ABSTRACT

SBHATU, DESTA BERHE. Investigating the Effects of M etacognitive Instruction in
Learning Primary School Science in Some Schoolsin Ethiopia. (Under the Direction
of Professor John E. Penick.)

Metacognition isincreasingly recognized as an important component in successful
learning. In science, metacognitive instructional interventions have been successfully
incorporated to promote conceptual change learning, facilitate negotiating and
constructing of meanings, and foster reading and problem solving abilities of learners.
The present study investigated the contribution of three metacognitive instructional
methods, namely graphic organizers, metacognitive reflection, and metacognitive
reading in learning science among primary school students (age 10-14 years) in Mekelle,
Ethiopia. The metacognitive instructional methods were believed to be efficient to
introduce and transform lear ner-centeredness in science instruction under Ethiopia’s
primary school settings by allowing students to think productively and regulate their own
learning. Qualitative study indicated that the metacognitive instructional methods
fostered student conceptual understanding of science topics and enhanced active student
participation. Quantitative study of post-scores of |mmediate test-groups reveal ed that
graphic organizers had some contribution in helping students perform better in
‘application’ type tests. Metacognitive reflection activities enabled students to perform
better in *application’ and ‘transfer’ type tests as well as enhancing mean post-test
scores. Metacognitive reading activities did not yield any apparent effects on post-
intervention tests. The effects of the metacognitive methods were diminished among

Delayed post-test groups.
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INTRODUCTION

Metacognition, first introduced in the works of Flavell in the mid 1970s, is regarded
as one of the salient characteristics of human cognition (Lories, Dardenne, & Y zerbyt,
1998). Even though it is usually defined simply as ‘ cognition about cognition’ or other
equivalents like ‘knowledge about knowledge,” ‘knowledge about cognition,” ‘thought
about thoughts' and the like, studies about metacognition show that it isindeed avery
complex construct. The most commonly used definition of metacognition is the
knowl edge (i.e. awareness) of one's cognitive processes and the efficient use of this self-
awareness to self-regulate these cognitive processes (e.g. Brown, 1987; Gordon & Braun,
1985; Loper & Murphy, 1985; Miller, 1985; Niemi, 2002; Schraw & Dennison, 1994;
Shimamura, 2000).

Based on this definition, metacognition is viewed as a way of knowing about our
cognitive processes and a way of exercising deliberate and conscious control over such
processes (Gordon & Braun, 1985), usually referred to as ‘ knowledge of cognition’ and
‘regulation of cognition,” respectively (Allen & Armour-Thomas, 1991; Jacobs & Paris,
1987; Schraw, 2001; Schraw & Dennison, 1994; Sternberg, 1985). According to the
current understanding of the construct, however, three components, * metacognitive
knowledge’ (i.e. knowledge of cognition), ‘ metacognitive regulation’ (usually called self-
regulation) and ‘ metacognitive experiences are apparent (Borkowski, 1992; Niemi,
2002; Pintrich 2000).

After metacognition was introduced by Flavell, a multitude of studies have been
conducted about it as an object of research in its own right, as a factor in memory

performance and as atool for teaching and learning. Developmental researchers address



metacognition as an object of study, investigating metacognition in relation to variables
such as age (Flavell, 1987; Koriat & Shitzer-Reichert, 2002; Paris, 2002), novice versus
expert (Paris, 2002), gifted versus non-gifted (Alexander, Carr, & Schwanenflugel,
1995), and high academic versus low academic achievers (e.g. Hwang & Vrongistinos,
2002; Short, 1992). Cognitive psychology research about metacognition examines the
bases and accuracy of metacognition in memory. Such research deals with the role of
metacognitive experiences (i.e. judgments and feelings) in monitoring cognitive states
and subsequent control of cognitive processes (Koriat & Shitzer-Reichert, 2002; Paris,
2002). These studies are narrowly confined to monitoring and control of memory
processes.

More broadly, educational psychologists investigate the role of metacognition in self-
regulated learning and teaching. They study the effect of metacognitive knowledge,
methods, and skills in helping learners understand contents and processes in various
subject matter. Studies in this area examine the effects of metacognitive knowledge,
methods, and skills on academic achievement/performance (e.g. Everson & Tobias, 1998;
Masui & DeCorte, 1999), transfer of learned concepts and processes (e.g. Aleven &
Koedinger, 2002; Georghiades, 2000; 2004), retention of learned information (e.g. Adey
& Shayer, 1993; Georghiades, 2000; 2004), problem-solving (e.g. Howard & McGee,
2000), independent, self-regulated or autonomous learning (e.g. Boekaerts, 1999;
Webster, 2002), and intelligence (e.g. Alexander & Schwanenflugel, 1996; Veenman,
Prins, & Elshout, 2002). Moreover, educational psychologists investigate how
metacognition is enhanced through instruction (e.g. Hartman, 2001a, 2001b; Schraw,

2001). Science education research usually follows the educational psychology research



paradigm with studies conducted on the role of metacognition in science instruction (e.g.
Adey & Shayer, 1993; Beeth, 1998; Koch, 2001; Georghiades, 2000; 2004; Neto &
Valente, 1999; White & Frederiksen; 1998).

Despite the multitude of studies about the role of metacognition in learning and
teaching, several limitations are apparent. First, while studies on the effects of
metacognitive instructional methods in reading and mathematics are relatively extensive,
not much work has been done in science. Second, most of the investigations and
interventions about the effects of metacognition in learning and teaching science have
concentrated on secondary schools, colleges, and universities. Even though there are
some studies in middle schools, studies in elementary schools are rare. Third, no research
has been done about the contribution of metacognitive instructional intervention in the
schools of developing countries, characterized by populous classes and limited resources.

A lack of comparable studies in elementary schools or in developing countries
prompted this study of metacognitive instructional methods in learning of primary school
science (addressing the first two limitations) under marginally supported, larger class-size
schools (addressing the third limitation). Following the educational psychology research
paradigm, the present study investigated the contribution of metacognitive instructional
intervention in learning of science in primary schools in Ethiopia. The next section will

establish the context of the study.

M etacognition from the Perspective of Global Science Instruction
Since metacognition is increasingly recognized as an important component in
successful learning, many emphasize the importance of metacognition in educational

practice. Jacobson (1998) writes:



Metacognition or knowing the process by which one learns is then vital to the
renovation of the current educational system. If we do not recognize what the
students know, what they believe that they know, or more important yet, what
they do not know, effortsto improve education will be futile (p. 583).

As noted by Pintrich (2002), ‘ metacognitive knowledge of methods and tasks, as well as
self-knowledge, is linked to how students will learn and perform in the classroom’ (p.
222). The active involvement of studentsin their own learning is a fundamental
prerequisite for academic success and the instructional environment must be designed to
help learners actively engage in their own learning. Quality of learning depends (among
other things) ‘on learners’ abilities to steer their learning orientation, to develop inquiry
skillsand to learn to reflect on and control their own learning’ (Niemi, 2002, p. 764).
Metacognition can enable learners to better manage their cognitive skills while
determining and correct weaknesses (Sternberg, 1998). As Webster (2002) noted ‘ The
need for students to become more actively involved in the management of their own
learning implies an associated need for each student to be more metacognitively aware of
his or her personal resources (p. 1).

Metacognitive expertise also helps learners play an active role when learning,
enabling students to function as independent learners (e.g. Corkill, 1996; Gavelek &
Raphael, 1985). Metacognitive knowledge and regulation are clearly important
determinants of successful learning, efficient reading, and effective studying (Brown,
1980).

In science, metacognitive instructional interventions have been successfully
incorporated to promote conceptual change learning, facilitate negotiating and
constructing of meanings, and foster reading and problems solving abilities of learners

(e.g. Adey & Shayer, 1993; Beeth, 1998; Guterman, 2002; Hogan, 1999; Howard &



McGee, 2001; Magnusson, Templin, & Boyle, 1997; Mittlefehldt & Grotzer, 2003; White

& Frederiksen, 1998).

From the theoretical and practical perspectives of science education, a number of
points support the need for research on the role of metacognition in primary science
learning.

(@) Metacognitive instruction has yielded encouraging results in primary schoolsin
reading (e.g. Loper & Murphy 1985; Perry & VandeKamp, 2000) and mathematics
(e.g. Desoete, Roeyers, & Buysse, 2001). Moreover, some studies have reported
promising results in science among primary school students (Adey & Shayer, 1993;
Georghiades, 2000; 2004).

(b) The basic tenet of inquiry science instruction is the active involvement of learners,
both physically and mentally, in their own learning (NRC, 1996). Furthermore,
teaching or learning for conceptual development demands interactive instructional
practices (Duit, 1999).

(c) All of the interventions for investigating the effect of metacognitive instruction on
learning gains of students focus on creating interactive instructional environments.
When such interventions are tested in individual learning settings, they require the
students to monitor, self-reflect, and control their own learning and progress (e.g.

Blank, 2000; Prain & Hand, 1999; White & Frederiksen, 1998).

Based on these premises and the conditions found in Ethiopia, it is reasonable to predict
that appropriate metacognitive instructional interventions that foster more minds-on
activities and complement alack of hands-on activities would yield learning gains in any

school setting.



M etacognition from the Per spective of Ethiopia’s Science Instruction

Until the early 1900s, Ethiopia’ s education was confined to a system of religious
instruction organized and presented under the support of the Ethiopian Orthodox Church.
In 1906, four public schools began offering training on foreign languages, elementary
mathematics, rudimentary science, and physical education and sports, taught in French
and English to alimited number of students. These four schools also taught Amharic
language and religious subjects (Berry, et a., nd; Teshome, 1979). However, up until the
1940s Ethiopian education was very limited in scope and quality. The real rehabilitation
and development of Ethiopia’s public education system began in 1942 after the Italian
war of aggression was averted.

Various reforms and policies were made to address contemporary education problems
since the early 1940s. The most prominent reforms include the beginning of the
Education Development Plan in 1957 (Fassil, 1990), the 1971 Education Sector Review
(ESR, 1972), the 1984/85 Evaluative Research of the General Education System in
Ethiopia (ERGESE) (Fassil, 1990; Temechegn, 2002) and the 1994 Education and
Training Policy (ETP) (Ethiopian Ministry of Education (MoE), 1994a, 1994b). Inquiry
teaching, an important science education reform, was part of the two pre-1991
governments' efforts (e.g. Samuel & Welford, 1999). Similarly, the 1994 ETP addressed
issues of science education, including its purposes and contexts, science teacher
education, and conditions that foster practical school science (MoE, 1994a, 1994b).
Despite these policies, reforms, and commitments, science education remained a target of
criticisms for its lack of relevance, itstraditional and teacher-centered mode of teaching,

and its characteristic bulky content (Samuel & Welford, 2000, Temechegn, 2003).



Ethiopia’ s education system was often described as being in crisis because of
inappropriate instructional methods that failed to incorporate relevant practical
experiences (Tekeste, 1990).

Ethiopia’s science education problems extend across all levels. Science teacher
education is characterized by too much factual information, lower order cognitive skills,
few inquiry activities, and a mismatch between theoretical research and practical
knowledge (Temechegn, 2003). Samuel and Welford (1999) assert that science teachers
and instructors in Ethiopia are not themselves educated in such a way that they can help
their studentsto develop science skills and processes. They further contend that an
apparent gap exists between what has been planned in the policies and what is being
practiced in schools and colleges. Teachers and teacher educators continue to use teacher-
centered teaching methods that do not promote achieving the national goals and policies
(Samuel & Welford, 1999).

Recognizing this gap, the current Education and Training Policy of Ethiopia strivesto
shift science instruction from the traditional teacher-centered approach to a more learner-
centered one (MoE, 19944, 1994b, 2002). Accordingly, the Federal Ministry of Education
and the education bureaus of the regional states are initiating various effortsto promote
learner-centered instruction. Learner-centered instruction creates learning environments
that allow learners to act and think productively with appropriate resources, including
support and guidance from the teacher.

Unfortunately, Ethiopia s classroom facilities and supplies for hands-on activities are
limited or nonexistent. At the same time, the well-established traditional teaching

methods critically limit children from learning science on their own. This disconnect



between goals and realities demands a search for alternatives that promote instructional
practices and environments that allow science students to be actively engaged in physical
and mental activities asthey learn.

Metacognitive instruction is predicted to be an efficient approach to introduce and
transform learner-centeredness in science instruction under Ethiopia’s primary school
settings as it creates suitable instructional environments that allow students to think
productively and to evaluate and regulate their own learning (Schraw, 2001).
Metacognitive instruction has also been shown to foster conceptual development and

ensure transfer and durability of science concepts (Georghiades, 2000, 2004),

The Purposes of the Study
The present sudy investigated the effects of three metacognitive instructional
methods in learning primary science (grades 5 and 6) in large class-size and resources-

limited Ethiopian schools. The three metacognitive instructional methods were: (1)

Graphic organizers: metacognitive tools in learning primary school science, (2)

Metacognitive reflection for conceptual change learning model, and (3) Metacognitive

science reading checklist. The effects of the methods were assessed in relation to two

learning settings, individual and pair cooperative learning settings. Hence, the study
addressed the following questions.

(1) As compared to more traditional instruction, did the intervention yield better overall
learning gains among students of Ethiopia’s large class-size primary schools (grade 5
and 6)?

(2) Did the treatment classes perform better on higher order thinking teststhan did the

comparison classes?



(3) Did the intervention help students in the treatment classes to better retain learned
content than those in comparison classes?

(4) Wasthe instructional method more effective in a pair learning setting as compared to
individual learning setting?

(5) Did the intervention produce similar positive outcomes in both grades?

Limitations of the Study

The participating teachers could not master the metacognitive instructional methods
asrapidly as anticipated. Moreover, their proficiency in employing the methods did not
develop into perfection, limiting the quality of the intervention. Thus, the treatment
classes were not as effective as was hoped for.

The researcher personally collected the observation data. Although the researcher
tried to record exact actions and verbal statements of the teachers and the students, his
biases, skills, and limitations in capturing all the actions and verbal statements have to be
taken into account. In addition, the end-of-intervention tests were developed by the
researcher and were used for the first time. Their characteristics were not studied.

The studies were carried out in non-randomly selected urban schools in one regional
state. Moreover, the participated students were from non-randomly selected intact
classrooms. Thus, generalizations to other states and contexts should be done with

caution.



REVIEW OF LITERATURE

Metacognition attracted the interest of researchers for its potential contribution in
improving learning outcomes as well as its role in supporting cognitive theories of
learning (Georghiades, 2004). A multitude of studies have reported on the role of
metacognition in learning since the construct was first introduced in the mid 1970s. Three
fairly separate lines of inquiry about metacognition have emerged, as developmental,
educational, and cognitive researchers base their studies distinctly on one of the three
major components of metacognition. This review focuses on how metacognition is
incorporated in science education research and its relationship to conceptual change,
curriculum, and instruction.

Metacognition, conceptual change, and constructivism are regarded as the three major
theoretical bases for research in science teaching and learning (Baird, Fensham,
Gunstone, & White, 1991). Conceptual change learning models underline the importance
of altering learners’ incomplete or unscientific prior conceptions to become more
congruent with scientific ones. Likewise, constructivism emphasizes the active
involvement of learners during negotiation of meanings and construction of knowledge.
Hence, learners’ awareness about and expertise with metacognitive strategies and skills
for monitoring and controlling their own learning are of central importance in conceptual
change learning and constructivism (Tsai, 2001).

Customarily, studies of metacognition by science educators follow the educational
psychology research paradigm where metacognition is atool for learning and teaching of
science. Science education research on metacognition is usually grounded in

constructivist, conceptual change learning, and/or inquiry models of instruction. The
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major areas of research are indicated in the following sections.

M etacognition in Conceptual Change Science Learning

Studies on the role of metacognitive instructional strategies in learning focus on the
contribution of such strategies to conceptual change learning, constructing meanings, and
inquiry learning. Metacognition empowers learners to recognize, evaluate and revise
personal views (Baird, Fensham, Gunstone, & White, 1991). These premises lead to
instructional practices where metacognitive strategies are implicitly or explicitly made
available to subjects, and their effects are assessed through comparative or correlation
methods.

The basic principle of contemporary science instructional practice strivesto create an
active learning environment where students develop the ability to construct
understandings and evaluate ideas, rather than passively accepting scientific information
(Hogan, 1999). Proponents strongly argue that active involvement of studentsin their
own learning for conceptual change would be achieved by including a metacognitive
dimension (Lehteld, 2001). Metacognition is incorporated in conceptual change learning
research and practice by: (a) developing new instructional models, (b) modifying existing

instructional models, and (c) supporting traditional teaching practices.

Developing new instructional models
By promoting one’s own expertise to regulate thinking and make reflection on one's
own thinking processes, metacognition has gained attention in conceptual change
research. The development and use of science curriculum models for inquiry and

conceptual change, such as the Science Curriculum Improvement Study (SCIS) Learning
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Cycle, Inquiry Cycle, Conceptual Change Model (CCM), Cognitive Acceleration through
Science Education (CASE), and Knowledge Integration Environment (KIE), have been
the focus of research and practice. By the same tradition, curriculum models that
incorporate metacognitive activities or components have been developed and tested.
Some of the prominent interventions are indicated below.

Hogan (1999) developed a model called ‘ Thinking Aloud Together,” to help students
construct knowledge cooperatively. Tests with 8" graders indicated that studentsin the
intervention groups were better in their collaborative reasoning abilities than those in
comparison groups. Similarly, Mittlefehldt and Grotzer (2003) developed a learning
guide, referred to as * Good Science Thinking Moves,” to help students pose questions (to
themselves and colleagues) and reflect about the intelligibility, applicability, and
plausibility of science ideas. Then, the authors examined if active regulation of one's
cognitive processes helps students transfer learning. They found encouraging results
related to the learning guide in transferring concepts of density to concepts of pressure
among 8" graders.

The importance of metacognition in conceptual change was also indicated in a study
investigating conceptual change learning (Magnusson, Templin, & Boyle, 1997). These
authors developed dynamic science assessments (DSA) to help them: (@) determine
students’ potential to change their understanding, and (b) inform them of the processes of
conceptual change toward scientific knowledge. In the DSA tasks, students engaged in
metacognitive activities while learning a topic on current and electricity. The activities
included predicting, providing reasons for predicting, describing observations, comparing

the congruence between what is predicted and observed, and explaining results and
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observations. Metacognitive instructional models for teaching college level chemistry and
physics developed and described by Rickey and Stacy (2000) include ConcepTests
(aimed at bringing students' misconceptions to scrutiny), Predict-Observe-Explain (POE)
Tasks (requiring students to make predictions about an event and explain the reasons for
their prediction so that their initial ideas are highlighted), and the Model-Observe-
Reflect-Explain (MORE) Thinking Frame (to promote metacognition in guided-discovery
environments while students are engaged in authentic inquiry). These models were found
to be effective in furthering meaningful learning.

Graphic representations, important tools for conceptual change learning, also have
been highly studied. As a means of creating interactive teaching-learning settings,
concept maps, concept cartoons, and other graphic organizers are recognized to be useful
metacognitive tools. Hence, the development of instructional models could also involve
the use of such visual representations. For example, van Boxtel, van der Linden, Roelofs,
and Erkens (2002) studied the potential of collaborative learning tasks in learning science
concepts using a model called Collaborative Concept Mapping. These authors used the
model to teach concepts about electricity to secondary level physics students requiring
them to articulate their thoughts, elaborate their conceptual knowledge, and co-construct
meanings. While elaborating their conceptual knowledge, students were involved in
metacognitive activities such as active use of prior knowledge, recognition and
acknowledgement of problems, and finding out meaningful relationships. The model was
shown to be helpful in ensuring productive student interaction.

Similarly, Ward and Wandersee (2002a) designed and studied the effects of a

metacognition-based visual learning model, Roundhouse Diagramming, for teaching
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science to low achieving middle school students. The diagram contains a central part
representing a conceptual turntable with the central theme, and seven outer sectors
containing concepts associated with the central theme and graphic icons that remind the
learner about the concepts. After students were taught how to use the Roundhouse
Diagram, they used it to represent abstract or complex information from their science
curricula. In the course of constructing a Roundhouse Diagram, students were expected to
be involved in metacognitive endeavors such as recognizing a problem, analyzing the
problem, making suggestions and inferences, and making decisions to select materials
needed to solve the problem.

When students’ expertise on the use of Roundhouse Diagram improved, so did their
science achievement. The authors (Ward & Wandersee, 2002b) examined the effects of
the model in science learning among grade 6 students over a 10-week intervention. Like
the previous intervention, students were required to recognize the main ideas within the
science lesson, breaking down the information into interrelated segments and linking
each portion to an iconic image. The intervention led to better conceptual understanding
of the science topic addressed.

The use of computer-based concept mapping in promoting conceptual learning is also
gaining popularity (e.g. Chang, Sung, & Chen, 2001; DeSimone, Schmid, & McEwen,
2001). Chang, Sung, and Chen (2001) compared the effectiveness of three concept
mapping strategies—computer assisted construction, scaffolded computer assisted
construction, and non-assisted paper-pencil construction—among high school biology
students. The use of computer guided concept mapping, where learners were allowed to

complete partially constructed maps, yielded encouraging results. Concept cartoons are
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also getting attention as tools for conceptual change learning. Keogh and coworkers
investigated the role of concept cartoons in teaching science (Keogh, Naylor, & Wilson,
1998; Keogh & Naylor, 1999) and found them to be essential in helping students assess
their own level of understanding of science content and making connections between

school concepts and everyday life phenomena.

Modifying existing instructional models

Another approach of inquiry for examining the role of metacognitive activities is by
incorporating such activities within existing prominent instructional models of science
education research and practice. For example, Adey and Shayer (1993) studied the effects
of including metacognitive activities in their Cognitive Acceleration through Science
Education (CASE) model for teaching 11 to 12 year old students in Britain. Treatment
groups gained more in science (as well as mathematics and English language)
achievement measured two and three years after intervention. Likewise, Beeth (1998)
argued that the Conceptual Change Model (CCM) be supported by metacognition. CCM
contains two components, status and conceptual ecology. Status refersto learner’s
attributes to a conception such as intelligibility, plausibility and fruitfulness. While
conceptual ecology refersto a context within which a conception survives and has
meaning or that provides context in which the conceptual change occurs and has
meaning, such as. anomalies, expected or unexpected behaviors of natural phenomena,
ecological commitmentsthat lead to generalization, metaphysical beliefs and concepts,
analogies, metaphors, exemplars and images (Beeth, 1998; Magnusson, Templin, &
Boyle, 1997). Thus, Beeth (1998) proposed that science instruction must be planned in

such away that it allows students to make metacognitive comments to determine the
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status of conceptions and conceptual ecology.

White and Frederiksen (1998) developed a computer-enhanced middle school science
curriculum, the ThinkerTools Inquiry Curriculum, which makes scientific inquiry
accessible to awide range of students. The curriculum includes a metacognitive
teaching/learning model, the Reflective Assessment to the Inquiry Cycle. The
metacognitive components of the curriculum promote students' metacognitive knowledge
and skills through scaffolded inquiry, reflection, and generalization. Instructional trials of
the curriculum were successful and student performance on physics and inquiry
assessment was significantly improved.

Blank (2000) modified the SCIS Learning Cycle model by incorporating
metacognitive components to allow students to reflect on their own ideas. The effect of
the modified model, called Metacognitive Learning Cycle, was compared against the
effect of the SCIS Learning Cycle among grade 7 studentsin learning during a three-
month ecology unit. The intervention helped students to restructure their ecology
understanding, though no difference was apparent in content knowledge.

Another model including metacognitive components is the famous Knowledge
Integration Environment (KI1E) developed by Linn (2000). KIE curricula are developed
in software for middle school science teaching. Extensive work has been done on KIE
and Volume 22(8) of the International Journal of Science Education has published
articles about KIE. A study by Davis (2003) dealt with incorporating reflective prompts
(sense-making or metacognitive) to KIE activities. Students provided with generic
prompts, where they are told to stop and think, developed more coherent understanding

as they worked on complex science projects.

16



Supporting traditional teaching practices

A third line of science education research on metacognition deals with the effect of
adding metacognitive activities to the usual (traditional) practices of teaching and
learning. For instance, Osman and Hannafin (1994) studied the contribution of
incorporating conceptual-orienting questions in grade 10 introductory genetics lessons.
Such metacognitive endeavors helped the intervention group outperform a comparison
one in post-test performances of comprehension and problem-solving tasks. When
students were required to write explanations about the rationale of such conceptual-
orienting questions, their post-test performance scores were even better. Orienting
guestions that emphasize concept-relevant knowledge helped students identify, activate,
and evaluate their own learning processes and integrate knowledge more completely.

The effects of implanting metacognitive activities, called metacognitive instances,
such as brief discussions, comments, thinking/writing/drawing tasks, and pair activities,
in teaching scienceto Year 5 primary students in Cyprus was a focus of investigation by
Georghiades (2000). This study reported positive results in student performance, transfer
ability, and retention capacity of learned concepts. In his later reports Georghiades (2004)
provided supporting evidence that brief metacognitive instances are essential in
conceptual learning. Students engaged in these metacognitive activities demonstrated a
more permanent restructuring of their understanding about current and electricity. A
study by Thomas and McRobbie (1999) found promising results while investigating the
effect of incorporating a metaphor referred to as ‘learning is constructing’ to help high
school students become more metacognitive so that they will be more constructivist in

their chemistry learning.
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M etacognition in Science Reading

It has long been known that metacognitive reading strategies lead to impressive
results. For example, a study by Loper and Murphy (1985) show that when children are
given simple instructions to use self-regulatory skills, their performances on reading tasks
improved rapidly. Hall and coworkers state that, in accordance with constructivist
learning theory, learners should be guided both to learn how to read and to be aware of
how they learn to read (Hall, Bowman, & Myers, 1999). Based on this basic
metacognitive assumption, studies on reading strive to provide models or checklists of
metacognitive reading strategies that guide learnersto be actively engaged in learning
from texts.

Most metacognitive reading studies have looked at strategies in language instruction;
few are in science. Usually, studies on metacognition as tools of instruction focus on
assessing the effects of a certain set of strategies on learning. By the same token, studies
on the role of metacognition in reading concentrate on investigating the effects of a list of
metacognitive reading strategies in text comprehension and understanding. Based on such
empirical studies, many researchers provide various lists of metacognitive reading skills,
though not always distinctly different from one another.

Brown (1980), a pioneer researcher in this area, described several reading strategies,
(a) clarifying the purpose of reading (i.e. understanding both explicit and implicit task
demands), (b) identifying the important aspects of a message, (c) focusing attention on
the major content than rather trivia (major focus), (d) monitoring ongoing activities to
determine whether comprehension is occurring, (€) engaging in self-questioning to

determine whether goals are being achieved, and (f) taking corrective actions when
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failures in comprehension are detected. Later, Brown and Palincsar modified these
strategies to enhance monitoring and fostering of reading comprehension (Brown &
Palincsar, 1989; Palincsar & Brown, 1984). Their modifications included: (a) clarifying
purpose of reading and determining appropriate reading strategies, (b) activating relevant
prior knowledge and linking it to the text, (c) allocating attention to important ideas, (d)
evaluating content for internal consistency and compatibility with prior knowledge, (€)
self-monitoring (e.g. by self-questioning) to verify comprehension, and (f) drawing and
testing inferences.

Similarly, Hartman’'s (2001a) metacognitive reading skills include skimming,
activating relevant prior knowledge, constructing mental images, predicting, self-
guestioning, and comprehension monitoring, as well as summarizing and connecting new
material with prior knowledge. It is essential to note that consideration of prior
knowledge is a fundamental tenet in constructivism, and, thus, conceptual change
learning.

Studies on reading consistently show that metacognitive reading strategies lead to
positive results. Improvements in these skills can lead to dramatic progress in academic
achievement (Brown & Palincsar, 1989; Palincsar & Brown, 1984). Students who are
aware of and in control of their metacognitive reading behaviors are at a distinct
advantage because many of these behaviors involve monitoring comprehension, taking
stepsto clarify difficulties, and restoring comprehension processes when comprehension
has broken down (Hartman, 2001a).

Gourgey (1999) indicated that metacognitive reading strategies similar to these were

more evident in more competent readers than less competent ones. Moreover, Gourgey
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(2001) reported improved reading comprehension by students who were guided by self-
regulatory strategies. When students were guided through the process of generating
guestions, making predictions, and monitoring and checking comprehension in reading,
they improved the accuracy of their comprehension and their use of avariety of
strategies.

Science education research and interventions focused on the role of hands-on and
problem-solving activities until the 1980s (Koch, 2001), marginalizing the role of science
texts and science reading despite both being frequently used across levels (Yore, Craig, &
Maguire, 1998). During the early 1990s the importance of reading skills in learning
science was attracting some attention. Hence, studies that examined the role of strategic
reading skillsin learning science began to be available in the literature (e.g. Holliday,
Yore, & Alvermann, 1994, Alexander & Kulikowich, 1994; Glynn & Muth, 1994).
Nowadays, there exists a consensus among science educators that effective science
reading is an essential prerequisite for better learning in the field. Since the bulk of
content is provided in science textbooks across al levels, it is argued that sudents need to
have effective reading strategiesto learn successfully (Yore, Craig, & Maguire, 1998).

As in other disciplines, science reading involves accessing prior knowledge through
information retrieval strategies, interpreting messages from the text and sensory
information from the environment, and interactively constructing meaning from these
data(Yore, Craig, & Maguire, 1998).

Science educators should not, however, be tempted to follow the language reading
research paradigm. Unlike narrative readings, Y ore and coworkers argue that reading

science texts requires knowledge about the scientific enterprise, the concepts under
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consideration, the scientific language, the patterns of argumentation, the canons of
evidence, warrants and claims, and the processes and strategies of reading science. In line
with this argument, a sudy by these authors among elementary and middle school
students indicated that majority of them have surface knowledge about science reading,
science text, and science reading strategies. Thus, they recommended the use of explicit
science reading instruction.

Metacognitive reading strategies support the interactive-constructive models of
instruction. Thus, once science reading research reports began to appear in the literature,
science educators did not waste much time inquiring into the role of metacognition in
science reading. Yore, Craig, and Maguire (1998) argue that metacognitive knowledge
provides insights into the awareness and control of science reading and texts, and should
be part of science education research agenda. Y ore and others also note that
metacognitive comprehension strategies such as planning, monitoring, and regulation of
global meaning making should be addressed in reading research in science education
(Yore, Bisanz, & Hand, 2003).

Some studies that incorporated a metacognitive component in science reading
research have been done. Koch (2001) studied the development, application, and
evaluation of a metacognitive reading technique for improving comprehension of physics
texts by freshman college students. The metacognitive technique required students to
self-assess their reading comprehension and rank their abilities and disabilities
hierarchically. The study revealed that the metacognitive group had significantly higher
post-test scores than did the control. Moreover, the metacognitive group had statistically

significant gains in their post-test scores. Hence, the author recommended the
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development and application of metacognitive techniques for reading and comprehension
of physicstexts. Similarly, Keys, Hand, Prain, and Collins (1999) employed a teacher
template consisting of a series of activities to involve secondary school studentsin
meaningful thinking, writing, reading, and discussion about laboratory concepts. These
activities produced better learning gains in students. In another study, the use of well-
established reading strategies helped two high school students to comprehend biological
research articles (Brill, Falk, & Yarden, 2004). A study with Israeli 4" graders indicated
that students who used metacognitive reading guidance outperformed their counterparts
in control and placebo groups (Guterman, 2002). A reading strategy called Concept-
Oriented Reading Instruction (CORI), which requires studentsto be engaged in
metacognitive thinking, was also found to be beneficial in promoting intrinsic motivation,
literacy strategy use, and conceptual understandings in science (Swafford & Bryan,
2000).

Graphic organizers, such as concept maps, can also be essential metacognitive tools
for facilitating reading comprehension of science texts. Studies that incorporate concept-
mapping activities for reading comprehension of science texts have yielded encouraging

results (e.g. Guastello, Beasley, & Sinatra, 2000; Sungur, Tekkaya, & Geban, 2001).

M etacognition in Problem Solving
Knowledge of metacognitive processes and strategies is important in guiding learners
during problem solving activities (Davidson, Deuser, & Sternberg, 1994). A repertoire of
metacognitive knowledge and strategies improves learner problem solving ability (e.g.
Rickey & Stacy, 2000) and it iswell known that proficient learners use a variety of

metacognitive processes to successfully execute complex problem solving tasks (Allen &
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Armour-Thomas, 1991). Thus, it is not surprising that sophisticated learners know a
number of strategies or processing rules as compared to novices (Pressley, Borkowski, &
O’ Sullivan, 1985).

Many studies show the importance of metacognitive knowledge in helping students
develop and employ mathematical problem solving strategies (e.g. Carr & Jessup, 1996;
Pugalee, 2001; Schurter, 2002; Stillman & Galbraith, 1998; Zan, 2000). A study by
Pugalee (2001) showed that grade 9 algebra students demonstrated various metacognitive
behaviors during orientation, organization, execution, and verification phases of
mathematical problem solving. Similarly, a study on mathematical problem solving
capacity of secondary school girls showed that those who were involved in organization,
regulation of execution, and evaluation activities were more successful (Stillman &
Galbraith, 1998). Furthermore, Schurter (2002) reported that sudents who weretrained to
use comprehension-monitoring strategies performed better in mathematical problem
solving than those who were not trained. Also, college biology students who were trained
to self-evaluate their mathematics knowledge performed better in their exams (Zan,
2000).

The role of metacognition in scientific problem solving is also gaining attention in
science education research. Metacognition in science is, in principle, the same as
metacognition in reading and mathematics. Once students have acquired the basics (like
computation in mathematics and decoding in reading), their abilities to think in the
domain involve clarifying goals, understanding important concepts, monitoring
understanding and clarifying confusion, predicting appropriate direction, and choosing

appropriate actions. These are the strategies used by effective problem solvers (Gourgey,
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2001). Therefore, such metacognitive components are incorporated into instructional
practices as tools of problem solving and their effects are examined. For example,
Howard and McGee (2001) studied the effect of metacognitive self-regulation (described
as knowledge of cognition, objectivity, and problem representation) on problem solving
in science through inferential methods. Their study showed that metacognitive self-
regulation methods were better predictors of success in problem solving than many
standardized measures used in classrooms across the US. Previous study by these authors
indicated that metacognitive monitoring and regulatory skills were significant predicators
of content understanding and problem solving (Howard and McGee, 2000). Based on
these findings, they recommended that science instruction be tailored to include
metacognitive self-regulation for successful problem solving (Howard and McGeg,
2001). Also, Neto and Valente (1999) gave strategy training to grade 9 physics students
and found out that such training led to better performance on problem solving tasks.
These authors suggested metacognitive oriented problem solving approaches as an

alternative to a conceptual change paradigm.

Incorporating M etacognition into Science Instruction
The goal of science education research and practice has long been to develop
instructional methods that would improve conceptual change learning and problem
solving abilities of students (Rickey & Stacy, 2000). It is argued that even though
cognitive skills are essential for learning, they are not sufficient to support conceptual
learning and problem solving transfer. Cognitive strategies must be supported through
metacognitive knowledge and strategies as well as motivational aspects to guarantee

successful learning (Mayer, 2001). The fundamental problem of failing to apply school
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learned content to novel situations (i.e. transfer) and retain it for longer time (i.e.
durability) can be minimized through the use of metacognitive knowledge and strategies.
Metacognition is thought to ensure deeper, more durable, and transferable learning
(Georghiades, 2000; Richey & Stacy, 2000).

This may be explained because, while cognitive strategies enable one to make
progress (to build knowledge), metacognitive strategies enable one to monitor and
improve one’ s progress (to evaluate understanding and apply) (Gourgey, 2001).
Metacognitive regulation improves performance in a number of ways, such as better use
of attention resources, better use of existing strategies, and greater awareness of
comprehension breakdown. Gourgey eloquently presented the importance of
metacognition in learning:

Through metacognition one can define the nature of the task or the problem;
select a useful mental and physical representation; select the most useful
strategy for executing the task; allocate resources such as time; activate prior
knowledge; pay attention to feedback on how the task is proceeding; and
translate feedback into improved performance, either during execution or in

plan for the future. Metacognition enables one to use knowledge strategically
to perform most effectively (2001, p. 18).

Enough evidence exists to make a compelling case for science education practitionersto
consider the use of metacognitive componentsin their teaching.

Nearly all the studies described in the preceding paragraphs require students to
explicitly employ metacognitive strategies. From those studies we see that when attempts
to include metacognitive models or strategies in the teaching-learning process are made,
those models or srategies are designed to create interactive-constructive learning
environments. Likewise, the models or activities promote learner reflection and deep
thinking. According to Lin (2001), strategy training and creating supportive social

environments should enable teachers to teach the contents of a given domain, and
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attributes students should know about themselves as learners. Admittedly, Lin noted that
approaches that incorporate content knowledge and knowledge about self-as-learner are
rare. In the following paragraphs, research and findings about considerations and

mechanisms of incorporating metacognitive models are provided.

Creating interactive learning environments

Metacognitive models that create interactive learning environment are known to lead
to better learning. For example, high school students engaged in collaborative
metacognitive activity when learning mathematics demonstrated skills of * self-disclosure’
(statements and responses to clarify, elaborate, evaluate or justify one’s own thinking),
‘feedback request’ (self-oriented questions that invite a partner to critigue one’s own
thinking), and ‘ other-monitoring’ (statements, questions and responses one poses in an
attempt to understand a partner’ s thinking) (Goos, Galbraith, & Renshaw, 2002). Y t,
creating socially interactive learning environments requires teachers and instructorsto
change the classroom culture and social dynamics whereby student metacognitive
activities become spontaneous and habitual (Lin, 2001).

Supportive classroom climates for conceptua learning in science, as Duit (1999)
states, could be achieved by including metacognitive learning strategies. For example,
Blank (2000) developed a model called Metacognitive Learning Cycle by modifying the
famous SCI'S Learning Cycle to provide opportunities for the teacher and students to talk
about their science ideas. Another intervention study that engaged secondary science
students in avariety of writing tasks (brochures, letters and newspaper articles,
construction of posters, development of concept maps, and preparation of power-point

presentations) under various task factors yielded positive outcomes (Prain & Hand,
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1999). These activities demanded deep thinking and interactive group endeavors on the
part of the students and led to qualitative learning gains. Prain and Hand asserted that this
gain was attributable to the students’ deep thinking as well as reflection on their own
thinking, which were the requirements of the various writing tasks. Previously, White and
Frederiksen (1998) developed computer-enhanced middle school science curriculum that
required studentsto reflect upon their own ideas and the ideas of their classmates, leading

to significant benefit, with low achieving students at better advantage.

Fostering active learning

While learning science students should be involved in text comprehension and
mathematical problem solving in addition to construction and reconstruction of meanings
and understandings. Hence, it would be legitimate to provide supporting research
evidence from language, mathematics, and other school subjects. An important
instructional consideration of metacognition is creating a situation whereby students
verbalize and reflect on their learning and thinking processes (Masui & DeCorte, 1999).
In fact, Palincsar and Brown’s (1984) reciprocal teaching model was designed to help
students generate and answer their own questions, differentiate important contents from
trivial details, monitor comprehension, and find ways to clarify misunderstanding. All of
these activate prior knowledge and create expectations about future contents. Similarly,
the use of intelligent instructional software called Cognitive Tutor, for teaching geometry,
requires students to scaffold and self-explain their solution steps (by interacting with the
software) (Aleven & Koedinger, 2002). Veenman, Prins, and Elshout (2002) created a
computer-simulated environment to teach optics contents to college psychology majors.

The computer-simulated laboratory environment provides students the opportunity to
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think-aloud and use metacognitive skills to carry out the tasks. A model called
‘Cognitive-metacognitive strategies for mathematical problem-solving,” developed by
Montague (1992), requires learners to question and reflect on their own cognitive
Processes.

Metacognitive support during mathematical word problem-solving process, where
grade 8 students were asked a series of questions that would help them identify the
problem, represent the problem, plan solution strategies and evaluate outcomes, were
reported to be more effective than before or after problem-solving process. Furthermore,
students of kindergarten through grade 3 who completed reading and writing tasks
supported by self-evaluation questions exhibited high levels of metacognition (Perry &
VandeKamp, 2000). Students who were taught through Cognitive Tutor were successful
on mathematics transfer problems as compared to groups who were not allowed to self-
explain (Aleven & Koedinger, 2002). Students who were required to explain their
solution steps also performed better than control groups and were better at explaining
their problem-solving steps. These same students needed to solve fewer problemsto
fulfill the mastery level criteria of the software. Nursing students who were instructed to
use aclinical reflective log, which required them to reflect upon clients problems,
improved their metacognitive knowledge, perhaps because they were actively engaged in
their own learning and manage their own thinking (Fonteyn & Cahill, 1998).

