxygen.

ATP is used for metabolism reaction, muscles contraction, body temperature control and
material transport

All of your cells need energy to carry out the reaction of life, and respiration provides this
energy.

The circulatory system

1.

10.

11.

12.

13.

The human transport system to transport materials such as food and oxygen is the blood
circulation system.

Pulmonary circulation carrying blood from the heart to the lung and back again to exchange
oxygen and carbon dioxide with the air.

Systemic circulation carrying blood all around the rest of the body and back again.

In human body we have three main types of blood vessels: arteries, veins and capillaries.
Arteries carry oxygenated blood away from the heart so they have to be able to withstand
the pumping of the heart forcing the blood out in to the circulation.

Arteries have thick walls that contain muscles and elastic fibers, so that they can stretch as
the blood is forced through them and go back in to shape afterwards.

The Veins carry deoxygenated blood towards your heart and they have much thinner walls
than arteries and the blood in them is under low pressure.

The capillaries link the other two types of blood vessels and serve as a site of the exchange
of substances within the body.

The heart consists of four chambers: two atria (right and left) and two ventricles (right and
left).

The walls of the atria are relatively thin so they can stretch to contain a lot of blood whereas
the walls of the ventricles are much thicker as they have to pump the blood out through the
major blood vessels.

The muscles walls of the left side of the heart are thicker than on the right because the left
side pump blood around the whole body whilst the right side pump blood only to the lung.
Deoxygenated blood which has supplied oxygen to the cells of the body and is loaded with
carbon dioxide, comes in to the right atrium of the heart from the veins of the body.

Oxygenated blood returns back to the heart from the lung and fills up left atrium.
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14.

15.

16.

17.

18.
19.

20.
21.

22.

23.

24,

25.

The right atrium contracts and forces blood in to the right ventricle whereas the right
ventricle contracts and forces blood out of the heart and in to the lungs where it is
oxygenated-it picks up oxygen

The left atrium contracts and forces blood in to the left ventricle whereas the left ventricle
contracts and forces oxygenated blood out of the heart and around the body.

Antigens are special proteins found on all cells that allow cells to recognize each other and
cells from different organisms.

If the cells of the immune system recognize a foreign antigen on a cell in our body, they will
produce antibodies that join on to the antigen and destroy the foreign cells.

Based on the type of antigen found on blood cells, there are four blood groups.

In this system there are two possible antigens on the red blood cells: antigen A and antigen
B

There are also two possible antibodies in the plasma: antibody a, and antibody b.

Blood group A has antigen A and antibody b and can receives blood from blood group A
and O

Blood group B has antigen B and antibody a and can receives blood from blood group B and
o)

Blood group AB has antigen AB and has no antibody and can receives blood from all blood
group —universal recipient

Blood group O has no antigen and has antibody ab and can receive blood from O blood
group and give to all blood group—universal donors.

If someone loses a lot f blood, transfusion of blood possible after the two persons blood type

known to avoid blood coagulation.

Appendix 3. Human Biology Conceptual Understanding Test

Addis Ababa University
College of Education and Behavioral Studies

Department of Science and Mathematics Education

The main objective of this test is to gather data with regards to “students’ understanding and

misconception about human biology’” in the School. Your correct and complete answer to the following
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questions will have great value for this study. Therefore, you are kindly requested to answer all the
questions after reading thoroughly.

Thank You in Advance for Your Cooperation!
Direction: - 1. Do not write your name
2. Respond all questions precisely, clearly and genuinely.
3. Make a Circle on your choice

4. Write any different reasons other than listed on the space provided.
Section 1:- Background information

1.1. Name of school

1.2. Student’s code

1.2.Sex:  Put atick mark (v) Age
Male |:| Female |:|
1.3 Grade section

Section 2:- Test Items
Instruction: This test consists of 20 pairs of questions from grade 9 human biology topics. Each
question has two parts. The first part is a multiple choice response. The second part is a multiple
choice reason. Choose the best answer from both response and reason parts and make a Circle
on your letter of choice.
1. To which of the following substance that the excess food in our body converted for later use?
A. Protein B. Lipid C. Carbohydrate
The reason for my answer is:
1. Itis an important source of energy and the most effective energy store in our body.
2. It is an important source of vitamins in our body.
3. Used as sources of energy when there is lack of oxygen in our body.
4. 1t is an important immediate source of energy for cellular activities.

5. Other reason:

2. A grade 9 student conducted an experiment in biology laboratory. First she put a sample of

glucose powder and water in to a test tube. Then she added a few drops of Benedict’s solution
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in to the test tube and placed it in boiling water. What was the most probable colour she

observed within the test tube?

A. Blue B. Purple C. Black D. Orangey-red
The reason for my answer is:

1. Copper(Il) in the Benedict’s solution is reduced to copper(I)

2. Copper(I) in the Benedict’s solution is oxidized to copper(II)

3. Monosaccharide is reduced in the reaction to disaccharides

4. When water boils it changes its colour

5. Other reason:

3. In human digestive system, where does absorption of food take place? In the:

A. Mouth B. Large intestine C. Stomach D. Small intestine
The reason for my answer is:

1. Digestion is completed there and contains villi for diffusion to occur rapidly.

2. Absorption of water completed there and contains villi for diffusion to occur rapidly.

3. It contains bacteria to digest minerals and nutrients and villi for diffusion to occur rapidly.

4. 1t involves the process of peristalsis to move smaller substance through villi in to blood

stream.
5. It contains hydrochloric acid that facilitate diffusion of molecules in to the blood stream.

6. Other reason:

4. Mechanical digestion breaks down large food substance in to smaller and soluble molecules?
A. True B. False
The reason for my answer is:

1. It releases enzymes from glands and breaks food substance in to small and soluble

molecules.
2. It breaks down food in to smaller pieces and increases the surface area for enzyme action.
3. It breaks down food substance in to small and soluble molecules through hydrolysis

reaction.
4. 1t changes large and insoluble molecules to smaller and soluble one through the action of
enzymes.

5. Other reason:

262



5. During chemical digestion, enzymes bind with the food substance to catalyze a reaction but
released at the end of a reaction without any change on their nature.
A. True B. False
The reason for my answer is:
1. Enzymes take part in the reaction and broken down in to smaller components at the end.
2. Enzymes do not take part in the reaction and not affected by the reaction they catalyze.
3. Enzymes take part in the reaction and affected by the reaction they catalyze.
4. Enzymes are proteins. They are broken down in to amino acids when they catalyze a
reaction.