Likewise, promising outcomes are apparent when including metacognitive
components that promote self-reflection and self-evaluation in teaching science. Year 11
(Australian) students, who employed metaphors to describe themselves as learners in

chemistry classrooms, were congruent with their views of learning and the learning
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processes. Use of metaphors to make student views about themselves as learners
congruent with their own learning processes was reported to have enhanced student
learning processes and metacognition (Thomas & McRobbie, 1999). Also, a
metacognitive reading strategy training that involved self-critical reflection of the
students' own reading comprehension abilities and active monitoring enhanced physics

text comprehension (Koch, 2001).

Promoting strategy knowledge

In order to carry out cognitive tasks effectively, students apparently need to have a
repertoire of metacognitive strategies. However, students cannot be expected to be
competent with many of the metacognitive skills and strategies because such skills and
strategies are rarely taught and not everyone devel ops them independently (Hartman,
2001&; Pintrich, 2002). The development or selection of models or strategies that are
known to be effective in creating interactive instructional settings and, thus, better
learning, may not be sufficient by themselves. Hence, instructions that focus on helping
students develop metacognitive strategies for thinking and independent learning are
increasingly acknowledged (Gourgey, 1999). After students are informed about the
existence and importance of metacognitive strategies for academic success, they need to
be taught about them explicitly (Hartman, 2001a; Pintrich, 2002; Schraw, 2001; Spence,
1995). Metacognitive strategies and skills must continually be addressed, practiced,
polished, and internalized (Hartman, 2001a; Pintrich, 2002).

Various researchers provide many recommendations about the strategies and contents
of metacognitive strategy training. They recommend that metacognitive strategy training

place sufficient emphasis on the active involvement of learners (Borkowski, 1992) and
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creation of supportive social environments. Schraw (2001) promotes an interactive
training approach that blends direct instruction, teacher and expert sudent modeling,
reflection on the part of the students, and group activities that allow students to share
their knowledge about cognition. ‘ Students may learn valuable strategies, but these
cannot be applied unless they are supported by broad learning goals and cultural normsin
acommunity’ (Lin, 2001; p. 33). Thus, Pintrich (2002) suggests that teachers need to
include goals for teaching metacognitive knowledge, which should be explicitly labeled,
tried under different contents, modeled, and explained to sudents, without denying the
importance of contextualzing it. A more or less similar recommendation by Bonds,
Bonds, and Peach (1992) includes planning the strategy to be learned, modeling of the
strategy by the teacher, guided practice while the teacher monitors the students, and
feedback to the students from the teacher and classmates.

Metacognitive strategies that are the focus of training include *...error detecting,
effort and attention allocating, self-questioning, self-explanation, constructing visual
representations, activating prior knowledge, rereading difficult text sections, and going
back to revise’ (Lin, 2001; p. 25). All deal with self-awareness, self-regulation and self-
reflection before, during and after cognitive endeavors (Hartman, 2001a; Loper &
Murphy, 1985; Pintrich, 2002). Moreover, students must be taught about declarative,
procedural, and conditional knowledge of various strategies (Pressley, Borkowski, &

O’ Sullivan, 1985).

Perhaps equally important is training studentsto create graphic organizers (internal,

visual representations) for summarizing main points from textbooks and lessons

(Hartman, 2001a). While advocating the use of graphic representations as essential
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metacognitive strategies, Jones, Pierce, and Hunter (1988/89) outlined procedures for
teaching about their use. The procedures are: presenting at least one good example of a
completed graphic organizer that matches the type of outline one will teach; modeling
how to construct either the same graphic outline or one to be introduced; providing
procedural knowledge; coaching the students; and, giving the students opportunities to
practice—outlining individually and independently and giving them feedback. When
students are trained about various strategies used in a given area of study, metacognition
is believed to arise spontaneously upon the use of such strategies (Pressley, Borkowski,
& O'Sullivan, 1985).

Nonetheless, some researchers do not favor explicit training for metacognitive skills
and strategies. They believe that classroom social interaction should itself lead to
induction of metacognition (e.g. Day, French, & Hall, 1985; Georghiades, 2004). Day,
French, and Hall (1985) argue that metacognitive activities are not always explicitly
modeled to learners, but the social interactions that take place in the learning environment
often serve as a context for the induction of metacognitive skills. They further argue that
teachers could model problem solving and metacognitive strategies by creating
interactive instructional environments. Likewise, Georghiades (2004) stated,
“Metacognitive skills are thinking skills requiring appropriate simuli for their
‘awakening’ and gradual development. Metacognition is not something to be taught to
the learner in an ‘outside-in’ process, but rather it is a skill that can be helped to develop
in an ‘inside-out’ manner” (p. 369). When such a stance is taken, however, any attempt to
examine the effects of metacognitive instructional interventions through comparing pre-

test—post-test or trestment—control scores, a usual practice in education research in the
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field, will not be easy, if not inappropriate.

Strategy training to promote metacognitive knowledge and regulation yields notable
results in many subject areas, across levels, and with various learner characteristics.
Interestingly, when students are explicitly trained about metacognition knowledge and
strategies or skills, they use them productively. For example Cullen (1985) provided
evidence that even 10 year olds could be trained to use metacognitive strategiesin
learning mathematics. Also, 7" graders who received metacognitive strategy training that
enabled them to make connections and apply those strategies to carry out mathematics
problems outperformed their counterparts who were involved in strategy training only
(Mevarech, 1999). In the metacognitive strategy-training group, students were trained to
make a series of comprehension, comparison, and procedural questions while executing a
given task. Likewise, pre-test—post-test scores on metacognitive surveys and
comprehension tasks show significant correlations among 7" graders who were trained
how to read science texts (Spence, 1995). “Explicit instruction of metacognition in terms
of getting the students to ‘think about thinking’ showed very promising results’ (p. 31),
helping students perform better on subject matter tasks and to acquire metacognitive
knowledge. Furthermore, middle school students with learning disabilities benefited from
cognitive-metacognitive strategy instruction for solving mathematical word problems
(Montague, 1992). Moreover, Kramarski and Ritkof (2002) taught junior high students
about the importance of self-addressed metacognitive questions of comprehension,
connection, strategies, and reflection, and modeled the strategies before students were
required to use them. The students who used the metacognitive questions were better in

mathematical problem solving and mathematical reasoning. The level of interaction of
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the students who used metacognitive questioning was better than that of a comparison
group. Students from an undergraduate reading class who received intensive instruction
on metacognitive reading strategies were in a position to understand and apply these
strategies in their personal readings. Moreover, they were more aware of the
metacognitive processes that make them strategic readers (Thomas & Barksdale-Ladd,
2000).

Nevertheless, metacognitive intervention may not always lead to positive outcomes.
All learners may not benefit by metacognitive intervention. In fact, Paris (2002) has
indicated circumstances in which metacognition becomes debilitating. For example,
metacognitive intervention was more useful to low achieving students only, while its
contribution for high achievers was minimal (Kapa, 2001). Moreover, it is argued that
under conditions of maximum external support, sudents metacognitive skills develop
minimally. Thus, students with minimum metacognitive skills will not experience their
advantage in learning (Boekaerts, 1999).

The many studies thus far discussed that show promise for metacognitive strategies
led the researcher to investigate the effectiveness of metacognitive instructional models
in yet unstudied settings. For this purpose, the researcher designed three instructional
models, predicted to advance meaningful science learning. The models employ
metacognitive regulatory strategies (self-questioning, self-monitoring, self-evaluation and
self-reflection) during classroom discourse, guided activities, and science reading, which
create interactive learning environment and promote active learning. The models were
predicted to be fairly workable with students of lower grades and teachers of limited

expertise, without upsetting even the most traditional teaching practices.
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METHODOLOGY OF THE STUDY

This study investigated the effects of three metacognitive instructional methods on
learning science among primary school students (grades 5 and 6, age 10-14 years) in
Ethiopia. Three instructional methods, Graphic Organizers, Metacognitive Reflection for
Conceptual Learning Model, and Metacognitive Science Reading Checklist, were
developed to reflect current global science education research and the goals of primary
school science instruction in Ethiopia. Details of the models and strategies of
incorporating them into the instructional processes are indicated in the articles reporting

the effects of methods.

Study Schools

The study was conducted in four complete public primary schools in Mekelle town
(Tigrai State, Ethiopia). Of 43 schools under the supervision of the Department of
Education of Mekelle town, 27 are public (i.e. governmental) schools, while the rest are
private or run by non-governmental organizations (NGOs). The private and NGO schools
were not considered for the study, because they enroll students from economically
privileged families and are with smaller class size. Eight of the 27 public schools, located
in rural and semi-urban communities around the town were not also included for the
demographic characteristics of the students are different from those in urban schools. Out
of the remaining 19 public schools, only 10 had grades 5 and 6. Since the study required
at least three classes at agrade level, each to be designated as Individual learning, Pair
learning or Comparison classes, four of the 10 schools were dropped because they had

less than three classes of grade 5 and/or grade 6. Finally, one of the remaining six schools
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was dropped because the science teachers did not volunteer to participate in the study,
while in a second school no science teacher was assigned until the beginning of the
intervention. Thus, the four schools for this study were selected by default. All four
schools had large classes (as many as 70+ students per class) and lacked facilities to teach

practical or hands-on lessons.

Participating Teachers

The plan of the study was to test the effectiveness of each of the three metacognitive
instructional methods among 5" and 6™ graders. Asindicated above, three classes were
needed in each grade and six teachers (three 5™ grade and three 6™ grade) from the four
schools were needed. After the teachers were briefed about the purpose of the study, the
methods of the intervention, the sources and procedures of data collection, and their
responsibilities during the intervention, they volunteered to participate.

Each of the six teachers had over 20 years of teaching service. While two had college
diplomas, the other four held certificates for teaching in lower grades (grades 1 to 6).
Some details about each of the participating teachers are indicated in the articles

reporting the contribution of each metacognitive instructional method.

Pre-intervention Training of Teachers
The six teachers from the four primary schools; i.e. school-1 (a 5™ grade teacher and a
6™ grade one), school-2 (a 6™ grade teacher), school-3 (a 5" grade teacher) and school-4
(a5" grade teacher and a 6™ grade one), attended a pre-intervention training, conducted
from 15 to 19 September 2004. The researcher trained the participating teachers. The

training began by providing brief background information on metacognition,
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constructivism, conceptual change, and inquiry learning. Then, all the teachers were
trained in the use of the three metacognitive instructional methods, namely: Graphic
Organizers (GOs), Metacognitive Reflection for Conceptual Learning Model, and
Metacognitive Science Reading Checklist. The training was supported by discussions and
activities.

The teachers were each assigned to teach using one of the three metacognitive
instructional methods based on their interest and abilities as noted in the training. The
two teachers from school-1 were assigned to teach using GOs. The 5" grade teacher from
school-3 and the 6™ grade teacher from school-2 were assigned to teach using the
Metacognitive Science Reading Checklist. The two teachers from school-4 were assigned

to teach using the Metacognitive Reflection for Conceptual Learning Model (Table 1).

Table 1. Study schools

School  Grades Metacognitive Methods Treatment Classes
1 2 3

1 5 Graphic Organizers Individual Pair  Comparison
6 Graphic Organizers Individual Pair  Comparison

2 5* Graphic Organizers Individual Pair  Comparison
6 M etacognitive Reading Individual Pair  Comparison

3 5 M etacognitive Reading Individual Pair  Comparison
6 Not Included -- -- --

4 5 Metacognitive Reflection Individual Pair  Comparison
6 Metacognitive Reflection Individual Par  Comparison

* Included at request of the teacher of the classes

After these assignments were made, the researcher trained the teachers in each group
in the procedures of incorporating their respective metacognitive method in their
instructional practices and about how to prepare reflective journals. At the completion of

the pre-intervention training, the teachers were provided with training packets that
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contained all the notes of the training. They were also instructed to train their students
assigned to the treatment classes.

The 6" grade teacher from school-1 withdrew after attending the pre-intervention
training, thus a substituted teacher was assigned. A lately hired 5 grader teacher from
school-2 also participated in the study at her request. These two teachers were given a

three-hour training about GOs and, strategies using GOs in their teaching.

Participating Students

The majority of the students belonged to middle to low income families of inner and
outer town neighborhoods. According to Ethiopia’ s education policy, 5 and 6™ graders
are expected to be 11Y*2 and 12Y*2 years old, respectively. But there were 5™ graders as
old as 14 years and 6™ graders as old as 15 years. Overall, the study began with 815 5"
graders (48.5% males and 51.5% females) and 596 6" graders (52.3% males and 47.7%
females).

The three classes in each grade of the study schools were arbitrarily assigned to one
of two treatment classes (Individual learning and Pair learning) or a Comparison class
(Table 1). The metacognitive instructional interventions were tested among the treatment
classes. Thus, the students in the treatment classes were trained by their teachers about
the strategies of carrying out the respective metacognitive activities at the beginning of
the intervention. The training for the GO group lasted for two 40-minute sessions, while
the training for the metacognitive reflection and metacognitive reading groups completed
within a 40-minute session. Then, students in the Individual learning classes were

instructed to carry out the metacognitive activities individually while those in Pair
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learning classes were carrying out similar activities in pairs. Students in Comparison

classes were not involved in metacognitive activities.

Lesson and Course Planning

The course plans and daily lesson plans of the units of both grades covered in the
study were prepared during the pre-intervention training. Each of the three 5" grade
teachers who attended the pre-intervention training had already prepared their own
annual plans for the grade at the end the previous academic year. These teachers and the
researcher revised the three annual plans and prepared a single one to be uniformly used
by all three teachers. Based on the new annual course plan, we decided to include the first
three units of the five-unit curriculum. The three units were distributed into 14 weekly
plans. Since four of the 30 weekly sessions (40 minutes each) are assigned to Science, the
14 weekly plans were further divided into 56 daily lesson plans.

Likewise, the 6™ grade participating teachers and the researcher prepared a new plan
during the pre-intervention training. According to the new annual plan, the first four units
of the seven-unit curriculum were selected to be covered in the study. Then, the units

were distributed into 15 weekly plans, yielding atotal of 60 daily lesson plans.

Contents Covered during the Intervention
Grade 5: The three units covered during the study were Breathing and Respiration,
Human Nervous and Endocrine Systems, and Animal Reproduction. The contents of each
unit are indicated as follows.
Unit 1 Breathing System and Respiration: This unit included breathing and organs of

breathing (nose, nostril, trachea, bronchi, bronchioles, alveoli); inhalation and exhalation;
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gaseous exchange and composition of inhaled and exhaled air; respiration; artificial
respiration (the need and procedure); smoking and respiratory health; and, respiratory
diseases (common cold, influenza and tuberculosis). The unit was provided with three
activities and five exercises.

Unit 2 Human Nervous and Endocrine Systems: The unit provided a brief background
of human nervous and endocrine systems, including the nerve cell (structure, types and
functions); the central nervous system (the brain—gross anatomy and functions of
cerebrum, cerebellum and hypothalamus, and the spinal cord-gross anatomy and
functions); reflex action; and, the effects of excessive alcohol consumption on the
functioning the three parts of the brain. Likewise, the endocrine system includes topics on
pituitary, thyroid, parathyroid, adrenal, pancreatic and reproductive glands. The location,
gross anatomy and secretion of each of glands were briefly addressed. The functions of
the major hormones secreted by each gland and the problems associated with over-
and/or under-secretion of the glands were also briefly included. The unit included one
activity and three exercises.

Unit 3 Reproduction in Animals: The unit covered the modes of reproduction in
insects, fishes, amphibians, reptiles, and birds. The topic on insect reproduction dealt
with complete and incomplete metamorphosis. The modes of metamorphosis and life
cycles of housefly, locust, mosguito, armyworm and honeybee were given. The harmful
effects of the housefly, locust, armyworm, and mosquito, and the economic importance of
honeybees and methods of apiculture (beekeeping) were also included. Reproduction of
vertebrates briefly considered the modes of fertilization (external or internal), birth

(oviparous or viviparous) and development. Basic techniques and methods of fish and
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poultry production were also included. The unit included two activities and five

exercises.

Grade 6: The four units covered in the study in grade 6 were Our Environment, Human
Diseases, Physical Properties of Matter, and Refraction. The contents of each unit are
described below.

Unit 1 Our Environment: This unit addressed current problems of the environment
such as overpopulation, air pollution and water pollution, and the mechanisms of control
of these problems. The problems were locally and nationally contextualized and included
topics on personal and community hygiene, roles of science and technology in solving
environmental problems, relationships among water, soil and vegetation and problems
associated with them, and, some recommendations for environmental rehabilitation. The
unit had end of unit exercises.

Unit 2 Human Diseases: This unit dealt with diseases that are prevalent in Ethiopia. It
began by providing the definition of disease, describing communicable and non-
communicable diseases, listing causative agents of communicable diseases (viruses,
rickettesia, bacteria, protozoa, worms and fungi), and explaining symptoms of diseases.
The diseases addressed were: (@) airborne diseases (pneumonia, influenza and measles);
(b) waterborne diseases (cholera, amoebic dysentery, ascariasis, and bilharziasis); ()
food-borne diseases (giardiasis, shigellosis, and tapeworm), and, (d) diseases transmitted
by vectors and other agents (malaria, rabies, typhus, trachoma and fungal diseases).
Causative agents, modes of transmission, symptoms, effects, and methods of prevention
and treatment of each disease were given. The life cycles of some of the causative agents

were also included. Moreover, food hygiene and potable water treatment methods were
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addressed. The unit included three end-of-topic exercises.

Unit 3 Physical Properties of Matter: The unit isdivided into six topics, namely: (a)
the state of matter—gases, liquids and solids as well as their salient characteristics; (b)
volume—definition, unit of measuring volume and methods of calculating volumes of
geometrical and non-geometrical objects; (c) mass—definition and the units of measuring
mass, (d) density—definition, formula for calculating density, units of measuring density
and relative density (definition and formula); (e) floating and sinking (why objects float
or sink); and, (f) pressure—definition, formula for calculating pressure, unit of measuring
pressure and pressure in solids, liquids and gases. The unit was supported by examples,
four exercises, and eight activities.

Unit 4 Refraction: This unit had three topics, refraction, lenses, and magnifying
instruments. Refraction explained how light rays behave when passing from one
transparent medium to another and provided a brief introduction to mirages. The second
topic, lenses, dealt with the nature of concave and convex lenses and the types of images
formed by those lenses (real or inverted). It also briefly described the anatomy and
functioning of the eye and the role of lenses in correcting sight problems. The last topic
discussed instruments that are made of lenses such as cameras, hand lenses, microscopes,

and telescopes. The unit had two activities and two exercises

Incorporating of the M etacognitive Instructional M ethods
The metacognitive activities were integrated into the lesson plan sequence used by the
schools as recommended by the Bureau of Education. A typical lesson plan employed by
the participating teachers contained four stages or activities. These were: Introduction,

Presentation, Stabilization and Evaluation. Hence, the metacognitive activities were
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incorporated so asto support one or more of the classroom activities of atypical lesson
plan. Graphic organizers were incorporated during Stabilization stages of the lessons.
Sometimes such activities were provided to the students as homework assignments. In
general, after ateacher did introduce a lesson (Introduction) and taught it using any
appropriate method of her/his choice (Presentation), the students in the treatment classes
were required to summarize the lesson using one or more of the GOs (Stabilization).
Finally, the teacher would finish the lesson by providing evaluation questions
(Evaluation).

In the case of the metacognitive reflection model, metacognitive activities were
included during the Introduction and Stabilization stages of atypical lesson. During the
Introduction part of a given lesson, the students were invited to reflect on their ideas,
understandings and beliefs about the lesson topic. Then, after teaching the lesson using
any appropriate method (Presentation), the students were asked to compare their pre-
instructional understandings and beliefs with post-instructional ideas and concepts
covered during the Presentation stage and provide their reflections by stating the
scientific conceptions (Stabilization). Then, the lesson would be completed by providing
evaluation questions (Evaluation).

The metacognitive science reading strategy was incorporated as students completed
reading assignments for forthcoming lessons and took summary notes to be able to
participate during instruction. Then, after the lessons were introduced (Introduction), the
students were invited to be involved in the Presentation of the lesson. During this stage,
the teachers were guiding their studentsto reflect on their pre-reading beliefs and

thoughts about the reading topic, explain the main ideas and concepts of the topic they
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read, and compare their pre-reading beliefs and post-reading understandings. Finally, the
teachers were required to complete the lessons by providing summary points

(Stabilization) and evaluation questions (Evaluation).

Data Sources
Qualitative data

The intervention lasted for 14 weeksin grade 5 and 16 weeks in grade 6, lagging by
one week from the planned time. Qualitative data sources of the study include researcher
non-participant observation data, teacher notes on student reflections, student products
and teacher reflections. The purposes of non-participant observations were to: (a) check
whether or not the teachers were teaching according to the design of the study by
incorporating the metacognitive activities, (b) observe the abilities of the studentsin
carrying out the metacognitive activities, and (c) record students products (such as GOs)
and reflections. The participating teachers were also recording samples of the pre-
instruction/pre-reading and post-instruction/post-reading reflections provided by students.
A limited amount of teachers' reflections about the use of GOs were also included. Then,
the qualitative data was examined to evaluate whether the interventions were carried out

as planned and triangulated with the quantitative data.

Quantitative data
Students’ prior school performance (considered as pre-test) and post-intervention
tests scores were the sources of quantitative data. Students' prior school performances
(PSP) scores were computed using their average scores from the core subjects of the
previous academic year. The records of the students were obtained from the record

offices of the schools and the average scores of the core subjects were recalculated after
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the scores of non-core subjects (i.e. Aesthetics, Civics and Physical Education) were
dropped. The core subjects for grade 5 are Amharic (Ethiopia s federal working
language), Tigrinya (instructional and mother tongue language of the students), English,
Mathematics and Environmental Science. These subjects congtitute about 87% of the
weekly schedule. Likewise, the core subjects for grade 6 are Amharic, Tigrinya, English,
Mathematics, General Science, and Social Studies, covering about 73% of the weekly
schedule.

Pogt-intervention test scores constituted the major source of quantitative data. The
post-intervention tests were developed for investigating knowledge and comprehension,
application and transfer abilities of the students. Moreover, sudents' retention abilities
were investigated by comparing the scores of the Immediate and Delayed test-groupsin
each class. Thus, the post-tests for each grade included 10 true or false, 10 fill inthe
blank, 30 multiple choice and 10 short answer items; distributed into Knowledge/
Comprehension, Application, and Transfer tests (20 items each), each administered as
separate tests. (The tests are indicated in Appendix A and B).

While questions in the Knowledge and Comprehension tests required students to
recall or know facts, the Application tests required applying what one learned in a
slightly different situation (i.e. context transfer) or to a new situation that was not
identical to the learning situation (i.e. near transfer). Questions in the Transfer tests
required applying one' s learning to situations not similar to the original situation (i.e. far
transfer) (Haskell, 2001). The questions were developed according to the elementary
science question development guide indicated in Victor and Kellough (2000). Two

primary school science curriculum experts approved the content validity of each test. The
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experts have a good deal of expertise in the Ethiopia’s elementary school science
curriculum. They worked as writers and evaluators of science textbooks for both grades.

The questions for 5™ graders were pilot tested with a sample of 30 students from two
non-study classes of school-1, and those for 6™ graders were pilot tested with a sample of
30 students from two non-study classes of school-4. Questions that were answered by
20% of the students or fewer were revisited, and some modifications were made to make
them clearer. The amount of time required to complete each test was also decided. Thirty
minutes was allotted for Knowledge/Comprehension tests of both grades. While 35
minutes each was given to the Application and Transfer tests of 5" graders, 45 minutes
each was allotted for those of 6™ graders.

The intervention began with 815 5th graders and 596 6" graders. Some of these
students were older than the legal ages of the Ethiopian education policy (about 14%) and
were excluded from the quantitative study. Hence, only 5" graders from 10 to 13 years
old and 6™ graders from 11 to 14 years old were included. Overall, 696 5" graders (49%
males, 51% females) and 519 6™ graders (53% males, 47% females) were selected for the
guantitative study. Then, the students in each class were divided into Immediate and
Delayed test-groups. After the students in each class were ranked based on PSP scores,
those with odd ranks were assigned to Immediate test-groups while those with even ranks
were assigned to Delayed test-groups. The mean PSP scores of the Immediate and
Delayed test-groups in each class were nearly comparable.

By the end of the intervention, students were given seven daysto study for the tests.
At the end of Day Seven, the students in the Immediate test-groups were told to come for

the tests next day and took the three tests one by one with about 30 minutes recess
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between each. The researcher and participating teachers supervised the tests. Studentsin
the Delayed test-groups waited to take the same tests 24 weeks after the completion of
the intervention without being required nor informed to make additional preparations.

The numbers of students who completed the post-intervention tests were 996 (49%
males and 51% females), constituting 82 % of the population selected for quantitative
study. The author and one participating teacher scored the tests. The interrater reliabilities
of the scores of the various groups were 0.94 to 0.99. Scores of PSP and post-
interventions tests were analyzed using one-way ANOV A and Post-hoc comparisons
using Least Significant Difference (LSD), at significance level of p < 0.10.

The findings of the study are presented in three Articles. Article 1 presents the
findings of the study on the effects of GOs on learning primary school science. Article 2
provides the results of the study on the effect of Metacognitive Reflection for Conceptual
Learning Model, while Article 3 reports the contribution of the Metacognitive Science

Reading Checklist on learning primary school science.
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ARTICLE 1

GRAPHIC ORGANIZERS:

METACOGNITIVE TOOLSIN LEARNING PRIMARY SCHOOL SCIENCE

Desta Berhe Sbhatu

North Carolina State University



ABSTRACT

SBHATU, DESTA BERHE Graphic Organizers. M etacognitive Toolsin Learning
Primary School Science. (Under the Direction of Professor John E. Penick.)

This study investigated the effectiveness of graphic organizers (GOs) as metacognitive
instructional toolsin learning science among primary school students (age 10-14 years)
in Mekelle, Ethiopia. Sx classes of grade 5 and three classes of grade 6 were involved.
Sudentsin each grade were assigned into two treatment classes (Individual and Pair
learning), or Comparison class. Teaching of treatment classes involved metacognitive
activities requiring students to summarize lessons using GOs while the Comparison
classes were taught through traditional methods. Sudents in Individual learning classes
were carrying out the activities individually, and those in Pair learning were doing the
same in pairs. Non-participant observation, teacher’ s reflections and student work were
the sources of qualitative data. Prior school performance and post-test scores of
Immediate and Delayed test-groups constituted quantitative data. Quantitative data
analyses of scores of the Immediate test-groups showed that the intervention helped
studentsin Individual treatment classes perform better in ‘application’ type tests than
those in comparison classes. The contribution of the intervention did wane among the
Delayed test-groups. Sudy of qualitative data showed that the metacognitive activities

fostered students' conceptual under standing and active participation.
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Introduction

There is no tendency among researchers to use similar terminologies for denoting
similar graphic displays of information. Researchers and teachers usually opt to develop
and describe their own text or information displaying visuals, while there exists a
consensus to call all kinds of spatial arrangements or graphic displays of information or
concepts ‘graphic organizers (GOs) (Cyrs, 1997). The unifying element of GOs as visual
illustrations of verbal statements is the arrangement of information containing words or
statements that are connected graphically to yield a meaningful diagram (Horton, Lovitt,
& Bergerud, 1990).

Graphic organizers present concepts in ways that are easily communicated (Katayama
& Crooks, 2003). Concept maps and V ee diagrams constitute the most common GOs
used and studied in science education (Wandersee, 1990). Jones, Pierce, and Hunter
(1988/89) identified a number of other GOs; namely spider maps, fishbone maps,
network trees, compare/contrast matrices, problem—solution outlines, human interaction
outlines, and cycles, that could be used in science instruction and other subject areas.
Sinatra (2000) and Gil-Garcia and Villegas (2003) provide more or less similar listings

and descriptions of GOs.

Graphic organizersin teaching and learning
Graphic organizers have emerged as a basis of successful learning strategies that help
learners organize, abstract, and reflect upon expository information (Trowbridge &
Wandersee, 1998). They are becoming important in promoting the teaching and learning
processes across levels, subject-areas, and learners’ characteristics. Graphic

representations such as concept mapping can be used successfully: by individuals or in
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teams; with concepts, events, and social relationships; with young children and adults; in
schools with teachers, students and researchers; in corporations with workers and
managers,; and in everyday life (Hartman (20014a). They facilitate the teaching and
learning of textual materials (Hartman, 2001b; Kim, Vaughn, Wanzek, & Wei, 2004) and
problem solving (Hartman, 2001b). GOs help learners see the relationships of key
concepts more readily and economically (Cyrs, 1997), and help them to communicate
information more clearly (Eden & Potter, 2003). The graphic representation of networks
of related ideas (schemata) of a reading facilitates understanding and interpretation of
what isread (Hartman, 2001b).

Therole of GOs in eliciting higher-level thinking and facilitating retrieval of
information from memory is well documented, because they peculiarly provide both
verbal and visual information that complements class discussion and text (Fisher, Frey, &
Williams, 2002). GOs are also described as inexpensive teaching and learning tools as
they link prior knowledge, foster active learner participation, and promote understanding
of conceptual relationships to facilitate comprehension (Kirylo & Millet, 2000). And,
they are instructional organization tools available for teachers and proven to be effective
in inclusive classrooms (Baxendell, 2003) across al levels and subject areas. GOs (such
as concept maps) can serve as important sources of information for teachers about the
organization and the contents of student knowledge, by which they can identify and
correct student misconceptions (Boxtel, Linden, Roelofs, & Erkens, 2002; Kinchin,
2000a; McClure, Sonak, & Suen, 1999).

Many argue that students should be introduced to strong metacognitive learning

strategies, such as concept maps, which enable them to create structural representations
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of the knowledge they acquire and facilitate their transition from passive to engaged and
thoughtful learning (Zele, Lenaerts, & Wieme, 2004). GOs allow thinkers, readers, and
writersto translate ideas and concepts into visual graphic displays that are manageable to
understand (Sinatra, 2000). By way of their importance as a means of creating interactive
teaching—learning setting as well as fostering engaged and thoughtful learning, GOs are
recognized to be powerful metacognitive tools used to enhance understanding (Novak,
2002; Sirias, 2002; Wandersee, 1990). Graphic representations help people learn and
learn how to learn (Wandersee, 1990). Concept mapping, the GO that has been
extensively studied and used in science education, is described as a metalearning strategy
based on The Ausubel-Novak—Gowin theory of meaningful learning, a major
psychological theory in science education, which focuses on helping students learn how

to learn science (Wandersee, 1990).

Considerationsfor incorporating GOs asinstructional tools

Studies that incorporated GOs as instructional methods resulted in positive outcomes
across levels, subject areas, and learner characteristics (e.g. Baxendell, 2003; Braselton &
Decker, 1994; Chang, Sung, & Chen, 2002; Crawford & Carnine, 2000; Griffin, Malone,
& Kameenui, 1995; Hoffman, 2003; Katayama & Crook, 2003; Odom & Kelly, 2001;
Tekkaya, 2003; Willerman & MacHarg; 1991).

Incorporating GOs in an instructional process is an important issue that deserves
critical attention. The following five considerations are indicated in the literature. First,
GOs are effective instructional tools only when employed consistently, coherently, and
creatively (Baxendell, 2003). This author explained that the use GOs has to be consistent

within and across subjects, where the relationships of the concepts or ideas are clearly
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and coherently indicated. The creativity of teachersto include GOs in various learning
stages and settings is also described as important. Baxendell further stated that students
are more likely to retain contents presented through GOs when those tools are inviting.

Second, the use of GOs should not be restricted. They can be used for various
purposes such as brainstorming to begin a new lesson, as a method of presentation of a
lesson, or as a means of summarizing one (e.g. Ward & Wandersee, 2002b). While the
usual practice of including GOs is for brainstorming, some researchers argue that GOs
must be given some time after atext has been read rather than before (Robinson,
Katayama, Dubois, & Devaney, 1998). A brief review on secondary reading research by
Hoffman (2003) indicated that students comprehension abilities are promoted when they
are required to summarize graphically what they have taught. GOs can also be provided
to students as study guides. Moreover, students can be required to design, complete or
correct GOs in class work or homework assignments, exams or other students' activities
(Baxendell, 2003; Chang, Sung, & Chen, 2002; Katayama & Crook, 2003; Marchand-
Martella, Miller, & MacQueen, 1998).

Third, when GOs are used as a post-reading activity, teachers need to let their
students think about the kind of GO that can be produced out of a given lesson, a key
metacognitive component (Hoffman, 2003). This requires teachers to make sure that
students can employ GOs while learning. Hence, it is recommended that teacher
modelling and guided practices precede student independent activities using GOs
(Braselton & Decker, 1994; Marchand-Martella, Miller, & MacQueen, 1998).

Fourth, science education research usually focuses on the use of one or two of the

various types of GOs. In practice, nonetheless, the use of one or two of the GOs is not

52



sufficient. Baxendell (2003) studied the effects of four GOs; namely, cause—and—effect
diagrams, sequence charts, main—idea—and—detail charts, and compare/contrast diagrams,
and reported encouraging results. Teachers and instructors may need to use various GOs
in their instruction.

Lastly, whether teachers and instructors have arepertoire of GOs or are going to try
to use some, the presence of explicit guidelines is helpful. Egan (1999) provided
extensive guidelines for using GOs in teaching, stating that: (a) teachers should be
authentically prepared about the preparation and use of GOs before presenting themto a
class, (b) GOs must promote classroom social interaction through cooperative learning,
(c) the selection of GOs must be based on the nature and objective of the lesson, the
interest of the students, and the ability of the teacher to use them, and (d) the use of GOs
must be extended to organize non-print information. Egan gave a Six-Step Topical Guide
for developing GOs, each accompanied by a metacognitive self-question to help students

and teachers include all relevant concepts of atopic.

GOsin the present study
Four of the GOs listed and described in Jones, Pierce, and Hunter (1988/89), Gil-
Garciaand Villegas (2003) and Sinatra (2000), namely: (a) concept maps, (b)
compare/contrast matrices, (¢) series of events/processes chains, and (d) cyclical
representation, were employed in this study. These GOs were employed as tools of lesson
summary or stabilization. Thus, throughout the course of the intervention the
participating teachers required their students to develop GOs as part of classroom

activities and/or homework assignments.
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For this purpose, each of the GOs was modelled and exemplified for the students by
the participating teachers at the beginning of the intervention. Explicit and direct
instruction to students about the use of GOs is known to be very essential (Rock, 2004).
Moreover, the students were provided with a guideline (as indicated in Table 2) for
selecting, developing and evaluation of GOs for any topic. Since the purpose of this study
was to employ GOs as metacognitive tools of instruction and to seetheir effects on
learning, the guidelines entail that teachers and students be engaged in metacognitive

guestions when planning, developing, and evaluating the GOs.

Table2. Regulatory Checklist for devel oping GOs while learning science

Phase Guiding Questions

1. Planning . Did | understand the main idea/concepts of the lesson?
Can | figure out the supportive ideas/concepts of the lesson?
Which type of GO should | use to summarize the lesson?
Why should | use this GO?
Can | use another GO? Why or why not?

2. Executing Does the GO:
: Begin with the main idea/concept?
Include al the supportive ideas/concepts?
Make sense?
Summarize the lesson?

3. Evaluation . Did the GO summarize the ideas/concepts of the topic?
Did the GO include all the ideas/concepts of the topic?
Isthe GO clear to me? Can | explain it to my friend? My teacher?
Would | need to modify my GO? Why?

Purposes of the study
The study investigated the effects of GOs as metacognitive instructional toolsin
learning primary science (grades 5 and 6) under large class-size in poorly equipped

Ethiopian classrooms. Moreover, it looked at the effectiveness of GOs under two learning
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settings; namely, individual and pair cooperative learning. Thus, the study addressed the

following questions.

(1) As compared to more traditional instruction, did the intervention yield better overall
learning gains among students of Ethiopia’s large class-size primary schools (grade 5
and 6)7?

(2) Did the treatment classes perform better on higher order thinking teststhan did the
comparison classes?

(3) Did the intervention help students in the treatment classes to better retain learned
content than those in comparison classes?

(4) Wasthe instructional method more effective in pair learning setting as compared to
individual learning setting?

(5) Did the intervention produce similar positive outcomes in both grades?

M ethodology
This study was conducted in two primary schools (school-1 and school-2) in Mekelle
(Ethiopia). During the time of study, school-1 enrolled over 4,800 students while school-
2 had over 3,000 students. The study began with two science teachers and 203 students
from three classes of grade 5 and 200 students from three classes of grade 6 in school-1,

and one science teacher and 197 students from three classes of grade 5 in school-2.

Pre-intervention training on metacognitive instructional methods
The purpose of the pre-intervention training was to enable the participating teachers
to employ metacognitive instructional methods. While the 5 grade teacher from school-

1 did attend the pre-intervention training, the 6" grade teacher from the same school and
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the teacher from school-2 received the training a week later. (Details about the training
are indicated in the methodology section.) After the teachers completed the training, they
were provided with guidelines for incorporating GOs in their teaching. They were also

instructed to write reflective journals about the intervention.

Participating teachers

As indicated above, two science teachers from school-1 were assigned to participate
in the study. However, the 6™ grade teacher withdrew from participating and a substitute
from the same school was included.

The 5™ grade teacher from school-1 was a 45-year old female with a teaching service
of 26 years. Though she was certified to teach any subjectsin grades 1 through 6, the
current Ethiopian Education and Training Policy (ETP) requires her to teach in grades 1
up to 4. Nonetheless, due to shortage of qualified teachers, she has been teaching General
Science in grade 5 for the last three years. She had atotal load of 24 periods (40 minutes
each) per week throughout the intervention period, teaching General Science for five
classes of grade 5 and one class of grade 6.

The 6™ grade teacher was a 50-year old male with a teaching service of 28 years. He
was certified to teach any subjectsin grades 1 to 6, but the current ETP requires him to
teach in grades 1 through 4. Due to shortage of teachers, he was teaching grade 6 General
Science for the first time. During the course of the intervention the teacher had a total
load of 20 periods per week, teaching five classes of grade 6. Since this teacher began the
intervention aweek later, he was given a three-hour training on the use of GOs as
metacognitive instructional methods, and the strategies of incorporating these methods in

his daily lesson plans and methods of reflective journaling.
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A 5" grade female teacher from school-2 began to work with the GOs a week later as
per her request. She was 37 years old, earned her primary teacher education certificate in
1984 to teach any subjectsin grades 1 to 6. She obtained a college diploma in Biology in
July 2004. Though she had taught science in grades 1 to 4 for some years before, thiswas
her first time to teach General Science in grade 5. During the intervention, she had a total
teaching load of 24 periods. She was given a three-hour training on the use of GOs as
metacognitive instructional methods and the strategies of incorporating these methods in

her daily lesson plans to commence.

Participating students

The majority of students of school-1 and school-2 were from low-income families.
While the students from school-1 belonged to inner-town, those from school-2 were from
outer-town neighborhoods. There were 10 classes of grade 5 in school-1, half assigned to
the 5™ grade participating teacher; and 10 classes of grade 6, half assigned to the 6™ grade
teacher. There were 6 classes of grade 5 in school-2, all assigned to the participating
teacher. Three classes were randomly selected from each group for the study. Then, the
three classes were arbitrarily assigned to: (a) Individual Learning class, (b) Pair Learning
class, or (¢) Comparison class.

The students of the treatment classes (i.e. Individual and Pair learning) were given a
2-session training (each session lasting 40 minutes) on the use GOs (i.e. concept maps,
compare/contrast matrices, series of events/process chain and cyclical representations) as
metacognitive tools for learning science prior to the beginning of the intervention. The
training began by describing each of the GOs, followed by guidelines for constructing

GOs. Each of the GOs was modeled for the students. The students were then provided
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with the guidelines indicated in Table 1 to construct GOs when required throughout the
course of the study. Studiesthat dealt with the effects of GOs on learning begin with
more or less similar methods of pre-intervention training (e.g. McClure, Sonak, & Suen,

1999; Willerman & MacHarg, 1991).

Contents covered during the intervention
Details about the preparation of the annual course plans and daily lesson plans, as
well as the descriptions of the contents covered during the study are indicated in the
methodology section. The three units covered in grade 5 were Human Breathing System,
Human Nervous and Endocrine Systems, and Animal Reproduction. The four units
covered in grade 6 were Our Environment, Human Diseases, Physical Properties of

Matter, and Refraction.

I ncorporating the GOs as metacognitive instructional methods

Magjor activitiesin atypical daily lesson are: (@) Introduction, (b) Presentation, (c)
Stabilization, and (d) Evaluation, with metacognitive activities incorporated to support
one or more of these instructional activities. In this study, the metacognitive component
was incorporated for sabilizing the lessons. Sometimes, such activities were provided to
the students as homework assignments. Thus, after ateacher introduced alesson
(Introduction) and taught it using any appropriate method of her/his choice
(Presentation), the students in the treatment classes were required to summarize the
lesson using one or more of the GOs (Stabilization). Kinchin (2000b) contends that
incorporating GOs at this level, to support other classroom activities, is excellent as it
considers large amount of information. Studentsin Individual learning classes were

required to carry out the metacognitive activities individually, while those in the Pair
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Learning classes were required to do the same in pairs. Allowing students to construct
concept maps to demonstrate their depth of understandings is usually recommended (e.g.
Kinchin, 2000c). Students of the Comparison classes were not involved in doing
metacognitive activities. Instead, the teacher would give summary points on the
important ideas and concepts of the lesson. Lastly, the teacher would finish the lesson by

providing evaluation questions (Evaluation).

Data sources
Non-participant observation data collected by the researcher was the major source of
gualitative data. Samples of student work and brief reflections of the teachers are also

included. Prior school performance and post-test scores constitute the quantitative data.

Qualitative data collection, analyses and findings
Non-participant observation
Observations were carried out by the researcher to: (a) check whether or not the
teachers were teaching according to the design developed for this research, (b) observe
the abilities of the students in carrying out metacognitive activities, and (c) record some
GOs developed by students. Overall, atotal of 35 observations, each lasting about 40
minutes, were carried out in the intervention classes and the data were examined in

relation to the above objectives.

Did metacognitive activities incorporated according to the guideline?
A total of 15 and 12 non-participant observations were carried out in the intervention
classes of grades 5 and 6, respectively, of school-1. Eight observations were conducted in

school-2. Observation data were recorded in field notes and later expanded and written in
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computer files. Then, the data were sorted and grouped according to teaching behaviors
of the teachers. Sorting and grouping the teachers' activities yielded four routines: (i)
Recap of Previous Lesson or Pre-instructional Questioning, (ii) Lesson Presentation, (iii)
Metacognitive Activity, (iv) Lesson Evaluation. These routines represent the four phases
of classroom instruction, as per the plan of this study.

Thirteen of the 15 observations in grade 5 of school-1 were summarized. Analyses
showed that metacognitive activities were incorporated during Stabilization phasesin all
13 lessons. Moreover, metacognitive activities were part of Recaps in eight of the 13
lessons. Likewise, the metacognitive component was part of the teaching activitiesin all
of the lessons observed in grade 6. Furthermore, in all of the lessons observed in school-2
students were required to summarize what they had learned using GOs. These show that

the metacognitive method was incorporated as planned.

Were teachers capable of guiding their students?

Analysis of the non-participant observation revealed that the 5" grade teacher from
primary school-1 properly guided her studentsin 12 of the 13 observations sessions,
while the 6™ grade teacher from the same school guided his students in nine of the 12
lessons observed. The second 5™ grade teacher from school-2 provided clear guidance in
four of the eight lessons. The abilities of the teachers in guiding their students and
providing models of GOs did develop during the study period. Thus, aong the course of
the intervention the guiding abilities of the teachers were getting more clear, automatic,
and precise. These suggest that the teachers were capable of teaching using GOs as

metacognitive tools and learning from their use.
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Were students capable of learning through GOs?

Few students in either grade demonstrated ability at summarizing contents using GOs
at the beginning of observation. Thus, the GOs developed at that time could only indicate
important concepts without showing appropriate hierarchical relationships. In 12 of the
13 observation sessions among 5" grade classes of school-1, many students were seen as
capable of developing GOs out of the lessons they learned. Similarly, in nine of the 12
sessions observed in grade 6 of the same school, the involvement of the students was
encouraging. In the case of 5™ graders of primary school-2, student participation was
evident in four of the eight observations. Along the course of the intervention, non-
participant observation showed that: student participation was boosted, GOs were getting
more complete, and abilities to identify the appropriate GO were becoming automatic.
Overall, observation data could fairly show that the students were involved in their own
learning through GOs. Examples of GOs developed by students are included in the

discussion section of the report.

Reflective journal
The participant teachers were required to write reflective journals about their
experiences, impressions, challenges, and feelings when using GOs as metacognitive
instructional methods. They were also asked to record observations on how their students
were engaged in metacognitive activities. However, they were unable to carry out these
taskson adaily basis. Hence, the teachers from primary school-1 provided avery brief

reflective journal. Excerpts of these journals are included in the discussion section.
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Student work
Graphic organizers constructed by students in class activities were collected during
non-participant observation sessions. Additional GOs developed by students as
homework assignments were also collected. Samples of GOs are included in the

discussion section.

Quantitative data collection, analyses, and findings

Between 65 and 68 students per class participated in the study. However, only those
students around the legal ages as per Ethiopia’s education policy (i.e. 11Y*? and 12
years for 5" and 6™ graders, respectively) were selected for the quantitative study. Thus,
5™ graders from 10 to 13 years old and 6" graders from 11 and 14 years old were
included in the quantitative study. Students were divided into Immediate and Delayed
test-groups based on prior academic performance scores (Details are given in Article 2).

Students' mean scores of the core subjects of the previous academic year (i.e. prior
school performance (PSP) scores) were used as pre-test scores. The method of collection
and the rationales of including prior academic performance scores are explained
elsewhere (Article 2). Scores of end-of-intervention tests (i.e. post-test scores of the
Immediate and Delayed test-groups) were the major sources of quantitative data. Post-
intervention testing compared the comprehension, application, transfer, and retention
abilities of students. Thus, three tests each containing 20 questions were prepared. The
first test was a knowledge/comprehension type, while the second and third ones
comprised application and transfer questions, respectively. Details about the preparation
of the questions, the piloting of the tests and the methods of administering the tests are

givenin Article 2.
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The intervention lasted for 14 weeksin grade 5. Students in the Immediate test-
groups sa for the tests at the end of the 15" week. In grade 6, on the other hand, the
intervention was completed by the end of the 16" week. Thus, the students in the
I mmediate test-groups took the tests at the end of the 17" week. Studentsin the Delayed
test-groups of both grades sat for the same tests 24 weeks after the end of the
intervention. Because of high attrition, students of the Delayed test-groups of primary-
school-2 did not complete the tests as planned. The author and one participating teacher
scored all the tests. The interrater reliabilities of the scores of the various test-groups
ranged from 0.94 to 0.99. Then, PSP and post-test scores were analyzed using one-way
ANOV A followed by Post-hoc comparisons using LSD at an a priori significance level of

p < 0.10. Findings of the quantitative analyses are presented below.

Post-test performances the Immediate test-groups

5" graders of school-1

Analyses of mean PSP and post-test scores revealed some variability (Table 3). Post-
ANOV A comparison showed that the mean PSP score of the test-group from the
Comparison class (67.43; SD = 13.08) is significantly higher than the mean PSP score of
the test-group from the Individual learning class (60.81; SD = 10.46) at p < 0.05. But, the
mean post-test scores of the test-group from the Comparison class were not statistically
different from the mean post-test scores of the test-groups from the treatment classes

(Table 4).
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Table 3. Mean (and SD) scores of 5™ graders of Immediate test-groups of school-1 and ANOVA

summaries
Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Foy P
PSP (100%) 60.81 (10.46) 64.13(11.63) 67.43(13.08) 1997 .143
Know./Comp. Test (25 pts) 6.75 (2.78) 6.89 (2.63) 6.57 (2.82) .083 921
Application Test (25 pts) 5.80 (2.66) 5.81 (2.35) 6.18 (2.48) 174 .840
Transfer Test (25 pts) 4.54 (2.67) 5.63 (2.54) 5.64 (2.13) 1736 .183
Total Score (75 pts) 17.08 (6.32) 18.33 (5.88) 18.39 (5.32) 412 .664

Table 4. Comparison matrices of mean scores of 5™ graders of Immediate test-groups of school-1

using LSD
Variables
PSP Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
PL 294 1 852 1 987 1 107 1 437 1

CC .050* .328 1 817 685 1 597 611 1 124 992 1 443 975 1
NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
* = Differences are significant at p < 0.10.

5™ graders of school-2

Similar one-way ANOV A analyses were carried out using the scores of participating
students from primary school-2. The mean PSP scores of the test-groups of the three
classes were stetistically comparable (F, s1) = 0.439; p < 0.646). Even though ANOV A
of the pogt-test scores showed comparably pronounced F-values (1.322 to 2.195) (Table
5), Post-hoc comparisons revealed that only the Application mean score of the test-group
from the Individual learning class (5.58; SD = 1.94) was statistically higher than the score

of the test-group from the Comparison class (4.55; SD = 1.75) at p < 0.053 (Table 6).
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Table 5. Mean (and SD) scores of 5™ graders of Immediate test-groups of school-2 and ANOVA

summaries
Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, s1) p

PSP (100%) 60.96 (8.07) 61.12 (9.12) 63.01 (9.76) 439 .646
Know./Comp. Test (25 pts) 6.13 (1.83) 6.33(2.21) 5.50 (1.97) 1.322 272
Application Test (25 pts) 5.58 (1.94) 4.73(2.02) 455 (1.75) 2195 .118
Transfer Test (25 pts) 4.29(1.87) 4.95(1.84) 4.27 (1.42) 1475 235
Total Score (75 pts) 16.00 (4.46) 16.02 (4.57) 14.32 (3.46) 1512 .227

Table 6. Comparison matrices of mean scores of 5™ graders of |mmediate test-groups of school-2

using LSD
Variables
PSP Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
PL 948 1 715 1 103 1 155 1 988 1

CC 409 431 1 252 121 1 053 721 1 965 135 1 46 128 1
NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
* = Differences are significant at p < 0.10.

6™ graders of school-1

Analyses of PSP and post-test scores showed that the |mmediate test-groups had
comparable mean PSP scores (F, 65 = 0.145; p < 0.865) while variations are evident in
the post-test scores of Knowledge/Comprehension, Application and Transfer tests (Table
7). Statistically significant differences are observed between mean Knowledge/
Comprehension scores of the test-group from the Pair learning class and the one from the
Comparison class at p < 0.085, mean Application scores of the test-group from the
Individual learning class and the one from the Pair learning class at p < 0.021, mean

Application scores of the test-group from the Individual learning class and the one from
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the Comparison class at p < 0.083, and mean Transfer scores of the test-group from the

Individual learning class and the one from the Pair learning class at p < 0.088 (Table 8).

Table 7. Mean (and SD) scores of 6™ graders of Immediate test-groups of school-1 and ANOVA

summaries
Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, es) p

PS Performance (100%) 61.05(13.48) 61.71(11.34) 62.54(12.89) .145 .865
Know./Comp. Test (25 pts) 10.69 (4.16) 11.83 (4.10) 9.94 (2.88) 1537 .222
Application Test (25 pts) 8.37 (3.14) 6.50 (2.47) 7.00 (2.43) 2.983 .057*
Transfer Test (25 pts) 6.63 (2.75) 5.36 (2.44) 5.84 (2.29) 1528 .224
Total Score (75 pts) 25.70 (8.59) 23.69 (7.65) 22.78 (5.56) .983 .380

* = Differences are significant at p < 0.10.

Table 8. Comparison matrices of mean scores of 6™ graders of Immediate test-groups of school-1

using LSD
Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
PL 929 1 309 1 021 1 088 1 355 1

CC 682 617 1 487 .08* 1 .08 523 1 276 506 1 173 671 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
* = Differences are significant at p < 0.10.
Post-test performances of the Delayed test-groups

5" graders of school-1

Prior school performances of the Delayed test-groups are somewhat variable.
Nonetheless, one-way ANOV A indicated that the variations are not statistically
significant (Fp, 65 = 1.182; p < 0.313) (Table 9). Mean post-test scores of the test-groups
from the Pair learning and Comparison classes are comparable. Mean Application and

Transfer scores of the test-groups from the Individual learning class are comparably
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lower than the test-groups from the Pair learning and Comparison classes. Post-hoc
comparisons disclosed that mean Application score of the test-group from the Individual
learning class (5.19; SD = 1.46) is statistically significantly lower than that of the test-
groups from the Pair learning (6.46; SD = 3.08) and Comparison (6.85; SD = 3.05)
classesat p<0.097 and p < 0.039, respectively. Similarly, the mean Transfer score of the
test-group from the Individual learning class (4.65; SD = 2.01) is significantly lower than
the score of the test-group from the Pair learning class (5.97; SD = 2.45) a p < 0.067

(Table 10).

Table 9. Mean (and SD) scores of 5" graders of Delayed test-groups of school-1 and ANOVA

summaries
Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fo, e5) p

PS Performance (100%) 62.48 (11.66) 64.77(11.98) 68.03(12.22) 1.182 313
Know./Comp. Test (25 pts) 6.33 (2.89) 5.73 (3.09) 6.30 (2.77) 314 732
Application Test (25 pts) 5.19 (1.46) 6.46 (3.08) 6.85 (3.05) 2512 .089*
Transfer Test (25 pts) 4.65 (2.01) 5.97 (2.45) 5.51 (2.92) 1.784 176
Total Score (75 pts) 16.17 (4.59) 18.16 (7.06) 18.66 (6.74) 1.033 .362

* = Differences are significant at p < 0.10.

Table 10. Comparison matrices of mean scores of 5" graders of Delayed test-groups of school-1

using LSD
Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
PL 509 1 478 1 097 1 067 1 270 1

CC 130 370 1 970 523 1 .039* 622 1 249 542 1 188 .788 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
* = Differences are significant at p < 0.10.

67



6™ graders of school-1
One-way ANOV A and Post-hoc comparisons of PSP and post-test scores of the

treatment and comparison classes showed no significant variations (Tables 11 and 12).

Table 11. Mean (and SD) scores of 6" graders of Delayed test-groups of school-1 and ANOVA

summaries
Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, 54 p

PS Performance (100%) 58.69(9.54) 59.71(10.21) 63.26 (14.56) 727 .488
Know./Comp. Test (25 pts) 10.12 (2.78) 8.57 (3.13) 9.14 (3.43) 1.368 .263
Application Test (25 pts) 6.28 (1.86) 7.08 (2.60) 6.82 (2.05) .718 493
Transfer Test (25 pts) 5.40 (2.47) 5.57 (2.00) 5.96 (2.13) .290 .749
Total Score (75 pts) 21.80(5.31) 20.97 (6.74) 21.93 (5.49) .095 .910

Table 12. Comparison matrices of mean scores of 6" graders of Delayed test-groups of school-1

using LSD
Variables
PS Performance ~ Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
PL 767 1 105 1 240 1 857 1 728 1

CC 247 3H4 1 367 58 1 486 .728 1 464 554 1 950 .705 1
NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

Comparing performances of the Immediate and Delayed test-groups
5" graders of school-1
Comparisons of mean scores of the Immediate and Delayed test-groups of each
treatment class are given in Table 13. ANOV A and subsequent Post-hoc comparisons

showed no statistically significant differences.
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6™ graders of school-1

Summary of ANOV A and Post-hoc comparisons of the PSP and post-test scores of

the Immediate and Delayed test-groups of the treatment and comparison classes are given

in Table 14. ANOV A of PSP scores of the Immediate and Delayed test-groups in each

classrevealed no significant statistical difference between the means. Nonetheless,

comparisons of post-test scores of the two test-groups in the Individual learning class

revealed significant differences in Application (F1, 42y = 6.794; p < 0.013 and in mean

Total scores (F1, 42 = 3.083; p < 0.087). In the case of the test-groups from the Pair

learning class, statistically significant difference was observed in mean Knowledge/

Comprehension scores (F1, 44y = 9.174; p < 0.004). But none of the mean post-test scores

of the Immediate and Delayed test-groups of the Comparison class showed statistically

significant differences.

Table 13. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 5™
graders of school-1

Treatment STest- PSP Know/Comp Application  Transfer Total
Classes group Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Individua 1(n=28) 60.81(10.46) 6.75(2.78) 5.80(2.66) 4.54(2.67) 17.08(6.32)
Learning 2(n=24) 62.48(11.66) 6.33(2.89) 519(1.46) 4.65(2.01) 16.17(4.59)
Fa, 50 0.297 0.278 1.022 0.027 0.351
p-value 0.588 0.600 0.317 0.869 0.556
Pair 1(n=27) 64.13(11.63) 6.89(2.63) 5.81(2.35) 5.63(254) 18.33(5.88)
Learning 2(n=24) 64.77(11.98) 5.73(3.09) 6.46(3.08) 5.97(245) 18.16(7.06)
Fa, 49) 0.037 2.093 0.713 0.233 0.010
p-value 0.848 0.154 0.403 0.631 0.923
Comparison  1(n=22) 67.43(13.08) 6.57(2.82) 6.18(2.48) 5.64(213) 18.39(5.32)
2(n=20) 68.03(12.22) 6.30(2.77) 6.85(3.05) 551(292) 18.66(6.74)
Fa, 40 0.024 0.096 0.613 0.025 0.022
p-value 0.879 0.758 0.438 0.875 0.883

$= 1, Immediate; 2, Delayed
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Table 14. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 6™

graders of school-1

Treatment $Test-grou] PSP Know/Comp.  Application  Transfer Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Individua 1(n=23) 61.05(1348) 10.69 (4.16) 8.37(3.14) 6.63(2.75) 25.70(8.59)

Learning 2(n=20) 58.69 (9.54) 10.12 (2.78) 6.28(1.86) 5.40(247) 21.80(5.31)
Fa, 22 0.425 0.271 6.794 2.355 3.083
p-value  0.518 0.606 0.013* 0.133 0.087*

Pair 1(n=23) 61.71(11.34) 11.83(4.10) 6.50(2.47) 5.36(244) 23.69(7.65)

Learning 2(n=23) 59.71(10.21) 8.57(3.13) 7.08(2.60) 5.57(200) 20.97(6.74)
Fa, 49 0.099 9.174 0.615 0.080 1.427
p-value  0.754 0.004* 0.437 0.778 0.239

Comparison 1 (n=25) 62.54(12.89) 9.94(2.88) 7.00(243) 5.84(229) 22.78(5.56)
2(n=14) 63.26 (14.56) 9.14(3.43) 6.82(2.05) 5.96(213) 21.93(5.49)
Fa, 37 0.025 0.595 0.054 0.028 0.212
p-value  0.874 0.446 0.818 0.869 0.648

$= 1, Immediate; 2, Delayed
* = Differences are significant at p < 0.10.

Discussion

The outcomes of qualitative and quantitative data analyses are discussed in relation to

the questions of the study. Thus, each question constitutes atheme for discussion.

Did the intervention yield better overall learning gains?

The first objective of the study was to investigate the contribution of metacognitive

instructional intervention using Graphic Organizers (GOs) for learning gains in science

among 5" and 6™ grade students (10-14 years olds) in some populous, large class-size

primary schools in Ethiopia. Previous studies on the contribution of GOs to learning

pointed out positive outcomes. For instance, a study by Willerman and MacHarg (1991)

with middle school students reported learning gains when concept mapping was used as

an advance organizer in physical science with 8" graders. Students in the treatment group

70



were taught atwo-week introductory physical science unit through concept mapping. The
same introductory unit was given to a comparison group through classroom discussion
without employing concept mapping. The treatment group scored significantly higher on
an end-of-unit test.

Similarly, Ward and Wandersee (2002a) studied the effects of a metacognition-based
visual learning model called Roundhouse Diagramming for teaching science to low
achieving middle school students. The diagram contains a central part representing a
conceptual turntable where the central theme is put, seven outer sectors where concepts
associated to the central theme, and graphic icons that remind the learners about the
concepts. After sudents were taught how to use the Roundhouse diagrams, they used it to
represent abstract or complex information from their science curricula. In the course of
constructing Roundhouse diagrams, students were expected to be involved in
metacognitive endeavors such as recognizing the problem, analyzing the problem,
making suggestions and inferences, and making decisions to select materials needed to
solve the problem. When student expertise on the use of Roundhouse diagrams improved,
their science achievement did as well.

The authors (Ward & Wandersee, 2002b) examined the effects of the model in
science learning among grade six students over a 10-week intervention. Like the previous
intervention, students were required to recognize the main ideas within science lessons,
breaking down the information into interrelated segments and linking each portion to an
iconic image. The intervention led to better conceptual understanding of the science topic
addressed. Similarly, Eden and Potter (2003) report that 4™ and 5™ graders who were

allowed to draw generative pictorial representations about conservation of energy
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performed statistically better on conceptua understanding tests than their counterparts
who were required to write a science log. Furthermore, an instructional intervention
where GOs were employed to help grade 8 students organize their thoughts and ideas
promoted critical thinking (Collier, Guenther, & Veerman, 2002).

Another study demonstrated that concept mapping by a group of inner-city, low
achieving 7" graders improved their comprehension scores by about seven standard
deviations when compared to atraditional learning group (Gaustello, Beasley, & Sinatra,
2000). A previous study in the Gaza Strip reported a similar finding, as students (median
age 13) who constructed concept maps following the teacher’ s introduction performed
better on post-tests than those who were taught via teacher lecture (Elhelou, 1997).
Furthermore, an inquiry on the effect of concept mapping on biology achievement and
anxiety reduction among 10™ graders indicated that students taught through concept
mapping significantly outperformed those taught via traditional/expository teaching
strategies (Jegede, Alaiyemola, & Okebukola, 1990). In another study 10" graders who
constructed concept maps following teacher explanation in a five-week topic on acids and
bases outperformed their counterparts who were taught via traditional teacher-dominated
method (Cakir, Uzuntiryaki, & Geban, 2002).

In the case of the present study, qualitative data showed that the metacognitive
intervention had positive contributions to the learning of the students. Quantitative data
partly support qualitative data. Considering the |mmediate test-groups of 5™ graders from
school-1, the difference between the mean PSP scores of the test-group from the
Comparison class (67.43, SD = 13.08) and the mean from the Individual learning class

(60.81, SD =10.46) was datistically significant (p < 0.050). However, the mean Total
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post-test scores of these groups were satistically comparable (Tables 3 and 4), implying
the intervention enabled the Individual learning group to eliminate the difference due to
prior academic performance. In line to this argument the 5" grade teacher from school-1
notes:
In general, the performance of the students taught using the metacognitive
instructional method has boosted. Those students who were not taught using the
method did not perform as those taught using the method. It would have been better

had all of the classes been taught using the metacognitive method (11 Dec 2004,
Translation).

In the case of 5™ graders from school-2 and 6™ graders from school-1, differences in
mean PSP and Total scores between the treatment and comparison classes lacked
statistical significance. These data indicate that the intervention has no contribution in the
overall performance. Analyses of scores of the Delayed test-groups of both grades of
school-1 could not show that the treatment classes were benefited by the intervention.

Not all metacognitive interventions using GOs yield consistently anticipated
outcomes for various reasons. For instance, Chang, Sung, and Chen (2002) studied the
learning effects of three concept-mapping methods (i.e. map correction, scaffold fading
and map generation) among 5™ graders. The performance of the map generation group
(which required generating concept maps like ours) did not differ from the performance
of the comparison group. Furthermore, using concept mapping while learning
electrochemistry among final year secondary school students from Belgium did not
benefit students (Brandt, et al., 2001). Likewise a study by Markow and Lonning (1998)
investigated whether concept-mapping activities can help first-year college chemistry
students understand concepts included in the experiments they perform. The experimental

group constructed pre- and post-lab concept maps, while the comparison group wrote
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essays on the concepts about the experiments. End of intervention achievement tests did

not yield significance differences between the groups.

Did treatment classes perform better in higher order thinking tests than
comparison classes?

Metacognitive instructional intervention could promote meaningful learning as better
performances in higher order thinking tests are reported when GOs were employed to
support instruction. For example, a study among high school biology students indicated
that instructional interventions using concept maps yielded significantly higher
performance on application-like items rather than on knowledge and comprehension
types (Schmid & Telaro, 1990). Also, when 5" graders who were required to read and
recall novel social studies content while receiving explicit instruction supported by GOs
performed better on measures of transfer than those who received basal instruction
without GOs (Griffin, Malone, & Kameenui, 1995).

The second question of this study was to see whether the intervention classes perform
better in higher thinking tests. When we look at post-test performances of the Immediate
test-groups of 5" graders from school-1, the mean post-test performance in Application
and Transfer tests of the Comparison class are better than those of the Individual and Pair
learning classes. Though we could see some contribution in overall post-test
performance, there seems to be no apparent benefit of the intervention in helping the
treatment classes to perform better than the Comparison one in higher order thinking
teds. It seemsthat prior academic background outweighs the effect of the intervention.

In the case of the participants from school-2, the test-groups from the treatment

classes performed better than the test-group from the Comparison class in Application
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and Transfer tests. In fact, the difference in mean Application scores of the test-groups
from the Individual learning class (5.58, SD = 1.94) and the Comparison class (4.55, SD
=1.75) issignificant at p < 0.053 (Tables 5 and 6). In this case, the intervention has some
contribution in fostering students' ability to tackle higher level thinking problems.

Likewise, the performances of the |mmediate test-groups of 6™ graders of school-1
clearly indicate that the Individual learning class is benefited. The mean Application
score of the test-group from the Individual learning class (8.35, SD = 3.14) is statistically
significantly greater than that of the test-group from the Comparison class (7.00, SD =
2.43) a p <0.083) (Tables 7 and 8). On the other hand, the intervention had no apparent
effect on student performance in the Pair learning class. With regard to the Transfer tests,
the treatment classes did not perform better than the Comparison class.

Now let uslook at the performances of the Delayed test-groups of both grades from
primary school-1. Since the mean Application and Transfer test scores of the test-groups
of the treatment classes in grade 5 were either statistically comparable to or lower than
the scores of the Comparison class, no contribution can be implied. The case with 6"
graders shows that the mean Application and Transfer scores of the test-groups from the
treatment and comparison classes were statistically comparable. In this case too, no

apparent contribution is evident.

Did the intervention help the treatment classesto better retain learned

content than comparison classes?
An important objective of instruction is to enable students to retain what they have
learned in the classroom. A study by Baxendell (2003) and his co-teacher revealed that

4™ graders exposed to GOs demonstrated improvement in their content retention abilities.
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One of the purposes of the present study was to investigate the contribution of
metacognitive instructional intervention in promoting retention abilities of primary
school students (10-14 years olds) when learning science. The effect of the intervention
on retention was studied by comparing the difference in mean Total post-test scores of
the Immediate and Delayed test-groups in each of the treatment classes in relation to the
difference in mean Total post-test scores of the Immediate and Delayed test-groups of the
Comparison class.

In grade 5 of school-1, it is evident that the Immediate test-group from Individual
learning class benefited from the intervention. However, comparing the differencesin
mean Total post-test scores of the Immediate and Delayed test-groups of the three classes
could not show that the treatment classes are benefited in terms of retention in any way.
In grade 6, the difference in mean Total post-test scores of the Immediate (25.70, SD =
8.59) and Delayed (21.80, SD = 5.31) test-groups of Individual learning class, is
statistically significant at p < 0.087 (Table 14). Data of the Immediate test-group showed
that the Individual learning class was benefited by the intervention, which faded in the
Delayed test-groups. Even though some studies showed that metacognitive instructional
methods promote retention of learned concepts (e.g. Adey & Shayer, 1993; Georghiades,

2000, 2004), this study seems to have negative effect in relation to retention.

Was the instructional method more effective in pair learning setting?
From the perspective of social constructivism a community of learners constructs
meanings. Thus, instructional interventions or practices that promote group learning
should result in better learning gains. Based on this premise, the study predicted that Pair

learning classes will benefit more from the intervention than Individual learning classes.
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Since long-term positive effect was not observed, comparisons on the effect of the
learning setting (Individual or Pair) were made using post-test scores of the Immediate
test-groups. In grade 5 of school-1, the method yielded some benefit among the
Individual learning classes. In grade 6, the test-group from the Individual learning class
performed better than the test group from the Pair learning class in Application and
Transfer tests (Tables 7 and 8). Though no apparent difference in mean Total score was
observed between the Individual and Pair learning classes of 5" graders of school-2, the
first had significantly higher mean Application test score (5.58, SD = 1.94) than the
Comparison group (4.55, SD = 1.75) at p < 0.053 (Tables 5 and 6). Thus, the pair
cooperative learning setting did not produce results as predicted.

Non-participant observation revealed that the involvements of the studentsin the pair
learning setting were not balanced. In the Individual learning class, all students usually
made their own effortsto complete the metacognitive tasks and come up with some kind
of product. In the case of the Pair learning classes, the proactive student of a given dyad
completed the activities while the shy one usually remained passive. In support of this
observation, the fifth grade teacher from school-1 wrote the following notein her

reflection journal:

In the Pair learning class, the students usually get off-task and do not carry out
activities in dyads. The studentsin a dyad usually do their activities independently
(Translation, 17/Dec/ 2004).

One could understand the problem of the teacher in charge to attend to each dyad and
guide them to work cooperatively when there were 65 to 68 sudentsin class. Arguably
the unbalanced participation of the students in this learning setting might negatively

affect their overall performances in post-tests.
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In fact, al intervention studies on the effects of collaborative learning settings, using
GOs or otherwise, do not yield consistent outcomes. One study which assessed the
effectiveness of concept mapping and object manipulation as learning strategies among
6™ grade science students showed no significant differences between the scores of the
individual and team concept mappers on immediate and delayed (32 days later) post-tests
(Ritchie & Volkl, 2000). In another sudy where high school students were required to
solve stoichiometric problems individually (comparison) and in groups (treatment) found
no significant differences (Tingle & Good, 1990). Furthermore, an inquiry on the effects
of group size (individuals, dyads and quads) on the learning of science process skills
using microcomputers among 7" and 8" graders did not yield any statistically significant
differences among their post-test scores (Berge, 1990).

On the other hand, a study on the effects of collaborative concept mapping strategies
with Taiwanese primary school students (5" and 6™ graders) showed that better
performance was evident among groups where the mapping task was restricted to one
member (Chiu, 2004). Similarly, a study that assessed the contribution of a group mastery
learning model as compared to an individual mastery model among 10" graders when
learning two biology topics (i.e. cells and plants) came up with two different findings.
While the group mastery model group outperformed the individual mastery model group
in end-of-intervention tests on cells, the reverse was true in a post-test on plants
(Lazarowitz, Baird, Bowlden, & Hertz-Lazarowitz, 1996).

Another explanation for this pattern scemsto be the prior school performance. When
we consider the post-test performances of the treatment classes among 5" graders in

school-1 in relation to the prior academic performances, the class with lower mean PSP
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score benefited more from the intervention. An investigation on the effect of concept
mapping on science achievement with middle school students reported better
performance among lower ability students than higher ability ones (Snead & Snead,
2004). Likewise, research on the effect of using concept maps as study tools on
achievement in chemistry among 10™ graders showed that low achievers performed better
(BouJaoude & Attiech, 2003). Previously, Schmid and Telaro (1990), in a study with
high school students, came up with similar findings. Moreover, areview of studies
conducted between 1990 and 2002 that dealt with the contribution of GOs showed that
GOs benefit students with low verbal ability or low prior knowledge more than students
with high verbal abilities or high prior knowledge (O’ Donnell, Dansereau, & Hall, 2002).
The fact that the students in the Individual learning class had lower prior academic
performance, thus benefited more, could partly be a confounding factor when

investigating the effects of learning setting.

Did the intervention produce similar positive outcomesin both grades?

One important point to highlight here is that the metacognitive intervention could be
employed with primary school students and produce encouraging outcomes. Non-
participant observation, teachers’ reflections, and student work indicated that the method
is workable and productive under populous, poorly enriched primary schools
classrooms.

The outcomes of the intervention seem to be quite consistent in both grades, though
not al as predicted. The contribution of the metacognitive intervention was more
apparent among the Immediate test-groups of the Individual learning class. Better

learning gains (in terms of overall performance scores) and better achievement in higher
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order thinking (in terms of Application and Transfer test scores) were observed among
the Individual learning classes. On the other hand, the intervention did not yield any
benefit in terms retention ability. Moreover, the pair learning setting could not yield the
predicted outcome. There appeared to be some confounding factors that hinder the

benefits of pair learning.

What did the qualitative data show?
Study of qualitative data depicts that the intervention promoted better conceptual

learning and fostered student involvement.

Better student conceptual learning

Various studies incorporating GOs resulted in positive outcomes across levels and
subject areas. Besides increased post-intervention performance, GOs further student
ability to summarize concepts and understand their interrelationships. In the present
study, samples of GOs produced by students revealed students understanding of
hierarchical relationships of concepts. Students became capable of organizing their
understandings by including the important concepts. Studies among students around the
age of 10-15 years reported findings that support our observations. Baxendell (2003) has
reported that instructional intervention using concept mapping promoted fourth graders
organizational skills. In our case, the inclusiveness and clarity of GOs developed by the
students increased along the course of the intervention. After repeated practice, students
in both grades were able to identify appropriate GOs for a given topic almost
automatically and summarize the topics with considerable ease. In support of this

assertion the 5™ grade teacher from school-1 stated that:
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The students are capable of summarizing topics using concept mapping, compare/
contrast matrix and chain-of-events techniques. On the other hand, since not much of
the contents are suitable to be summarized using cyclic representations, not many
students are using it (11 Dec 2004, Translation).

GOs that depict the progress of students' knowledge and creativity are provided.
Examples of concept maps developed by 5™ graders during the third and fourth weeks of
the intervention are given in Figures 1 and 2. In Figure 1, we see the important concepts
indicated, but each is not placed in its proper hierarchy. The linking phrases. ‘compounds
init’” and ‘diseases caused by it’ are included in boxes and the latter one is misplaced. In
Figure 4, each of the conceptsis placed in its proper hierarchy. However, the concept
map lacks linking words or prepositions between the upper and subordinate concepts.
While the left-handedness of the language of instruction (where the verb comes at the end
of a sentence) could make the construction of concept maps somewhat difficult, those
developed toward the middle and end of the intervention are more complete, where
concepts are placed in more appropriate hierarchical positions linked by appropriate

prepositions or words (e.g. Figures 3-4).

Note:

1. Cigarette smoking (it)
: Compoundsin it

- Nicotine

: Carbon monoxide
cTar

: Diseases caused by it
: Pneumonia

: Bronchitis

: Asthma

© 00 N O O B~ W N

Non-participant observation:
6 Oct 2004.

Figure 1. Concept map drawn by 11-year old boy from Individual learning class of school-1
during the 3" week of theintervention
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L9740
NHovhAng
hTITYL

ai i 3
Note : Airborne diseases; 2 Common cold; 3 Influenza; % Tuberculosis; > Virus; ©:

Proper diet; ”: Virus; & Proper diet; ®: Bacteria; *°: Treatment. Note that linking words
or prepositionsat ‘@ and ‘b’ are missing. Non-participant observation: 12 Oct 2004.

Figure 2. Concept map drawn by 11-year old boy from Individual learning class of school-1
during the 4™ week of the intervention

yqat Note:
Y Insects
2 Reproduce by two
methods
nTm T 9L ’ Thof reproduce by
complete
'e'd' (et metamorphosis
* Th oduce b
Sgoan Aa-at “anesran Ao-ml incooﬁqep{éﬂ Hee y
PCY. Ny PC e metamorphosis
° Develop following
l l four stages
® Develop following
SACAOT T2 0NeT ‘aan- ¢e o three stages
AChIT ATTrkaeye ACh T Fhirkaese | TEgg
£.90¢ £90¢ o F99
Larva
10 and Nymph
7 B " and Pupa
( ATPRAN K ) ( AWTRAAh ) 2 A dults
B Adults
ac 107.9°637
TRy Gq-ne.. ':@ﬂr‘r'rMD
BoNe. 15T 7 e9e From student
assignment

Figure 3. Concept map drawn by 11 and 13 year old girls from Pair learning class of school-1
during the 7" week of intervention
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Note:

! Reptiles

2: by Sexual means
3: by Internal means
b 4: Snake, python

8e g ﬂrh [ XV ER ?\ N7l & reproduce

: fertilize

‘: examples

-ﬂmfﬁ a P
oYLl

Non-participant observation: 13 Dec 2004

Figure 4. Concept map drawn by 12-year old girl from Pair learning class from school-1 during
the 13" week of theintervention

nage geca
LCU
MCh DT 8A0L-Ch Aoy 9eCOim
LCU ™ LCU- LCU
6’77\'7 7'm 27 6 790 4=a»-7~ 9'7'm£, 1°bs’ ”'i:{\'i:{\ 12@{\@:
Peh N2 XY 0.5 32 5-7 32 éoih £, At
Note: % Poultry; % Traits of hens; *; Poultry house; *: Benefits; °: for Meat; ® for Eggs; ': for Meat and egg; & for

Young, 0.5 m% ° for Adults, 5-7 m? % Job creation; ™: Source of manure; *: Source of income; Non-participant
observation: 20 Dec 2004.

Figure 5. Concept map drawn by 12-year old girl from Individual learning class of school-1
during the 14™ week of theintervention

Moreover, examples of compare/contrast matrices and sequential representations are
given. Compare/contrast matrices drawn by studentsto summarize the locations,
hormonal secretions, functions and problems associated with under or over secretions of
six human endocrine glands, as shown in Figure 6, were impressive. The figure shows
compare/contrast templates drawn by three students for summarizing the main points of
the endocrine glands. In all cases, the important comparing characteristics are included.
But it is evident that the best sequence of the comparing characteristics is shown in
Figure 6(c). Matrices to compare and contrast the parts of the brain and the members of a

community of honeybees were also remarkable. Students were also able to include: the
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transmission of a nerve impulse, procedure of preparation of fish culture, and
reproduction of frogs and reptiles in a series of events/process chains. The sequence of

events by which frogs reproduce and develop is given in Figure 7, as drawn by two 12-

year old boys.
LF b, TN | HEAGA-LI PCPST | HCh-A- 03 | HAd(-29° 0177-T
Comparing Variable Functions | Hormones they secrete L ocations Problems
1 ;%176 Pituitay
2.

(a) Template drawn by 11 year old girl

AIENGT ot | P0G | NCha 0 | NEATAPI PCPST 0177+
Endocrine glands Functions | Locations Hormones they secrete Problems
1 ;%176 Pituitay
2.

(b) Template drawn by 11 year old boy
K1&NGTT oI | ANL gChlr NEAGA-LI® PCPST | F20et | 0171
Endocrine glands L ocations Hormones they secrete Functions Problems
1 ;%176 Pituitay
2.

(c) Template drawn by 11 year old boy

Non-participant observation: 27 Oct 2004

Figure 6. Compare and contrast templates drawn by three students from Individual learning class
of school-1

SPrRe-0n
Frog.

Al TNOJL 1 WIOTLL L0
The male presses down the female.

A WLl Al 18 WP oL
The femal e releases eggs into water.

A HAOIL HCA, LAL L
Then, the mae discharges spermsinto the eggs.

A RIR P GO TRTARL TTRAA THPC
Egg hatches into tadpole.

GO TRAFL BrRe0 THOCE
[Tadpole] grows into small frog.

Non-participant observation: 7 Dec 2004

Figure 7. Sequential representation of frog reproduction as drawn by two 12-year old boys from
Pair learning class in school-1
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Examination of student work showed that the advance of skills of producing GOs
among 6" graders was more or less similar to that of 5" graders. Since many of the topics
of grade six toward the beginning of the intervention were suitable to be summarized
using compare/contrast matrices, students were using this method commonly and
successfully. For example, atemplate usually used by the students for comparing or
contrasting two or more diseases is given in Figure 8. It provides students with the
opportunity to summarize and compare the salient features of the various diseases
indicated in their lessons. The students were aso able to summarize the characteristics of

the three states of matter as gases, liquids, and solids, using the compare/contrast matrix.

Z%¥ ch, Comparing Features h“79" 1Diseasel | ch“79° 2Disease? | ch”7¥° 3 Disease3
an9®dh, Causative agent

avan hAnd. Mode of transmission
J°ANT Symptoms

A0(."7 Effects

oo A’fiA, Prevention

Figure 8. Compare/contrast template usually used by 6" graders from school-1 to compare
different diseases
Along the course of the intervention, 6™ graders were also able to produce notably
impressive concept maps (refer to Figures 9 and 10). In line with this observation, the 6"

grade teacher noted:

Students read their texts well and summarize topics easily using GOs. They are
doing especially well when they use compare/contrast matrix and concept maps.
They are also doing relatively well using cyclic representation (17 Dec 2004,
Translation).

Zele, Lenaerts and Wieme (2004) reached a similar conclusion by saying ‘... once

students get acquainted with this [concept mapping] metacognitive learning tool, they can
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readily use it to structure any amount of information, enabling them to put large

structures of knowledge into perspective’ (p. 1061).

Note: The concept map in this
Figurerefersto rabies. It
includes concepts: ‘ pathogen’,
‘vector’, ‘symptoms’, ‘effects
and ‘prevention’ of rabies.
‘Pathogen’ linksto ‘virus' and
‘vector’ linksto ‘dog’, ‘ hyena
and ‘cat’. The concept
‘symptom’ linksto: ‘in
humans and ‘indogs’, where
seven symptoms are listed
under each carrier. * Effect’
linksto ‘death’ and ‘paralysis’;
and ‘prevention’ linksto six
means of preventing and
treating of rabies.