5. Other reason:

6. All the oxygen we inhale (breathe in) is taken into the blood and then to the body’s cells
where it is used up. As a result of it being used up, no oxygen is breathed out when we
exhale.

A. True B. False

The reason for my answer is:

1. All the oxygen breathed in is absorbed and it is all used in the process of respiration.

2. Not all of the oxygen inhaled is absorbed and so there is some left in the lungs that will be
breathed out with the carbon dioxide.

3. We absorb all of the oxygen we inhale because we need it. We only remove materials that
are dangerous to the body. Since carbon dioxide is poisonous to us we breathe it out.

4. The diaphragm pulls all of the oxygen into the body and only pushes the carbon dioxide

out.

(6]

. If oxygen is not absorbed straight away, it is stored in the alveoli for use later and it is not
exhaled. It is needed too much by the body to be breathed out.

6. Other reason:

7. Each lung is a large hollow sack that is like a balloon that expands and contracts to get air into
and out of the lung.
A. True B. False
The reason for my answer is:
1. There is a model that shows the lungs as two balloons in a cavity. The balloons expand to

let air into them and get smaller to push air out of them.
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2. The lungs are composed of lots of little sacks and the air entering them makes them
expand.

3. The lungs are made up of a lot of tiny sacks and the lungs expand and contract as the
thorasic (chest) cavity changes its volume.

4. The lungs are two hollow bags and their volume changes because the diaphragm pushes
and pulls on them.

5. Other reason:

8. Breathing is the same as respiration.
A. True B. False
The reason for my answer is:

1. Both of these processes involve getting oxygen into the body and carbon dioxide out of the
body so they are the same.

2. Breathing is getting oxygen into the body and carbon dioxide out; while respiration is the
process involved in moving these gases around the body in the blood.

3. Breathing is the process of getting oxygen into the lungs from the atmosphere (inhaling)
and carbon dioxide out of the body (exhaling). Respiration is the process of getting
oxygen from the lungs to the body and carbon dioxide from the body into the lungs.

4. Breathing is the process of getting oxygen from the atmosphere into the cells and carbon
dioxide out of the cells and into the atmosphere. Respiration is the process in which the
cells produce energy and carbon dioxide.

5. Breathing occurs in the lungs while respiration occurs elsewhere in the body but not in or
near the lungs. Apart from where they occur they are the same thing.

6. Other reason:

9. When we breathe in, the lungs expand in volume because the thorasic (chest) cavity expands.
A. True B. False
The reason for my answer is:
1. Air moving into the lungs forces them to expand to let the air in and as the air moves out
the lungs decrease in volume because there is less air to fill them.
2. Because of surface tension between the thorasic (chest) cavity, the pleura and the lungs, as

the thorasic cavity increases in volume (size) the lungs increase in volume as well.
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3. The lungs change in volume and this causes the thorasic cavity to change in volume to
accommodate the lungs’ new volume.
4. The lungs actively expand so we can breathe in (inhale) and they contract so we can

breathe out (exhale).

5.  Other reason:

10. When we breathe deeply, the diaphragm contracts strongly and pulls harder on the lungs and
this increases the volume of the lungs. The diaphragm relaxes extra hard and it pushes on the
lungs to force air out.

A. True B. False

The reason for my answer is:

1. The diaphragm and intercostal muscles contract. It is these two sets of muscles contracting
that leads to an increase in the volume of the thorasic (chest) cavity.

2. When we exercise, we make more carbon dioxide which gets into the lungs and makes
them expand more. When the carbon dioxide moves out of the body, it reduces the volume
needed by the lungs.

3. The air moving into the lungs during exercise causes the lungs to expand as the air needs
more space than when we breathe normally and this pushes out the diaphragm and ribs
and so we get an increase in thorasic (chest) cavity size.

4. When we exercise we need more oxygen and this extra oxygen moving into the lungs
makes them bigger. As we absorb the oxygen there is less volume of air left and so the
lungs’ volume decreases.

5. Other reason:

11. Which of the following is true?
Energy release during respiration occurs:
A. Only in the lungs.
B. Only in the stomach.
C. In all cells of the body.
D. Only in small intestine.
The reason for my answer is:

1. All cells have an energy requirement and must respire.
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2. The lungs are the place where oxygen is taken into the body.
3. The stomach is the place where food is digested.
4. Small intestine is the place where energy is released.

5. Other reason:

12. Which of the following is true about respiration?
A. Itinvolves the oxidation of food and release of energy.
B. Itinvolves the extraction of energy from oxygen.
C. Energy is used to oxidize food.
D. Itinvolves extraction of oxygen from food.
The reason for my answer is:
1. Food cannot be used by the body unless energy is used to break it down.
2. Food contains chemical energy which can only be released by using oxygen to break it
down.
3. Oxygen contains chemical energy which can only be released by breaking it down.
4. Respiration is a process of taking and releasing energy and oxygen.

5. Other reason:

13. Anaerobic respiration is less efficient than aerobic respiration.
A. True B. False
The reason for my answer is:
1. In aerobic respiration there is metabolism but in anaerobic respiration there is no
metabolism.
Anaerobic respiration use oxygen but aerobic respiration does not use oxygen.
Aerobic respiration breaks food molecules completely and releases high energy
Anaerobic respiration breaks food molecules completely and releases high energy.

Anaerobic respiration breaks food molecules partially and releases less energy.

S e

Other reason:

14. Which part of the heart has thicker muscles wall?

A. The left side of the heart B. The right side of the heart
The reason for my answer is

1. It protects the heart from external damage.

2. It pumps blood to a relatively long distance.
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It pumps blood to a relatively short distance.

3
4. It receives much of the digested food to build them.
5. The heart is found in the left of the chest.

6

. Other reason:

15. If someone with blood group “A” has got a car accident and lost a lot of blood. Therefore, he
needs blood transfusion. Which of the following blood group is used during the transfusion?
A. B B. AB C.0O
The reason for my answer is because:
1. It has no antibody that reacts with antigen of the red blood cells of the person.
2. It has antigen AB that do not react with antibody in the red blood cells of the person.
3. It has no antigen that reacts with antibody of the red blood cells of the person.
4. 1t has no antigen and antibody that reacts with the red bloods of the person.
5

. Other reason:

16. Which of the following is correct about blood vessels?
A. Veins have thick and elastic walls
B. Arteries have thick and elastic walls
C. Capillaries have thick and elastic walls
The reason for my answers is:
1. They stretch as blood forced in to them and pump long distance.
2. They pump blood under high pressure to the nearest body parts.
3. They prevent heat loss as blood travels through them.
4. Maintain high blood pressure in human body.
5.

Other reason:

17. Systemic circulation in human being transports both oxygenated and deoxygenated blood.
A. True B. False
The reason for my answers is:
1. Pulmonary circulation transports deoxygenated blood and systemic circulation transports
oxygenated blood throughout the body.
2. Systemic circulation transports deoxygenated blood from different part of the body to the

heart and oxygenated blood from the heart to different parts of our body.
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5.

Pulmonary circulation transports deoxygenated blood from different part of the body to
the heart and oxygenated blood from the heart to different parts of our body.

Systemic circulation transports deoxygenated blood to the lung and oxygenated blood to
the heart.

Other reason

18. When the right and left ventricle contracts:

A
B.

Both oxygen-rich and oxygen poor blood leaves the heart.

Blood from one side of the heart goes to the right side of the body and blood from the
other side of the heart goes to left side of the body.

Oxygen-rich and oxygen poor blood enters the right ventricles of the heart.

Blood enters into the heart from lower side of the body and blood leaves the heart and

goes to the upper part of the body.

The reason for my answer is:

1.

Blood from the right side of the heart goes to lung and blood from the left side of the
heart goes to our body.

Blood from the left side of the heart goes to the lung and blood from the right side of the
heart goes to the body.

The right side of the heart pumps blood to the right side of the body where as the left
side pump blood to left side of the body.

Only oxygenated blood enters the heart because the heart needs pure blood.

5. The right side of the heart pumps blood to the lower parts of the body where as the left

side pump blood to upper part of the body.

Other reason
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Appendix 4. Science Motivation Questionnaire
4.1 Amharic Version

AL0 ANO RLACA A
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NooPr9° PHY aom@d PG 9A%7 P95 NEA +212F N1-v@o 7 Otoophrt 9°7
ATLILLONSG A7t AILOLAPFAL ovlB AcoONON 1@ hHY oom@d P97 .
ool 01Ve@T  FVCTT Por®ICEe H&QPTT  ATTIANT  990LS  MATTT
AooMPI®  CLGA:: BV aom@d 1¢ héT TELPLTT LHA: NAHLY APLOATU-
am@ET ThnaTm7 oohh P71t A7& oo 0JAP FvHS am@Pav-:: hH
aMEP PULTT M. ovlB NTLATC P7LH LUSA:
Neomd: AL N9°V avR& ALNLANTDI°::
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nea 1
Ll-P avlB
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3. 20 LU7 AT Smeban- (V) ALY
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4. PNTA L8 L7
nen 2
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gvgvl - LY 0J PA@. AMLAC HCHC TEEPT LHA: ATLEPE Than%
®LI° P ANt goAn PAY:: AS T A oo OHOATTTUT oo AARLY AT/ T
0JFU-O0eN-vemF  FIVCT 9% AILICINNN. ARG AT ATLOLNTI/ T
Aool8t SFN W& ATPCRDET NT72e 070N hkam-+ A% AhAT
.0t “Ht 0 AfAU- ... 7 NN AAN (FFRAA PULINAV AT P(Y) AT
Nlaom+9° aoA\0/T::

A% AT 0 = N9:0-9° 1 = AAE. AAE: 2 = A58 0
3 = A @7 L0 4 = U-A1NK
TELPT: A% AT
NO | 9°uC N ALAU-: 01234

01 | A7&avi-av( PoLLLCT YT POT-VEDT TI°VCT ADMLPAU-::

02 | ea7-ve® Tt 44G7 NAAT +H94PT e1HaA aohd-T
HhEANINU-::

03 | 07-ve® 7 avmIC AOLAT PT ATV EPAU-:

04 | Wil T¢ @mt 177 AR ANdAL T10.:

05 | N7-VL@ 7 A?IC N Tit ALCINV-:

06 | N a7-ve®t TI°VCT DANT +994PTF Ahd ®L9° ¢+an
A7L9°04 AmNPAY-::

07 | ay-ve@ 7 N1 ool .Mt 0%t LOIGA::

08 |Nh7-vemt AE7 NMI° T4 @.m-t “I9°N ARs hNdAL 10.::

09 | nar-ve@t 4G Té¢ @Mt A7L99avM {+99avGAY-::

10 | nr-ve@t 449 717 @ @.mo NAM PICL@. HICVCT
NAZ hNéAL 10.::

11 | ar-ve®t7 Aev®IC N1 L AMé-AU-::

12 | A1-v2m 7 o099 MEOLT AED TC19° LAD. A78.P7
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PCLCPAN::

13

N7-VLO 17 NIC P2L20°TC 11C (LI Tav™y 9°n79E7
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ATLITAN A to9avGAY-::

15
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16

AN7- Ve 4GS Mbhao-téd-+74- N HIET KALC.IAU-::
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ATLI°TAN AI°SAU-:
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NO7-veo+ WA°1T7T@. @a.mt NPLee ANNAU-::
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24

NN7-veOt 4SS Whav-héd- 24 &S @.mt 999°N - AL
TC19° hN@.::

4.2 English Version

Addis Ababa University
College of Education and Behavioral Studies

Department of Science and Mathematics Education

Biology Motivation Questionnaire
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Dear students,

| am conducting a PhD dissertation research. Thus, the purpose of this questionnaire is to collect
data from grade 9 students on what they think and how they feel about biology. The information
obtained from this questionnaire will serves as an input in enhancing students’ biology learning.
The questionnaire consists of 24 statements. Therefore, you are kindly requested to give genuine
response to the questions. The responses to the questions will be kept confidential.

Do not write your name.
Thank You for Your Cooperation

Section A
Background Information

1. Name of School
2. Gender:  Putatick mark (v)

Male |:| Female |:|

3. Grade Level Section

Section B: Items

Instruction: The following table contains list of statements. There is no right or wrong
answers to the statements. It is simply what is true for you. Therefore, in order to better
understand what you think and how you feel about your school biology courses, please read
every statements carefully and respond to each of the statements by putting a tick mark () using

the scale below from the perspective of ““When I am in a school. . .......

Scales: 0=Never 1=Rarely 2 =Sometimes 3 =Usually 4 =Always

No | Statements (Items)
When | am ina school: 0 1 2 3 4

01 | I like biology that challenges me.

02 | I like to do better than other students on biology tests.

03 | I find learning the biology interesting.
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04 | Getting a good biology grade is important to me.

05 | I put enough effort into learning the biology.

06 | I expect to do as well as or better than other students in
the biology course.

07 | Understanding the biology gives me a sense of

accomplishment.

08 | Itis important that I get an "A" in biology.

09 | I am confident I will do well on the biology tests.