Figure 9. Concept map drawn by 14-year old girl from Individual learning class of school-1
during the 9" week of the intervention

2001 9851 avAnd

Sw-(v7 TN
07 PCUT AaLP9°

007 it AdPYE
-7 PCY, PNAI°T

Sw-(+7 Tl
o7 PCLT PNA

Note: % Matter; % Has three states; * Gases; *: Liquids; °: Salids; ®: Has no definite volume and definite
shape; ”: Have definite volume but not definite shape; & Have definite volume and definite shape.

Figure 10. Concept map drawn by two 12 year old girls from Individual learning class of school-1
during the 10" week of the intervention
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On the other hand, there are also studies that report the inability of students to
understand the interrelationships among concepts in interventions employing concept
mapping. A study by Lin and Hu (2003) with 7" graders (13 year olds) revealed that a
majority of the students had difficulties understanding the interrelationships among the
various concepts in relation to energy flow and material cycling. In our case, some
students had difficulties summarizing topics using GOs. The 6" grade teacher’ s reflection

supportsthis assertion. He stated that:

Few students still have difficulties to understand and master the use of GOs (17
Dec 2004, Tranglation).

A note by the 5" grade teacher indicates a more or less similar observation.

Better student participation
Another importance of the metacognitive intervention method isitsrolein
encouraging student involvement during the instructional process. Intypical Ethiopian
upper primary classrooms, instructional activities are teacher-centered, leaving students
to remain passive. The current education policy of Ethiopia promotes student-
centeredness across all level of education (MoE, 1994a, 1994b). Therefore, instructional
interventions that promote students' active involvement in their own learning are highly

welcomed by all stakeholders. In this case, the participating teachers stated that:

The instructional method is suitable because it is student-centered. ... it helps
students to grasp the ideas of atopic succinctly and understand them clearly and
effortlessly (5th grade teacher, 11 Dec 2004, Translation).

At the beginning, | [the teacher] had difficulties of teaching using the
metacognitive method. Since the method supports the instructional process by
promoting the involvements of the students, the ideas that come from the students
were helpful to me. ... the method is preferable because it is student-centered (6™
grade teacher, 17 Dec 2004, Translation).
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Where schools lack facilities to allow student hands-on activities, an instructional
intervention like ours is important to complement hands-on activities by mind-on ones.
Also, for teachers with limited and sometime no repertoire of instructional skills that

foster student active participation, this method is an important asset.

Implications for classroom practice and research

It is evident that the metacognitive instructional intervention could be employed
under the Ethiopian primary school settings with populous classrooms, thus potentially
yielding encouraging results. Moreover, it promotes student conceptual understanding
and active participation as well as serving as an alternative teaching repertoire for the
teachers. Thus, the instructional method can be introduced as a learner-centered
alternative to the schools. Nonetheless, caution must be taken when employing it with
cooperative learning. Teachers must ensure that students in cooperative learning settings
are equally engaged and carry out the instructional activities as required.

It would be legitimate to recommend that further studies on the effectiveness of this
method begin with groups of students who have comparative abilities or academic
performances. Therelatively higher prior school performances of comparison groups
might confound the effect of the intervention. The prediction that the intervention will
work better with pair learning settings could not be supported. A second prediction on the
contribution of the intervention on retention ability of the students also could not be

supported. This needs to be investigated further by addressing the limitations.
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ABSTRACT

SBHATU, DESTA BERHE. M etacognitive Reflection in Learning Primary School
Science. (Under the Direction of Professor John E. Penick.)

This study investigated the effectiveness of a metacognitive reflection model in learning
science among primary school students (age 10-14 years) in Mekelle, Ethiopia. Three
classes of grade 5 and three classes of grade 6 participated. Students in each grade were
assigned into two treatment classes (Individual or Pair learning) or a Comparison class.
Instruction in the treatment classes was supported by student metacognitive reflection
while the Comparison classes were taught through traditional methods. Whereas the
studentsin Individual learning classes were making metacognitive reflections
individually, those in Pair learning were doing the same in dyads. Non-participant
observation notes and student reflections constituted qualitative data. Prior school
performance and post-test scores of Immediate and Delayed test-groups comprised
guantitative data. Quantitative data analyses of scores of the Immediate test-groups
showed that the intervention helped students in treatment classes perform better in higher
order thinking and overall tests than those in comparison classes. The contribution of the
intervention diminished among the Delayed test-groups. Qualitative data revealed that
the metacognitive reflection activities advanced students' participation in stating and
explaining their beliefs and understandings about science topics, thus fostering
conceptual change learning. The report provides implications for classroom practice and

research.
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Conceptual changelearning

Conceptual change isthe basic tenet of constructivist learning theory in science
education. Pioneer models of conceptual change learning include Piaget’s ‘assimilation—
accommodation’ and Posner and co-workers' ‘ dissatisfaction—intelligibility—plausibility—
fruitfulness’, both based on epistemologies of learners (Liu, 2004). According to the
model of Posner and co-workers (Posner, Strike, Hewson, & Gertzog, 1982; Strike &
Posner, 1985), conceptual change learning occurs when learners become dissatisfied with
their pre-instructional alternative conceptions, while accommodating new onesthat are
intelligible, plausible and/or fruitful (Duit, 1999).

Later works, however, argue that conceptual change learning must involve multiple
dimensions. For example, Qian and Alvermann (2000) explained that conceptual change
learning in science involves cognitive processes as well as personal and social processes.
Tyson, Venville, Harrison, and Treagust (1997) contend that conceptual change learning
takes place in three-dimensional space and includes epistemological, ontological, and
social/affective domains. In alater review, Harrison and Treagust (2001) indicated that
conceptual change learning is explained from at least five theoretical perspectives,
namely: epistemology, ontology, motivation/social, development, and explanatory
coherence. For the purpose of showing how metacognition can be incorporated in an
instructional approach that promotes conceptual change, it would be helpful to show how
the first three theoretical perspectives affect conceptua change learning.

Conceptual change learning models based on learners epistemologies require
teachers to design instructional approaches that make learners’ pre-instructional

alternative conceptions explicit and introduce scientific conceptions that will explain the
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anomaly to promote dissatisfaction of the former and accommodation of the latter.
Planning a lesson for conceptual change learning requires teachers to know students' pre-
instructional alternative frameworks, the science conceptions to be taught, and the
differences between them (Asoko, 2002; Duit & Treagust, 2003; Georghiades, 2000;
Nussbaum & Novick, 1982). The role of the learnersin deciding the status of their own
pre-instructional alternative conceptions for making conceptual change is essential (Duit
& Treagust, 2003). Hence, instructional approaches that require students to reflect on the
status of their own alternative conceptions and the scientific ones (i.e. to be
metacognitive) and make decisions for conceptual change are helpful (Beeth, 1998; Beeth
& Hewson, 1999; Blank 2000; Lawson, 2001; Davis & Linn, 2000; Macbeth, 2000;
Schwartz, Lederman, & Crawford, 2004; von Secker & Lissitz, 1999; Weaver, 1998;

Y uruk, Ozdemir, & Beeth, 2003). Metacognitive teaching methods are important
instructional approaches because they facilitate conceptual understanding and
remediation of misconceptions (Novak, 2002).

The ontological dimension of conceptual change learning addresses the way learners
perceive the nature of the thing being studied. It considers how learners view the outside
world (Tyson, Venville, Harrison, & Treagust, 1997). The epistemological dimension
shows us that students usually hold frameworks that do not match with scientific ones.
Likewise, the ontological dimension shows us that students usually assign conceptsto an
ontological category to which they do not belong, such as assigning ‘earth’ to the
ontological category of physical object rather than the astronomical one (V osniadou,
1999), assigning ‘heat’ to the ontological category of matter rather than process (Chi,

Slotta, & de Leeuw, 1994), and, classifying ‘light, heat, and electric current’ according to
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material ontology (Slotta, Chi, & Joram, 1995). The re-assignment of conceptsto the
correct ontological category is known to be difficult in some cases. According to
Vosniadou (1999), ‘initial conceptual structures are supported by a system of interrelated
observations, beliefs, and presuppositions that form arelatively coherent and systematic
explanatory system, which works relatively well in the everyday world and is rather
difficult to change’ (p. 8). Harrison and Treagust (2001) contended that this problem can
be overcome in school science and provided evidence from a case study that supports
their contention. Instructional approaches that focus on helping students be aware of the
ontological category to which they assign their conceptions are recommended (Y uruk,
Ozdemir, & Beeth, 2003), where metacognition plays a key role in promoting awareness.
Students’ motivational beliefs about themselves as learners, the process of learning,
and the social dynamics of the classroom can facilitate or hinder conceptual change
learning (Pintrich, 1999; Tyson, Venville, Harrison & Treagust, 1997). Engaging
students’ interests, attitudes, and beliefs, and stimulating them to reflect on their own and
colleagues’ ideas and beliefs facilitate conceptual change learning (Mason & Boscolo,
2000). Pintrich (1999) provided five propositions on motivational factors of learning that
affect conceptual change. The propositions are indicated as follows:. (1) Adoption of a
mastery goal orientation should facilitate conceptual change, (2) Adoption of more
‘constructivist’ epistemological beliefs should facilitate conceptual change, (3)
Embracing higher levels of personal importance, value and interest should facilitate
conceptual change, (4) Adoption of higher levels of self-efficacy for learning should
facilitate conceptual change, and (5) Adoption of a belief in personal control of learning

should facilitate conceptual change (pp. 35—44). The fifth proposition is clearly
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metacognitive. Social dimensions, such as collaborative learning and student-student
interaction linked with motivational beliefs, are also important for conceptual change
learning (Beeth & Hewson, 1999; Krasmarski & Mevarech, 2003; Lonning, 1993;

Okebukola & Ogunniyi, 1994; Tyson, Venville, Harrison, & Treagust, 1997).

I ncor porating metacognitive reflection strategy

As indicated previously, teaching for effective conceptual learning requires teachers
to: (@) make learners’ alternative conceptions explicit, (b) show that such conceptions do
not fit accepted science understandings (create dissatisfaction) and (c) present the
scientific conceptions while explaining how they differ from the students' alternative
conceptions (Asoko, 2002; Duit and Treagust, 2003; Georghiades, 2000; Nussbaum and
Novick, 1982). Instructional models for conceptual change learning in science such as
Sequence Based on the Generative Learning Model, I nteractive Approach, and Science
Lesson Sequence in Japanese Classrooms provide students the opportunity to: make their
understandings explicit, reflect on these understandings (and test when necessary), and
reach consensus (Tytler, 2002).

An instructional model proposed by Ridgeway and Dunston (2000) has four
components, namely: elicitation of students' preconceptions, induction of conceptual
dissonance, interaction to refine conceptions and resolve conflict, and reformulation,
amendment, and extension of new concepts. These models not only consider students
prior conceptions but also ensure the awareness and active involvements of the learners.

Instructional strategies for conceptual change learning based on the ‘ dissatisfaction—
intelligibility—plausibility—fruitfulness model, usually make use of cognitive conflict

and/or learners’ existing ideas (Georghiades, 2000) in order to replace learners' pre-
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instructional alternative conceptions. Nonetheless, this approach does not completely
extinguish students pre-conceptions (Duit & Treagust, 2003) and findings about its
effectiveness are argued to be inconclusive (Zohar & Aharon-Kravetsky, 2005).
Moreover, it is doubtful whether every lesson can be supported by cognitive conflict and
whether every pre-instructional conception needs to be replaced. This is because some of
the pre-instructional conceptions may simply be enriched. Analogical reasoning (Lawson,
1993) has also been reported as a suitable instructional strategy promoting conceptual
change learning. Nonetheless, it would be practically difficult, as Clement (1993) argues,
to generate analogies for every science topic. Another strategy suggested for promoting
conceptual change learning is the use of conceptual change texts, which are designed for
remediation of misconception. In this case, students are asked to predict explicitly what
would happen in a situation before being exposed to information (and explanations)
inconsistent with their preconceptions (Sungar, Tekkaya, & Geban, 2001).

But, this method would arguably have limitations if employed across levels as it
considers only the common misconceptions already identified but not all the
misconceptions learners could have. Moreover, teachers or textbook writers usually
identify the misconceptions, which is not an effective way to address all possible student
preconceptions. After all, it would be difficult to prepare conceptual change textbooks for
every student in every science curriculum.

An instructional strategy proposed by Tsai (2000), called conflict maps, employs
discrepant events and resolves conflicts between students' alternative conceptions and
scientific ones using critical events and relevant perceptions and conceptions. This

approach is somewhat difficult for teachers with limited expertise as would be true in
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primary schools. These studies indicate that, as Asoko (2002) states, there are limitations
in translating knowledge about learning into more effective instructional strategies.

Even though the assumptions of conceptual change learning call for metacognitive
strategies and some researchers state that metacognition mediates conceptual change
learning (e.g., Duit, 1999; Georghiades, 2000; Novak, 2002), much work is yet to be
done. The present study focused on conceptual learning of primary school science from
the perspective of students epistemologies. Specifically, it dealt with the role of
metacognitive instruction in facilitating conceptual learning. The metacognitive
instructional approach was designed to help students reflect on their pre-instructional and
scientific conceptions in such away that they can assimilate and/or accommodate the
scientific frameworks. This approach is intended to help students reflect on their pre-
instructional conceptions and the concepts presented to them by the teacher or from their
readings so that they will easily acquire the scientific ones. Students' pre-instructional
conceptions would serve: (@) to create dissatisfaction for conceptual change or
restructuring, or (b) as prerequisite knowledge for acquiring new scientific conception
through assimilation and/or accommodation.

For this purpose, we developed an instructional model called Metacognitive
Reflection for Conceptual Change Learning (Figure 11) based on Posner and co-workers
dissatisfaction—intelligibility—plausibility—fruitfulness’ model (Posner, Strike, Hewson, &

Gertzog, 1982; Strike & Posner, 1985) and Piaget’s Cognitive Development model.
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Concept, Idea, Topic

Pre-Instructional
M etacognitive Reflection

Concept, Idea, Topic
Presentation

Post-instr uctional
M etacognitive Reflection

L Dissatisfaction and
Equilibrium Status Change

o Conceptual Change
Assimilation or Restructuring

Scientific Conception

Figure 11. Metacognitive Reflection for Conceptual Change Learning Model

The strategy requires students to provide reflections about the status of pre-and post-
instructional conceptions about science topics. When metacognitive reflection reveals

that the pre-instructional conceptions are pre-requisite knowledge, it is apparent that
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those new conceptions will simply be added to or integrated with the old ones
(assimilation). Such additions of new conceptions can result in or be avenues for
conceptual [change] learning. On the other hand, when metacognitive reflection on pre-
instructional conceptions leads to disequilibrium (or dissatisfaction), the pre-conceptions
are changed in response to the new conceptions (accommodation or conceptual
change/restructuring). These imply that when pre-instructional conceptions are different
from the post-instructional conceptions, metacognitive reflections will help learners
become conscious about the prevailing state of disequilibrium (e.g. Lawson, 2001). This
awareness about the state of disequilibrium will enable students to easily modify or
change their old understandings and create new scientific conceptions by accommodating
some or al of the contents given during instruction. Restructuring of the prior

conceptions without completely abandoning them is also a possibility.

The need for the present study
Metacognitive instructional methods are increasingly recognized as important
components to successful learning. Emphasizing the importance of metacognition in
educational practice, Jacobson (1998) writes:
Metacognition or knowing the process by which one learns is then vital to the
renovation of the current educational system. If we do not recognize what the

students know, what they believe that they know, or more important yet, what
they do not know, effortsto improve education will be futile (p. 583).

Based on this strong argument, the present study attempted to: (a) provide supplements
for global science education research and practice in metacognition and (b) complement

the deficiencies in science instruction in Ethiopia’s primary schools.

103



It is strongly argued that an active involvement of studentsin their own learning for
conceptual change would be achieved by including a metacognitive dimension (Lehtel4,
2001), because it fosters an interactive instructional atmosphere (Duit, 1999). Various
studies that incorporated metacognitive instructional approaches in science education
supported this assertion (e.g. Adey & Shayer, 1993; Georghiades, 2004; Neto & Valente,
1999; Osman & Hannafin, 1994; White & Frederiksen, 1998). In fact, the active
involvement (both physically and mentally) of learners in their own learning is congruent
with the basic tenet of inquiry science instruction in the US (NRC, 1996). This shows that
metacognitive instructional approaches are usually geared to support both inquiry and
conceptual change learning. Hence, from theoretical and practical perspectives of science
education, it is argued that appropriate metacognitive instructional intervention can yield
learning gains in any school setting and complement the lack of hands-on activities by
fostering more minds-on activities.

In addition to its contribution to global science education theory and practice, the
study was expected to support the efforts of primary science instruction in Ethiopia. The
fundamental issue in the current Education and Training Policy of Ethiopiaisto shift the
instructional practice from teacher-centered to learner-centered (MoE, 1994a, 1994b,
2002). Despite strong desire and various efforts to promote learner-centered instruction,
the poorly enriched and populous Ethiopian primary school classrooms as combined with
well-established teacher-centered instructional methods critically limit children’s learning
science by themselves. This requires us to seek alternatives that complement these

deficiencies. In this case then, appropriate metacognitive instruction was predicted to be
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an efficient approach to ensure learner-centeredness in science teaching under Ethiopia’'s

primary school settings.

Purposes of the study
The present sudy investigated the effects of a Metacognitive Reflection for
Conceptual Learning Model in learning primary science (grades 5 and 6, aged 10-14
years) under large class size and resources-limited Ethiopian school classrooms.
Moreover, it looked at the effectiveness of the metacognitive method under individual
and pair cooperative learning settings. Thus, the study addressed the following questions.
(1) As compared to more traditional instruction, did the intervention yield better overall
learning gains among students of Ethiopia’s large class-size primary schools (grade 5
and 6)7?
(2) Did the treatment classes perform better on higher order thinking teststhan did the
comparison classes?
(3) Did the intervention help students in the treatment classes to better retain learned
content than those in comparison classes?
(4) Wasthe instructional method more effective in pair learning setting as compared to
individual learning setting?

(5) Did the intervention produce similar positive outcomes in both grades?

M ethodology

The study was conducted in a complete primary school (school-4), located in Mekelle

(Ethiopia), which enrolled over 2600 students. The intervention began with two General
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Science teachers (a 5™ grade teacher and a 6™ grade one) and 395 (211 boys and 184

girls) students from three classes of grade 5 and three classes of grade 6.

Participating teachers

The fifth grade teacher was a 45-year old male with 21 years teaching experience in
primary schools. He is certified to teach science subjects in grades 5 through 8. He had
been teaching General Science and Biology at this level for the last 13 years. He had a
total teaching load of 30 periods (40 minutes each) per week throughout the intervention
period. He was teaching General Science to three classes of grade 5 and Biology to six
classes of grade 7.

The sixth grade teacher was a 44-year old female with a total teaching service of 20
years. According to the current Education and Training Policy of Ethiopia, her
gualification allows her to teach in grades 1 to 4. Nonetheless, she had been teaching
primary school science, namely: General Science, Biology and Chemistry in grades 5
through 8 for the last 13 years. She had a total teaching load of 30 periods per week
during the intervention period. She was teaching General Science and Aestheticsto five

classes of 6" graders.

Pre-intervention training on metacognitive methods
The principal objective of pre-intervention training was to enable the participating
teachers to employ the metacognitive instructional methods. Both teachers participated in
the pre-intervention training and preparations of annual course and daily lesson plans of
the contents covered in the study. (Details about the pre-intervention training are

indicated in the methodology section.) At the end of the pre-intervention training, these
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teachers were assigned to teach using the Metacognitive Reflection for Conceptual
Change Model. Then, they were provided with guidelines for incorporating the
Metacognitive Reflection method in their instructional practices. They were also briefed

on how to record students’' reflections when they employed the instructional method.

Participating students

The majority of the students came from low to medium income, inner-town
neighborhoods. There were six classes of grade 5 and five classes of grade 6 in the
school. Three classes were selected from each grade for the study. Then, the classes were
arbitrarily assigned to: (a) Individual learning class, (b) Pair learning class, or ()
Comparison class. The students in each of the treatment classes were given 40-minute
training through lecture and guided practice on the use of Metacognitive Reflection as a
method of learning science. Students were instructed to: (1) reflect on their ideas,
understandings and beliefs about a lesson topic before they are taught about it, (2) reflect
on their understandings about a lesson topic after they are taught about it, and (3) state
their pre-instructional understandings and beliefs with post-instructional ideas and
concepts, and maintain the acceptable ones. At the end of the training, the students were
provided with a guideline for metacognitive reflection (indicated in Table 15). They were

instructed to study the guideline so that they could use it automatically.
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Table 15. Regulatory checklist for using metacognitive reflection for conceptual learning

Lesson Topic:

Prior Knowledge
- What do | know about this topic/ idea/ concept?
- What understanding do | have about the topic/ idea/ concept?
- Can| tdl my understanding to my friend? My teacher?
- Ismy prior understanding intelligible? Plausible? Fruitful ?

Topic/ Ideas/ Concepts Presentation
- Isthere any difference between my prior understanding and what is presented now?
- What arethe differences? Can | tell it to my friend? My teacher?
- Aretheideas/ concepts presented intelligible? Plausible? Fruitful ?

Assimilation—Accommodation/ Conceptual Change/Restructuring
- How can | reconcile my prior understanding and what | learned now?
- Which of my prior ideas/concepts should I maintain?
- Which ones should | correct? And which ones should | abandon?

Output: Scientific Conception
- What understandings do | have now? Can explain it to my friend? To my Teacher?

Contents covered during the intervention
Details about the preparation of the annual course plans and daily lesson plans, as
well as the descriptions of the contents covered during the study, are indicated the
methodology section. Three units, i.e. (&) Human Breathing System, (b) Human Nervous
and Endocrine Systems, and (¢) Animal Reproduction were covered in grade 5. Likewise,
four units, namely: (a) Our Environment, (b) Human Diseases, (c) Physical Properties of

Matter, and (d) Refraction were covered in grade 6.

I ncorporating the metacognitive method
The major activities in the lesson plans with respect to the actual instruction were: (a)
Introduction, (b) Presentation, (c) Stabilization, and (d) Evaluation. The metacognitive
reflection activities were integrated to support one or more of these instructional stages.

Thus, they were incorporated in the Introduction and Stabilization part of the lessons. In
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the Introduction part of a given lesson, the students were invited to reflect on their idess,
understandings and beliefs about the lesson topic. After the teacher taught the lesson
using any appropriate method of her/his choice (Presentation), the studentsin the
treatment classes were asked to compare their pre-instructional understandings and
beliefs with post-instructional ideas and concepts covered in the lesson and provide their
reflections by stating the scientific conceptions (Stabilization).

Teachers play avital role in guiding students to make them aware of the differences
between their prior conceptions and the scientific ones (Hynd, Holschuh, & Nist, 2000;
Maria, 2000). Studentsin Individual learning classes were required to make these
reflections individually, while those in the Pair learning class were required to state their
reflections in pairs. Students in the Comparison classes were not required to make such
reflections. That is, no modification of the lesson plan was made for studentsin the
Comparison classes. Lastly, the teacher finished the lesson by providing evaluation

guestions (Evaluation). The modified lesson activities are indicated in Table 16 below.

Table 16. Lesson activities incorporating metacognitive reflection

Activities Treatment Classes Comparison Class

Introduction  Students reflect on their pre-instructional  Teacher introduces lesson
understandings, ideas, and beliefs.

Presentation  Teacher teaches |esson Teacher teaches lesson

Stabilization  Students reflect on their understandings of ~ Teacher gives lesson summary
the contents taught, compare their pre-
instructional understandings and beliefs
with the ideas and concepts presented, and
state the scientific ones.

Evaluation Teacher ends lesson by providing Teacher ends lesson by providing
evaluation questions evaluation questions
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Data sources
Non-participant observation data and student reflections recorded by the participating
teachers are the major sources qualitative data. Prior school performance and post-

intervention test scores are the sources of quantitative data.

Qualitative data collection, analyses and findings
Non-participant observation
The non-participant observation provided datato: (1) see whether or not the teachers
were capable of carrying out the lessons according to the guideline developed for the
study by which students were alowed to make pre- and post-instructional reflections, (2)
observe the capabilities of the students to make such reflections, and (3) record student
pre- and post-instructional reflections. A total of 13 observations were carried out in the

intervention classes and the data were examined in relation to the objectives.

Was the intervention carried out according to the guideline?

Overall, six and seven non-participant observation sessions were carried out in the
treatment classes of grade 5 and 6, respectively. During each observation session all the
instructional activities were recorded in field notes. The notes were then expanded and
written as computer files. Sorting and grouping of the instructional activities revealed that
five instructional routines were apparent. These were: (i) Recap of Previous Lesson, (ii)
Pre-instructional Reflection, (iii) Lesson Presentation, (iv) Post-instructional Reflection,
and (v) Lesson Evaluation. These routines represent the four phases of classroom
instruction, where (i) and (ii) denote Lesson Introduction and (iv) denotes Lesson

Stabilization, as per the guideline introduced for the present study.
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Analysis of the six observation sessions in the treatment classes of grade 5 showed
that the teacher did invite his students for pre- and post-instructional reflections during
the Introduction and Stabilization phases of the lessons, respectively. All of the
instructional phases were demonstrated in four of the lessons observed, while lesson
evaluation was not carried out in two lessons. Likewise analysis of the seven observation
sessions in grade 6 indicated that the teacher did incorporate metacognitive reflections as
per the plan. While recaps were not made in four of the lessons observed, lesson
evaluation was missed in two lessons. On the whole, one can see that the lessons were
taught in such a way that the metacognitive components were incorporated appropriately

asrequired.

Were the students capabl e of making metacognitive reflections?

The pre-instructional metacognitive reflections were designed to help students state
their beliefs, assumptions, thoughts, or understandings about a given topic. Post-
instructional reflections were meant to help studentsto explicitly explain how their prior
beliefs, assumptions, thoughts, or understandings are changed or modified after they
learned new ideas, understandings, conceptions, and/or principles about the topic.

Observation data disclosed that students could give pre-instructional reflections of
what they know, think, believe, assume, or understand about atopic in the form of words,
phrases, or simple positive statements. On the other hand, the students usually gave post-
instructional reflections in two or more statements in reference to their own prior beliefs,
assumptions, thoughts, or understandings. Thus, in a given post-instructional reflection
one would find the pre-instructional belief or conception as well as the post-instructional

understandings indicated explicitly or implicitly.
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Since students' pre-instructional beliefs, thoughts, knowledge, or conceptions as well
as their post-instructional understandings could be found in the post-instructional
reflections, examination of these reflections would suffice to ascertain whether or not the
students were making thoughtful reflections. Close examination of post-instructional
reflections recorded during non-participant observation sessions revealed that they
included metacognitive and non-metacognitive ones.

Metacognitive post-instructional reflections are conscious reflections which indicate
that the students: (a) had some beliefs, assumptions, or understandings that are
contradictory to what was presented during instruction, (b) are conscious that they had
such beliefs, assumptions, or understandings, and (c) are declaring that they are
abandoning, modifying, or changing those and assimilating/accommodating the

conceptions presented during instruction. Such reflections were given as follows.

| thought that ... ‘thisistrue’. Now | understand that ... ‘this oneistrue .
| believed that ... ‘thisistrue’. Now learnthat ... ‘thisoneistrue'.

| didn't know that ... ‘thisistrue’. | believed that ... ‘that was the case'.
| didn't know that ... ‘thisistrue’. | thought that ... ‘that was the case

Non-metacognitive reflections are reflections triggered by the new conceptions
presented during lesson instruction, but didn’'t show that the students: (a) had prior
beliefs, thoughts or understandings about those new conceptions, and (b) are ready to
make anything about their prior beliefs, thoughts or understandings. Examples are given

below.

| didn't know about ... ‘that’. Now | learned ... ‘this’ about ‘that’.
| didn't know ... ‘something’. Now | knew ... ‘something'.

| didn't know ... ‘something’. Now | learned ... ‘something’.
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The researcher recorded atotal of 30 post-instructional reflection statements provided
by students in the two treatment classes of grade 5 during the six observation sessions.
The types of the reflections are summarized in Table 17. The summary depicted that
about two-thirds of the reflections were metacognitive. Likewise the researcher recorded
atotal of 32 statements of post-instructional reflection in grade 6. Study of these
reflections revealed that over four-fifths of them were metacognitive. From these
accounts, we can see that the students were capable of stating metacognitive reflections.
In fact, sudent participation was enhanced and their reflections became more thoughtful
during the course of the intervention. Earlier study by Hennessey and Beeth (1993) that
looked at the role of metacognition for conceptual change among primary school students
(grade 1 to 6) revealed that students of these levels were capable of metacognitive

reflection if they were given the classroom circumstances.

Table 17. Summary of post-instructional reflections given by 5" and 6™ graders

Post-Instructiona Treatment Classes
Reflections Grade5 Grade 6

Individua  Pair Total Individua  Pair Total
Metacognitive 13 (81%) 7(50%) 20 (67%) 10 (100%) 17 (77%) 27 (84%)
Non-metacognitive 3 (19%) 7(50%) 10 (33%) 0 (0%) 5 (23%) 5 (16%)
Total 16 (100%) 14 (100%) 30 (100%) 10 (100%) 22 (100%) 32 (100%)

Students' reflections
The participating teachers recorded samples of pre- and post-instructional reflections
of their students during almost every lesson. Examples of translated pre- and post-
instructional statements of the students are indicated in Tables 18 and 19. These

reflections support the conclusions from non-participant observation data
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Table 18. Examples of translated pre and post-instructional reflections of 5" graders

Wk Topic Pre-Instructional Reflections Post-Instructional Reflections

2 Atmospheric Benzene, oxygen and hydrogen We usually hear that benzene and naphtha are called
Gases (M11, IL). gasses. We used to assume that they are

Oxygen, pure air, hydrogen, CO, components of the atmospheric air. Now we learned
(M10, PL). that these are environmental pollutants (M11/11,
IL).

3 Effects of Smoking burns the heart, darkens I thought the smoke from cigarette gets into the
Cigarette the lips, burns the lungs, increases heart and burnsit. Now, | understand that it
Smoking heartbeat and decreases breathing damages the lungs. | abandoned the idea that

rate (F13, IL). smoking damages the heart and hold the

Smoking damages the lungs, swells understanding that it really damages the lungs

up the lungs, darken the lungs and (M11, IL).

increases heartbeat (M12, PL). We thought that smoking elevates heartbeat. Now,
we abandoned the belief that ‘ cigarette smoking
elevates heartbeat and darkens the blood’, and hold
the understanding that ‘it damages the breathing
system’ (F11, PL).

4 Nerve Nerveisamuscle. It helpsusto | thought that nerve means ligament. Now |

move (M12, IL). understand that nerve refers to bundle neurons that

Nerveisaligament. It isatubefor transmit messages (M 11, IL).

the flow of blood (F12, IL). We thought that nerve means an apparatus used to

Nerveisadevice for weighing weigh cotton. Now, we understand that it is part of

cotton (M10, PL). our body, which transmits messages from different
parts of our body to the brain and spinal cord or
from brain and spinal cord to other parts of the body
and glands (M 10, PL).

5 Thebrain Brain enables usto think (F13, IL). | usually hear when the term brain is mentioned as

Brain is[an organ] that receives one whole organ. But, now | learned that it has

audio-visua messages (M11, IL). different parts (F11, IL).

Brain isthe capacity of thinking | thought that the organ that thinksis the heart but

(M12, PL) not the brain. Because, | usually hear people saying:
‘afool without a heart that can think’ (M 10, PL).

6 Alcohalism It burns our intestine (M11, IL) | used to believe that al cohol damagesthe intestine
and It causes heart failure (M 10, PL). only. Now, | learned that it also damages the brain

Functioning of
Nervous
System

It makes one out of breath (F12,
PL).

and other interna organs of our body (M12, IL).
When | hear the term acohal, | only associate it
with disinfecting woundsin clinics. Now, |
understand that it is also found in a coholic
beverages that may damage many parts of our body
(M11, PL).
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Table 18. continued

7

10

10

12

Animal Animal's reproduce through sexua | used to believe that a cock rel eases gasto a hen so
Reproduction intercourse. But henslay eggs after that it will produce eggs. | didn’t know that it
they conceive them by wind (M 12, releases male sex cells (M11, IL).
IL). In oviparous animals, | thought that the eggs
In oviparous animals, the eggs devel op to offspring after they get coagulated. Now,
devel op to young when they get | understand that those eggs that get coagul ated
coagulated (F11, PL). (i.e., spoiled) are the ones, which are not fertilized
(F11, PL).
Reproduction We suffer from malaria when the | used to believe that ma ariainfects us when our
in Mosquito environment is not clean (M11, IL). environment is not clean. Now, | understand that
We may be infected by malaria malariatransmits by mosquito (F11, IL).
when we moisten a heap of dirt | used to believe that maariainfects us when there
(F12, PL). are swamps and grasses around our homes. Now, |
understand that malaria infects us when we stung by
Anopheles mosquito (M 11, PL).
Reproduction Locusts eat crops and cause | used to believe that locusts eat crops. Now, |
in Locust & drought (M11, IL). learned that it consumes any vegetables and grasses
Armyworm L ocusts produce many offspring at (F12, IL).
once (F10, PL). | used to believe that locusts give live births but not
by laying eggs (F11, IL).
Reproduction Honeybees give birth to their likes | used to believe that honeybees produce their likes
in Honeybee (F11, IL) live. Now, | learned that they reproduce by laying
Honeybees and ants are hard- eggs (F11, IL).
working insects (M10, PL). We used to believe that the beesin ahive are
similar in kind and duty. Now, we understand that
we find the queen, workers and dronesin asingle
hive, each group with typical duty (M11/11, PL).
Reproduction Honeybees are harmful because | used to believe that honey is excreta of honeybees.
in Honeybee they sting us. But, their excreta Now, | understand that bees prepare honey by
serve us as honey (M11, IL). callecting nectar from flowers (F12, IL).
Reproduction Fishes are created in lakes from the | used to believe that fishes are created from the
in Fishes water (M11, PL). water in which they live. | never redlized that they

get reproduced by sexual means (M11, PL).

Note: F = Female, M = Mae, IL = Individual learning, PL = Pair learning, M11 = 11 yr old mae, M11/12 = 11
and 12 yr old males
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Table 19. Examples of translated pre and post-instructional reflections of 6" graders

Wk Topic

Pre-Instructional Reflection

Post-Instructional Reflection

2 Environmental
Pollution

Air Pollution

3 Relationships
among Sail,
Water & Plants

4 What is

Disease?

Bacteria

5 Cholera

Bacteria are harmful
organisms (M12, IL).
Bacterialivein water and
sail only (M12, PL).

The bacteria that cause

choleraare visible to naked
eyes.

| used to believe that household wastes are the only
sources of environmenta pollution. Now, | understand
that man-made wastes from factories and power plants
as well as wastes from natural sources can pollute the
environment (M12, IL).

| thought that man and animals are the mgjor agents of
environmental pollution. Now, | learned that there are

natural sources of environmenta pollution (M12, IL).

| used to believe that dust isthe only source of air
pollution. Now, | realized that chlorine from volcano,
sulfur dioxide from factories, sats from ocean spray
and smokes from wild fire are some of the sources of
air pollution (M12, PL).

| used to believe that plants germinate and grow
simply. Now, | realized that plants would not grow
without enough moisture and soil (F12, PL).

| used to believe that communicable diseases transmit
from person to person only. Now, | realized that they
could transmit from plant to plant, from animalsto
animals, from plants to animas or from animasto
humans (F12, PL).

I thought that HIV/AIDS affects al animals. Now, |
learned that the disease affects humans only (F12, IL).
| used to believe that tubercul osis affects cigarette
smokers only. Now, | realized that it could affect non-

smokers and other animals (M 13, IL).

All bacteria are not harmful. There are a so beneficia
bacteria (F12, IL).

Bacterialivein water and soil as well asinside and
outside the human body (M 14, PL).

| learned that cholera-causing bacteria are very tiny

organisms, invisible to the naked eyes (M 12, PL).

| thought that drinking polluted water isthe only cause
of cholerainfection. Now, | learned that washing our
bodies, clothes and food utensils using water polluted
with cholera causing microbes could cause cholera
(F13, IL).
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Table 19. continued

6

7

12

13

14

Amoebasis

Waterborne
Diseases

Bilharziasis

Volume

Mass

Pressure

It isakind of disease
transmitted by breathing.

It isakind of diseasethat
affects humans, which arise

when we eat sugary foods.

Cleaning water tanks can
help control the cleanliness
of potable water (F23, IL).
All water isclean (M12,
IL).

It isadisease that catches
us when we drink raw milk
(M13/14, PL).

It isan anima that harms
animas(F12, IL).

It isadisease that catches
us when we deep, eat or
drink with sick persons
(F12/13, PL).

Volume implies the shape
of an object like ahouse
(M11, IL).

Mass implies the shape of a
person (M12, PL).

Pressure isthe act of press-
ing some object (M12, IL).
Pressure implies when an
object sinksin water (F12,
IL).

Pressure is something that is
forced inwards (F11, PL).

| learned that amoebasisis not transmitted by
breathing. It isakind of disease that could arise when
we drink amoeba-pol luted water or eat amoeba-
polluted food (M13, IL).

| learned that eating sugary foods does not cause
amoebasis. | learned that eating amoeba-polluted food,
drinking amoeba-polluted water, eating using amoeba-
polluted utensils and washing with amoeba-polluted
water causes amoebasis (M12, PL).

I thought that washing water tankers suffices to keep
water clean and safe. But, | realized that boiling and
chemical treaments of water are safer methods of
maintaining the cleanliness of potable water (F23, IL).
We thought that all water is clean. Now, we realized
that water can be polluted via various means, thus
should be boiled for consumption (M11/12, PL).

We thought that bilharziasi s catches us when we drink
raw milk. Now, we realized that bilharziasisis water
borne disease (M13/14, PL).

| thought bilharziasisis an animal. Now, | learned that
it isahuman disease (M12, IL).

| didn’t though that bilharziass affects humans only. |
thought that it affects dl organisms (F13, PL).

I thought that volume means the shape of objectslike
house. But, | realized that volume is a space occupied
by geometric or non-geometric objects (M11, IL).

We thought that mass implies the shape or posture of a
person. Now, we understood that mass is the measure
of the amount of particlesin an object (M12, PL).

| thought that pressure is something like pressing the
roof of a house using blocks. After | learned about it, |
understood that pressureis aforce that is exerted on a
given area (F11, IL).

| thought that pressure is something that is forced
inwards. Now, | understood that pressure is a force that

is exerted on agiven area (F11, PL).

117



Table 19. continued

15

16

Refraction isthe reflection
of light (F11, IL).
Refraction isthe travelling
of light from the Sun
towardsthe Earth (M12,
IL).

Refraction is an instrument

Refraction

used to measure the
movement of light (M11/12,
PL).

Lenses Lensimplies when light
falls on rough surfaces
(M13, IL).

Lenses are sources of light

(F12, PL).

| thought that refraction is the reflection of light. After |
learned about it, | understood that refraction is not
reflection but it implies a change in the direction and
speed of light when it moves across different
transparent objects (F11, IL).

We thought that refraction is an instrument for
measuring the movement of light. Now, we realized
that refraction means that change in the direction and
speed when light travels across transparent media
(M11/12, PL).

| thought that lens implies when light falls on rough
surfaces. Now, | learned that |enses are devices made
up of curved mirrors employed to aid seeing (M13, IL).
| thought that lenses are sources of light. Now, |
realized that lenses are not sources of light. They are
devices used to develop various images (F12, PL).

Note: F = Female, M = Mae, IL = Individual learning, PL = Pair learning, M11 = 11 yr old male, M11/12 = 11

and 12 yr old males

Quantitative data collection, analyses, and findings

Prior school performance (PSP)

Students’ prior school performances (PSP), computed using the mean scores of the

core subjects of the previous academic year, were used as pre-test scores. The transcripts

of the students were obtained from the record office of the school and the mean scores of

the core subjects were calculated. The core subjects for grade 5 are: Amharic (Ethiopia s

federal working language), Tigrinya (instructional and mother tongue language of the

students), English, Mathematics and Environmental Science. These subjects cover about

87% of the weekly schedule. Similarly, the core subjects for grade 6 are: Amharic,

Tigrinya, English, Mathematics, General Science and Social Studies; which cover about

73% of the weekly schedule.
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Post-intervention tests
Preparation and pilot testing of question

Scores of end-of-intervention tests (of Immediate and Delayed post-test groups) were
the major sources of quantitative data of the study. Sixty questions were prepared for
each grade for the post-tests (Appendix A and B). Overall, the questions include 10 true
or false, 10 fill in the blank, 30 multiple choice, and 10 short answer items. The questions
were distributed into: Knowledge and Comprehension (20 items), Application (20 items)
and Transfer (20 items), each administered as separate tests. While questions in the
Knowledge and Comprehension test required studentsto recall or know facts, those of the
Application test required applying what one learned in a slightly different situation (i.e.
context transfer) or to a new situation not identical to the learning situation (i.e. near
transfer). Finally, questions in the Transfer test required applying learning to situations
guite dissimilar to the original situation (i.e. far transfer) (Haskell, 2001). The questions
were developed according to the elementary science question development guide
indicated in Victor and Kellough (2000). Two primary school science curriculum experts
approved the content validities of the tests. The distribution of the items in each type is
indicated in Table 20. The type and distribution of the questions were similar for both
grades.