10 | The biology I learn is more important to me than the
grade | receive.

11 | I spend a lot of time learning biology.

12 | Learning biology makes my life more meaningful.

13 | If I am having trouble learning the biology, I try to
figure out why.

14 | I am confident I will do well on the biology labs and

projects.

15 | I believe I can master the knowledge and skills in the

biology course.

16 | I prepare well for the biology tests and labs.

17 | I am curious about discoveries in biology.

18 | I believe I can earn a grade of “A” in the biology

course.

19 | I enjoy learning the biology.

20 | I think about the grade I will get in biology.

21 | I'amsure | can understand biology.

22 | | study hard to learn biology.

23 | | use strategies that ensure | learn the biology well.

24 | Scoring high on biology tests and labs matters to me.

Appendix 5. Metacognitive Awareness Inventory Test
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5.1 Amharic Version
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274



PTeELPET NT7PE NN O1-veot VG704 QA I-LC T 1IC
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5.2 English Version

Addis Ababa University

College of Education and Behavioral Studies

Department of Science and Mathematics Education

Metacognition Awareness Inventory Test

Dear students,
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| am conducting a PhD dissertation research. Thus, the purpose of this questionnaire is to collect
data from grade 9 students about what they do when they learn biology. The information
obtained from this questionnaire will serves as an input in enhancing students’ biology learning.
The questionnaire consists of 20 statements. Therefore, you are kindly requested to give genuine
response to the statements. The responses to the questions will be kept confidential.

Do not write your name.

Thank You for Your Cooperation

Section A

Background Information
1. Name of School
2. Gender: Put a tick mark (v")

Male [ ] Female [ ]

3. Grade Level Section

Section B: Items

Instruction: The following table contains list of statements. There is no right or wrong
answers to the statements. It is simply what is true for you. Therefore, read every statements
carefully and choose the one that best describes you about what you do when you learn biology
and putt a tick mark (V) in the table using the scale below.
Scale : 1 = Strongly Disagree 2 = Disagree 3 = Neutral

4 = Agree 5 = Strongly Agree

No | ltems 51413 |2 |1

| ask myself periodically if I am meeting my goals.

| pace myself while learning in order to have enough time.

| consider several alternatives to a problem before | answer.

| think about what | really need to learn before | begin a task.

gl B~ W N

I know how well | did once | finish a test.
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6 | I set specific goals before | begin a task.

7 | I ask myself if | have considered all options when solving a problem.

8 | I ask myself if there was an easier way to do things after | finish a
task.

9 | I periodically review to help me understand important relationships.

10 | I ask myself questions about the material before I begin.

11 | I summarize what I’ve learned after I finish.

12 | I think of several ways to solve a problem and choose the best one.

13 | I find myself analyzing the usefulness of strategies while | study.

14 | I ask myself how well I accomplish my goals once I’m finished

15 | I find myself pausing regularly to check my comprehension.

16 | I ask myself if I have considered all options after | solve a problem.

17 | I read instructions carefully before I begin a task.

18 | I ask myself questions about how well I am doing while learning
something new.

19 | I organize my time to best accomplish my goals.

20 | I ask myself if I learned as much as | could have once I finish a task.

Appendix 6. Interview Questions

The main objective of this question is to gatherer data with regards to students’ understanding of
human biology concepts and misconceptions in the School. Your correct and complete answer to

the following questions will have great value for this study. Therefore, you are kindly requested

Addis Ababa University
College of Education and Behavioral Studies

Department of Science and Mathematics Education

to answer all the questions when you are asked.
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Biology Conceptual Understanding Interview Questions

1.

What are the different types of food? Describe how you can test the presence of glucose in
a solution. What do you observe? Why?

What is Digestion? Explain the type and process digestion. Where does absorption of food
take place? Why? What happens to excess food in our body? Why?

3. What is the function of enzymes? What happens to enzymes during reaction?

9.

What is breathing? Explain the process of breathing. What happens to lung, volume of
chest, diaphragm, ribs and intercostals muscles when we breathe in and out?

What is respiration? Where it occurs? Why? Explain the difference between aerobic and
an aerobic respiration. Which one is more efficient? Why?

What is blood circulation? Trace the path of blood in our body. Explain the difference
between systemic and pulmonary circulation?

What is the difference between the right side and left side of the heart? Why?

How many types of blood groups we have? What is blood transfusion? Can anybody
transfer blood to any one? Why?

What are blood vessels? What is the difference between blood vessels? Why?

10. What happens when the right and left ventricle contracts and relaxes?
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Appendix 7. Classroom Observation Check List

Classroom Observation Protocol

School date
Teacher grade level subject
observer Lesson topic Duration of
observation
No | Statements Rating scale
Does the teacher: Yes | No Partly | Comments
1 Prepare a lesson plan in line with 7E instructional model lesson plan format
2 Activate students’ prior knowledge?
3 Explore misconceptions?
4 Stimulate students’ curiosity/interest to learn the subject?
5 Perform activities to improve the learner’s motivation?
6 Provide opportunities for students to become aware of the topic?
7 Prepare activities in which students use prior knowledge to create new
thoughts via activities (experiments, concept maps, questions, etc.).
8 encourages learners to interact in the classroom
9 Observes learners’ study habits and directs them when needed.
10 Queries students when needed to direct, provide tips, and encourage
thinking.
11 Leads learners to question their misconceptions and incomplete
information/ knowledge.
12 Guides students to access alternative / supplemental resources.
13 allows learners to compare information
14 Has the teacher created environments in which students can present their
work
15 Explain new vocabularies, information and concepts about the subject?
16 Has the teacher establishes a connection with learners’ previous knowledge.
17 Removes misconceptions to ensure students are learning new concepts.
18 Helps learners to correct and complete missing information.
19 Deepen and consolidate students understanding through alternative
activities in their real lives.
20 Directs learners to question their knowledge of new situations and to share

this with classmates.
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21 Evaluate learners’ gained knowledge and skills.

22 Gives opportunities to learners for self-evaluation.

23 Gives opportunities to learners for peer-assessment.

24 Provides models/exemplars/teal life situations for transfer of learning in

new or different context

25 Guide students to associate existing concepts with other areas or the other

concepts/topics

26 Encourage students to apply the concepts and skills they learned to new

situations and create the necessary environment?

27 Give the opportunity to think about their own plan (goal, strategies)

28 Give the opportunity to check/ monitor their own progress?

29 Give the opportunity to assess their own learning, goal, strategies?

Appendix 8. Lesson Plan Format

Lesson Plan
Lesson Plan Sample
Teacher’s name: School
Subject Date of lesson Time

Grade Unit Title

Lesson topic

Lesson Objectives

At the end of this session students will be able to:
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Phases

Guiding questions / ideas

Materials
needed

Teacher’s
activities

Students’
activities

Time

Elicit

Engage

Explore

Explain

Elaborate

Evaluate

Extend
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Appendix 9. Permission Letters

A. From the Department

ARN AN RLICHA;
,w':--’rruc-?-q mlg TS+ haE

PARTINGT A AN T9UCT hEA

AEN AOOT A TR P

Addis Ababa University
College ol Fducation and Behavioral Studies
Department of Scicnce & Mathematios Fducation
Addis Ababa, Fthiopia

To: Addis Ababa City Administration Education Bureau
Addis Ababa

Subject: Requesting Permission for Research Work

Date: October 02, 2017
Ref, No.: SMED/O10/2010-17

Mr. Habtamu Wodaj is a PhD candidate at the department of science and mathematics education. He

has requested the department to write him an official letter to gel your permission,

The department has approved his research proposal entitled “Learning Human biology through 7E

instructional model with metacognitive scaffolding

which will be conducted in some selected

secondary schools in Addis Ababa. This is therefore: to kindly request your usual cooperation for Mr.

Habtamu Wodaj in permitting him to conduct his research in the schools and other necessary support

during conducting the re

B T
¥ ¢¢ \
With Re y S N?lltlaj ; .)

-
Kassa Micheal (PhD) ™ s 4 o
Chairman, Department of R’l nﬁ?emd Mathematics Education

® 011 1 22 07 67
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B. From City Government of Addis Ababa Education Bureau

a0 AN ht7 AhELC CITY GOVERNMENT OF ADDIS

TUCT E ABABA EDUCATION BUREAU
*PC B34 Jid51/ 525 -petes Yy _ R/ S22 -
REF.NO DATE =

7 ArAA /WA TT TR
S o whehen i
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PGI a8 AaoO NN TONC WIRLLTAT® AkTC SMED/010/2010-17 N4
October 02/2017 9.9° (-9 L0580 MELPPA:

2y

MLy oo0dd M/METF 0. 7% TAT AL N9LeNYED TS avlE AcehAINA)
L3 TG WIRLLINFar Wrme Pas:

hwday 4 o0
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o CLAG HIETS ANTSLC 8L&N
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I
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T gana!
-mc BRI aoumsp yon

®+251111-223884/91 FAX +251111-223388 w;m WWW.aaceb.gov.et E-mail ascgebiielecom net et FI744
ASD A A PRP Addis Ababa - Ethiopia
SPAMLE AL PUTISILE HPETE CRERT CONG PURoRALROY REA LT
REMINDER: PLEASE ALWAYS PROVIDE REF. NO SUBIECT AND ATTENTION TO
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|
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Appendix 10. Participant Consents
A. With school principals
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B. Consent with Biology Teachers
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C. Consent with School Students
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Appendix 11. Items with Misconceptions

Items | EG1 [EG2 |EG3 |CG
1 To which of the following substance that the excess
food in our body converted for later use?
A Protein 17.08 | 31.47| 39.17| 33.38
B Lipid* 48.34 | 50.53 | 39.92 | 42.76
C Carbohydrate 3454 | 18.05| 40.91| 23.86
The reason for my answer is
1 It is an important source of energy and the
most effective energy store in our body.* | 28.86* | 26.85* | 18.99* | 30.86*
2 It is an important source of vitamins in our | 4.88 5.26 9.3 7.14
body
3 Used as sources of energy when there is 9.76 13.16 [9.3 4.76
lack of oxygen in our body.
4 It is an important immediate source of 4.88 5.26 2.33
energy for cellular activities.
5 Other reason: 0 0 2.38
2 A grade 9 student conducted an experiment in
biology laboratory. First she put a sample of glucose
powder and water in to a test tube. Then she added a
few drops of Benedict’s solution in to the test tube
and placed it in boiling water. What was the most
probable colour she observed within the test tube?
A Blue 29.27 |26.56 |42.14 | 29.66
B Purple 30.73 |23.84 |11.62 |27.28
C Black 7.32 5.26 2.33 7.14
D Orangey-red* 33.74 | 4527 |44.47 | 475
reason
1 Copper(Il) in the Benedict’s solution is
reduced to copper(l)* 26.42 |40.01 |18.99 |26.1
2 Copper(I) in the Benedict’s solution is | 2.44 5.26 2.33
oxidized to copper(ll) 7.14
3 Monosaccharide is reduced in the reaction | 0 0 9.3
to disaccharides 11.93
4 When water boils it changes its colour 4.88 0 13.95 | 2.38
5 Other reason: 0 0 0
3 In human digestive system, where does absorption of
food take place? In the:
A Mouth 21.22 | 17.67 | 27.52 7.04
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B Large intestine 8.8| 18.42| 2528 | 21.56
C Stomach 12.2| 26.52 9.34| 27.75
D Small intestine* 58.13 | 37.38| 37.59| 42.76
The reason for my answer is
1 Digestion is completed there and contains
villi for diffusion to occur rapidly*. 2154 | 2949 | 28.29| 23.72
2 Absorption of water completed there and 0 4.65
contains villi for diffusion to occur
rapidly. 2.44
3 It contains bacteria to digest minerals and 7.89
nutrients and villi for diffusion to occur
rapidly. 2.44
4 It involves the process of peristalsis to 0 4.65 7.14
move smaller substance through villi in to
blood stream. 26.83
5 It contains hydrochloric acid that facilitate 0 9.3 7.14
diffusion of molecules in to the blood
stream. 4.88
6 Other reason: 4.76
Mechanical digestion breaks down large food
substance in to smaller and soluble molecules?
A True 58.15 |52.05 |48.8 54.67
B False* 41.05 |47.9 51.76 |45.2
The reason for my answer is
1 It releases enzymes from glands and | 2.44 0 1163 |0
breaks food substance in to small and
soluble molecules.
2 It breaks down food in to smaller pieces
and increases the surface area for enzyme
action.* 33.73 |40.01 |28.29 |26.1
3 It breaks down food substance in to small | 2.44 2.33 4.76
and soluble molecules through hydrolysis
reaction.
4 It changes large and insoluble molecules | 2.44 7.89 11.63 | 11.93
to smaller and soluble one through the
action of enzymes.
5 Other reason: 0 0 0 2.38

During chemical digestion, enzymes bind with the
food substance to catalyze a reaction but released at
the end of a reaction without any change on their
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nature.