The questions for 5™ graders were pilot tested with a sample of 30 students from two
non-participating classes of study school-1. Questions for 6™ graders were pilot tested in
asimilar fashion with a sample of 30 students from two non-study classes of this school.
Questions that were only answered by a few students were revisited, and some
modifications were made to make them clearer. The amount of time required to complete

each test was also decided.
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Table 20. Item distribution of the tests

Item Type Test Type Total
Know./Comp. Application Transfer

Trueor False 6 2 2 10

Fill in the Blank 6 2 2 10

Multiple Choice 6 12 12 30

Short Answers 2 4 4 10

Total 20 20 20 60

Administering the tests

Though the gross populations of the classes selected for the study were between 61
and 69, only those students around the legal ages for each grade were included in the
quantitative study. According to Ethiopian education policy, the legal ages of 5" and 6™
graders are 11" and 12Y*2 years, respectively. Thus, 5" graders with the ages of 10 and
13 years and 6™ graders with the ages of 11 and 14 years were included. Then, they were
assigned to Immediate and Delayed test-groups. For this purpose, the students were
ranked based on PSP scores. Students with ‘odd’ ranks were assigned to Immediate test-
groups and those with ‘even’ ranks were assigned to Delayed test-groups. The purpose of
dividing the classes into Immediate and Delayed test-groups was to investigate the
retention abilities of the students.

The intervention lasted for 14 and 16 weeks in grades 5 and 6, respectively. After the
completion of the intervention, the students were given seven days to prepare for the
tests. At the end of Day Seven, the studentsin the Immediate tet-groups were told to
come for the tests next day, and took the three tests one by one with about 30 minutes
recess between each. The students in the Delayed test-groups took the same tests a the
end of the 24™ week after the completion of the intervention. The students in the Delayed

test-groups were neither required nor informed to make additional preparations for the
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tests. The author and one participating teacher scored all the tests. The interrater
reliabilities of the scores of the various groups were over 0.99. PSP and post-test scores
were analyzed using one-way ANOV A followed by Post-hoc comparisons using LSD at

significance level of p < 0.10. Findings of the quantitative analyses are presented below.

Post-test performances of the Immediate test-groups

5" graders

Scores of PSP, post-test scores of Knowledge and Comprehension, Application and
Transfer tests as well as the Total post-test scores of the three classes (Individual
learning, Pair learning and Comparison) were analyzed using one-way ANOVA.
ANOV A on mean scores of PSP, (considered to be pre-test scores) revealed no
differences in prior academic performances (F, s1) = 0.026; p < 0.974) among the three
classes (Table 21). Similarly, the mean Knowledge/ Comprehension scores of the test-
groups from the three classes revealed no statistically significant variation (p > 0.1).

Statistically significant differences were obtained with Application, Transfer and
Total test scores (Table 22). The difference in mean Application scores between the
Individual learning class (6.43; SD = 2.48) and the Comparison class (4.97; SD = 2.21) is
significant at p < 0.036. Likewise, the difference in mean Application score between the
test-group from the Pair learning class (6.22; SD = 2.51) and the Comparison classis
significant at p < 0.075. Comparing the Total post-test scores, the difference between the
mean score of the test-group from the Individual learning class (19.49; SD = 5.20) and
that of the test-group from the Comparison class (16.34; SD = 5.34) issignificant at p <
0.039. When we compare the post-test scores of the Immediate test-groups from

Individual and Pair learning classes, statistically significant difference was evident only
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with the Transfer test score (p < 0.092), in favor of the test-group from Individual

learning class.

Table 21. Mean (and SD) scores of 5" graders of Immediate test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe 81 p
PS Performance (100%) 61.45(11.45)  60.97 (9.54) 60.84 (11.09) 026 974
Know./Comp. Test (25 pts) 6.77 (2.36) 6.77 (2.92) 5.98 (2.77) J72 465
Application Test (25 pts) 6.43 (2.84) 6.22 (2.51) 497 (2.21) 2.601 .080*
Transfer Test (25 pts) 6.29 (1.97) 5.31(2.22) 5.38 (2.54) 1807 .171
Total Score (75 pts) 19.49 (5.20) 18.30 (6.26) 16.34 (5.33) 2223 115

* = Differences are significant at p < 0.10.

Table 22. Comparison matrices of mean scores of 5" graders of |mmediate test-groups using LSD

Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
L 1 1 1 1 1
PL 864 1 999 1 755 1 002 1 423 1

CC 832 965 1 277 284 1 .036* .075* 1 125 904 1 039 202 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

* = Differences are significant at p < 0.10.
6" graders

Similar comparisons were made using the scores of 6™ graders. One-way ANOV A
showed that mean PSP scores of the test-groups from the Individual learning (61.29; SD
=9.77), Pair learning (61.86; SD 9.79) and Comparison (63.38; SD = 9.63) classes were
not stetistically different (F2,79) = 0.333; p < 0.717), signifying prior school performances
of the students in the three classes were similar. Also, the differences in mean
Knowledge/ Comprehension scores of the three test-groups were not statistically

significant (F(, 79 = 0.572; p < 0.567) (Table 23).
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On the other hand, variations in mean Application (F, 79) = 2.966; p < 0.057),
Transfer (F2,79) = 4.692; p < 0.012), and Total (F(, 79y = 3.086; p < 0.051) test scores
were statistically significant (Table 23). Post-hoc comparisons showed that significant
differences (p < 0.1) in mean scores existed between the test-groups from the treatment
classes and the Comparison class. Differences in mean post-test scores of the test-groups
from of the Individual and Pair learning classes indicated no statistical significance (p >

0.1) (Table 24).

Table 23. Mean (and SD) scores of 6™ graders of Immediate test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, 79 p
PS Performance (100%) 61.28 (9.77) 61.86 (9.79) 63.38 (9.63) 333 717
Know./Comp. Test (25 pts) 11.82(3.25) 11.45(3.39) 10.85(3.42) 572 567
Application Test (25 pts) 7.48 (2.46) 8.66 (2.74) 6.95 (2.97) 2966 .057*
Transfer Test (25 pts) 7.78 (2.35) 7.23(2.28) 5.91 (2.31) 4692 .012*
Total Score (75 pts) 27.09 (6.33) 27.34 (5.83) 23.69 (6.37) 3.086 .051*

* = Differences are significant at p < 0.10.

Table 24. Comparison matrices of mean scores of 6" graders of |mmediate test-groups using LSD

Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
TR 1 1 1 1
pp 833 1 687 1 126 1 393 1 882 1

cc 443 549 1 299 491 1 493 020 1 .005* .030* 1 .053* .026* 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
* = Differences are significant at p < 0.10.

Post-test performances of the Delayed test-groups
5" graders

Prior school performance and post-test scores of the Delayed test-groups from

treatment and comparison classes were compared using one-way ANOV A. Analyses of
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PSP scores indicated no statistically significant variation among the means (F, 63) =
0.054; p <.948). Similarly, neither ANOV A nor Post-hoc comparisons revealed any
statistically significant differences in mean scores of the test-groups in any of the tests

(Table 25 and 26).

Table 25. Mean (and SD) scores of 5" graders of Delayed test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe 63 p
PS Performance (100%) 62.32 (10.46) 63.24 (9.47) 62.25 (12.04) .054  .948
Know./Comp. Test (25 pts) 5.98 (2.57) 5.37 (2.17) 5.00(1.88) 1151 .323
Application Test (25 pts) 5.76 (2.23) 5.42 (1.54) 5.52 (1.53) 202 .818
Transfer Test (25 pts) 5.50 (2.39) 5.95 (2.89) 4.89 (2.09) 983  .380
Total Score (75 pts) 17.24 (5.28) 16.74 (4.92) 15.41 (3.81) 931 .399

Table 26. Comparison matrices of mean scores of 5" graders of Delayed test-groups using LSD

Variables
PS Performance ~ Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
pL 780 1 377 1 546 1 555 1 729 1

cc ‘984 /68 1 138 597 1 655 .89 1 399 .17/0 1 .188 .368 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

6" graders

The mean scores of each of the variables in this grade were analyzed using one-way
ANOVA. Comparison of mean PSP scores revealed no satistically significant
differences (F(, 77y = 0.184; p < 0.832). Likewise, ANOV A and Post-hoc comparisons
revealed no statistically significant differences in mean scores of the test-groups in any of

the tests (p > 0.1) (Tables 27 and 28).
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Table 27. Mean (and SD) scores of 6™ graders of Delayed test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individual Pair Comparison Fe, 77 p
PS Performance (100%) 61.24 (9.95) 62.27 (10.53) 62.83 (8.08) 184 832
Know./Comp. Test (25 pts) 10.87 (3.86) 10.25 (3.19) 9.36 (2.57) 1304 277
Application Test (25 pts) 6.50 (2.61) 6.41(2.27) 6.77 (1.69) 187  .830
Transfer Test (25 pts) 5.85 (2.69) 6.29 (3.03) 5.85(2.31) 241 787
Total Score (75 pts) 23.15(7.85) 22.95(7.22) 21.98 (4.48) 246 783

Table 28. Comparison matrices of mean scores of 6" graders of Delayed test-groups using LSD

Variables
PS Performance ~ Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
p 6% 1 530 1 883 1 552 1 910 1

cc 952 829 1 114 321 1 664 55 1 1 552 1 515 583 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

Comparing performance of Immediate and Delayed test-groups
5" graders
The purpose of comparing the performances of the Immediate and Delayed test-

groups is meant to investigate the effects of the intervention on retention of learning.
Comparisons of the mean PSP scores of the Immediate and Delayed test-groups of the
two treatment classes and a comparison one showed that they are comparable (between
60.84; SD = 11.09 and 63.24; SD = 9.47) (Table 29). Assuming pre-intervention
homogeneity of the test-groups in each class, subsequent comparisons based on post-test
scores were made.

In the Individual learning and Comparison classes, no statistically significant
differences were observed between the mean scores of the Immediate and Delayed test-

groupsin any of the tests (p > 0.1). In the Pair learning class, only the mean Knowledge/
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Comprehension score of the Immediate test-group is statistically higher than that of the

Delayed test-group (F1, 45y = 3.180; p < 0.081).

Table 29. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 5™

graders
Treatment STest-group PSP Know/Comp. Application Transfer Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Individual 1(n=30) 6145(11.45) 6.77(2.36) 6.43(2.84) 6.29(1.97) 19.49(5.20)
Learnin 2(n=24) 62.32(10.46) 5.98(2.57) 5.76 (2.23) 5.50(2.39) 17.24 (5.28)
9 Fa, 48 0.082 1.373 0.900 1.934 2.466
p-value 0.776 0.247 0.347 0.170 0.122
Pair 1(n=28) 60.97(9.54) 6.77 (2.91) 6.22(2.51) 5.31(2.22) 18.30 (6.26)
Learnin 2(n=19) 63.24(9.47) 5.37 (2.17) 5.42(1.54) 5.95(2.89) 16.74 (4.91)
9 Fa, 45) 0.647 3.180 1.537 0.723 0.839
p-value 0.425 0.081* 0.222 0.400 0.365
Comparison 1(n=26) 60.84(11.09) 5.98(2.77) 497 (221) 5.38(2.54) 16.33(5.33)
2(n=23) 62.25(12.04) 5.00(1.88) 552 (1.53) 4.89(2.09) 15.41(3.81)
Fa, 59 0.183 2.042 0.998 0.539 0.474
p-value 0.671 0.160 0.323 0.466 0.494

S=1, Immediate; 2, Delayed

* = Differences are significant at p < 0.10.

6" graders

The mean PSP scores of the six test-groups in the three classes range from 61.24 (SD

=9.95) to 63.38 (SD = 9.63) and are not significantly different, signifying that they have

similar prior academic performance to begin with. In fact, the similarity of the mean

scores of the two test-groups in each of the treatment classes is very apparent (Table 30).

Comparisons of the mean post-test scores of the Immediate test-groups and the

Delayed test-groups disclosed that atistically significant mean score differences were

observed in high-level thinking tests in the Individual (F1, 48y = 7.136; p < 0.010 for

Transfer test) and Pair (F1,57) = 11.474; p < 0.001 for Application test) learning classes,

and in low-level thinking test in the Comparison class (F1, s3) = 3.227; p < 0.078 for

Knowledge/ Comprehension test). When we look at the mean Total scores of the groups

in each of the treatment and the Comparison classes, mean differences are found to be
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statistically significant between the test-groups in the Individual (F1, 48y = 3.659; p <

0.062) and Pair (F(1, 57 = 6.545; p < 0.013) learning classes (Table 30).

Table 30. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 6™

graders
Treatment STest-group PSP Know/Comp. Application  Transfer Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Individual 1(n=23) 6128(9.77) 11.82(325 7.48(246) 7.78(235  27.09(6.33)
Learnin 2(n=26) 61.24(9.95 10.87(3.86) 6.50(261) 5.85(269  23.15(7.85)
9 Fa, 45 0.000 0.986 1.802 7.136 3.659
p-value 0.987 0.326 0.186 0.010* 0.062*
Pair 1(n=30) 6186(9.79) 1145339 8.66(2.74) 7.23(228) 27.34(5.83)
. 2(n=28) 6227(1053) 10.25(3.19) 6.41(227) 6.29(3.03) 22.95(7.22)
Learning 0.024 1.920 11.474 1.830 6.545
p-value 0.878 0.171 0.001* 0.182 0.013*
Comparison 1(n=29) 63.38(9.63) 10.85(342) 6.95(297) 591(231) 23.69(6.37)
2(n=26) 62.83(808) 9.36(257) 6.77(1.69) 585(231) 21.98(4.48)
Fa, 53 0.052 3.227 0.073 0.009 1.308
p-value 0.821 0.078* 0.788 0.925 0.258

S=1, Immediate; 2, Delayed
* = Differences are significant at p < 0.10.

Discussion

The findings of the qualitative and quantitative data analyses shall be discussed in

relation to each of the questions of the study.

Did theintervention yield better overall learning outcomes?

The study investigated whether the instructional intervention would increase learning

outcomes among 5" and 6™ grade students (10-14 years olds) in large class-size primary

schools in Ethiopia. Non-participant observation data showed that the intervention was

conducted as intended. It was also evident that the students in both grades were capable

of stating their reflections metacognitively (Table 17), as student reflections recorded by

the participating teachers strongly supported this assertion. Examination of the nature of
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the reflections suggests that students thought about the status of their prior conceptions in
such away that they restructured those conceptions.

Fifth grade students in the mmediate test-groups of the treatment classes achieved
better in the post-intervention tests. The mean Total post-test score of the test-group from
the Individual learning class (19.49, SD = 5.20) was significantly greater than that of the
Comparison class (16.34, SD = 5.33) at p < 0.039 (Table 22). ANOVA and Post-hoc
comparison using LSD showed that the three test-groups have the same mean PSP scores
(Fe,82) = 0.023; p<0.977) (Tables 21 and 22). Hence, it can be safely concluded that
differences in the achievements on post-tests are accountable to the intervention.

The effect of the intervention seems to be more profound among 6™ graders. To begin
with, the mean PSP scores of the three tet-groups were statistically comparable (F2,79) =
0.333; p<0.717). Mean Total post-test scores of the test-groups from the Individual
(27.09, SD = 6.33) and Pair (27.34, SD = 5.83) learning classes were significantly greater
than that of the test-group from the Comparison class (23.69, SD = 6.37) at p < 0.053 and
p < 0.026, respectively (Tables 23 and 24). These show that the metacognitive reflection
strategy promoted the performance of the students.

The data from the Delayed test-groups revealed that the contribution of the
metacognitive intervention was not statistically evident. Among 5™ graders, the mean
Total post-test scores of the Individual (17.24, SD = 5.28) and Pair (16.74, SD = 4.91)
learning classes were not satistically greater than those from the Comparison class
(15.41, SD = 3.81) (Tables 25 and 26). With 6™ graders, the mean Total post-test score of
the test-groups from the Individual (23.15, SD = 7.83) and Pair (22.95, SD = 7.22)

learning classes were statistically comparable to the mean Total score of the test-group

128



from the Comparison class (21.98, SD = 4.48) (Tables 27 and 28). These imply that the
effect of the metacognitive instructional method was not apparent 24 weeks after the
completion of the intervention.

Intervention studies that allow studentsto talk about their preconceptions and think
about the status of those preconceptions to help them restructure their understandings
yielded positive outcomes. For example, 6" graders form Cyprus who were given
supplemental refutation readings to standard instruction about energy performed better in
immediate and delayed post-teststhan their counterparts who were given supplemental
expository readings, and who were taught through standard instruction (Diakidoy,
Kendeou, & loannides, 2002). The expository text provided review of concepts covered
during instruction and drew student attention to main ideas. The refutation text provided a
review of concepts covered during instruction by drawing student attention to main ideas
and potential alternative conceptionsto facilitate restructuring.

Likewise, a study by Ozkan, Tekkaya, and Geban (2004) revealed that the learning
gain ([mean post-test score] — [mean pre-test core]) of 7" graders who received
conceptual-change-text-oriented instruction on ecological concepts was significantly
greater than the learning gain of their counterparts who were taught through traditional
methods. Inthis case, the conceptual-text-oriented instruction was meant to elicit
students’ pre-instructional conceptions into public (classroom) scrutiny.

Furthermore, an instructional intervention with 10" graders supported by conceptual
change text designed for explaining students misconceptions, sources of such
misconceptions, why the misconceptions were incorrect, and informing the scientific

conceptions, outperformed their counterparts who were taught through traditional
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methods (Cakir, Uzuntiryaki, & Geban, 2002). These imply that students as young as 6™
graders can provide metacognitive reflections to address the status of their prior beliefs
and thoughts for meaningful learning.
Did treatment classes perform better in higher order thinking tests than
comparison classes?

Teaching strategies that consider learners’ prior conceptions can help students
develop higher level of understandings (Lee & Law, 2001). Studies indicate that
metacognitive teaching/learning strategies promote deep thinking and meaningful
learning (e.g. Blank, 2000; Georghiades, 2004; Rickey & Stacy, 2000). Thus, the second
goal of this study wasto find out if the intervention would help students in the treatment
classes perform better in higher order thinking tests.

Among | mmediate test-groups of 5" graders, no statistically significant variation was
evident among the mean Knowledge/Comprehension test scores of the three test-groups
(Fe,81) = 0.772, p< 0.465) (Table 21). Interestingly, statistically significant variations
appeared with the mean Application test scores. The test-groups from both the Individual
and Pair learning classes outperformed the test-group from the Comparison class in mean
Application test scoreat p < 0.036 and p < 0.075, respectively. But there appeared no
statistically significant difference between either of the test-groups from the treatment
classes and the test-group from the Comparison class in mean Transfer scores. In general
it is evident that the intervention has benefited students in tackling higher order thinking
guestions.

The mean K nowledge/ Comprehension test scores of the three test-groups of 6™

graders are statistically equivalent (F2, 79y = 0.572, p < 0.567) (Table 23). The mean
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Application test score of the test-groups from the Individual learning class is significantly
greater than the mean score of the test group from the Comparison class statistically (p <
0.020). Inthe case of the mean Transfer test scores, the contribution of metacognitive
instruction is clearly evident (Table 24). Based on the scores of the Immediate test-
groups, it clearly appears that the intervention has a noteworthy contribution in fostering
primary school students' understanding to engage in higher order thinking science
problems.

Nonetheless, when the performances of the Delayed test-groups of both grades are
considered, no gatistically distinct variations could be found. Mean Application and
Transfer test scores of the three test-groups in grade 5 are comparable. Similarly,
comparisons of higher order thinking test scores of the Delayed test-groups of 6™ graders
revealed that they have fairly homogenous performance. Thus, the effect of the
metacognitive instructional strategy, which was apparently evident among the Immediate
test-groups, is clearly diminished after 24 weeks.

Did the intervention help the treatment classes to retain learned contents
better than the comparison classes?

Retention ability could be defined as ability to retain learned contents for alonger
period of time or indefinitely. The preceding discussions show that the apparent effects of
the intervention on overall performance as well as on the performances of higher order
thinking tests among the Immediate test-groups diminished among the Delayed test-
groups. Thus, the prediction for a contribution of the intervention on retention could not

be supported using the data from 5" graders.
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Post-test data from 6™ graders also show a clear picture. The mean Total post-test
scores of the Delayed test-groups of the Individual and Pair learning classes were
statistically significantly lower than the mean Tota post-test scores of their counterparts
in the Immediate test-groups, a p < 0.062 and p < 0.013, respectively. But no significant
difference was observed between the mean Total scores of the Immediate and Delayed
test-groups of the Comparison class (p = 0.258) (Table 30). These imply that the higher
post-test performance achieved by the Immediate test-groups of the treatment classes
could not be maintained in the Delayed test-groups. Some researchers claim that
metacognitive interventions could promote retention of learned contents (Adey & Shayer,
1993; Georghiades, 2000, 2004). Nevertheless, in this study the metacognitive

instructional method played no apparent role in fostering student retention ability.

Was the instructional method more effective in pair learning setting?

Based on the premise that classroom social dynamics would facilitate (conceptual
change) learning (Pintrich, 1999; Tyson, Venville, Harrison, & Treagust, 1997), the study
investigated whether the intervention would benefit students of the Pair learning class
more than those of the Individual learning class. When we begin with the immediate test-
groups of 5" graders, it appears that the Individual learning class is relatively more
benefited from the intervention. In fact, the Individual learning class did obtain
significantly greater mean Transfer test score (p < 0.092). Nonetheless, when the overall
post-test performances of both test-groups are considered, it is difficult to conclude that
the learning setting has a profound effect. Observation of the post-test scores of 6"
graders of both test-groups strengthens this assertion. In the case of the present study

neither of the learning settings can be regarded as specially facilitating or hindering

132



conceptual learning compared to the other settings. When students in the Pair learning
class were asked to think, discuss, and state their reflections about atopic, the time they
worked together was so brief that the dyad interaction did not have substantial benefit.
Thus, each member of the dyad would state her/his reflections with little consultation

with a colleague.

Did the intervention produce similar outcomes in both grades?
The important finding of this study isthat the present metacognitive instructional method
could be successfully employed with primary school students (aged 10-14 years) in
teaching science. Preceding discussions revealed that the effect of the intervention is
consistently similar in both grades 5 and 6. In both grades:

(a) The contribution of the intervention is clearly evident among the Immediate test-
groups but fades among the Delayed ones.

(b) The effect of the intervention is more profound with higher order thinking tests,
while Knowledge/ Comprehension tests have limited contribution in
differentiating the treatment classes from the comparison.

(c) The differences in the learning setting (Individual or Pair) did not yield any
apparent difference in overall performance.

(d) Students were capable of making thoughtful pre- and post-instructional reflections
about atopic.

One of the important known contributions of metacognitive instruction is fostering
retention ability of learners. Undeniably the data analyses of the scores of the Immediate
test-test-groups revealed that the intervention did promote meaningful learning, where

students in the treatment classes have performed better in the Application and Transfer
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tests. Nevertheless, the effect was not apparent among the Delayed test-test-groups as
was hoped. Thus, the finding that the effect of the intervention has diminished 24 weeks
after the completion of the intervention could serve as source of hypotheses for further

inquiry on the topic.

What other benefits did the intervention have?

Two important inputs were apparent and are discussed as follows.

Better student conceptual learning

The basic tenet of contemporary science instruction strives to create alearning
environment where students construct understandings and evaluate ideas, rather than
passively accepting scientific information (Hogan, 1999; Yip, 2001). It is strongly argued
that active involvement of studentsin their own learning for conceptual change would be
achieved by including metacognitive strategies (Lehteld, 2001). Studies on the role of
metacognitive strategies in learning science focus on the contribution of such strategies
on conceptual learning, constructing meanings, and inquiry learning. Metacognition
empowers learners to recognize, evaluate and revise personal views (Baird, Fensham,
Gunstone, & White, 1991). Oral and written discourse promotes conceptual change
learning as learners bring their prior conceptions to scrutiny (Maria, 2000).

The Metacognitive Reflection for Conceptual Learning Model employed in this study
was designed in such away that students identify, evaluate, and correct their beliefs,
assumptions, or understandings about the topics they are learning. Moreover, the model
requires students to remain aware while they are engaged in such activities. An

instructional context that provides students opportunities to verbally express, compare,
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criticize, evaluate, and communicate their conceptions and explanations fosters
conceptual change learning (Hynd, Holschuh, & Nist, 2000; Maria, 2000; Mason, 1998).
Thus, as Taber (2001) explains, students prior conceptions and understandings are
resources of conceptual development. For this reason, Pine, Messer, and John (2001)
argue that incorrect ideas are too important to be ignored since they are the foundations
on which new knowledge is built. A summary of non-participant observation revealed
that over two-third of students’ reflections were metacognitive and show reconstructions
of beliefs and/or assumptions. Students' reflections recorded by the participating teachers
support the data of non-participant observation.

Examination of the samples of pre- and post-instructional reflections indicated in
Tables 18 and 19 shows that participating students have many incorrect ideas about the
science topics in the curriculum. Studies on misconceptions among primary school
children report similar findings (e.g. Pine, Messer, & John, 2001). It is clearly evident
that the present metacognitive instructional model enabled students to examine and
reconstruct their incomplete and/or incorrect ideas and assumptions, thus performing
better on higher order thinking tests. The post-instructional reflections revealed students
dissatisfaction by the status (intelligibility, plausibility and fruitfulness) of their own prior
conceptions and their commitments for restructuring or abandoning the incomplete or
incorrect conceptions.

Interventions that allow studentsto think and reflect about the status of their prior
conceptions have reported similar outcomes. For example, in one study where 5" and 6™
graders (aged 11-12 years from Greece) were allowed to express their ideas about acid

rain in a collaborative learning setting involving activities and experiments, they
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demonstrated better conceptual understanding than their counterparts taught through
teacher lecturing and explanation (Marinopoulos & Stavridou, 2002). Likewise, a
metacognitive instructional method called Metacognitive Learning Cycle, which allowed
7" graders to talk about the ideas they have and discuss the status of their conceptionsin
a 3-month ecology unit, demonstrated a better restructuring of their ecology
understandings as compared to their counterparts who were taught through the Science
Curriculum Improvement Study Cycle (Blank, 2000). An instructional intervention called
Dual-Situated Learning that considers students' prior beliefs about science concepts
creates dissonance with student prior knowledge and provides students with mental states
to re-construct scientific view about the concept. A test of this instruction with 9" graders
learning ‘ heat transfer’ was found to have great potential for radical conceptual change
(She, 2004).

Some of the post-instructional reflections of the students in the present research are

crucial for their well-being and survival. Examples:

Reflections by 5™ graders (Table 18)

| used to believe that alcohol damages the intestine only. Now, | learned that it also
damages the brain and other internal organs of our body (M12, IL).

| used to bdieve that malaria infects us when our environment is not clean. Now, |
understand that malaria transmits by mosquito (F11, IL).

| used to believe that malaria infects us when there are swamps and grasses around
our homes. Now, | understand that malaria infects us when we stung by Anopheles
mosquito (M11, PL).

Reflections by 6™ graders (Table 19)

| used to believe that tubercul osis affects cigarette smokers only. Now, | realized that
it could affect non-smokers and other animals (M13, IL).
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| thought that drinking polluted water is the only cause of cholera infection. Now, |
learned that washing our bodies, clothes and food utensils using water polluted with
cholera-causing microbes could cause cholera (F13, IL).

We thought that all water is clean. Now, we realized that water can be polluted via

various means, thus should be boiled for consumption (M11/12, PL).

These demonstrate that metacognitive reflection assists learners in revisiting their
prior thoughts and revising them to learn in ways that allow them to adapt and survive in
their communities. This isthe ultimate goal of instruction, as argued by Dijkstra (2001).
We could see that the students have considerable experience with the various topics
addressed, scientific or otherwise, which could have been left in their mental repertoire

without making meaningful effort to explain them.

Better student involvement

In primary schools of Ethiopia, teacher-centered teaching has been a tradition.
Despite the commitments of the various stakeholders of education for a shift from
teacher-centered instructional tradition to alearner-centered one, teacher-centeredness is
still prevailing. School facilities and teacher expertise also are limited, delaying the shift
to learner-centeredness. Thus, the present metacognitive instructional intervention serves
as an important complement by advancing students’ active involvement in minds-on
activities. In these endeavors, students were required to change or reconstruct their pre-
instructional beliefs or understandings. Such minds-on activities provide sufficient time
for discourse that promotes thinking for thoughtful reflection. Moreover, sudents were
encouraged to believe that their pre-instructional ideas, thoughts, assumptions, or beliefs

are the foundations on which they can construct or reconstruct scientific understandings

137



(Pine, Messer, & John, 2001). Such encouragement elicits student motivation, which in
turn facilitates conceptual change learning (Pintrich, 1999; Tyson, Venville, Harrison, &

Treagust, 1997).

Implications for classroom practice and research

The guiding objectives of this research were to supplement global science education
research and practice in metacognition and complement the deficiencies in science
instruction in Ethiopia’s primary schools. The findings of the study supported the
assertions of various studies that metacognitive instructional interventions yield
encouraging outcomes even among primary school children. Nonetheless, the present
metacognitive model played no significant role in promoting retention of learned contents
six months after the completion of the intervention. Hence, we need further inquiry on the
role of metacognition and metacognitive instructional strategies on retention.

Ethiopia’s primary science education practice is faced with formidable hurdles to
adapt up-to-date science instructional models. The problems include: (a) lack of facilities
for hands-on science activities, (b) lack of appropriately designed textbooks (c) low
teachers’ pedagogical knowledge and subject matter expertise, (d) lack of instructional
models for conceptual change learning, and (e) high student population per class. Thus,
seeking an instructional model compatible with these problems would be of great
significance. The present metacognitive reflection model, while not performing as well as
hoped, did provide positive effects and helps fill the gap. Moreover, the model is suitable
asit issimple and can be incorporated in the most traditional teaching methods and even
employed by inexperienced teachers and students. Since the intervention did not work

well in a cooperative learning setting, precautions are called for while employing the

138



model under such conditions. And, regardless of the setting, students must be given
sufficient time to think, discuss, evaluate, and revise their prior conceptions and state

their reflections in order for desired conceptual change learning to take place.
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ABSTRACT

SBHATU, DESTA BERHE. M etacognitive Reading in Learning Primary School
Science. (Under the Direction of Professor John E. Penick.)

This study investigated the contribution of metacognitive reading activitiesin learning
science among primary school students (age 10-14) in Mekelle, Ethiopia. Three classes
of grade 5 and three classes of grade 6 participated. Sudentsin each grade were
assigned into two treatment classes (Individual and Pair learning) or a Comparison
class. Instruction in the treatment classes was supported by metacognitive reading and
reflection activities while the Comparison classes were taught through traditional
methods. Studentsin Individual learning classes carried out reading assignments and
classroom reflections individually, and those in Pair did the same in dyads. Observation
notes and student and teacher reflections constituted the qualitative data. Prior school
performance and post-test scores of Immediate and Delayed test-groups comprised
guantitative data. Quantitative data analyses revealed no apparent contribution. The
intervention had no effect in promoting student performance, ability with higher order
thinking questions and retention. Qualitative data revealed that the metacognitive
activities fostered student conceptual change learning and promoted student
participation in reading as well as thinking and explaining their beliefs and

under standings about science topicsin class.
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Introduction

Congtructivism, inquiry, and conceptual change learning are known to be effective
when reading and writing are incorporated in the process of instruction. Whether
constructivism (in its various forms) or enculturation (Situated learning) are the
theoretical frames of reference for science instruction, the role of science reading remains
fundamental. Along with inquiry, reading is becoming one of the essential components of
science education research and practice. Over a decade ago Glynn and Muth (1994) wrote
that reading and writing are important vehicles to promote scientific literacy, and
recommended that science education researchers show how reading and writing can be
used most effectively to support science learning. Now, metacognitive reading is gaining

popularity as another powerful tool in science instruction and research.

Reading and constructivism

While interactive-constructive models of discourse reveal the importance of language
in science education, the quantity and quality of verbal interactions are low and
unfocussed in science classrooms (Holliday, Yore, & Alvermann, 1994; Y ore, Bisanz, &
Hand, 2003). Reading also is known to be important for attaining scientific literacy and
development of scientific thinking, but, as argued by various researchers, it is de-
emphasized in science education (Armbruster, 1992/93; Willington, 2001; Yore &
Shymansky, 1991). Explaining the limitations of research in science reading and writing,
Y ore and co-authors stated that, ‘ Reading and writing research in science education was
gparse during the early years of the International Journal of Science Education [1978-
1993] because of the overwhelming desire to promote hands-on activities and to move

away from science textbooks and worksheets' (Y ore, Bisanz, & Hand, 2003, p. 697).
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Nonetheless, citing meta-analytic works of various researchers in 1980s, the authors
found that hands-on activities without some form of minds-on supplemental activities
were not as effective as promoted.

Even though science education research and practice began considering
comprehension strategies, in addition to textbooks and designs of inquiry environments,
many of the studies of science reading during 1978-1993 emphasized student reading
skills (Yore, Bisanz, & Hand, 2003). They further found out that despite teacher attitude
toward science reading becoming positive and more or less conforming to interactive-
constructive models, explicit instruction of science reading comprehension in elementary
and secondary classrooms was limited. During this period science education researchers
began to consider reading in relation to the major psychological theory of learning in
science education. Thus, science reading ‘evolved from text-driven models, to reader-
driven models, and finally, to interactive reader and text models’ that ‘reflected the
rejection of reading as taking meaning from the text and reading as readers creating
meanings exclusively to the acceptance of the readers make sense of text’ (Yore, Bisanz,
& Hand, 2003, p. 698). In this sense, science reading requires readers to employ concrete
experiences, prior knowledge, cognitive operations, and language to create understanding
(Yore & Shymansky, 1991).

The assumption that reading is a process of interaction between the reader and the
text requires science teachersto help their students examine the sources, limits, and
certainties of their knowledge as well as make meanings out of the textsin various ways,
judge those ways against valuable evidence, and espouse a critical stance (Phillip &

Norris, 1999). These authors further stated that the appropriation of semantic and
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syntactic relationships of atext depends upon the metacognitive strategies and the
repertoire of knowledge readers bring from their world and what happens when their
world and the world of paper meet. Hence, science reading hasto be practiced in such a
way that it involves both cognitive thinking (thinking about things) and metacognitive
thinking (thinking about thoughts). A shift in reading strategies from the former to
include the latter is essential (Olson, 1994). The practical implication is that the process
of negotiating understandings about science concepts within the community of learners
should include reading and writing activities in addition to classroom discussions.
Negotiating of meanings or meaning making has to be carried out or supported by
reading and writing of science texts (Keys, Hand, Prain, & Collins, 1999). The reading

activities, in turn, need to employ metacognitive strategies.

Reading and inquiry

Though doing and reading science are similar processes, drawing upon the same
cognitive bases (Armbruster, 1992/93), science curricula usually fail to integrate reading
and inquiry activities (Ediger, 2005). In fact, like good inquirers, good readers scrutinize
their prior knowledge, form hypothesis, establish plans, evaluate understanding, describe
patterns, compare and contrast, make inferences, draw conclusions, generalize, and
evaluate sources (Armbruster, 1992/93). Like inquiry, reading is another way of
acquiring scientific information (Ediger, 2005), thus science learning. A study that
investigated the effectiveness of applying the learning cycle to science reading activity
revealed that reading comprehension and scientific inquiry involve similar information
processing strategies (Musheno & Lawson, 1999). Reading activities provide authentic,

real-world contexts for activating and refining science processes skills (Glynn & Muth,
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1994). Thus, reading proficiency of scientific texts would be supportive of learning
through scientific inquiry. Reading for understanding of background information of
scientific conceptions before carrying out experiments allows the learner to be more
comprehensive and learn more (Nesbit & Rogers, 1997). One study reported that science
texts (reading) presented in learning cycle format were more comprehensible for readers
at al reasoning levels (Musheno & Lawson, 1999). The practical implication is that
hands-on inquiry activities and reading, which support one another, must be balanced for
studentsto get the real taste of science (Willington, 2001). Arguably, inquiry involves
both hands-on and minds-on activities, where reading and writing are important minds-on

endeavours.

Reading and conceptual change learning

When learners fundamentally restructure their thinking about something, we say
conceptual change (conceptua learning) has occurred (e.g. Dole, 2000). The theory of
conceptual change learning or smply conceptual learning (which can sometimes be
reduced safely to learning) is based on the idea that pre-instructional conceptions must be
altered to match canonical scientific conceptions (Ridgeway & Dunston, 2000). Thus, for
conceptual change to take place oral and written discourses are crucial (Maria, 2000).
Hence, reading science texts from the perspective of conceptual change learning models
helps learners to restructure their knowledge and thinking. Encouraging students to make
their ideas explicit and compare them to others' ideas fosters scientific understanding
(Chan, 2001).

Spence (1995) explained that reading of science texts involves the interaction of the

prior knowledge, beliefs, and the text in constructing meaning and understanding. It is
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further stated that reading science texts ‘involves accessing prior knowledge from long-
term memory, interpretations for the text and sensory information from the environment,
and interactively constructing meaning of these data in the working memory while
responding to specific contextual influences’ (Rivard & Yore, 1992, p. 3). Nevertheless,
studies revealed that unless learners are guided and innovative reading strategies (such as
metacognitive ones) are employed, mere reading did not lead to conceptual learning. The
use of metacognitive strategies to enhance reading comprehension is reported to be
beneficial to students, even under minimal teacher guidance (Koch, 2001). In addition to
general metacognitive reading strategies, science readers need to consider conceptual
demands pertinent to science. Thus, according to Spence (1995), ‘readers must have
knowledge about scientific enterprise, the concept under consideration, the scientific
language, the patterns of argumentation, the canons of evidence, the science reading
process, the science text, and the science reading strategies’ (p. 5).

Conceptual change studies on science reading, however, tend to limit their focus on
how text structures influence conceptual change learning (Holliday, Yore, & Alvermann,
1994), such as refutation versus expository text (e.g. Diakidoy, Kendeou, & loannides,
2002; Guzzetti, Williams, Skeels, & Wu, 1997; Palmer, 2003), conceptual change versus
expository texts (e.g. Cakir, Uzuntiryaki, & Geban, 2002; Sungar, Tekkaya, & Geban,
2001; Tekkaya, 2003), difficulties or abilities of students when reading pictorial
representations or images in science texts (e.g. Ametller & Pinto, 2002; Colin, Chauvet,
& Viennot, 2002; Stylianidou, Ormerod, & Ogborn, 2002; Testa, Monroy, & Sassi,

2002), and format of textbooks (William & Y ore, 1985).
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Refutation texts are designed to state misconceptions and provide scientifically
acceptable conceptions that refute the misconceptions (Guzzetti, 2000). The assumption
behind refutation text is that once reading is regarded as an interactive process between
the reader and the text, it would be legitimate to argue that student prior knowledge is as
important asthe textbook knowledge for conceptual change learning (Dole, 2000).
Likewise, conceptual change texts are designed for explaining student misconceptions
and their causes as well as why they are incorrect, and informing students about the
scientific conceptions. They bring students' pre-instructional conceptions under scrutiny
(Cakir, Uzuntiryaki, & Geban, 2002; Ozkan, Tekkaya, & Geban, 2004).

Nonetheless, the effects of refutation and conceptual change texts on conceptual
change learning are not consistently positive. For example, an investigation of the effects
of refutation text on conceptual change learning of physics showed that students failed to
attend to the text critically and persisted with their preconceptions (Guzzetti, Williams,
Skeels, & Wu, 1997). These authors claimed that either the refutation text was not
effective or the reading strategies were not sufficient to lead to conceptual change.
Guzzetti (2000) later contended that though refutation texts could create awareness in
students that there are conflicting ideas, this awareness by itself would not lead to
conceptual change unlessiit is followed by appropriate instructional strategies that
promote conceptual change. Unless students' prior knowledge is brought to self-scrutiny,
it impairs comprehension when it conflicts with scientific conceptions. Studies that
support this argument are available in the literature. For instance, the use of an
instructional strategy called Prior Knowledge Monitoring and Integration, which helps

readers to monitor their changing understanding of science concepts by allowing them to:
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(a) identify and record their everyday ideas, (b) compare them with textbook ideas, and
(c) determine whether or not there is match/mismatch between those ideas, demonstrated
conceptual change that can be regarded as significant (Dole, 2000).