A True* 65.45| 76.85| 72.48 53.7
B False 3455| 23.15| 27.52 46.3
The reason for my answer is
1 Enzymes take part in the reaction and | 7.32 15.79 | 6.98 9.52
broken down in to smaller components at
the end.
2 Enzymes do not take part in the reaction
and not affected by the reaction they
catalyze.* 28.86 | 40.01| 35.26 26.1
3 Enzymes take part in the reaction and | 9.76 5.26 23.26 | 4.76
affected by the reaction they catalyze.
4 Enzymes are proteins. They are broken | 19.51 |13.16 |6.98 9.52
down in to amino acids when they catalyze
a reaction.
5 Other reason: 2.63 3.8
All the oxygen we inhale (breathe in) is taken into
the blood and then to the body’s cells where it is
used up. As a result of it being used up, no oxygen is
breathed out when we exhale.
A True 19.85| 33.8| 29.94| 19.09
B False * 80.05| 66.36 | 70.06 | 80.87
The reason for my answer is
1 All the oxygen breathed in is absorbed and | 14.6 2.63 4.65 14.29
it is all used in the process of respiration.
2 Not all of the oxygen inhaled is absorbed
and so there is some left in the lungs that
will be breathed out with the carbon
dioxide.* 50.81 | 42.64 | 46.89 | 42.77
3 We absorb all of the oxygen we inhale | 9.76 5.26 11.63 | 14.29
because we need it. We only remove
materials that are dangerous to the body.
Since carbon dioxide is poisonous to us we
breathe it out.
4 The diaphragm pulls all of the oxygen into | 4.88 2.63 6.89 2.38
the body and only pushes the carbon
dioxide out
5 If oxygen is not absorbed straight away, it 13.16 7.14

is stored in the alveoli for use later and it
is not exhaled. It is needed too much by
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the body to be breathed out.

6

Other reason:

Each lung is a large hollow sack that is like a
balloon that expands and contracts to get air into and
out of the lung.

A True 63.86 37.3| 4849 | 57.24
B False * 36.14 | 62.74 | 51.51| 42.76
reason
1 There is a model that shows the lungs as 13.16 |11.6 7.14
two balloons in a cavity. The balloons
expand to let air into them and get smaller
to push air out of them.
2 The lungs are composed of lots of little | 14.6 1559 | 18.6 11.9
sacks and the air entering them makes
them expand.
3 The lungs are made up of a lot of tiny
sacks and the lungs expand and contract as
the thorasic (chest) cavity changes its
volume.* 21.54 26.1| 21.31| 18.96
4 The lungs are two hollow bags and their 7.89 4.76
volume changes because the diaphragm
pushes and pulls on them.
5 Other reason:
Breathing is the same as respiration.
A True 36.51 [10.53 [39.49 |A
B False* 63.04 |90.01 |60.42 |B
The reason for my answer is reason
1 Both of these processes involve getting | 4.88 5.26 4.66 1
oxygen into the body and carbon dioxide
out of the body so they are the same.
2 Breathing is getting oxygen into the body | 14.63 | 2.63 16.28 |2
and carbon dioxide out; while respiration
is the process involved in moving these
gases around the body in the blood.
3 Breathing is the process of getting oxygen | 14.63 | 10.53 | 11.63 |3

into the lungs from the atmosphere
(inhaling) and carbon dioxide out of the
body (exhaling). Respiration is the process
of getting oxygen from the lungs to the
body and carbon dioxide from the body
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into the lungs.
4 Breathing is the process of getting oxygen 4
from the atmosphere into the cells and
carbon dioxide out of the cells and into the
atmosphere. Respiration is the process in
which the cells produce energy and carbon
dioxide.* 28.86 |66.33 |28.29
5 Breathing occurs in the lungs while 5.26 5
respiration occurs elsewhere in the body
but not in or near the lungs. Apart from
where they occur they are the same thing.
6 Other reason: 6
9 When we breathe in, the lungs expand in volume
because the thorasic (chest) cavity expands.
A True* 96.12 | 89.06 | 74.8 90.44
B False 4.34 11.16 | 25.54 | 9.52
The reason for my answer is
1 Air moving into the lungs forces them to | 12.2 13.16 |11.63 | 19.05
expand to let the air in and as the air
moves out the lungs decrease in volume
because there is less air to fill them.
2 Because of surface tension between the
thorasic (chest) cavity, the pleura and the
lungs, as the thorasic cavity increases in
volume (size) the lungs increase in volume
as well.* 57.58 | 55.5 25.96 | 40.09
3 The lungs change in volume and this 12.2 10.53 |27.91 | 16.67
causes the thorasic cavity to change in
volume to accommodate the lungs’ new
volume.
4 The lungs actively expand so we can 14.63 |10.53 |9.3 14.29
breathe in (inhale) and they contract so we
can breathe out (exhale).
5 Other reason:
10 When we breathe deeply, the diaphragm contracts
strongly and pulls harder on the lungs and this
increases the volume of the lungs. The diaphragm
relaxes extra hard and it pushes on the lungs to force
air out.
A True * 89.63 | 66.16 | 74.76 | 74.12
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B | False 10.52 | 33.84| 2521 25.87
The reason for my answer is
1 The diaphragm and intercostal muscles
contract. It is these two sets of muscles
contracting that leads to an increase in the
volume of the thorasic (chest) cavity.* 50.81 | 40.01| 35.26 | 28.88
2 When we exercise, we make more carbon | 14.6 15.79 | 18.6 14.29
dioxide which gets into the lungs and
makes them expand more. When the
carbon dioxide moves out of the body, it
reduces the volume needed by the lungs.
3 The air moving into the lungs during | 12.07 | 15.79 | 11.63 | 4.76
exercise causes the lungs to expand as the
air needs more space than when we
breathe normally and this pushes out the
diaphragm and ribs and so we get an
increase in thorasic (chest) cavity size.
4 When we exercise, we need more oxygen | 12.2 10.53 |93 26.19
and this extra oxygen moving into the
lungs makes them bigger. As we absorb
the oxygen there is less volume of air left
and so the lungs’ volume decreases.
5 Other reason:
11 Which of the following is true? Energy release
during respiration occurs:
A Only in the lungs. 10.07 | 10.53 7.02 4.76
B Only in the stomach. 4.88 5.26 18.6 9.52
C In all cells of the body.* 80.08 | 82.11| 53.87| 69.05
D Only in small intestine. 4.88 2.63 | 21.29 4.76
The reason for my answer is
1 All cells have an energy requirement and
must respire.* 70.32 | 7422 | 35.26| 59.14
2 The lungs are the place where oxygen is 6.98 9.52
taken into the body.
3 The stomach is the place where food is | 7.32 5.26 9.3 14.29
digested.
4 Small intestine is the place where energy | 2.44 2.63 2.33 4.76
is released.
5 Other reason:
12 Which of the following is true about respiration?
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A It involves the oxidation of food and
release of energy.* 48.37 |68.96 |56.19 |58.46
B It involves the extraction of energy from
oxygen. 26.71 |1342 |11.63 | 321
C Energy is used to oxidize food. 19.5 15.77 |30.04 |2.38
D It involves extraction of oxygen from
food. 4.86 2.63 2.33 7.12
The reason for my answer is
1 Food cannot be used by the body unless | 2.44 13.16 |16.28 | 7.14
energy is used to break it down.
2 Food contains chemical energy which can
only be released by using oxygen to break
it down.* 31.29 |50.54 |30.61 |23.72
3 Oxygen contains chemical energy which | 4.88 2.63 4.65 11.93
can only be released by breaking it down.
4 Respiration is a process of taking and | 9.76 2.63 4.65 16.67
releasing energy and oxygen.
5 Other reason:
13 Anaerobic respiration is less efficient than aerobic
respiration.
A True* 75.17 | 92.84 | 84.04 85.5
B False 24.84 7.09| 1586 | 145
reason
1 In aerobic respiration there is metabolism | 14.6 1842 |13.95 |7.14
but in anaerobic respiration there is no
metabolism.
2 Anaerobic respiration does not use oxygen | 12.2 10.53 | 18.6 21.43
but aerobic respiration uses oxygen.
3 Aerobic respiration breaks food molecules | 7.32 7.89 11.63 | 9.52
completely and releases high energy
4 Anaerobic  respiration  breaks  food | 7.32 13.95 | 14.29
molecules completely and releases high
energy.
5 Anaerobic  respiration  breaks  food
molecules partially and releases less
energy. * 31.29 55.8| 25.96| 33.25
6 Other reason: 2.44
14 Which part of the heart has thicker muscles wall?
A The left side of the heart * 79.16 | 7159 | 70.13| 65.76
B The right side of the heart 20.84 | 2841 | 29.87| 34.31
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The reason for my answer is

1 It protects the heart from external damage. | 2.44 2.63 4.76
2 It pumps blood to a relatively long
distance.* 54.76 | 42.64 | 30.61| 30.86
3 It pumps blood to a relatively short | 7.32 13.16 [13.95 | 119
distance.
4 It receives much of the digested food to 10.53 [13.95 | 119
build them.
5 The heart is found in the left of the chest. | 12.2 2.63 11.63 | 4.76
6 Other reason: 2.44 2.38
15 If someone with blood group “A” has got a car
accident and lost a lot of blood. Therefore, he needs
blood transfusion. Which of the following blood
group is used during the transfusion?
A B 7.32 2.63 | 13.57 4.76
B AB 24.4 | 36.32 9.3 | 47.72
C o* 67.89| 61.06 | 77.13| 4752
The reason for my answer is
1 It has no antibody that reacts with antigen | 9.76 7.89 11.63 | 4.76
of the red blood cells of the person.
2 It has antigen AB that do not react with | 9.76 13.95 | 119
antibody in the red blood cells of the
person.
3 It has no antigen that reacts with antibody
of the red blood cells of the person.* 36.17 | 53.17 | 39.92 26.1
4 It has no antigen and antibody that reacts | 12.2 11.63 | 4.76
with the red bloods of the person.
5 Other reason:
16 Which of the following is correct about blood
vessels?
A Veins have thick and elastic walls 32.03| 13.16| 11.63| 23.62
B Arteries have thick and elastic walls* 55.7| 79.49| 70.17 | 50.04
C Capillaries have thick and elastic walls 12.2 7.89 18.2 26.4
The reason for my answer is
1 They stretch as blood forced in to them
and pump long distance. * 28.86 | 32.12| 39.92| 23.72
2 They pump blood under high pressure to | 12.2 18.42 |11.63 |9.52
the nearest body parts.
3 They prevent heat loss as blood travels | 9.76 13.16 |13.95 |7.14

through them.
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4 Maintain high blood pressure in human | 4.88 15.79 | 4.65 9.52
body.
5 Other reason:
17 Systemic circulation in human being transports both
oxygenated and deoxygenated blood.
A True* 87.81| 87.32 74.8 | 83.28
B False 12.2 | 13.16 | 25.26 16.8
The reason for my answer is
1 Pulmonary circulation transports | 9.76 26.32 | 9.3 11.9
deoxygenated blood and systemic
circulation transports oxygenated blood
throughout the body.
2 Systemic circulation transports
deoxygenated blood from different part of
the body to the heart and oxygenated
blood from the heart to different parts of
our body.* 4593 | 4528 | 46.89 | 28.48
3 Pulmonary circulation transports | 14.63 | 2.63 16.28 | 19.05
deoxygenated blood from different part of
the body to the heart and oxygenated
blood from the heart to different parts of
our body.
4 Systemic circulation transports | 17.07 | 10.53 | 2.33 23.81
deoxygenated blood to the lung and
oxygenated blood to the heart.
5 Other reason 2.63
18 When the right and left ventricle contracts:
A Both oxygen-rich and oxygen poor blood
leaves the heart*. 33.24 | 43.27| 35.37 54.7
B Blood from one side of the heart goes to
the right side of the body and blood from
the other side of the heart goes to left side
of the body. 28.35| 38.37 | 36.86| 16.76
C Oxygen-rich and oxygen poor blood enters
the right ventricles of the heart. 30.72 7.89 | 16.28 | 14.29
D Blood enters into the heart from lower side
of the body and blood leaves the heart and
goes to the upper part of the body. 7.32 105 | 11.63| 14.29
The reason for my answer is
1 Blood from the right side of the heart goes 19.1| 3212 | 2596 | 28.48
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to lung and blood from the left side of the
heart goes to our body.*
2 Blood from the left side of the heart goes | 2.44 7.89 6.98 4.76
to the lung and blood from the right side of
the heart goes to the body.
3 The right side of the heart pumps blood to | 12.2 11.9
the right side of the body where as the left
side pump blood to left side of the body.
4 Only oxygenated blood enters the heart 2.63 9.52
because the heart needs pure blood.
5 The right side of the heart pumps blood to 2.63 2.33
the lower parts of the body where as the
left side pump blood to upper part of the
body.
6 Other reason
NB: Percentages under reasons are those with correct first choice only.
Appendix 12. Misconceptions Identified
Groups
no | item | Misconceptions TGl | TG2 | TG3 | CG
1 |1 It is an important source of vitamins in our body 488 |526 |11.63]|7.14
2 |1 Used as sources of energy when there is lack of 9.76 |13.16 |9.3 4.76
oxygen in our body.
3 |2 When water boils it changes its colour 488 |0 13.95| 2.38
4 13 It involves the process of peristalsis to move smaller 0 465 |7.14
substance through villi in to blood stream. 26.83
5 |3 It contains hydrochloric acid that facilitate diffusion 0 9.3 7.14
of molecules in to the blood stream. 4.88
6 |4 It releases enzymes from glands and breaks food | 2.44 11.63
substance in to small and soluble molecules.
7 |4 It changes large and insoluble molecules to smaller | 2.44 | 7.89 | 11.63 | 9.52
and soluble one through the action of enzymes.
8 |5 Enzymes take part in the reaction and broken down | 7.32 | 15.79 | 6.98 | 9.52
in to smaller components at the end.
9 |5 Enzymes take part in the reaction and affected by the | 9.76 | 5.26 | 23.26 | 4.76
reaction they catalyze.
10 |5 Enzymes are proteins. They are broken down in to | 19.51 | 13.16 | 6.98 | 9.52
amino acids when they catalyze a reaction.
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11