As far astext gructure is concerned, it is unlikely that all science textbooks across
levels and nations would be designed to suit the characteristics of refutation or conceptual
change texts. Moreover, refutation or conceptual change texts would not include all
possible misconceptions students could hold from various sources. Therefore, sudies on
reading of science textbooks or trade books (not science texts designed for research
purposes) reveal that alot has yet to be done to make reading an effective and efficient
instructional strategy. The best direction in science reading research should be toward
seeking effective reading strategies for expository texts (where ideas and concepts are
logically arranged in a predictable fashion and comparisons, descriptions, causation, etc
are presented in awritten piece), asthat is the case of science textbooks. Moreover, the
high educational spending of nations on science textbooks (Willington, 2001; Y ore,
1991) obliges science educators to make proportionate efforts for developing

comprehension strategies for such texts.

I ncor porating metacognitive science reading strategy
Students across levels encounter problems grasping understandings from readings of
science texts (Best, Rowe, Ozuru, & McNamara, 2005; Peacock & Weedon, 2002).
Limitations in reading comprehension hinder students in understanding and applying
difficult ideas during science instruction (Ward & Wandersee, 2002). This is because, as
Holliday, Yore, and Alvermann (1994) state, readers of science texts need to interactively

process information by switching between text-based information and concurrent
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experiences on the one hand and personal knowledge, assumptions, and beliefs on the
other hand. Thus, science instruction has to employ models of reading and practicing of
meaning negotiation with the discourse of the textbook to promote the ability of students
to understand concepts and incorporate them into their explanations (Wallace, 2004).
Science classrooms must create contexts where students can be provided with
opportunities to use prior knowledge and develop skills, regulatory operations, and
strategies that will enhance their understandings of science texts and improve the
effectiveness of the reading process (Y ore & Shymansky, 1991). Nonetheless, teaching
for effective reading is neglected in science classrooms (Y ore, Bisanz, & Hand, 2003;
Wallace, 2004). Since science students do not usualy make effortsto employ reading and
comprehension strategies, explicit strategy instruction and modelling are not only highly
recommended but are also proven to be effective (e.g. Best, Rowe, Ozuru, & McNamara,
2005, Heselden & Staples, 2002; William & Y ore, 1985; Willington, 2001).

For instance, Keys, Hand, Prain, and Collins (1999) employed a teacher template that
consisted of a series of suggested activities that involved students in meaningful thinking,
writing, reading, and discussion about laboratory concepts, and found learning gains. In
another study, the use of well-established reading strategies helped two high school
students to comprehend biological research articles (Brill, Falk, & Y arden, 2004). A
study among I sraeli 4™ graders indicated that students who used metacognitive reading
guidance (called metacognitive awareness guidance-MCAG) outperformed a comparison
group who were allowed to read and answer questions that followed the reading. They
also outperformed a placebo group who read content instructions and text and answered

guestions that followed when they were convinced that they understood the text
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(Guterman, 2002). Explicit instruction of areading strategy called Concept-Oriented
Reading Instruction (CORI) was reported to be beneficial in promoting intrinsic
motivation, literacy strategy use, and conceptual understandings in science (Swafford &
Bryan, 2000). CORI requires students to: observe and personalize, search and retrieve,
comprehend and integrate, and communicate. Each of the activities requires a good deal
of metacognitive thinking. Moreover, 3 and 5" graders who received CORI
demonstrated higher achievement than their counterparts who were taught through
traditional instruction (Guthrie, Van Meter, McCann, Anderson, & Alao, 1996). These
authors found that CORI increased conceptual learning in comparison to traditional
instruction. Similarly, Guthrie et al. (2004) compared the effects of three instructional
strategies, namely CORI, strategy instruction (Sl), and traditional instruction (TI) on
reading comprehension of science text anong 3 and 5™ graders and found that the CORI

group outperformed their counterparts.

The need for thisstudy

We believed that metacognitive strategies of reading science would assist students in
developing comprehension skills for constructing meanings, inquiring, and restructuring
of understandings from texts across levels. Hence, we designed a reading checklist called
Metacognitive Science Reading Checklist (MSRC) (Table 31), where its effectiveness in
learning science among Ethiopian primary school students (i.e. grades 5 and 6, age 10-14
years) was investigated. The checklist was designed in such away that sudents would
develop science processes such as comparing and contrasting, inferring, predicting, and
communicating so that they would make meanings out of science texts and/or restructure

their conceptions by engaging in metacognitive thoughts and reflections before, during,

156



and after reading tasks. The checklist is provided with guiding questions to help students

to remain aware of the reading process.

Table 31. Metacognitive Science Reading Checklist

Reading Phase

Reading Comprehension Guiding Questions

1. Pre-Reading

2. Reading

3. Post-Reading

What does the heading/topic mean?

What do | know about the heading/topic?

What do | expect to know after reading the topic?
*What reading strategies should | use? Why?

What is my reading telling me?

To what point is my reading leading?

Do | comprehend what | am reading?

What are the main ideas of the topic? The supportive ideas?
If I cannot comprehend, how should | read my text?

Can | summarizethetopic and tell to my friend? My teacher?
Aretheideas congruent with what | know before reading?
How are they similar or different?

Did | learn what | expected to learn at the beginning? What?
Did my reading strategies help me? How?

* = The students know a repertoire of reading strategies such as dow reading, rereading, silent reading, and
reading aloud, underlining, and taking short notes

Since much content is provided in expository science textbooks across all levels,

students need to have effective reading strategies to learn successfully (Y ore, Craig, &

Maguire, 1998). What makes effective science reading skills so fundamental is that

almost all of the words or terms in science texts are important. If one part of an argument

is skipped or misunderstood, the remaining parts become incomprehensible (Koch,

2001). Thus, based on the argument that metacognitive knowledge provides insights into

the awareness and control of science reading (Y ore, Craig, & Maguire, 1998), science

educators are trying to include metacognition strategies in science reading research.

Nevertheless, many such studies are restricted to secondary and university students

(e.g. Brill, Falk. & Yarden, 2004; Guzzetti, Williams, Skeels, & Wu, 1997; Koch, 2001).
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Hence, the present study investigates the effectiveness of a metacognitive reading
strategy in learning primary science in Ethiopia. The study was believed to augment
reading research in science education and was expected to support the efforts of
enhancing primary science instruction by promoting learner-centeredness in populous
classrooms of Ethiopia’s primary schools. Since Ethiopian primary school science
textbooks are exceptionally bulky, packed with theoretical contents, the reading checklist

is believed to be of paramount importance.

Purposes of the study
Based on the justifications presented above, this study examined the effectiveness of
the Metacognitive Science Reading Checklist for learning primary science (grades 5 and

6) in the large and poorly enriched classrooms of Ethiopian schools. Moreover, the study

looked at the effectiveness of the checklist under individual and pair cooperative learning

settings. Thus, the present metacognitive instructional intervention addressed the
following questions.

(1) Ascompared to more traditional instruction, did the intervention yield better overall
learning gains among students of Ethiopia s large class-size primary schools (grade 5
and 6)7?

(2) Did the treatment classes perform better on higher order thinking teststhan did the
comparison classes?

(3) Did the intervention help students in the treatment classes to better retain learned
content than those in comparison classes?

(4) Wasthe instructional method more effective in pair learning setting as compared to

individual learning setting?
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(5) Did the intervention produce similar positive outcomes in both grades?

M ethodology
The study was conducted in two complete primary schools located in Mekelle
(Ethiopia). During the period of the study the first school (school-3) enrolled 2300
students and the second one (school-2) had 3000. A 5" grade General Science teacher
from the first school and a sixth grade one from second school participated in the study.
The intervention began with 221 students (108 boys, 113 girls) of grade 5 from the first

school and 195 students (107 boys, 88 girls) of grade 6 from the second one.

Participating teachers

The 5™ grade teacher was a 52-year old male with 27 years teaching experience.
According to the current Ethiopian Education and Training Policy (ETP), effective as of
1994, his qualification allows him to teach in grades 1 to 4. However, he has been
teaching General Science in grades 5 and 6 for the last 15 years. He had a total teaching
load of 28 periods (40 minutes each) per week throughout the intervention period. He
was teaching three classes of grade 5 and four classes of grade 6.

Likewise, the 6™ grade teacher was a 49-year old male with 25 years experience. He
was qualified to teach biological sciencesin junior secondary schools, where he had
taught for 16 years. However, according to the ETP of Ethiopia, he isrequired to teach
sciences in upper primary grades (i.e. 5-8). Out of his nine years of teaching service in
upper primary, he has been teaching grade 6 General Science for the last two years.

During the present intervention, he had a total teaching load of 28 periods per week.
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Pre-intervention training of participating teachers
Both of the teachers participated in pre-intervention training and preparation of
annual course and daily lesson plans of the contents covered during the intervention
period. (Details on the training are indicated in the methodology section.) At the
completion of the training, the teachers were assigned to teach using the Metacognitive
Science Reading Checklist, and provided with guidelines for incorporating it. They were
also instructed to write reflective journals about the intervention and record students' pre-

and post-reading reflections when they employed the instructional method.

Participating students

The majority of the students in both schools belong to medium to low-income
families of outer-town neighbourhoods. There were three classes of grade 5 in the first
school, all included in the study. The classes were assigned to: (8) Individual learning
class, (b) Pair learning class and (c) Comparison class. Likewise, there were six classes of
grade 6 in the second school from which three were randomly selected for the study. The
three classes were assigned to: (@) Individual learning class, (b) Pair learning class and (c)
Comparison class.

The students in the treatment classes were given a 40-minute training by their teacher
on the use of the MSRC in reading science texts at the beginning of the intervention. The
students were also instructed that they were going to have reading assignments for every
lesson, whereby they would employ the checklist. Then, they were advised to study the
checklist in such away that asto use it automatically. The students were also instructed
to take summary notes on pre- and post-reading understanding about reading topics as

well as reconciling reflections during every reading assignment.
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Course and lesson planning

Details about the preparation of the annual course and daily lesson plans, as well as
the descriptions of the contents covered during the intervention are indicated in the
methodology section. Both participating teachers were involved in the preparation of
annual course and daily lesson plans of the topics covered in the study. Three units, i.e.
(@) Human Breathing System, (b) Human Nervous and Endocrine Systems, and (c)
Animal Reproduction, were covered in grade 5. Likewise, four units, (a) Our
Environment, (b) Human Diseases, () Physical Properties of Matter, and (d) Refraction,

were covered in grade 6.

I ncorporating the MSRC

The format of the daily lesson plans used in the intervention included the following
major activities with respect to the actual instruction. These were: (a) Introduction, (b)
Presentation, (c) Stabilization, and (d) Evaluation. It was believed that metacognitive
science reading activities are effective when alonger time is given for the reading
sessions. Hence, the participating students were allowed to carry out the metacognitive
reading activities within extended periods. The metacognitive reading activities were
incorporated first by requiring students to take reading assignments for every
forthcoming lesson and have summary notesin order to participate during instruction.
Then, after the lessons were introduced (Introduction) as indicated in the lesson plan, the
students were invited to be involved in the Presentation of the lesson.

During this stage, the teachers were guiding their studentsto (a) reflect on their pre-
reading beliefs and understandings about the reading topic, (b) explain the main ideas and

concepts of the topic after they read it, and (c) compare their pre-reading beliefs and post-

161



reading understandings. The Introduction, Stabilization, and Evaluation of every lesson

were presented as indicated in the format of the lesson plans with no modifications.

Studentsin Individual learning classes were required to make the reading assignments

and reflections individually, while those in the Pair learning classes were required to

make their readings and reflections in pairs. Students in the Comparison class were given

reading assignments, but they were neither given the checklist nor required to make any

reflections. The modified lesson activities are indicated in Table 32.

Table 32. Lesson activities incorporating MSRC

Activities Treatment Classes Comparison Class
Homework  Students read forthcoming lesson Students read forthcoming lesson as
using MSRC and have summary notes  instructed by the teacher.
and reflections.
Introduction  Teacher introduces the lesson Teacher introduces the lesson
Presentation Teacher asks studentsto: (a) reflect on Teacher teaches the lesson
their pre-reading conceptions of the
reading topic, (b) explain the main
ideas thereading topic, and (c)
comparetheir pre-reading conceptions
and post-reading understandings.
Stabilization Teacher summarizes the main points Teacher summarizes the main points
of the lesson. of the lesson.
Evaluation  Teacher presents evaluation questions.  Teacher closes lesson by presenting

evaluation questions.

Data sources

Non-participant observation data and teacher reflections and student reflections, both
recorded by the participating teachers, were the major sources qualitative data. Likewise,
prior academic performance and post-intervention test scores were sources of quantitative

data
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Qualitative data collection, analyses, and findings
Non-participant observation

Non-participant observation data were used (a) see whether the teachers were
incorporating the metacognitive reading strategy properly whereby they encouraged the
students to reflect on their pre- and post-reading understandings, (b) observe the
capabilities of the students in providing such reflections, and (c) to record the pre-reading
beliefs, thoughts or conceptions, and post-reading understandings. Observation data were
collected using field notes, which were expanded immediately after the completion of
each observation and written in computer files. Observation data from atotal of 18

sessions conducted in the intervention classes of both grades were analysed.

Did the lessons taught according to the guideline?

Overall, nine observation sessions were carried out in trestment sections of each
grade. Sorting and grouping of the instructional activities recorded in field notes
disclosed that six instructional routines were apparent. These were: (i) Lesson
Introduction, (ii) Reflection on Pre-reading Understandings, (iii) Post-reading
Reflections, (iv) Lesson Stabilization, (v) Lesson Evaluation and (vi) Reading
Assignment. In these routines, all of the four phases of classroom instruction are
represented, where (ii) and (iii) denote Lesson Presentation.

According to the intervention plan, the students were required to make reflections on
their pre-reading and post-reading understandings about lesson topics during the
Presentation stages of the lessons. A summary of the nine observation sessions among 5™
graders showed that reflections on pre-reading beliefs and post-reading understandings

were parts of the instructional activities in six and nine of the lessons, respectively.
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Likewise, a summary of the nine observation sessions in grade 6 indicated that reflecting
on pre- and post-reading understandings were incorporated in six of the lessons. All of
the lessons observed in both grades were completed by giving reading assignment on the
forthcoming lessons as per the guideline introduced for the study. Thus, we can see that

the intervention was fairly conducted as intended.

Were the students capable of making metacognitive reflections?

When students were invited to state reflections about their pre-reading beliefs,
thoughts, conceptions, or understandings, they often made them in reference to what they
read in the assignment. This impliesthat the students did become conscious about the
match or mismatch of their pre-reading beliefs or understandings and the contents they
read. Thus, examination of the reflections on pre-reading understandings would help usto
ascertain whether or not the students were making thoughtful reflections. Close
examination of the reflections on pre-reading beliefs or understandings recorded during
observation sessions revealed that they include metacognitive and non-metacognitive
ones. The descriptions of metacognitive and non-metacognitive reflections are given
elsewhere (Article 2). Metacognitive reflections about pre-reading beliefs or thoughts are
reflections that indicate the awareness of students when stating statements on the beliefs
they held that contradict to scientific conceptions. Examples of metacognitive reflections
on pre-reading conceptions stated by 5™ graders about insect reproduction are given as

follows.

| used to believe that insects grow by the help of rain (M12, IL)*.
| thought that houseflies give live birth like humans (F11, IL).
| thought that flies reproduce by wind [air] like birds (M12, IL).

* M or F=maleor femae, Number = age, IL = Individual learning class
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On the other hand, non-metacognitive reflections are statements that indicate what
students didn’t know about a topic without implying whether or not they had a different
understanding about that topic. Examples of non-metacognitive statements by 5" graders

about the structure the nervous system are given below.

| didn’t know that the spinal cord is connected to the hypothalamus (M12, IL).
| didn't realize that the spinal cord is connected to the brain (F11, PL)*.

* PL = Pair learning class
The researcher collected a total 32 reflection statements on pre-reading beliefs,
thoughts, or understandings in the two intervention classes of grade 5. The types of the
reflections are summarized in Table 33. The summary disclosed that about 69% of the
reflections were metacognitive. Likewise a total of 24 statements of reflections were
recorded in grade 6. Study of these reflections revealed that 63% of them were
metacognitive. From these accounts, we can see that the students were capable of stating

metacognitive reflections.

Table 33. Summary of pre-reading reflections given by 5" and 6" graders

Reflections on pre- Treatment Classes
reading conceptions Grade 5 Grade 6

Individual  Pair Tota Individual  Pair Total
Metacognitive 10 (67%) 12 (71%) 22 (69%) 9(60%) 6 (67%) 15 (63%)
Non-metacognitive 5 (33%) 5(29%) 10 (31%) 6 (40%) 3(33%) 9 (37%)
Total 15(100%) 17 (100%) 32 (100%) 15(100%) 9(100%) 24 (100%)

Teacher reflections
Thes™ grade teacher was writing some of his observations when using the
metacognitive teaching methods. Translated excerpts of the teacher’ s reflections are

included in the discussion section.
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Student reflections

The participating teachers recorded samples of pre- and post-reading reflections of

their students in many of the lessons. Examination of the reflections supports the

conclusion from the observation data. Examples of translated pre- and post-reading

reflections are shown in tables 34 and 35.

Table 34. Rreflections on pre- and post-reading understandings by 5" graders

Wk  Lesson Topic

Reflection on Pre-reading Beliefs

Refl ections on Post-reading
Understandings

5 TheBrain

6 The Effect of
Alcohol on the
Nervous System

7 Animal
Reproduction

8 Reproduction in
Housefly

| didn’t know that the brain has three
parts (M10, IL).

| assume that the brain has one part
(M11, PL).

| didn’t realize that the spinal cord is
connected to the brain (F11, PL).

| didn’t know any harmful effects of
alcohol on nerves and the brain (M 13,
PL).

| didn’t know that drinks have al cohol
(F12, PL).

| didn’t understand that al cohol
damages our internal organs like liver,
intestine and pancreas (M 12, PL).

| used to believe that insects grow by
the help of rain (M12/13, IL).

| thought that houseflies give live
births like humans (M12, IL).

| thought that houseflies reproduce by
wind (air) like birds (M12, IL).

| used to believe that insects are
created from dirt (M 14, PL).

| thought insects are created from air
(F12, PL).

| thought insects are brought from
somewhere else by wind (M11, PL).

| learned that the brain has three
parts (M10, IL).

| learned that the hypothalamus is
connected to the spinal cord (F11,
IL; M10, PL).

| learned that alcohol damages the
different parts of the brain (M 13,
PL).

| understand that which drinks
contain alcohol and which ones do
not (F12, PL).

| learned that alcohol damages
different internal organs of our
body (M12, PL).

| learned that insects reproduce by
sexual means (M 13, IL).

| learned that houseflies reproduce
by laying eggs (M12/12, IL).

| learned that insects reproduce by
sexual means (F13, M14, F12, PL).
| learned that houseflies grow from
eggs to adults (F12, M14, PL).
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Table 34. continued

9

12

13

14

Reproduction in
Mosquito

Reproduction in
Locust

Reproduction in
Fishes

Reproduction in
Amphibians

Reproduction in
Birds

We used to believe that male
mosquito transmits malaria (M 14/12,
PL).

| didn’t believe that thereis male
mosquito after all (M12, IL).

| didn’t know that female mosquito
has anything to do with transmission
of malaria(M12, IL).

| used to believe that locusts are
brought by wind (M 13, IL).

| used to believe that newly hatched
locusts have wings (M12, IL; M11/13,
PL).

We used to believe that locusts could
lay eggs everywhere (M10/13, PL).
We used to believe that locusts are
created from crops (M13/12, PL).

| used assume that fishes givelive
births (M13, IL).

| didn’t believe that there are male and
female frogs (F11, IL)

| used to believe that birds give live
births like humans (F11, IL).

| didn’t believe that bird reproduce by
sexual means (F11, IL).

| thought that all birds are females
(F14, 1L).

We |earned that male mosquito
feeds on saps of plants (M11/11,
PL).

| learned that male mosquito does
not transmit malaria (M 12, IL).

I know that female mosquito
transmits malaria (M 12, IL).

| learned that locusts reproduce by
laying eggs (M 13, IL).

| learned that the eggs of locusts
hatch to wingless young (M 12, IL).
We learned that a female locust lays
numerous eggs in sand holes
(M213/10, PL).

| learned that fishes reproduce by
laying eggs (M 11, IL).

| learned that there are male and
female fishes (M12, IL).

None

| learned that birds reproduce by
laying eggs (M 12, IL).
| learned that there are male and
femalebirds (F14, IL).

Note: F = Female, M = Mae, IL = Individual learning, PL = Pair learning, M11 = 11 yr old mae, M11/12 = 11

and 12 yr old males
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Table 35. Rreflections of post-reading understandings by 6" graders

Wk  Lesson topic

Reflections on post-reading understandings in relation to pre-reading beliefs

5

11

16

Diseases. Means of
Transmission

Amoebic
Dysentery and
Ascariasis

Bilharziasis

Food Hygiene and
Feeding Habits

Diseases
Transmitted by
other Means:
Malaria

Physical Properties
of Matter: Volume

Refraction: Lenses

| used to believe that diseases are transmitted only via breathing. But now
| understand that diseases can also be tranamitted by water, food, contact
and vectors (F11, IL).

| thought that diseases are transmitted by air and sexual intercourse. | now
knew that they could also be transmitted by food, water and contact
(M12, IL).

| knew about airborne diseases. But now | learned that diseases could also
be tranamitted by other means (M 13, PL).

| thought that all bacteria are harmful. Now | understand that there are
also beneficial bacteria(M13, PL).

| used to believe that bacteria and viruses are the only disease causing
organisms. Now | learned that protozoa and rickettesia are also diseases
causing organisms (M 14, PL)

I thought amoebic dysentery and ascariasis are transmitted Smply by
contact. Now | understand that these diseases are food borne diseases
(M13, IL).

| thought that bilharziass would catch us when we drink polluted water.
Now | undergtand that bathing in polluted water would also cause
bilharziasis (M13, PL).

| thought that food gets spoiled when touched by unclean hands or when
fliesrest onit. Now | understand that cockroaches and mice can also spoil
food (F13, PL).

| didn’t know that vegetables are useful componentsin adiet (F12, IL).

| thought deeping immediately after eating is advisable. | learned that one
has to stay for awhile before going to bed immediately after feeding
(M12, IL).

| used to hear about malaria. | thought it catches uswhen itis cold or
when we dleep around moist locations, but | didn’t know that it is
transmitted by mosquito. | thought we caught malaria from the moisture
(F13, PL).

| thought volume isthe measure of water (F12, PL).

I thought volume refers to a measure of an area upon which an object is
placed (F12, PL).

I thought volume meansto hold or wrap (M12, PL).

I thought lensis simply a mirror (M12, IL).
I thought lenses only help see distant objects (F11, IL).

Note: F = Female, M = Male, |

and 12 yr old males

L = Individual learning, PL = Pair learning, M11 = 11 yr old male, M11/12 = 11
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Quantitative data collection, analyses, and findings

The three classes at 5™ grade had between 72 and 75 students per class. Likewise,
there were 64 to 67 students per class in grade 6. However, sudents who were far older
than the legal ages of Ethiopia s education policy (i.e. 112 and 12"*2 years for 5" and
6™ graders, respectively) were excluded from the quantitative study. Thus, the age ranges
of 5™ and 6" graders included in the quantitative study were between 10 to 13 and 11 to
14 years, respectively. Student mean scores of the core subjects of the previous academic
year, referred to as prior school performance (PSP) scores, were used as pre-test scores.
The method of collection of the scores of the core subjects is explained in Article 2.

Once the students for quantitative study were identified, they were assigned into
I mmediate and Delayed test-groups based on the PSP scores. The post-tests measured the
comprehension, application, transfer, and retention abilities of the students. Three tests
containing 20 questions each were prepared. The first test contained knowledge and
comprehension questions while the second and third tests contained application and
transfer questions, respectively. Details about the descriptions and preparation of the
guestions, the method of assigning the students into Immediate and Delayed test-groups
for testing, and the methods of piloting and administering the tests are given in Article 2.

The intervention lasted for 14 weeksin grade 5. Students in the Immediate test-
groups sa for the tests at the end of the 15" week. In grade 6, on the other hand, the
intervention was completed by the end of the 16" week, students in the Immediate test-
groups took the tests at the end of the 17" week. The students in the Delayed test-groups
of both grades sat for the same tests 24 weeks after the end of the intervention. One

participant teacher and the author scored the test papers. The interrater reliabilities of the
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scores of the various test-groups were over 0.99. Scores of end-of-intervention tests of
students (of the Immediate and Delayed test-groups) are the major sources quantitative
data. PSP and post-test scores were analysed using one-way ANOV A followed by Post-
hoc comparisons using LSD at an a priori significance level of p < 0.10. Findings of the

guantitative analyses are presented below.

Post-test performances the Immediate test-groups
5" graders

Prior school performance scores and post-test scores of the participating students in
the Immediate test-groups were analysed using one-way ANOV A followed by the Post-
hoc comparison method. No gatistically significant variations were observed (p > 0.100)
asaresult of ANOV A or the Post-hoc comparisons (Tables 36 and 37). When mean post-

test scores of the three test-groups were examined, no consistent pattern was observed.

Table 36. Mean (and SD) scores of 5" graders of Immediate test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe 81 p
PS Performance (100%) 59.80 (8.74) 60.43 (9.38) 63.76 (9.97) 1270 .286
Know./Comp. Test (25 pts) 5.58 (1.97) 6.44 (2.91) 6.37 (2.07) 1366 .261
Application Test (25 pts) 6.22 (2.84) 5.69 (2.46) 5.13(1.83) 1282 .283
Transfer Test (25 pts) 4.96 (2.09) 4.90 (1.99) 5.24 (2.59) 128 .880
Total Score (75 pts) 16.76 (4.66) 17.03 (5.04) 16.74 (4.44) 106 .900

Table 37. Comparison matrices of mean scores of 5" graders of |mmediate test-groups using LSD

Variables
PS Performance ~ Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
p 6% 1 118 1 446 1 956 1 706 1

cc 134 226 1 212 799 1 114 34 1 652 6/0 1 .988 .691 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class
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6" graders

ANOV A with the scores of the |mmediate test-groups of 6" graders indicated no
statistically significant variations with PSP and post-test scores (p > 0.100) (Table, 38).
Post-hoc comparisons showed no statistically significant differences between the scores

of the test-groups (Table 39).

Table 38. Mean (and SD) scores of 6™ graders of Immediate test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe s p
PS Performance (100%) 66.64 (10.08)  65.61(10.86) 63.94 (11.84) 455  .636
Know./Comp. Test (25 pts) 12.22 (4.16) 11.50 (4.24) 10.98 (3.88) .708  .496
Application Test (25 pts) 7.06 (2.56) 6.15 (2.10) 6.93 (2.26) 1208 .304
Transfer Test (25 pts) 5.93 (2.50) 5.79 (2.19) 5.28 (2.13) .674 513
Total Score (75 pts) 25.22 (7.33) 23.44 (6.18) 23.19 (6.52) 782 461

Table39. Comparison matrices of mean scores of 6™ graders of mmediate test-groups using LSD

Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
pL 729 1 506 1 152 1 818 1 331 1

cc 348 572 1 239 633 1 834 214 1 .2/2 403 1 250 .889 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

Post-test Performances of the Delayed test-groups
5" graders
ANOV A with mean PSP scores yielded high F-values (F2, g1y = 1.790) (Table 40).
Post-hoc comparisons disclosed that the mean difference between the test-groups from
the Individual learning (59.91, SD= 9.53) and Comparison (64.70, SD = 8.98) classes

was significant at p < 0.071 (Table 41). ANOV A with Application (F, s1) = 2.896; p <
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0.061) and Total (F2, 81 = 2.971; p < 0.057) scores yielded marked stetistical variations

(Table 40). Post-hoc comparisons showed that mean Knowledge/ Comprehension score

of the tet-group from the Individual learning (5.02, SD = 2.04) class was statistically
lower than that of the test-group from Pair learning class (6.02, SD = 2.17) (p < 0.059).

The mean Application score of the same test-group (4.61, SD = 1.83) is lower than the

mean scores of the test-groups from Pair learning (5.72, SD = 1.86) and Comparison

(5.38, SD = 2.64) classes at p < 0.030 and p < 0.057; respectively. Furthermore, the mean

Total score of the test-group from the Individual learning class (14.03, SD = 4.39) is

statistically lower than those from the Pair learning (16.32, SD = 3.82) (p < 0.053) and

Comparison (16.73, SD = 5.12) (p < 0.028) classes (Table 41).

Table 40. Mean (and SD) scores of 5" graders of Delayed test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, s1)

PS Performance (100%) 59.91 (9.53) 61.15(8.98)  64.70(10.38) 1790 .173

Know./Comp. Test (25 pts) 5.02 (2.04) 6.02 (2.17) 5.73 (2.06) 1928 .152

Application Test (25 pts) 4.61 (1.83) 5.72 (1.86) 5.62 (2.06) 2.896 .061*

Transfer Test (25 pts) 4.40 (2.20) 4.58 (2.04) 5.38 (2.64) 1393 254

Total Score (75 pts) 14.03 (4.39) 16.32(3.82) 16.73 (5.12) 2971  .057

* = Differences are significant at p < 0.10.

Table 41. Comparison matrices of mean scores of 5" graders of Delayed test-groups using LSD

Variables
PS Performance  Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
p. 626 1 059¢ 1 030 1 764 1 053 1
cc O 172 1 190 592 1 057 844 1 120 19 1 .028* 729 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

* = Differences are significant at p < 0.10.
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6" graders
One-way ANOV A followed by Post-hoc comparisons showed that PSP and post-test
scores of the three test-groups demonstrated no satistically significant variations (Tables

42 and 43).

Table 42. Mean (and SD) scores of 6™ graders of Delayed test-groups and ANOVA summaries

Variables Mean Score (SD) of Treatments ANOVA
Individua Pair Comparison Fe, 70 p
PS Performance (100%) 67.86 (10.39) 65.96(12.21)  63.18(10.80) 1137 .327
Know./Comp. Test (25 pts) 10.93 (2.42) 10.02 (3.89) 9.88(2.57) 934  .398
Application Test (25 pts) 5.52 (2.23) 5.89(1.84) 6.38 (2.20) 1.045 357
Transfer Test (25 pts) 5.28 (1.79) 5.23(1.72) 5.50 (1.91) 152 .860
Total Score (75 pts) 21.72 (4.94) 21.97 (6.14) 21.75 (4.50) 109 .897

Table 43. Comparison matrices of mean scores of 6" graders of Delayed test-groups using LSD

Variables
PS Performance ~ Know./Comp. Application Transfer Total
IL PL CC IL PL CC IL PL CC IL PL CC IL PL CC
IL 1 1 1 1 1
pp 552 1 295 1 547 1 923 1 687 1

cc 137 399 1 213 87 1 153 436 1 663 612 1 .98 .68l 1

NB: IL—Individual learning class, PL—Pair learning class; CC—Comparison class

Comparing the performances of Immediate and Delayed test-groups
5" graders
Comparisons of mean scores of the Immediate and Delayed test-groups of each
treatment class were made. The mean PSP scores of the Immediate (59.80; SD = 8.74)
and Delayed (59.91; SD = 9.53) test-groups from the Individual learning class were
statistically comparable (F1, s2) = 0.002; p < 0.964). Comparisons of mean post-test

scores revealed statistically significant differences with Application (F1, sp) = 6.154; p <
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0.016) and Total scores (F1, 52 = 4.825; p < 0.033), in favor of the Immediate group

(Table 44).

Mean PSP scores of the Immediate and Delayed test-groups from the Paired learning

and Comparison classes were statistically equivalent. Moreover, the mean scores of the

three tests of the test-groups from the Paired learning and Comparison classes were

equivalent, with no atistically significant difference.

Table 44. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 5™

graders
Treatment STest-group PSP Know/Comp. Application Transfer Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Individuad _ L(N=25) 50.80(874)  558(197) 6.22(284) 496(2 09) 16.76(4.66)
L earm 2(N=28) 59.91(9.53) 5.02(204) 4.61(1.83) 4.40(220) 14.03(4.39)
eaming Fosy  0.002 1.033 6.154 890 4.825
pvalue  0.964 0.314 0.016* 0.350 0.033*
Pair 1(N=34) 60.43(9.38)  6.44(291) 5.69(246) 4.90(199) 17.03(5.04)
L earm 2(N=30) 6115(898) 6.02(217) 5.72(1.86) 458(204) 16.32(3.82)
eaming Foey  0.097 0578 0.002 0.404 0.406
pvalue  0.757 0.450 0.963 0.527 0.526
Comparison  1(N=26) 63.76(9.97)  6.37(207) ~ 513(183) 524(259) 16.74 (4.44)
2(N=26) 64.70(10.38) 5.73(206) 5.62(206) 5.38(264) 16.73(5.12)
Fosy 0110 1.230 0.791 0.040 0.000
pvaue  0.741 0.273 0.378 0.843 0.994

S=1, Immediate; 2, Delayed

* = Differences are significant at p < 0.10.

6" graders

Comparisons of PSP scores of the Immediate and Delayed test-groups of the two

treatment classes and the Comparison class disclosed that they have equivalent means.

The differences between mean post-test scores of the two test-groups in the Individaul

learning class were more pronounced than those of the test-groups in the Pair learning

and Comparison classed (Table 45). In the Individual learning class, the mean
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Application and Total scores of the Immediate test-group are greater than mean scores of

the Delayed test-group at p < 0.020 and p < 0.043; respectively.

Table 45. Comparisons of the mean (SD) scores of Immediate and Delayed test-groups of 6™

graders
Treatment STest-group PSP Know/Comp. Application Transfer Total
Mean (SD) Mean (SD) Mean (SD) Mean(SD) Mean (SD)
Individuad _ 1(N=29) 66.64(10.08) 12.22(416) 7.06(256) 593(250) 25.22(7.33)
L earm 2(n=27) 67.86(10.39) 10.93(242) 552(223) 5.28(L79) 21.72(4.94)
eaming Fosy  0.201 2.162 5.726 1.242 4311
pvalue  0.656 0.147 0.020* 0.270 0.043*
Pair 1(n=26) 65.61(10.86) 11.50(424) 6.15(210) 579(219) 23.44(6.18)
L earm 2(n=22) 6596(12.21) 10.02(389) 589(184) 5.23(172) 21.97(6.14)
eaming Fus 0011 1.557 216 949 1.788
pvaue 0916 218 644 335 188
Comparison  1(1=30) 6394(1184) 1098(388) 6.93(226) 528(213) 23.19(6.52)
2(n=24) 6318(10.80) 9.88(257)  6.38(220) 5.50(191) 21.75(4.50)
Fos  0.060 1.446 0.830 0.163 0.848
pvalue  0.808 0.235 0.366 0.688 0.361

S=1, Immediate; 2, Delayed

* = Differences are significant at p < 0.10.

Discussion

Did the intervention yield better overall learning outcome among the
treatment classes?

The first question of the study was to investigate whether the Metacognitive Science

Reading Checklist (MSRC) would increase science achievement among 5" and 6"

graders (10-14 years olds). Observation data indicated that the intervention was carried

out more or less as intended. Extracts of students’ reflections on pre-reading and post-

reading conceptions indicate that a majority of participating students were capable of

making thoughtful reflections. Various prior studies reported similar findings. For

example, a qualitative study among kindergartners, second, and third gradersin which the

student content area readings were guided by advance organizer and self-assessment

strategies were able to access their prior knowledge, organize ideas, and make
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connections to understanding (Langford, Rizzo, & Roth, 2003). Moreover, areading
strategy containing activities that promote active thinking during reading, and provide a
visual coding system to represent the thinking and promote metacognitive reflection of
the reading process improved the reading skills and comprehension abilities among 6"
graders (Barbe-Clevett, Hanley, & Sullivan, 2002).

In our case, quantitative analyses of the scores (of the various variables) of the
Immediate test-groups of the three classes of 5" graders revealed no statistically
significant differences (p > 0.100). Similarly, analyses of the scores of 6™ graders
indicated no statistically significant variations. Thus, no apparent contribution of the
intervention on achievement can be inferred based on the |mmediate test-groups of both
grades.

In the Delayed test-groups of 5" graders, the mean PSP score of the test-group from
the Comparison class is 4.79% and 3.55% greater than mean PSP scores of the test-
groups from the Individual and Pair learning classes, respectively. In fact the difference
between the mean PSP scores of the Delayed test-groups of the Individual learning and
that of the Comparison class is statistically significant (p < 0.071). Similarly, the mean
Total post-test score of the test-group from the Individual learning class is statistically
lower (p < 0.100) than the groups from the Pair learning and Comparison classes. No
variations were evident between the scores of the Pair and Comparison classes. In this
case too, no contribution can be implied from the intervention. Analyses of the scores of

6™ graders lead to similar conclusion.
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Did treatment classes perform better in higher order thinking tests than
comparison classes?

Based on the assumption that metacognitive instructional interventions promote
higher order thinking ability, the study predicted that students in the treatment classes
would perform better in higher order thinking tests than those in the Comparison class.
Analyses of the scores of the Immediate test-groups of both grades did not show any
evidence supporting this prediction. Analyses of the Delayed test-groups of both grades
also showed no advantage.

Did the intervention help the treatment classesto retain learned contents
better than the comparison classes?

Some studies have reported that metacognitive instructional interventions promote
retention abilities of learners (e.g. Adey & Shayer, 1993; Georghiades, 2000, 2004,
Spiegel & Barufaldi, 1994). Thus, it was predicted that the metacognitive science reading
strategy would promote the retention ability of the studentsin the treatment classes. To
test this prediction, we compared the scores of the Immediate and Delayed test-groups of
each class. Had the differences between mean post-test scores of the Immediate and
Delayed test-groups of the treatment classes been less marked as compared to the
differences between the mean post-test scores of the two test-groups in the comparison
classes, we would have argued that the intervention had some effect on retention.
However, the analyses show otherwise. The Immediate test-groups from the treatment
classes of 5™ graders had comparable mean Total score as those from the Comparison
class. It isalso indicated that the Immediate test-groups from the treatments classes of 6™
graders maintained their rank above the test-group from the Comparison class based on

mean PSP score. These effects were clearly diminished among the Delayed test-groups,
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in both grades. Interestingly, similar trends are reported in the two articles accompanying

this one.

Was the instructional method more effective in pair learning setting?

Instructional interventions that foster cooperative learning advance student
performance in science (e.g. Okebukola & Ogunniyi, 1984; Watson, 1991). Thus, another
objective of study was to see if the intervention works better among the Pair learning
settings. Though the Delayed test-groups from Pair learning classes are statistically better
compared to their counterparts from the Individual learning classes, it is difficult to infer
whether this difference is caused by the intervention or prior school performance.

The data from the Immediate test-group of 6™ graders indicate that the Individual
learning class has a higher mean Total score. But, it is suspected that this may be
attributed to prior academic background. No conclusion implying positive effect of
learning settings could be drawn from the Delayed post-test scores. In conclusion, no
pronounced effect of the intervention on cooperative learning setting could be observed.
In fact, instructional interventions focussing on the effect of cooperative learning do not

always yield anticipated results (e.g. Tingle & Good, 1990).

Did the intervention produce similar outcomes in both grades?

The study also tried to find out if the metacognitive science reading strategy gives
similar positive outcomes regardless of grade. As per the preceding discussions,
guantitative data analyses could not indicate that the intervention made any contribution.
The predictions that would show that the participating students would become more

metacognitive thinkers could not be supported by the quantitative study.
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What did the qualitative data show?

It isimportant to indicate whether the intervention makes other contributions to the
participating students. A summary of observation data as well as excerpts of teachers
reflections and samples of students' reflections on their pre- and post-reading conceptions
isincluded to examine whether the metacognitive instructional intervention had other

advantages.