All the oxygen breathed in is absorbed and it is all
used in the process of respiration.

14.6

2.63

4.65

14.29

12

We absorb all of the oxygen we inhale because we
need it. We only remove materials that are dangerous
to the body. Since carbon dioxide is poisonous to us
we breathe it out.

9.76

5.26

11.63

14.29

113

If oxygen is not absorbed straight away, it is stored in
the alveoli for use later and it is not exhaled. It is
needed too much by the body to be breathed out.

13.16

7.14

14

There is a model that shows the lungs as two
balloons in a cavity. The balloons expand to let air
into them and get smaller to push air out of them.

13.16

11.6

7.14

15

The lungs are composed of lots of little sacks and the
air entering them makes them expand.

14.6

15.59

18.6

11.9

16

Breathing is getting oxygen into the body and carbon
dioxide out; while respiration is the process involved
in moving these gases around the body in the blood.

14.6

2.63

16.28

11.9

17

Breathing is the process of getting oxygen into the
lungs from the atmosphere (inhaling) and carbon
dioxide out of the body (exhaling). Respiration is the
process of getting oxygen from the lungs to the body
and carbon dioxide from the body into the lungs.

14.63

10.53

11.63

7.14

18

Air moving into the lungs forces them to expand to
let the air in and as the air moves out the lungs
decrease in volume because there is less air to fill
them.

12.2

13.16

11.63

19.05

19

The lungs change in volume and this causes the
thorasic cavity to change in volume to accommodate
the lungs’ new volume.

9.76

10.53

27.91

16.67

20

The lungs actively expand so we can breathe in
(inhale) and they contract so we can breathe out
(exhale).

14.63

10.53

9.3

14.29

21

10

When we exercise, we make more carbon dioxide
which gets into the lungs and makes them expand
more. When the carbon dioxide moves out of the
body, it reduces the volume needed by the lungs.

195

15.79

18.6

14.29

22

10

The air moving into the lungs during exercise causes
the lungs to expand as the air needs more space than
when we breathe normally and this pushes out the
diaphragm and ribs and so we get an increase in

17.07

15.79

11.63

4.76
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thorasic (chest) cavity size.

23 | 10 | When we exercise, we need more oxygen and this | 12.2 | 10.53 | 9.3 26.19
extra oxygen moving into the lungs makes them
bigger. As we absorb the oxygen there is less volume
of air left and so the lungs’ volume decreases.

24 |11 | The stomach is the place where food is digested. 7.32 [526 |93 14.29

25 | 12 | Food cannot be used by the body unless energy is | 2.44 | 13.16 | 16.28 | 7.14
used to break it down.

26 | 12 | Oxygen contains chemical energy which can only be | 4.88 | 2.63 |4.65 |9.52
released by breaking it down.

27 | 12 | Respiration is a process of taking and releasing | 9.76 | 2.63 |4.65 | 16.67
energy and oxygen.

28 | 13 | In aerobic respiration there is metabolism but in | 14.6 | 18.42 | 13.95| 7.14
anaerobic respiration there is no metabolism.

29 | 13 | Anaerobic respiration use oxygen but aerobic | 12.2 | 10.53 | 18.6 | 21.43
respiration does not use oxygen.

30 | 13

31 | 13 | Anaerobic respiration breaks food molecules | 7.32 |5.26 |13.95| 14.29
completely and releases high energy.

32 | 14 | It pumps blood to a relatively short distance. 7.32 |13.16 | 13.95| 11.9

33 | 14 | It receives much of the digested food to build them. 10.53 | 13.95 | 11.9

34 | 14 | The heart is found in the left of the chest. 12.2 | 2.63 |11.63|4.76

35 | 15 | It has no antibody that reacts with antigen of the red | 9.76 | 7.89 | 11.63 | 4.76
blood cells of the person.

36 | 15 | It has antigen AB that do not react with antibody in | 9.76 13.95| 11.9
the red blood cells of the person.

37 | 15 | It has no antigen and antibody that reacts with the red | 12.2 11.63 | 4.76
bloods of the person.

38 | 16 | They pump blood under high pressure to the nearest | 12.2 | 18.42 | 11.63 | 9.52
body parts.

39 | 16 | They prevent heat loss as blood travels through them. | 9.76 | 13.16 | 13.95 | 7.14

40 | 16 | Maintain high blood pressure in human body. 488 |15.79 |4.65 |9.52

41 | 17 | Pulmonary circulation transports deoxygenated blood | 9.76 | 26.32 | 9.3 11.9
and systemic circulation transports oxygenated blood
throughout the body.

42 | 17

43 | 17 | Pulmonary circulation transports deoxygenated blood | 14.63 | 2.63 | 16.28 | 19.05

from different part of the body to the heart and
oxygenated blood from the heart to different parts of
our body.
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44 | 17 | Systemic circulation transports deoxygenated blood | 17.07 | 10.53 | 2.33 | 23.81
to the lung and oxygenated blood to the heart.

45 | 18 | The right side of the heart pumps blood to the right | 12.2 11.9
side of the body where as the left side pump blood to
left side of the body.

46 | 18 | Only oxygenated blood enters the heart because the 2.63 9.52

heart needs pure blood.

NB percentage under reasons are those only with correct first choice
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