Better student conceptual learning

Dole (2000) arguesthat student prior knowledge is difficult to change by reading
textsthat are inconsistent with that knowledge unless they are taught to monitor changes
in their thinking about scientific conceptions. Thus, the metacognitive reading checklist
employed in the present study was to help students monitor their comprehension and
thinking. It is designed to enable readers to be aware of the match/mismatch between
their assumptions or beliefs and the conceptions indicated in the text as well as remain
conscious while modifying or restructuring those assumptions or beliefs to suit the
scientific ideas. Evidently quantitative analyses could not show an apparent contribution
of the reading strategy on learning outcomes. On the other hand, study of the qualitative
data showsthat the intervention helped the students restructure their conceptions as
expected. Interventions in which quantitative data analyses do not (strongly) support
predictions, despite qualitative data indicating encouraging results, are available (e.g.
Blank, 2000; Georghiades, 2004; Radcliffe, Caverly, Peterson, & Emmons, 2005). Table
34 shows examples of reflections on pre-reading assumptions or beliefs and post-reading
understandings by 5™ graders, while Table 35 indicates the list of examples of post-

reading reflections in relation to pre-reading assumptions and beliefs by 6" graders.
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In both cases, it is evident that the students had many unscientific or incomplete prior
conceptions and were readily restructuring those conceptions. The existence of a
multitude of misconceptions among primary school students is well documented (e.g.
Pine, Messer, & John, 2000). In a course of appropriate instructional process, students
brought their prior beliefs and assumptions forward and declared that they were
modifying or abandoning those beliefs or assumptions and held the scientific ideas, as
demonstrated in our study. As a matter of fact, many of the misconceptions that could be
prevalent among Tigrinya speaking Ethiopian children were indicated. Marshall (1990)
(as quoted in Qian & Guzzetti, 2000) indicated that students could hold misconceptions
from their attempts to make sense of their physical environment, from social settings they
belong to, or formal instruction. In the case of the present study, language appears to be
another source of misconceptions. Below are some reflection statements that indicate

student language as a source of misconceptions.

| didn’t believe that there is male mosquito after all (5™ grade, M12, IL).
| didn’t believe that there are male and female frogs (5™ grade, F11, IL).
| thought that all birds are females (5" grade, F14, IL).

| thought volume means to hold or wrap (6" grade, M12, PL).

| thought lens is simply a mirror (6™ grade, M12, IL).

In the language of the children, mosquitoes, frogs, and birds take the feminine
pronoun ‘she’, and believe that these animals are females. Thus, talking about sexual
reproduction of these animals to students who believe that they are all females would be
of little help. Likewise, the terms ‘volume’ and ‘lens’ in the fourth and fifth statements,
respectively, confound with day-to-day language of the students. Therefore, one needs to
have an innovative strategy to enable the students to refute or restructure such

misconceptions. It is clearly evident from the students' reflections on post-reading
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understandings that the metacognitive reading activities have helped them to address their
prior beliefs or assumptions, and restructure their knowledge. A note by the 5" grade

teacher strengthens this assertion.

Students are stating that the reading strategy and the instructional approach
accompanying it helped them to change their pre-reading understandings and
beliefs and hold the scientific conceptions clearly. Some students are claiming
that the checklist encouraged them to read more and helped them to provide their
reflections without difficulty (Translation of 5™ graders teacher’s note, 16 Nov
2004).

Better student involvement

Better student involvement in agiven instructional process is an important condition
for any kind of meaningful active learning. Observation data and teachers' records of
student reflections as well as reflection notes of the 5" grade teacher revealed that the
involvement of the students were commendable. The students were actively engaging in
the instructional processes. Students who could recognize weaknesses in their
understanding when making reflections are more likely to engage in knowledge
integration (Davis, 200). Indicating the involvement of the students, the 5" grade teacher

made the following notes.

Even though the metacognitive reading method is a new one, | am convinced that
the method is getting helpful. Majority of the students are completing their
reading assignments. If the students are allowed to use the method in the future,
their reading abilities will boost. Higher ability students are eagerly followin%the
checklist. In fact, they are using it for other subjects as well (Translation of 5'
graders teacher’s note, 29 Oct 2004).

Students are claiming that the reading strategy is helpful because it: (1)
encourages them to read and re-read the topics, thus enables them to understand
the contents, (2) helps them to grasp the main points of the reading assignments
clearly, and (3) enables them to do better in tests (Translation of 5" graders
teacher’s note, 03 Nov 2004).
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Similarly, observation and teachers’ journals indicate that the students were able to
identify the important points or concepts of the topics of the various lessons during their

reflections. Two summaries are indicated in the following figures.

Topic: TheBrain Teacher’s Note: 11 and 15 Oct 2004.
Individual Lear ning Class*
| learned/ understood/knew that:
The size of the human brain is 1.5 kilograms.
The brain of an adult contains 12 billion nerve cdlls.
The brain has three parts.
The cerebrum has many folds.
The cerebrum helps usto remember, reason and learn.
Cerebellum islocated in the hind head.
Cerebellum has some folds.
Cerebellum controls the movements of body.
Damage to cerebellum affects our bodily balance.
Hypothalamusis connected to the spinal cord.
Hypothalamus controls the physiol ogical process of our body.
*The Pair learning class gave amore or less similar summary.

Figure 12. Students' reflections on post-reading understandings about atopic ‘the
Brain’

Topic: Reproduction of Housefly Teacher’s Note: 24 Oct 2004.

Individual L earning Class
| learned/ understood/knew that:

I nsects reproduce by sexual means.
Insects devel op through either complete or incomplete metamorphosis.
Female housefly produces 100-200 eggs at atime.
Houseflies have 4 stages of devel opment.
The eggs of the housefly hatches into larvae within 1-3 days.
Housefly larvais changed to pupain five days.
The life cycle of housefly depends on environmental factors.

*The Pair learning class gave amore or less similar summary.

Figure 13. Students' reflections on post-reading understandings about
‘Reproduction of Housefly’

These summaries show that the shift from more teacher-centeredness to more learner-

centeredness can be realized by introducing metacognitive strategies. Naturally,
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metacognitive activities require students to be engaged in a lot of minds-on activities,
which in turn leads to the domination of the classroom discourse by the students. The role
of the teacher will, thus, be providing some guidance. This was more or less evident in

our study.

Implications for classroom practice and research

Despite the quantitative data failing to show the effect of the intervention clearly, the
gualitative study disclosed that the method of instruction yielded an encouraging
contribution in promoting conceptual change learning and fostering better student
engagement. Thus, the commitment for a paradigm shift from more teacher-centeredness
toward more learner-centeredness could be realized by using effective, metacognitive
science reading strategies that demand minds-on engagement of students. Where
increased class size, shortage or lack of science equipment and supplies and decreased
development of inquiry science projects are prevalent, as in Ethiopian schools, we will be
obliged to depend much more on textbooks (Yore, 1991). It goes without saying that
adoption of the present Metacognitive Science Reading Checklist or other smilar reading
strategies in schools where science textbooks are the only available curricular input
would be vital for learning science through negotiation of meanings, inquiry, and
conceptual change.

While quantitative data analyses did not lead to aclear-cut conclusion, the
gualitative data yielded promising results. Thus, it is worthwhile to repeat the study on a
larger scale to reconcile the findings of the quantitative and qualitative data. In this case,
it isworth noting that researchers need to recognize that the limitations of reading and

comprehension skills among students may be a confounding factor.
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Appendix A. Post-Intervention Tests (in Tigrinya)
Grade5
Knowledge/Comprehension Test

GL 52 NFA T8 AL 441G
age 5 RGN, _ = k06 PP u dfaw __u WILFL N 30 £

PA7L NGA: hd 0L hOT A=

1. Al @ fm, A& 7595 NCHF AALIT G0 o 0m, A7TI60 APC hovo d L4 =
2. Al .24 NCHN HhLF hezhd QCO7ThnAe L SNV =
3. a0, AEAN 90 haL o WasA A 0TS 5.056-9° LAY =
4. L7607 Nl W& PUL- ooy G UAR PUP- oo s, avhRTl: HPNA A Al
5. AMll, PUe- 00l 6TV VTS T AR T LPNA
6. 7. NMWAP @15 NOAL (Né0h) AHFEHLT €6 Add % 70, AdJT

N06é NN AAP =

hAARL héA: A1 het 0 J-J-T T HhaT A0 IT °Ah-=

7. oo, N XA hehl: HhATA AhA ACoT 91740 LOYA =

8. AP ANNETF NCOZS LANAL LT NIPLA+ HIAG ANA A2(FA Afn
9. Al JLCANT PCIT NCHhAN aoh e LAYz

10. PCI°SF HewFopr, d0JT LA =

11. WPAME. oo +GP AT LAYz

12. AN 9°0-Fsmed 0 908 A709 A L&A=

AANL h4-AL W NF9° NFLO 4 9°Cmd~T kil TTHhAT 9°40-=
13. Zo-0m, AN A71760 APC* HONh aom? HAP I K7L Ae?

heey Senrnaes: . ADOE7
TLTCET oo, WCET PTARAL L
__ 14, reolim, A AP0 APC 90 HCRN A7 900 R9°G No-11e AdJT
FN XS
GCE (1/2) d. CN0- (1/4)
MOA (1/3) a. moet (1/5)
___15. 9AHg® HOAOO: 69°%.0 T PCIGT7 FWNEAI°7 1 NMNAT ao9°4, Heh' APS T
h-go?
V. kIS¢ PCPS: 0NeT . T PCIT + 9°R09C oom’ NANLYP®

211



A ATIONT 2 ge9Rap ap)(l, oo, ALASNT ¢ 9PROIC oo ALY
16. ov-A-A Ao-avl PCO HLAA 19T hPTL AE?

Yoo} . MNIm-
A0m o, OGS0
__17. Al o0F)t Lo P 0-&T 1ov 7 RN HAe 7% hdAAL RTDL AR?

V. Yo® NeomSP Ao-m, AT . YT ANFCIP Ao-m, APTAAG:
AAG: AN APCIP Aarm, AN NeomGE Aa-m, LAhAG:
LhNG

A, Vo) N4t LS 00T AP av, Yo N4t LLE NPT AT hAG:
AAG: A9 N3 LLE AN A5 LLE LhAG:

LAhNG

18, A8MIP 9°COh 90T 70T Al PALT/AAIVT L6090 A, 900 A,
PPUL 1L NLOT APT L AR?
V. A7¢AAM GO HCA, 0032 AP9N . WIRAAMNT HCA, 100277
LN herpo- e0c:
A.  HCA. 10032 G A2l A7RAAMN oo, @-ALIT NNA N0dh LAIH=
AP AA NhI°O LAIH=

&N%2L h4-Af HI HAO mtF1 AH9LC oA Y=
19. 7810 A7 7160 Al AhAT 901740 HGE AAT Ao-mJ T HCHS-= AR, HOOA
ALF 1 mPov-:

780 RPFTEE0 K7L Lo 7?

40949

AFAL

LRAT RPC

20. AN o7y AovhANG oo TP WEPTPT oARTES T HAY AdAAL PP (=

212



Application Test
GL 52 NFA T8 AL 414G

nye 2 90 = ks = P z 0Cap = NWTATPL M 35 L

P890 héA: hd 0L AT A=
1. Al AP7 ACLELAA 9°17740 G0 o 0m, VI0A +hME NAl APC @
ANAE7 HAH A=

2. ANaopOnEk AAN: (M LA) HO1L Al 7hT9° héN GL 9°PAd 0L A NP
{2

QaAL hdA: AOF9° e 03T FHhhAT awA0IT P°Ah-=
3. 9 AAOEAI® 9L171 oo Al 8.8 APN0E UCHA htes
4. Al 62 00 HaPS Oé-chl AIPST U979° 90 NN4-chGch NWTHOA Oé-ch htes

AANL h4-AL W NF9° NFLO 4 9°Cmd~T kil TTHhAT 9°40-=
__ 5. ANhLIF 2U THTLT O ANACTHEAA LOATENT W1 27 1N4A 9° 17701

W10 W7
V. PP ROO9°E 11 040 . KNP PAMS K00 ET il
Nlchd® NEI°4 TI°h DN = 79°00C =
A, B it AGAN AQL AT APC oo, S ACYT 900 ek
n0-h-A F9e0C = 79°0C =

6. OIHge HAO 9PAA AANT hPE HEhT APTL AR?
V. oo 740, 03T 0 0 T8 . NAGTH, NPTPPF 9°1740 F0J1

HeA°Trl; A7 HTI0C F AA- 91140 Neh O LN
L0Amh:

A, IR ANGA L 9T 0L he9e oo, IR AN GL 90T 0L AP
0 g8 eI LOAE 0 §e e TE TR0

___ 7. AN ofm, XYFA 0L H1oh APC 90 A0 TL HNeAIIE N70-A H0dch
ATT10C AR
V. No-% = . NNAhA=
(W K TARE oo, NLLP =
___ 8. hing® nOo0- 3 ANF7490 HovhAdg w1771+ -tavddp, NPT 0L oot
HEAPI° APT T AP-9°?
V. O9N7 K750 . ATEARMT A0 1PCAT
A, 09T 470 GPCAT oo, 9N RTEARIT A0 1 PCAT

213



o

PLACP® FATLEI HA@, 5 oI ACYT vy, Favdll; (TaoAhT):
(1) AL A= (2) eoaRil AT L0n A0 0Tk 938 i (0%de: (3)

ATNOL CA7 AhL7 FT0ST: (4) APNOL CAT 9o 17087 “IRTAL WCYT ooy,

bAmz (5) APNOL nNhO ovARTE A BPSIT AL (U= THNNT PRI

.
Q.
10.

11.

12.

.
Q.

13.
.

Q.

14.

.

Q.

0PN APT L A%?

3+ 2% 4% 5% 1= . 3% 1 4% 2% 5=
3+ 4+ 53 2% = oo, 43 3+ 5+ 2% qn
NV PCPCE: NHINE (L AT HNOA) AN DI HWHAA 019° R77-L
LavAN-I°?
019° 9°HICT 019° ULV = . 019° TCVI AT 019° AT LT
019° 9°HICT 019° TCAI AT: oo, 919° TCI ANT 0190 9140
Qg NAGN- 41 Lo P AN STV RPIA HLRIWE ANC APT L AR?
g%t 09°h, 718: . eI op),
P0e-L k= oo gNAYe (0L
032 O A7THOAC ovPovC P b7 OO = A7Fod A LC1915 Pae s
LRGN, 9°03L RPTPFLA PIPAN (79PN OANA0) = 1L 207 387 RLE
HPPO- NEATT W10 APTT AE9°?
ST Bl PO AHO-(C = .  AMoC: ShEPL: ST
A7 BT AP L av, B AHOC: S hld PO
Qrg° NAOO- 4 w31 T HAA HLDhT APTL AR?
06T W57 MTT AP ThA+ . 04T DONET MGT AFTIhA
9Ne. Yoo ™) avllh, NGE- DLLAA ACT Yo ™) oo BT mAT hedhdl
TG = 710C =
06T W57 M7 AP ThA+ oo, Pl NANST MST A7 ThA-+
ET Yoo av9)(1, helhA ATRAA M Yoo a9, heldh
MG = 71M0C =
AGNADT P°HLAF TL PG H LD WA LHAN A= P20 AT L
LavAN-I°?
APC o0k AINAL K4 G ACET  h. o, S G9°0E APC hal:
NAHA AN TAAN =
NAGST Nal: APC AAHL@-9, = av. 0l oom7 FA0A, APC G AI(FA
NANA-L:

214



__ 15, CO7 AL7 L0+ G PPN AT HLNIPP (A 0100 R7JL LavNang?
V. @ARTE 00 A6 SO 00k 27% b ovARTDE D0 ANl PUSJT ooty

B ALNOMNT = GAl “PPRIT A6 ALNONT:
A. aARTE 90 0 T0E 97% B SN oo, aoodRTE A PRSI Nt
AMH, PUC-J~T ooy, ALNOKT = PGt nAHN ALDAANT =

16, 7271 AFFTFIEAT Al A9P0S APC NGO APC LG Ak 2
V. Al odm, a70-& Qi 740 A, A L1 9 Hae LTTAN:
A, Al o 0m, A7(A 2NHA LOAD:= av,. nA] L1 POHN “70( AR

1%L NEAT THI® HABN: FIT HLC awA(, Vs (AN, 0L MET)
17. NACELAN LOTEHT S0 WU A AHR Hak APCT G0 AFHFA 02 (A
Nark: APCH HAe aoq’? NCOT 8 LANALET KRN Rr904=

18.  hrfl AAd ACTN7 AAd AZNMNT APSL IPHAA LPFAA? ovANTH9° NhAT
P V4P

19. hALG HeANAATZ: AHdh +ANTT V707 HEehA-IT7 AT 9247~ °NAIN N Tm-
PEN=

20. Al a7 A0 9°COh F7RE07 m0P7 HA® Ad.AAL DA0-:

215



Transfer Test
GL 52 NFA T8 AL 414G
age s RGN, _ = k06 PP u dfaw __u WILFL N 35 L

PL71L 4N hd 0f AT A=
_ 1. NAEST NAFTRGTT RTTIG0 APC Al AHER L7 9°dd Tovddp, aom?
oo Pl AAP
_ 2. 0Lt Lo BrkEd APCh Do LTHAA:

WAAL héA: AR het 03T TTHAT AT Ak
3. 09° NN RC161% WAOA AN W074 A, W74 019° HAP 0w
AP
4. AN o) A151T7 awGRALT HAC G2 L£9°9, I°KCTT AdAAL A9 T2 e T
UCP®7 Miat Afs

AANL h4-AL W NF9° NFLO 4 9°Cmd~T kil TTHhAT 9°40-=
5. av.hé AOITF 2 TUTC AR Fovlz AA1E19° LT 1.25 TLTC ARz NALAYC
NtavAad, M 306 RI1E12P9°F ooy PAmG LNI°P?

V. avhix . ANTAIC ANTAN Lo fyer
A, AANGLI°x av, g0 L RLONAAT

6. AC%T ooy, AVFIG (NNC ) Laod = ANPCO- 77 LavA =
V. ChN aAh, / hahehs 4. hADTSR [ CRAN AL
A, ChA aAh, / 712 (-70= T W% A WA T AN (S T B

__ 7. &N, P94 WAl Rrbd A=
R0M7 11 o0 U NG 0079 Ak e A PPRT 18477 AANSTS
T Ak Ded PPOHTIENA APC I°0A0T ALALE T Phl Pchil- 107
AP0 XM AT hAd- AN ta-oh= A T HG LM AN

Al Tmon7=
0 ANLAT NT1996 a0t A 04-2 APC Al X1 L0AKT?
V. A= . hédAAL PANNTT =
A, ras oo, PI0L ALOWANT:

___8. aoNndy® 1w ™) LN MSC LT L@-chS: IO 01 RrL Lavhahg°?

V. ooQNELI° 79°COch oo HAT°70 d. ooONéY° 19°COch Yoo HAT10
MmA, A7 TVAE MESC G LD APC avmy oo RITUAE hSC 1T B
AAHVA. = AAN Y=

216



A, oAhlI® AT oo, RTTVAE RSC oo, apQNLYI® TIPCOh Yoo™) HATTI70 aom
A5 Mol a9, AANHVA-= b oo FT mAT ATTMVA: WSC IS
Tl oomy ov0-F- 17 mA’7 AAHVA-=
__ 9. 0%0N9° 3 N0 T Mo-A9°7 TavhA9° Ada,:
AT50L THA: BCHCT ATATNFTL w17 HAP VLI
ATS0L AT E NeoOt 2 HACHhH oA i17 Amd® 7027 HAP LG
AT80L gt 4550 WHACH A (£70)=
AANEAY QL0071 AN %A haO, (20 HONUA DAQ) HIAG APFDETI:
A% ooy AFAA N0 HPPO- LovnAheg®?
V. A780L Thas A, RIS0L g
A750L OHT s oo oege 0Ll LI

__10. ®6¢ 9 tavArk: Al AANLAY® Mol AL &h9° AT 00 NhC7
PCANNLL TL 96N NAZA hLD NIPIPI° WHAA A6 W RT1SavT

LI°nange?
V. &A75%08 A= . R7508 10G-
A A780L 005 = a9 N ¢ LI

_ 11, N8N oo HEOeh 90 AQHATE 724 79°66-£: HAGA o0& T RTRANMNT
HCA, -T0OI L7 THVA+ Al avilch, ho(l, 778 9°N0C av L AP?

U. ool 9794 . Ak o, DA Ag J°IPAA =
A 079-07% e PICAR: oo, 919-01% NCT (REFE ARTTT)
JogCA R
12, 1ow&l RrRAAD NLCP RCU- Al ao)F S8 177 VAL L0Ax
V. $odon: h. A
A, PhT 909 av, Q=
__13. 005 9°COh ASUA AFFTAN mF ol PLav iyt HE A APG L AR?
V. FAGA “18 Al 7F $6 VA= h. R BE 00T
A, A0 HAP NGl 90 oo, HPA 740 HEAA NGe I°Il0x

___14. A1 APC NCON ADOET AT 21% A= AN 9° 0 T4 10% A7t he-r+
L9°¢ AN HATIN ANOE7 héhl R702 WP 0C POAGT?

V. NASTT AT TR57 91790 A, Alch LA DNHOAA Né-h
goE ()=
A, EPrTT 0BT AT14-409 oo, G @ Nm, A7TTRO0 APC A
PR B NIFAG T1Ph M NOTH 9CNC =

217



__15. 1877 F0ANT OO A0 NA DEARA NHAA PCI7 K708 Nie-7 LTHAA?

v. Jechii: . ALLGAT=
A Tl UCIT oo nIAT =
__16. aAa6 acen N0NAL, ©o219° WhHaAA- b0, 2732 981 Lavhang°?
Uv. o0Lq £1r%: A,  PAz
A L9 o, (1L BP9

022 NEAT THI° HAO AT HLC A, 1= (oA, NLhéT)
17. &l P24 0224 Hie F1bo AN PE A% Wtovdht hf oo
avhd SA A TIPUCT NAGLT ATE0L (160 LomAdn: A7S0L 60 P1¢
HEGJih ICHC DAL AALI°: avhd Al AAHLAT A A750L (16U
AP0 AGE.Cch AR NHAG= hL av%il ADA ATNA AT F-hAGST At hAQ,
L NCNC A PNchs: avdhd ooy A A AL hA@-0RYL 044 ROH, 9GP0 AH-L
N0 G 9oo 1 ACYHT oo, AVPLI A9l HCHS =

18. Al P24 074 HAe Frbo AIAN T PE A% Wtovdht hf oo
N9 UGN RCU- TG L WL RCY 9893 LT 10 TO-L ATE P Il
98717 AhBéh= NOPY° 10 AT DI T 3 Péch TR MY AF9° 7 1T
ATA09°= 9N, 9L 019° NI TPavd. avhavg @ 9107 01 Y=

19. LCU: 721 oo9NL: LhE 4 L0T AI°NC HhEehL LCU: 723 ool LA
GO, héAAL P79 P°TIeT AL Lovhah9e?

20. &N, P24 TO724 N 7o AT AN i AL WEovADE hf opdex
Mool @4 Ah& Yoot V7 AR: DOOA G0 Ctavk 96T RETTATR
AGTEART N7 O Pordh=: AT Ao J- AN (9°0L) NEmwl+ o4,
AL Yoo Y7 Ae: 00K T Tl %t RTTTTRATE: ASOTNP 1SN
Am-0hAL LANT: G “Mov 'l WPIN APTL NEA. NI00A LovhA9°? G L
ANA WD APG L DsA- H700A Lavnah-g°?

218



Grade 6
Knowledge/Comprehension Test

GL 6L NFA L 4870 4G
(A = NGA, = 06 u P s dLav = 9 30 £

PA7L NGA: hd 0L hOT A=
1. h™19° 1607 9 TAe M D) 10-15 Gool- HOLawh9° A5 CPPo=
°0 1407 40T ATTI90C: REF AMA ThHtA HETH, ARs
MLC ANCTT 0N 718 G0 APC 1500 RPTEYN 0 TN aofanC WINE
am’7 CTO LG ch=
HeA-NAY @07 T it? PCLT AAP =
ALN: A0 1PCAT M9 ThCT haed® oo hANGE 191 AP9on
A IRHA CPP Nz A0 o7 77 C1E N0A A7 hThed SAYA =

hAARL héA: A1 het 0 J-J-T T+ HhAT ooA)IT °Ah-=

7. 19" 19010 Nerk o3P Novdh W19 Af-=

8. P77 $0APLT ®-0AT H®OA hov-9° A1ch19° Wl Do7 AaP =
9. WHY 7IC Nl §L 0J avm’7 LAl

10. Al 40 HA® 7IC 79°CHL HOovA- AN D A70 HHACh ov'1oC LA
1. AL7AR ovddy, 4.90, LA

12, (heA) | (NGhT) =

AANL h4-AL WNF9° NFLO 4 9°Cmd~T kil TTHhAT 9°40-=
13. 2AH9° HOOO 281 ANL HGA HETé APT T AP-9°?

V. AALC SLANALLTT . GTLTCET SLANNLLET)
NCOT PTANNL LT NCNT S LANAL LTS
A, AALC SLANNLLTT oo, WCET PTRNNLLTT
SLTCET SLhNAL LT NCNT S LANAL LTS
__14. nenaa o ANgege o Haowdh hm79° APG L hR?
v. .= . IRl
. LAYCH e av,. A 0P AP
15, AR aoAMEAI® P17V WY APS L AR?
v. APTIps P NV X
N9A = av_ POypp P

219



16.

Onge MO0 ACAST ™17V Al h& Dl AANVLEA ANINe Lo P Lovdh:
APG L AR?

%N h. AP
T av, hL0x=

. MUNE ATENE 10T HAP AMA APTL AR?
APC= ., 718
H &A1, = oo, pCooYz

. P QlHA@. 4 NTN-ED T+ NEEAP Fah it HAL ATl APT L AR?

8 W7k 7%1C oCh: 1 O 721G d. 2 7L TUTC oCh: 4 AL 93 TC

®ovl: 1 AOFE TLTC VL HAL dovl: 1 AFE 7LTC 1L HAL
2 &7 7%HC oCA: 2 A TG o, 2 A7 “UTC oCh: 3 OWrE YLTC
dovl: 2 AFE TLTC 1L HAL dovl: 3 AFE TLTC 1L HAL

G192 NEAT THI° N T HLC AN, 1=

19. €C6C 79°nAA TINCY° HMAST P7PF I Add-T+ HCHE-=

20.

h?9° K13 L TINT AR?

220



Application Test
GL 6L NFA T2 AL 414G
Tige = NG, 2 Rol = PP u 0€aov = WTATR N 45 L

$577L héA: hd 0L AT A=
1. 90 “9¢ A~ 5 °C7 Al 70 °C7 “90( wfx:
2. A7FLYT h& 190 AhL AT NCI0T T 9°GAT LhAA:

HALL héA:T ANF W& 0 FFTF TTHhAT ooA0IT P°Ah=
3. SN ANl A7 781G CToL 1L4% HAPT7: 718 Nov K7 NCE$ A145.9°0 NICY
AP°NLG HEPEC LG+ Al Lhé Al NCHES R Tdch M Lo0g =
4. Al T ACOLELT: T TNTROACTT R75-A077 9°0 A AT N9°L PN
ANANYAN AT 070G 7TTHRA =

AAAL h4-A: DANEI° HFLON 4 °Cmd-F K TTHAAT 9°40-=
5. Al T2 Mlch, VHA, 7ho-0H0 90 W04 907281 Al F 745 (PT) 97701

APT L AR?
V. oo 70 HLI°@-AL . h& ANAL O AT A70E SPoAL:
Q. ‘tivl; 0L av PPIPCYw- oo 7°A0, 07 VHA, HEI°VA@-=
___ 6. hnge OO+ 4 QUSIT O-UNO: A NINE “Dh0EP 019° NN APT L AR?
V. 06 oAl N €66 °F 9°N0A0= . DAULLP ALAAL (INA, VHO. 9°VA@-:
A, ¢l tmoCE 9PN o, oo’y (LT PP h L
___ 7. Al APC NCHA 9CO78 LANNL L ANIT 0.03% AR Al oom’? A, -1 0.06%
AON R7HFNAOA: A773L %L ha0L.eP 019° 9°1T%H057?
V. ov<F-F haQ, 9°rhe s ch. ov<F-F DA, o0
A. 06, Ohé Ten T 9°0lAs oo, FCRI HAP A@-m, ALT7007:
__ 8. Al W™ aoFA+ T34 (PF) 70T AT HNOT 718 Ro7 WHAA AT L
AR?
V. 04-Q007 04-10°L7 Dorhal = A Wl $A00IT MO0 hhethadl s

A, N AFFT HAMNT (H.0N) Chhl= oo, AAL NGl

9. (IHg® OO ACAHT Y6101 4PC Al W& K19 WHLe Gant Y101
T4PE NP0 PN DO HHAA Al= APTL LovnNAng?

V. hoof:: . A1

(W N oo, RN NS

221



___10. 97U 6L agA T2 IO 0L A WIAN ch™19° APT L AR?

U. hrdd-: A @I
A TGP oo, RTSARTM =
_ 11, m9N? SFaHt HAP AMA APS L AR?

V. 100 24-9° A&z 10 24-9°/0,.72° d. 500 24-9° DNLA: 100 24-9°/0,.92°
920 HA® AhAx 920 HA® AhAx

A. 1000 24-9° nNLA: 50 24-9°/0,.72° oo, 50 96-9° DAL 25 4-9°/0,.90°
920 HA® AhAx 920 HA® AhAx

_ 12, €9l 194 ANLS L N LOAD?
V. A1 6000 “21C AbA, 0Fh, Mhéx . Al 8000 “LC AOA, 0% h, Oihéx
A. Al 7000 “2TC AdA, 0%h, Vi av_ Al 9000 “2C ADA, 0%h, Mhéx

___13. Al Mo 2 &FE 9%HC 0 4 AR 2LTC 0 3 AR CLTC Mo tav Ak

‘U!

h

All, Mo-a OLGL 10 Al “18 RITATE NG av3dd.d HLA, (0T 6240)

Lé.1C7?
U. 'ﬂ “U”“ lh. 'ﬂ “(h”“
TP | ao, ' 900 %
14, Al Eoe 13 Hae AAQ, TevAhks Ak Ma-a 152 10- NP 0Pm, LETC?
U. 'ﬂ “U”“ lh. 'ﬂ “(h”“
TP | ao, ' 900 %
__15. Al 9°0A. € DTN AT APHTI00GE RS LovaA?
v. G h. U
A, é v &

_16. €2.4°9° G2 4 hIRO ATAT CTle L e ADAIC Adm.: N1o-ch CohP T Ahage
PO NEPC AIN N7LL 714, “LTC ClL HAP AR?
V. 8 724, “%TCx . 12 994, “LTC
a. 10 “24, “21Cx av, 14 274, “L1TC=

222



&AN%L NEAT TR HOO(E vtdt H9C oA Y (oA, NEhéT)
17. (U) A0 oSNk 35 M Ho-dh (WHIem): P I~l1: WEINT A% 7l T dm, NAtP7
Al mTove A7HL AR? (A) Al ovg®: WRCG NAA ULANE A0A: DL E-0?
VONET B8 R’ PP 104 LI0R?

18. A0, AP7 AN 162 ANl DL0TT7 PERIT LOACH Ada: £707 AI°0C
QA7 VLI THEONE W717F 9°0Ghdch 9°T7.0T 10 LTHAaa AP-9°: (V)
N7 107 VELI T MNdch®dve WHAA AAT W17 PFA? (A) ovhAThA,
TPAST ANLRI® W71V AhOC ALADY® HCHS-=

19. 7777 1C0 NEAT DIkA hL hae AALTY (2ARL) A AANT AFC 778 HENL 7=
AN 150 24-9° Who7 QALTH .07 (4.9 A.A-= A, 150 24-9° OALTH 4.477
A4.6: HOAA. °T7.0T Rr-0 LI°NANYIC? hQC avA(, V(=

20. G2 20 69° 047 Tt 10 A° AR 2A= §€ 30 24690 AALTH Fhnt 77 20
02 AR A= 0F 6472 WE AALTE LNAL? Nhow L?

223



Transfer Test

TL 6L hsA T2 AL 415
e s NN, = ko6 w PI_ n dfav = 9 45 QFP

+4571L N4-A: AhE 08 AN NAx
_ 1. A haa, eFa: A0 ACRAT HOE 972 NTHAT oo HOAD hthan(s
LA
_ 2. mM90P %FT WE AP RhA NC YFT 0Pm. LVAP:

hAARL héA: A1 het 0 J-J-T T HhaT ooA)IT °Ah-=
3. N7, 1L29°k LCCEI T+ vITA MICST Nh1?1 NPPO- 0LAhI° AP-9°:
4. AN 0113t ¢ N “18 OCP T NHhAoA Ho-:C “%4 XS

AANL pdAT DNERI° HPLN: 4 J°Cm It A THIAT 9°40-=
_ 5. Al AR e ANE DEARANS HLIA 019° W0, APT L AR?
U. Mch, VN, . AT APC:
A AHAT 978 oo ANCAT A=
__ 6. RAAJVT 47% VHO, AR e Al oo Lav AN 15-64 Yoot LChAl= AN,
AP7 TNCS Al ALY ARTLP NN M19° ATALA/ LN TH, RN (47%)
Mo e, &5 Lc?
V. Po-CEx 4. heoCe eNCE:
A, PRLN: oo, Ch-f A@-m, hLI°ORT =
___ 7. A0é-Ceh APRY® 0°9° -tovADA9° Ham, 3 Mol Tovhirl::
4972 M: WL AS 5 hae NN 20 A7E “21C 1 40 AT E 7TC
0C4%7 15 47k 721C oo NMHAL Abh T WTIRP Ax
NAAL M: M MG 7 haw NN°NT: 20 A7E “21C 1L 40 A7 “2C
®C4%7 15 47k “21C oo NHAL AL WII1RF A=
AAAL M: 5 hae ANHH7 a7 7 hae ANI°HT RA9°77 AG TP
NA18P Al
NANTLAY Mo-t; CASA Ol AOHLAA PAY ool NILE A H LTI
Pamg P1PO NWHAA M APGTL AR?

U. ¢577¢ M= h. AAQEL M=
A, DAAL M= oo, (009 Frovddd, AL NTAP
F Al

224



8. AN, N6 A7Pd Al
A A6 A0 oo hL YR LA TIPNGih oLl Abe TNA = Ak
LA ATt T1L ATHENNA ATLAT 30 “U1C NEaw7 40
TYIC Wbty o3P 9°0l-ch P A HA = Eavt hel: av78F
W°Hae b R'r: Al PCY Al ov7 7P ANY° N0 4 HhAQT PLnge:

T 87 L, hAaN: GCcE n0. ey (0t E)s
NAAL hAl: ¢pJ- ooponC o7 (M0 AL
AANL, AhA(l: GCE co-6 nCSo Nhw7 (0t U)x
&N9L ha: 60 474 WiH-C70- 04 Wiy ("It V)=
@380 WrTh T, (WTHEeT) AP L AA POA, (TTPOA)?
V. PSUL hAANx h. AAAL hAA)=
A. hAAL haAl: av, (ANDL hAA)x

_ 9. AN LTt o kNP HOCE ASATNTL oo™ 87 avdfiel; oo™ 59 I°A-A
TR %0090 1P oo NS Lov 142910 R 8 Lavhah9o?
V. Nh PN ovF £7019° 1109 A 0l G NALTT NCOTS L ARAL L
ne0ht:: neoGsI° =
A, ANhPA oo F T LFNPYC eI N0 oo, Wl TC ANHALT WCOTPT
ARNALL 94T 1509° DeAM k=
___10. A 00 Y6 FEPCTT DANT ICT AP AL HLAA (0T mFPoL HLhY)

hPG L AR?
V. hea 1L ChanTén 9°G0d-Ax: . AP 9°COh 0917 o007
A. °09 hd-ch ooN\G = ao, Allkch ovGLL. ((‘I&r.h'f‘?) VA,

°VA-=:
11, k& AL ANRAST TIPANA 950 RTNCE Al an@8S R NOE-ch
A7) L LavOAn9°?

V. 2851 hav: il QL9 9°050= . oom’F NGO Al 29, 9°650=
A. AL 297 HOLET NINLT nA°9° av. RV €97 PAM.EI° NINE
813 A a1 PeAP: X A0 A A o 1T WO AL AT AP AT B

_ 12, A 2095 MNAPE ALAE 171 Lovd-: AdA, 6.2 (LALT VA, A
N1NLA F09°F AJhAATT ALAE A1 NG Wiho7 AF9° h7171F A
_ HowhAp$ RTTNHLTI° AP-9°
V. Ao, = . ANPTTNG
N7, = o, AT740 (MAPC)=

225



13. P2 HLE-NA% NATCT ANAT T04L BP0 e r: W-ng° "o 128 HeT:-
NAY APTL PAMS LVFTI?

V. e 99 AN NALeP s . AN 2L ANATE HALT
A, ANATC YL NATC HALP: o, ANAC 28 NN HOLT:
14, hinge HAd0- A0 I T o Fa NTAG 0Fm, APC HAL WO, APT L AR?
V. A74%00N0= . oAk
ANy (@wFA NJ5.09°) = an, £07) (I°9°h4C)=

15. h$ot ao(vt P11 o A14-C: hé-o OCET st hLTT Adehg® F0A= b
ML EI® L VTN Mok Al 718 HawAh 1Ph PCovH A7ThRE G-I+
APTL PAMS N LAA?

V. héopr aoqyl @b . héol A4Cx
o oCE = oo, (hGopr hQrx

16. Al oo(Mnt9° AL LI ooF A WAYPLT T ha. 0C NWHAAT 224
ATGF PO o, hPG L AR?

V. Al aoldhA, 957 = . PPINET 901 P07
nezha Po-ahs an, PROY =

192 NEAT THI® HAB: MFIT HLC A, Ys (AN, 1L MET)
17. 6CET NOE 1L WIRAONI® WAl UINAG “2AT L AL Als Nacg® YCE
ANEAT ASRIEL W17 heRe NNTLP 998 HEA DL AP A
Y@ IT FLPE PICE RIIL 019° I1NANG?

18. £H1F Al P9 MAAE MTTVT HAL 00 (L) HLE ChoA dhes

19. N1NA9° S~ N9k N0P haovhAdd HWHNAA 3 17T HCNS 7ehLh&Y9° 2 TRAIT
SPRANTIN P

20. 019° J°CAL 9°N P°Aé1 (9N 2IA) Nhow L NI°N Al HhQC ovAICY, dhd-=

226



Appendix B. Post-Intervention Test (English Trandation)

Grade5
Knowledge/Comprehension Test

Part 1. Trueor False

1. Theciliaonthe wall of nasal cavity serve to warm the inhaled air.

2. Thetoxic chemical in tobacco is called carbon monoxide.

3. Diaphragm separates the abdominal cavity and the thoracic cavity.

4. The transmission of nervous message between two nerve cells takes place via

dendrites.

Motor neurons receive messages from the spinal cord.

6. A doubling of the population of workers precedes the traditional reproduction of
honeybee.

o

Part 2: Fill in the Blank
7. The part of human breathing system that prevents food from getting into the lungsiis
called :
8. The exchange of O, and CO; in the lungs takes place between and
capillaries.
9. The mineral found in thyroxin is called .
10. The glands that secrete hormones are collectively referred to as
11. The fastest nervous response is called
12. The newly hatched locust differs form an adult by its

Part 3: Choosing
13. The gas with the highest percentage in an inhaled air is

A. Carbon dioxide C. Oxygen
B. Nitrogen D. Carbon monoxide
14, 0Of the 21% O, in the inhaled, gets into the blood stream.
A. Halfof it C. Someof it
B. Allof it D. Mog of it
____15. Which one of the following pairs of “hormone—function” is incorrect?
A. Pituitary hormones—growth C. Parathormone—control of Ca content
B. Insulin—food absorption D. Adrenaline—control of iodine content
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16. Which one of the following insects does not undergo complete metamorphosis?

A. Housefly C. Mosquito
B. Locust D. Moth
__17. What isthe main difference between the life cycle of a housefly and a locust?

A. The stages of a housefly vary in C. The stages of a housefly vary in
size whereas that of alocust vary in structure wheresas that of alocust vary
structure insize

B. A housefly passesthrough 4 stages  D. A housefly liesits eggs in dirt whereas
whereas a locust passes through 3 alocust liesits eggs in moist sand
stages

__18. External fertilization of fish and frog takes place in aguatic environments. One
of the following is not the use of water in external fertilization.
A. Helps tadpoles grow properly C. Kegps eggs and sperms from drying
B. Helps sperm swim toward egg D. Helps egg swim toward sperm

Part 4: Give Short Answers
19. Write the changes in the organs of breathing during exhalation. Complete the
following Table.

What happens during exhalation?

Diaphragm

Thoracic Cavity

Air Pressure

20. How does a nervous message transmit? How about a hormonal message?
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Application Test

Part 1. Trueor False

1 Theair forced into the lungs of avictim in artificial breathing contains lower O
content.

2. A personwhose pancreas is surgically removed would most likely develop
goiter.

Part 2: Fill in the Blank

3. Out of the three types of neurons, is likely found in fingertips.

4. One of the development projects being carried out in Tigral that increases the spread
of malariais

Part 3: Choosethe Correct Answer from the 4 Alternatives
5. The purpose of providing artificial breathing to help a victim who inhaled toxic

gasisto

A. Enable rib muscles to resume their C. Provide oxygen to the brain quickly

functioning

B. Increasethe volume of lungstoinhale D. Open the breathing tubes

air
_____ 6. Which one of the following statements is false?

A. Smokers are more susceptible to C. Breathing through the nostrils
allergies of breathing tract than reduce breathing tract allergies
nonsmokers

B. Smokers are more likely to be affected D. Smokers are less likely to be
by common cold than nonsmokers affected by common cold than

nonsmokers
7. Theair that reaches the lungs of smokersis__ thanthe air that reaches the
lungs of nonsmokers.

A. Warmer C. Cooler
B. Lessclean D. Drier
_____ 8. Which of the following respiratory diseases require similar treatment and
medication?
A. Common cold and Influenza C. Influenzaand Tuberculosis
B. Common cold and Tuberculosis D. Common cold, Influenza &
Tuberculosis
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9. Refer the five processes of nervous system underlined below.
(1) Hand withdrawn. (2) Sense of hotness reached the spinal cord. (3) Finger
touched hot metal. (4) The stimulus reached the CNS and interpreted. (5)
Message reached the arm that orders the muscles to contract/relax. Which one
of the following is the correct sequence?
A. 32451 C.31425
B. 3,452 1 D.3,2,1,5,4
__10. A person who is seriously injured hig’her forehead during his’/her childhood
can face difficulty in __.

A. Remembering and Speech C. Heartbeat and Dancing
B. Remembering and Heartbeat D. Heartbeat and Breathing
11, Which one of the following bodily processes is not controlled by
hypothalamus?
A. Thirsty C. Food absorption
B. Secreting urine D. Walking

12. A drunk faces difficulty seeing and speaking at the beginning. If he continues
drinking, he would no more walk properly. If he failsto stop drinking at this
stage, he may lose consciousness and begin vomiting. In this scenario, which
of the parts of the brain are affected 1%, 2™ and 3?

A. Hypothalamus, Cerebellum, C. Cerebrum, Cerebellum,
Cerebrum Hypothalamus

B. Cerebrum, Hypothalamus, D. Hypothalamus, Cerebellum,
Cerebellum Cerebrum

___13. Which one of the following statements is false?

A. Cleaning our household and C. Cleaning our household and
environment denies adult houseflies environment denies housefly larvae
from getting reproductive spaces from getting moisture and warmth

B. Cleaning our household and D. Cleaning our household and
environment denies housefly pupae environment denies housefly egg
from getting food from getting food

14. Speaking while eating is an unsafe practice. Why?
A. Air getsinto esophagus with the food C. Food can chock into breathing tubes.
B. Theair inhaled viathe mouth isdry D. Excessair isinhaled
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15. If someone who steps on a hot metal could not feel it, ¥he may have one of
the following problems. Identify it.
A. Nervous message from the foot failsto  C. Nervous message from motor

reach the spinal cord neurons fails to reach to the leg
muscles
B. Nervous message from the spinal cord D. Failure of the leg musclesto
fails to reach the motors neurons respond after receiving nervous
message

16. During exhalation, the air pressure in the trachea is ?

A. Lessthantheair pressureinthelungs  C. Lessthanthe air pressure in the

atmosphere
B. Greater than the air pressure in the D. Equal to the air pressure of the
lungs atmosphere

Part 4: Give Short Answers
17. Compare the amount of oxygen and carbon dioxide in the air inhaled by a normal
person and in that forced into avictim during artificial breathing.

18. Which one of the following is easier to control? Infestation of armyworm or locust?
Write two supporting ideas.

19. Write two simple and environment-friendly methods of controlling mosguitoes.

20. Write the differences between the reproduction of frog and lizard.
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Transfer Test

Part 1. Trueor False

1. Theair inhaled through the nostrils would have the same temperature as that
inhaled through the mouth before reaching the lungs.

_____ 2. Thelifecycle of afrog can take months to complete.

Part 2: Fill in the Blank
3. A person who walks like a drunken may have a problem in his/her
4. The vocal difference between children and youth is because of hormones.

Part 3: Choosing
5. Assume that Mehari is about 2 meterstall. And Ibrahimis about 1.25 meters
tall. If both of these persons step on a hot object, who will feel it first?

A. Mehari C. Both
B. Ibrahim D. It isdifficult to infer
6. Thenervous system is functionally analogousto  and structuraly
analogousto .
A. telecommunication ... electricity C. telecommunication ... water pipes
B. electricity ... telecommunication D. electricity ... water pipes

_____ 7. Read the underlined paragraph below.
Axeza and Hannesa study their lessons in the evening using lamplight.
Since they place the lamplight near to them, they inhale a good deal of
smoke from the lamplight. Axeza removes some soot from her nose
every morning. But Hannesa does not.
Which one of these girls do you think inhales relatively unclean air?
A. Axeza C. No difference
B. Hannesa D. It isdifficult to infer
___ 8. Housfly infestation is high in September. But it islow in November. What do
you think is the reason for this difference?

A. The temperature and moisture in C. Thetemperature in September is
September are optimum for optimum for reproduction, whereas
reproduction, whereas in November it is cooler in November

the weather is cold and dry
B. Food supply is high in September but D. The moisture in September is
low in November optimum for reproduction, whereas
it isdirer in November
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____ 9. Following are three families and the descriptions of their living rooms.
Teklu' s Living Rooms. Hut with very small windows.
Shekna’s Living Rooms: Villawith airtight glass windows.
Tesfu’'s Living Rooms: Wooden fenced, partly open shelter.

If we assume that three of the families live in mosquito-infested locality, which
one of them will most likely be affected by malaria?
A. Teklu's C. Tesfu's
B. Shekna's D. All are equally at risk
__10. Referto Q9. If coal isburnt in all of the living rooms of the families at night,
which one of them will most likely be poisoned by CO?
A. Teklu's C. Tesfu's
B. Shekna's D. All are equally at risk
11, Which one of the following designs of a pond for fish culture would ensure
high rate of external fertilization?
A. Bedding of the pond with soil C. Filling the pond with water
B. Placing small rocks around the edge D. Placing sand around the edge
12, Thefeed of poultry used for egg production should contain

A. Vegetables C. Sorghum
B. Crushed bones D. Carrot
____13. Which one of the following is not an important consideration when planning
aviculture?
A. Distance to source of water C. Wind speed of the site
B. Distance to vegetation D. Direction of the hive

14. Oxygen comprises about 21% of the air. Had the amount of oxygen in the air
been 10%, what would we do to obtain sufficient oxygen?
A. Inhale air through the nostrilsand the  C. Reduce activities that demand extra

mouth energy
B. Increase the rate and depth of D. Hold inhaled air in the lungs for
breathing more time
15, Thehormone that would most likely be excreted excessively by atempered
person is?
A. Thyroxin C. Adrenaline
B. Parathormone D. Insulin
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16. The infestation of moth would be highly likely in:
A. Woyna-Degu’' a C. Qola
B. Degu'a D. Alpine

Part 4: Give Short Answers

17.

18.

19.

20.

Read the following paragraph and answer the question that follows.

Mehari goes to school by the front of Mr. Berihu's house. Mr. Berrihu has got
an aggressive dog, which is kept chained during daytime. Mehari, however, is
anxious when walking in front of Mr. Berihu's house. One day, the dog started
barking when Mehari reaches about the front of Mr. Berihu's house. At that
time, Mehari scared to death and run swiftly.

Write the sequence of neural processes in this scenario.

Read the following paragraph and answer the question that follows.
Mrs. Gargis bought one hen to start home based poultry. Then, she bought 10
eggs from an open market, and let the hen incubate them. Out of the 10 eggs,
only 3 chickens were hatched whereas the other seven were spoiled.

What do you think is the reason for hatching only 3 chickens? Give a brief answer.

Chickens incubate their eggs for about 21 days. However, some chickens may
incubate for 22 to 23 days. What is the reason for such kind of differences?

Read the following assumption and answer the question that follows.
Mamush is a one-year-old baby. When his ball rolls under the bed, he crawls
and gets along stick and pullsthe ball out. Abush is also a one-year-old baby.
He began toddling. But, when his ball rolls under the bed, he cries for help.

Which part of Mamush'’s brain do you think is more developed? And which part of
Abush’s brain do you think is more developed?
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Grade 6
Knowledge/Comprehension Test

Part 1. Trueor False

1. Trachoma usually affects children of 10-15 years old.

2. Compared to that of gas and liquid, the volume of solid does not change.

3. When light ray travels from water to ar at an angle, the angle between a
perpendicular line and the ray widens.

4. Edible oil has definite volume and definite shape.

5. AIDS, tuberculosis and diabetes are communicable diseases.

6. A lensthat isthinner in the middle and thicker at the edge is called concave lens.

Part 2. Fill in the Blank

7. The causative agent of pneumoniais .

8. The diseases of a patient with thin and green dysentery would probably be
9. represents the space occupied by an object.

10. Thelensthat aids a person with a problem of seeing far objectsis called
11. The unit for measuring liquidsis called

12. (Mass), (Area) =

Part 3: Choosing
13.  Which of the following gaseous compounds would result in acid rain?
A. Sulfur dioxide and carbon monoxide C. Nitrogen dioxide and carbon

monoxide
B. Sulfur dioxide and nitrogen dioxide D. Carbon monoxide and carbon
dioxide
____ 14, Which one of the following diseases would be resulted by eating raw meat?
A. Tapeworm C. Ascariasis
B. Bilharzias D. Amoebic dysentery
15 Which one of the following is the symptom of many diseases?
A. Dysentery C. Elevated body temperature
B. Coughing D. Shivering
_____16. One of the following four diseases is caused by an organism, which is larger
than that of the others?
A. Malaria C. Polio
B. Small pox D. AIDS
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17. 'Which one of the following substances has the highest optical density?

A. Air C. Water
B. Oil D. Glass
18, Which one of the following biscuits has a different volume?
A. Biscuit 1, with 8 cm length, 1 cm C. Biscuit 3, with 2 cm length, 4 cm
height, 1 cm width height, 1 cm width
B. Biscuit 2, with 2 cm length, 2 cm D. Biscuit 4, with 2 cm length, 3 cm
height, 2 cm width height, 3 cm width

Part 4: Give Short Answer
19. Write three methods of prevention and treatment of dandruff infection.

20. What isdisease?

Application Test

Part 1. Trueor False

1. Thedensity of water a 5 °C and 70 °C isthe same.

2. Thetype adisease can be definitely known from a single symptom.

Part 2. Fill in the Blank

3. Raysof light that pass through a 2-centimeter thick of bottle that contains water
refracts times when reaching the other side of the bottle.

4. Sleeping with many people in places like churches, prisons, etc can expose someone
to

Part 3: Choosing

5. Themgor factor for uncontrolled population increase in Tigrai Stateis___ ?
A. Lack of birth control practice C. Polygamy
B. Underage marriage D. Lack of population policy

236



_____ 6. Which one of the following demographic factors creates major social problem?
A. High birth rate and low death rate C. Regional population disparity
B. Higher number of dependents D. Smaller family size
7. Carbon dioxide constitutes about 0.03% of the air. What would happen if the
percentage risesto 0.06?

A. Environmental temperature drops C. Environmental temperature
increases

B. Sealevel increases D. No significant change would be
apparent

_____ 8. Which one of the following substances is the major cause of water pollution in
Mekelle town?
A. Herbicides and insecticides C. Industrial pollutants
B. Leakage of sewerage D. Acid rain

9. Which one of the following four natural resources would be conserved through
conserving the other three?

A. Soil C. Vegetation
B. Water D. Wild animals
____10. Which one of the following diseases is least likely to affect grade six
children?
A. Cholera C. Typhus
B. Small pox D. Influenza
____11. Which one of the following blocks has the largest volume?
A. A block of 100g weight & 10g/cc C. A block of 500g weight & 100g/cc
density density
B. A block of 1000g weight & 50g/cc D. A block of 50g weight & 25g/cc
density density
12, Thehighest speed of an airplane would be at meters above sea level.
A. 6000 C. 8000
B. 7000 D. 9000

13. Refer to the following figure of awooden block of 2 cm by 4 cm by 3 cm.
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Which face of the wooden block would yield the highest buoyant force if
placed on water surface?

A.[A] C.[C]

B. [B] D. There would be no difference

14. Refer to the figure in Question 13. Which face of the block would exert the
greatest pressure?

A. [A] C.[C]

B. [B] D. All faces exert the same pressure
14. What istheimageof *“& if it isreflected by convex lens?

A.Q C.u

B. ¢ D. &

15. Following are four measures of thickness of convex lenses. Which measures
would correspond to alens with the longest focal length?

A.8mm C. 12 mm

B. 10 mm D. 14 mm

Part 4: Give Short Answers

17.

18.

19.

20.

(A) What is the name of the disease of a patient with chronic dysentery who visits
the latrine 35 times a day, suffering from muscle spasm and is with deepening eye
and cheeks? (B) What should the patient, his family and his neighborhood do until
he gets medical treatment?

Currently various water conservation dams and wells are being executed in Tigrai
State. The importance of water conservation is apparent. However, water
conservation dams and wells could lead to the spread of some diseases. (@) List two
diseases that could be spread as the result of water conservation projects. (b) Write
the modes of prevention of each disease briefly.

Mama Gergis put 1kg of beans in 3 liters of water to germinate it. About 150g of
the beans floated in the beginning. Write the reason briefly why the 150g beans
floated in the beginning?

Assume that a 20g seeds of maize has a volume of 10mm?®. And assume that a 30g
seeds of bean has a volume of 20mm®. Compare the density of the seeds of maize

and bean.
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Transfer Test

Part 1. Trueor False

1. Soil pollution is more serious problem than water pollution around Mekelle.
2. Anobject with greater density would exert greater pressure.

Part 2. Fill in the Blank

3. Because of recurrent droughts, children of our country are suffered by
diseases.
4. Theusua method of water treatment in cities and towns is

Part 3: Choosing
5. Which one of the following environmental problems is not important in

Ethiopia?
A. Overpopulation C. Air pollution
B. Water pollution D. Deforestation

6. About 47% of Ethiopia’s population lies between the age of 15 and 64 years.
How would the HIV/AIDS pandemic affect this percentage (47%)?

A. It lowers the percentage. C. It keeps the percentage from getting
lowered
B. It increases the percentage. D. It has no apparent effect

____ 7. Read the method of construction of the following 3 houses.
House 1: Is built using 20cm x 40cm x 15 cm blocks weighing 5 kg each.
House 2: |s built using 20cm x 40cm x 15 cm blocks weighing 7 kg each.
House 3: Is built using 20cm x 40cm x 15 cm blocks weighing 5 kg and 7 kg
of equal proportions.
If all of the houses lack good foundation, which one would crack easily and

early?
A. House 1l C. House 3
B. House 2 D. All will face to the same problem

____ 8 Readthefollowing paragraph.
Assume that there is a plan to build a dam of 30 meters high and 40 meters long
at the foot of mount Mesebo. And, assume that the following four ideas were
presented on the shape the dam without changing the volume.
Ideal: Half circle i.e., E
ldea2: Straight line, i.e., %
|dea3: Half Square, i.e., U
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ldea4: 60°Angular,i.e,V
If you were an engineer, which ideas would you choose?
A.ldeal C.ldea3
B. ldea?2 D. ldea4
9. Transport safety personnel advise people not to tightly close windows of their

cars when driving for long hours. What do you think is the danger of tightly
closing windows when driving for long hours?
A. Passing out by high heat

C. CO;, poisoning leaking from the
engine
D. CO poisoning leaking from the
engine
____10. Which one of the following does not play positive role in environmental
conservation efforts in Ethiopia?
A. Generation of hydroelectricity
B. Expansion of irrigation

B. Falling asleep by high heat

C. Traditional livestock production
D. High population of productive
citizens
11, Which one of the following considerations should be addressed last when
planning to reforest a locality?

A. Studying the soil of the locality C. Studying the precipitation of the

locality
B. Studying the vegetation of the locality D. Selecting plants that establish and
grow in the locality quickly
12.  New communicable diseases emerge in the world every time. Which kinds of

such diseases would be more dangerous in the world with a population of 6.2
billion?

A. Those which transmit by food

C. Those which transmit by contact
B. Those which transmit by water

D. Those which transmit by breathing
(air)
If the price of edible oil were the same in liter and in kilo, which one of the

following merchants would get rich quicker? Those who buy in and
sl in :

A. kilo ... kilo
B. liter ... liter

13.

C. kilo ... liter
D. liter ... kilo
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____ 14, Which one of the following localities in Mekelle would have the smallest
measure of air pressure?
A. Enda Jesus C. Hawolti
B. Baloni (Mekelle Stadium) D. Dgen
15 Assumethat you are provided with dust particles of Glass, Silver, Gold and
Iron. Which of the particles would settle faster when poured into a glass of

water?
A. The glass particles C. The silver particles
B. The gold particles D. Theiron particles

16. Which one of the following methods of food preservation is practiced by
endogenous families in Mekelle?

A. Freezing C. Drying
B. Addition of preservatives D. Canning

Part 4: Give Short Answers
17. Boiling is one of the methods of treatment of potable water. If all dwellers of rural

and suburban communities of Ethiopia boil potable water, what environmental
problems would be evident?

18. Comment on the effects of poverty in the transmission diseases.

19. List three diseasesthat can be transmitted by hand shaking. Give two methods of
prevention for each one.

20. Explain how sight problems are related to aging.
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Appendix C. Test Scores of Students Completed Post-intervention
Tests

Note:

8Gender (F =female, M = male), Age, Treatment (1 = Individual learning class, 2 = Pair
learning class, 3 = Comparison class), Test-Group (1 = Immediate, 2 = Delayed), Prior
School Performance score (100%), Knowledge/ Comprehension test score (25 pts),
Application test score (25 pts), Transfer test score (25 pts), Total post-test score (75 pts) §

GRADE FIVE

Graphic Organizers. School-1
8F, 13,1,1,59, 11,10, 12,338 F, 13,1,1,59.1,4,4,4,128 M, 11,1, 1,659, 6,5, 2, 138 F,
11,1,1,678,8,8,6,228 F, 11,1, 1,699,8, 2,5, 158 F, 10,1, 1, 70.6, 6, 6, 8, 208 F, 11, 1,
1,543,5,4,4,138 F,11,1,1,643,6,1,2,98 M, 10,1,1,521,6, 2,2, 108 M, 11,1, 1,
74.7,75,5,2,1458 F, 12,1,1,808,4,7,8,198 F, 13,1, 1,43.67,95, 8, 6,23.58 F, 10, 1,
1,469, 13,12,5,308 F,12,1,1,65.1,4,6,2, 128 M, 11,1, 1,743, 6, 10,5, 218 M, 11,1, 1,
68.7,9,3,8 208 M, 13,1,1,857,4,7,2,138 F, 11,1, 1,622, 4,5,5, 148 F, 13,1, 1, 55.2,
6,5, 2 138 M, 10,1,1,506,6,6,7,198 F,12,1,1,54.8,5,7,3,158 M, 11, 1, 1, 57.5, 14,
6.5,8, 2858 M, 13,1,1,582,8,2 2128 M, 13,1,1,485,7,8,2,178 F, 13,1, 1, 52.7, 3, 5,
3,118F,12,1,1,539,10,7,7,248F, 13,1, 1, 56.6, 5, 3, 2, 108 M, 12, 1, 1, 49.6, 4, 8, 3, 158
F,13,1,2,4525,6,4,05,1058 F, 13, 1,2,47.2,4,45,7,1558 F, 12, 1, 2, 49.3, 2, 6, 5, 138
F,11,1,2,497,7,7,3,178F, 11,1, 2,51, 4,5, 3,128 F, 10, 1, 2,54.1, 6, 6, 4, 168 F, 13, 1, 2,
54.4,4,5,6,158F, 13,1,2,56.1,4,7,4,158 M, 12,1, 2,57, 3,3,3,98 F, 11, 1, 2, 58, 10, 6,
3,198F,12,1,2,587,5,4,2,118 M, 11,1, 2,59,85,3,8,19.58 F, 13,1, 2, 62.1, 4, 4, 6,
148 M, 10, 1, 2, 62.6, 6, 2, 2, 108 F, 11, 1, 2, 62.9, 5, 6, 4, 158 M, 11, 1, 2, 64, 5, 4, 4, 138 M,
12,1,2,657,7,5,6,188F, 11,1, 2,69.7,7,8,5, 208 F, 13, 1, 2, 70.4, 4,5, 6, 158 M, 11, 1, 2,
745,8,5,6,198F, 13,1, 2,754,75,55,8, 218§ F, 11, 1, 2,80.3, 9, 6, 4, 198 M, 11, 1, 2, 84.6,
115,65,4,228 M, 11,1, 2,87.6,14.5,7,8,29.58 F, 12, 2,1, 845,85, 8, 7.5, 248 F, 12, 2, 1,
65.1,5,5,4,148 F, 12,2, 1,70.7, 7,6, 8,218 M, 12, 2, 1,69.4,5, 2, 8, 158 F, 12, 2, 1, 62.2, 8,
7,7,228M,12,2,1,83.2, 14,6, 6.5, 26.58 M, 13,2, 1,69.1, 7, 3, 6, 168 M, 12, 2, 1, 54.6, 5, 3,
4,128 M, 13,2, 1,55.1,8,2,2,128F, 11,2,1,61.6, 7,4, 2,138 M, 12,2, 1,63.2, 7,4, 7, 188
M, 12,2, 1,589,8,95,7, 2458 M, 13,2,1,47.2,3,6,2,118F, 12,2, 1,68.1, 6, 7, 6, 198 F,
12,2,1,67.7,10,6, 8,248 F, 12,2, 1,485, 4,4,4,128 M, 11, 2,1,51.6, 4, 7, 4, 158 F, 13, 2,
1,41.92,4,10,3,178F, 12, 2,1,68.8, 8,11, 11,308 F, 12,2, 1,755,9, 7, 8, 248 F, 13, 2, 1,
53.6,4,4,1,98F, 12,2,1,80.9,75,5,5, 1758 F, 13, 2, 1,60.2, 5,55, 7, 17.58 M, 13, 2, 1,
67,6,5,6, 178 F, 12, 2,1,57.4,5,7,5, 178 F, 13,2,1,57.7, 8,4, 3, 158 F, 12, 2, 1, 87.9, 13,
9,10,328F, 12,2, 2,44.08, 75, 4,7,1858 M, 12, 2, 2,484, 4, 2,3,98 M, 12, 2,2,51.1, 3, 7,
4,148 F, 12,2, 2,52.1,5,3,4,128F, 12, 2,2,53.7, 4, 2,6, 128 F, 13, 2, 2,55.1, 6, 1, 4, 11§
M, 13,2, 2,57.1,3,6,3, 128 F, 13, 2,2,575,4,7,4, 158 F, 10, 2, 2,59, 3, 4, 6, 138 M, 12, 2,
2,61,3,5 7, 158 F, 11, 2,2,61.8,8,7, 4,198 F, 13, 2, 2,62.7,5, 5, 3, 138 M, 12, 2, 2, 64.9, 7,
4,7,188 M, 12, 2,2,65.7, 6,11, 5, 228 M, 13, 2, 2, 67.6, 10, 11, 11.25, 32.258 F, 12, 2, 2, 68,
6,10,9, 258 M, 12, 2, 2,69, 4, 5,5, 148 F, 11, 2, 2,69.4, 3, 11, 9, 238 F, 12, 2, 2, 70.2, 6, 9, 6,
218 F, 11,2,2,77.1,95, 11,825,28758 F, 11, 2, 2,81.1, 3, 6,4, 138§ M, 11, 2, 2,84.4, 4,8, 7,
198 M, 13,2, 2,84.7,7,7,5.25, 19.258 M, 12, 2, 2, 88.8, 16.5, 9, 11.5, 378 F, 11, 3, 1, 80.5,
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10,9,9,288F, 11, 3,1,655,5,3,4,128 F, 11, 3,1,64.4,4, 3,6, 13§ M, 12, 3, 1, 91.9, 13, 8§,
10, 318 F, 10, 3, 1,615, 7,5, 4,168 F, 13, 3, 1, 48.1, 4,5, 8, 178 F, 10, 3, 1, 67.8, 8, 9, 8, 258
F,13,3,1,76.7,3,85,5, 1658 F, 10, 3,1, 70.2, 6, 6.5,8,20.58 F, 11, 3, 1, 53.9, 7, 7, 5, 198
M, 11, 3,1, 859, 85,8, 6, 2258 F, 13,3, 1,50.5, 4, 2,5, 118 F, 13, 3, 1,59.4, 4, 4, 4, 128 F,
12,3,1,653,7,5,7,198F, 12,3,1,70.8,9,9, 4, 228 F, 10, 3, 1,57.7,8,3,6, 17§ F, 11, 3, 1,
75.1,7,5, 4,168 M, 10, 3, 1, 82.7, 5, 10, 2, 17§ M, 11, 3, 1, 89.8, 11, 10, 2, 23§ M, 12, 3, 1,
62.16, 8, 4,7,198 M, 13, 3, 1,54.3,5, 6, 6, 178 F, 13, 3,1, 49.3, 1, 6, 4, 118 F, 13, 3, 2, 45.75,
6,5 7,188 M, 11, 3, 2,53.58, 5, 3,4, 128 F, 13, 3, 2,54.2, 6, 4, 3, 13§ F, 10, 3, 2, 54.8, 6, 7, 5,
188 F, 12,3,2,57.8,2,7, 2,118 M, 12, 3, 2,59.6, 2, 6, 5, 138 M, 11, 3, 2, 62, 7, 5, 8, 20§ F,
12,3,2,63.3,10, 13, 8,318 F, 13,3, 2,65.5,5, 9, 2, 168 M, 11, 3, 2, 65.7, 6, 4, 4, 148 M, 11,
3,2,675,7,5,4,168 F, 12, 3, 2, 68.09, 11, 12, 8, 31§ M, 10, 3, 2, 70.4,5, 7, 4, 16§ F, 11, 3, 2,
74,4,6,3,138F, 13,3,2,765,9,4,3,168 M, 13, 3,2,79, 8,6, 8, 228 M, 11, 3, 2, 82, 2, 4, 6,
128 F, 11, 3,2,84.8,12,7, 3, 228 F, 13, 3, 2, 86.1, 6, 13, 11.25, 30.258 F, 13, 3, 2, 90, 7, 10,
12, 29§

Graphic Organizers. School-2
8F, 12,1,1,47.08,6,8,6,208 M, 12,1,1,50.1, 5, 6, 3, 148 F, 12, 1, 1, 52.19, 5, 3, 3,
118M, 11, 1,1,52.99,5,5,4,148F, 13,1, 1,536, 6, 5, 2, 138 M, 10, 1, 1, 53.9, 7, 6, 3,
168F, 11,1,1,54.39,4,5,1,108M, 11,1,1,56.1, 6, 6,6, 188 F, 11, 1, 1, 57.4, 3, 3, 6,
128F,11,1,1,58.1,95,5,5,1958F, 11, 1, 1, 58.95, 5, 9, 4, 188 M, 11, 1, 1, 59.3, 8§, 4,
5,178 F, 12,1, 1,59.59, 6, 4, 3, 138 F, 10, 1, 1, 60.3, 6, 6, 3, 158 M, 11, 1, 1, 60.39, 8, 3,
6,178F, 11, 1,1,60.79,4,3,3,108M, 11,1, 1,62,7,4,5,168F, 13,1, 1,62.1, 5,5, 5,
158M, 11,1,1,628,4,6,4,148M, 13,1, 1,64.8,4,4,05,858F, 11,1, 1,68.7, 5, 6,
3,148M,11,1,1,69.7,7,5,6,188F,11,1,1,713,9,9,8,268M, 12,1,1,73.2,7, 7,
4,188F,11,1,1,76,10,9,5,248F,11,1,1,79.3,8,9,8,258M, 11, 2,1, 37.9,5, 1, 2,
88M,11,2,1,514,7,6,5,188M, 11,2,1,52.1,5,5, 5, 158 M, 11, 2, 1, 53.1, 4, 6, 7,
178F, 11,2,1,53.4,4,5,3,128F, 11, 2,1,54.5,4,4,5,138F, 11,2,1,54.9, 6, 5, 2,
138 M, 13,2,1,56.5,4,4,5,138F, 11, 2, 1,56.9,8, 5,7, 208 M, 12, 2, 1, 56.9, 4, 2, 6,
128 M, 12,2,1,57.3,6, 2,7, 158 F, 10, 2, 1, 57.5,6, 7.5, 9, 22.58 F, 10, 2, 1, 58.6, 12, 6,
7,258F, 13,2,1,594,6, 3,2, 118F, 11, 2,1, 60.7, 6,4, 5, 158 M, 11, 2,1, 61, 4, 5, 3,
128F,11,2,1,61.2,4,3,2,98M, 10, 2,1,61.2,6, 6,4, 168 M, 12, 2,1, 61.8, 6, 6.5, 6,
1858 M, 11,2,1,61.9,7, 2, 2,118F, 11,2,1,624,5, 2,5, 128 F, 11, 2, 1, 62.9, 8, 5, 5,
188F, 11,2,1,64.8,5,4,6,158F, 11, 2, 1, 65.5, 11, 4, 6, 218 F, 11, 2,1,69.2, 7, 5, 6,
188 M, 11, 2,1,69.7,7.5,6,5,1858 M, 12,2,1,71.8,115,6,5, 2258 M, 11, 2, 1, 73.2,
8,11,5,248M, 12, 2, 1,821,5,4,4,138 M, 13,2, 1,839, 8,7, 7.5, 2258 M, 12, 3, 1,
49.08, 3,3,4,108F, 12, 3,1,499,8,5,2,158F, 12, 3, 1,53.9,4,5,5, 148 M, 12, 3, 1,
543,3,2,4,98M, 11, 3,1,54.8,7,45,7,1858M, 12,3,1,57,4,6,6, 168 F, 11, 3, 1,
57.3,5,4,4,138M, 12,3,1,57.7,1,4,4,98M, 11, 3,1,58.3, 7, 3, 3, 138 F, 12, 3, 1,
58.6,5,2,4,118F, 13,3,1,589,5,5, 7,178 F, 13, 3,1,59.3, 4,5, 3, 128 M, 11, 3, 1,
60.1,5,5,5,158 M, 11, 3, 1, 60.3, 4, 4, 2, 108 M, 12, 3,1, 60.6, 6, 5, 5, 168 F, 11, 3, 1,
61.16, 6, 4, 4, 148 M, 12,3,1,61.5,6, 2, 4, 128 F, 13, 3, 1,618, 6, 5, 3,148 M, 12, 3, 1,
64.1,6,4,5,158 M, 11, 3, 1,64.7, 4, 3,4, 118 M, 11, 3,1, 66.5, 4, 5, 6, 158 M, 12, 3, 1,
66.8,8,7,5 208 F, 11, 3,1, 67.9,5,5, 3,138 M, 11, 3,1,695,9,7,1, 178 M, 11, 3, 1,
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72.3,5,6,4,158 M, 11, 3,1, 81.9, 6, 2, 5,138 M, 10, 3, 1, 87.5, 10, 5,5, 208 F, 11, 3, 1,
88.4, 8, 10, 5.5, 23.58

M etacognitive Reflection: School-4
8M, 11,1, 1,53.00,6,9,5, 208 F, 13,1, 1,44.58,5, 2, 7, 148 M, 10, 1, 1, 71.10, 10, 9, 4,
238F, 10,1, 1,58.50, 4, 4,5.25, 13.258 M, 11, 1, 1, 51.20, 3, 6, 9, 188 F, 11, 1, 1, 65.90,
10, 12,5, 6, 28.58 M, 10, 1, 1, 95.50, 10, 7, 6, 238 F, 10, 1, 1, 68.70, 10, 7, 8, 258 M, 10,
1,1,7040,10,9,85,27.58 M, 11, 1, 1, 72.30, 10, 10, 6.5, 26.58 F, 11, 1, 1, 75.60, 9,
95,5,2358M, 11,1, 1,51.44, 2, 2,6,108 M, 12,1, 1, 50.40, 6, 3, 7, 168 M, 13, 1, 1,
60.60, 6, 6, 8.25, 20.258 F, 12, 1, 1, 55.20, 85, 5,4, 17.58 F, 10, 1, 1, 56.80, 6, 8, 5, 198
M, 11,1,1,62.60,5, 6, 6,178 F, 10, 1, 1, 60.30, 7, 10, 7, 248 M, 13, 1, 1, 48.90, 4, 5,
6, 158 M, 10, 1, 1, 67.10, 7, 11, 10.5,28.58 M, 13, 1, 1,53.70, 7, 2,5, 148 M, 12,1, 1,
55.40,5, 3,5, 138 M, 11,1, 1, 48.20, 5, 3, 3, 118 M, 10, 1, 1, 81.80, 7, 6, 7, 208 M, 10,
1,1,5210,4,5,95,1858F, 11,1,1,57.10,6, 7,5, 188 F, 12, 1, 1, 63.60, 7, 8.5, 8,
2358F, 10,1, 1,69.30,7,7.5,5 1958F, 12, 1,1,49.40,6,4,4,148F, 12,1, 1, 7290,
10.5, 6, 7.25, 23.758 F, 10, 1, 2, 48.20, 5, 8, 2, 158 M, 10, 1, 2,50.40, 3, 6, 5, 148 F, 11,
1,2,5130,6,4,4,148F, 10,1, 2,51.50, 4, 4, 3,118 F, 10, 1, 2,52.90, 7, 10, 6, 238 F,
11,1, 2,53.20, 5,4, 2,118 F, 11,1, 2,53.80, 3,5, 5, 138 F, 11, 1, 2,55.40, 8, 1, 2, 118
M, 10, 1, 2,55.60,5,5,5, 158 F, 12, 1, 2,57.00, 4,6, 7,178 F, 11,1, 2,57.50, 6, 3, 4,
138 M, 12,1, 2,58.60, 4, 4,5, 138 F, 13,1, 2,60.40, 8,5, 3, 168 F, 12, 1, 2, 63.60, 12,
6, 10, 288 F, 13,1, 2,64.60, 3, 7.5, 6, 16.58 M, 11, 1, 2, 66.10, 5, 5, 4, 148 M, 11, 1, 2,
69.10,7,3,7,178F, 10,1, 2,70.10, 7,6,4, 178 F, 10, 1, 2, 70.80, 5, 9.25, 7, 21.258
M, 12, 1,2,71.40,6,6, 6, 188 M, 10, 1, 2, 72.80, 7, 6.25, 8, 21.258 F, 10, 1, 2, 73.80, 6,
6.25, 8, 20.258 M, 10, 1, 2, 77.10, 4, 10, 9, 238 F, 9, 1, 2, 90.40, 135, 8, 10, 31.58 M,
10, 2, 1, 51.20, 7, 6, 5, 188 F, 10, 2, 1, 55.00, 6.5, 5, 5, 16.58 M, 12, 2, 1, 51.80, 4, 5, 2,
118 F, 10, 2, 1, 77.20, 125, 11.5, 6, 308 F, 11, 2, 1, 58.20, 7, 7.5, 4, 18.58 M, 10, 2, 1,
68.30, 3, 5, 6, 148 F, 12, 2, 1, 69.70, 6, 6, 6, 188 F, 10, 2, 1, 66.80, 10.5, 10, 4, 24.58 M,
11, 2,1,60.20, 2, 6, 3,118 M, 13, 2,1, 64.40, 7,4, 7, 188 M, 13, 2, 1, 46.08, 10.5, 7.25,
2,19.758 M, 12, 2, 1,69.10, 4, 4,5, 138 M, 11, 2,1, 60.72, 5, 8,5, 188 F, 14, 2, 1, 53.75,
4,4, 3,118 M, 9, 2, 1, 6240, 8,7,7.5, 2258 M, 13, 2, 1, 56.00, 5, 2, 6, 138 M, 12, 2, 1,
49.60, 6.5, 5, 2, 1358 F, 10, 2, 1, 74.60, 9, 8, 7, 248 F, 9, 2, 1, 56.20, 8.5, 8, 4, 20.58 M,
10, 2, 1, 52.80, 3, 4, 8, 158 F, 10, 2, 1, 71.10, 5, 3, 6, 148 M, 10, 2, 1, 55.40, 7.5, 6, 5,
18.58 M, 13, 2, 1, 50.67, 85, 5, 5, 18.58 M, 11, 2, 1, 54.40, 5, 3, 2, 108 F, 11, 2, 1, 62.80,
85,7,9 2458M, 10, 2, 1,61.70, 7, 8, 6, 218 M, 12, 2, 1, 59.00, 4.5, 6, 7, 17.58 F, 10, 2,
1, 88.00, 14.5, 13, 11.25, 38.758 M, 11, 2, 2, 47.92, 4, 5, 6, 158 M, 11, 2, 2, 50.30, 1, 4,
5,108 M, 11, 2, 2,53.90, 5, 6, 5, 168 M, 10, 2, 2,54.90, 7, 5, 2, 148 M, 10, 2, 2, 55.30, 3,
54,128 M, 10, 2, 2,56.00, 6, 6, 5, 178 F, 11, 2, 2, 58.60, 4, 4, 5, 138 F, 13, 2, 2, 59.90,
6,4, 7.25,17.258 M, 11, 2, 2, 61.60, 6, 5, 4, 158 F, 10, 2, 2, 62.30, 4, 6, 11, 218 F, 10, 2,
2,62.60,9,4,3,168F, 10, 2, 2,63.60, 2,5, 2,98 F, 10, 2, 2, 65.70, 6, 7, 9, 228 M, 12, 2,
2,69.60, 5, 5, 5, 158 M, 10, 2, 2, 70.80, 6, 6, 5, 178 F, 10, 2, 2, 74.00, 5, 7, 9, 218 F, 10,
2,2,76.40,6,6,4,168F, 10, 2, 2, 77.00, 10, 10, 10.5, 30.58 F, 10, 2, 2, 81.20, 7, 3,
11.25,21.258 M, 11, 3, 1, 53.20, 3, 5, 3, 118 F, 11, 3,1,50.20, 5, 7, 2, 148 M, 13, 3, 1,
57.30, 6,4, 4,148 M, 12, 3, 1, 68.50, 4, 6, 6, 168 F, 11, 3, 1, 44.58, 6, 1, 3, 108 M, 11, 3,
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1,56.20, 5, 4,6, 158 M, 12, 3,1, 61.70, 9, 7, 3, 198 M, 12, 3, 1, 51.40, 2,5, 4, 11§ M, 12,
3,1,58.90,4,6,5, 158 M, 12, 3,1, 77.60, 8§, 3, 7.25, 18.258 M, 12, 3, 1, 76.20, 12, §,
11.25,31.258 F, 12, 3,1,56.42, 7, 1, 9.25, 17.258 M, 12, 3, 1, 83.10, 9.5, 8.25, 6, 23.758
F, 11, 3,1, 62.10, 6, 8, 4, 188 F, 11, 3, 1, 66.40, 6, 4, 8, 188 F, 12, 3, 1, 57.90, 4, 5, 5, 148
M, 12,3, 1,62.70, 4, 4,3, 118 F, 13, 3, 1,51.92, 6, 7, 7, 208 M, 10, 3, 1, 73.40, §, 1,
10.25, 19.258 F, 13, 3, 1,45.33, 4, 5, 3, 128 M, 10, 3, 1, 86.80, 13, 7, 8, 288 F, 11, 3, 1,
63.50, 8,5, 7, 208 F, 11, 3, 1, 55.10, 6, 4, 4, 148 M, 10, 3, 1, 53.80, 5, 2, 6, 138 F, 11, 3,
1,58.00, 3, 8,2, 138 M, 13, 3, 1, 49.60, 2, 4, 3, 98 M, 13, 3, 2, 44.67, 4, 4, 2, 108 F, 12,
3,2,48.08,4,5,3, 128 F, 12, 3, 2,50.00, 6, 3, 5, 148 M, 13, 3, 2,50.50, 3, 5, 4, 128 F,
13,3,2,51.58,4,7,6,178F, 11, 3, 2,53.00, 5, 4,6, 158 F, 12, 3, 2, 53.70, 3, 6, 3, 128 F,
12,3,2,55.30, 2,5,1,88F, 12, 3, 2,56.20, 2, 4, 4, 108 M, 11, 3, 2,57.90, 5, 5, 3, 138 F,
12, 3,2,58.40, 4, 8, 6,188 M, 12, 3, 2,59.80, 6, 7, 4, 178 F, 11, 3, 2, 62.00, 4, 8, 4, 168
M, 12, 3, 2,62.30, 6, 7, 4, 178 M, 12, 3, 2, 63.20, 6, 8, 4, 188 F, 11, 3, 2, 65.80, 9, 6,
9.25,24.258 M, 11, 3, 2, 67.60, 7,5, 5, 178 F, 11, 3, 2, 69.70, 3, 3, 7, 138§ M, 12, 3, 2,
72.10, 6, 6, 6, 188 M, 11, 3, 2, 75.50, 6, 4, 9.25, 19.258 M, 11, 3, 2, 78.40, 5, 5, 5, 158 M,
11,3,2,84.20,9,7,4,208 F, 13, 3, 2,91.90, 6, 5, 8, 198

M etacognitive Reading: School-3
8F, 12, 1,1,47.33,5,6.5,4,1558M, 13,1,1,47.7,7,4,4,158 M, 12, 1, 1, 48.6, 8, 5,
4.25,17.258M,12,1,1,49,3,2,2,78M, 13,1, 1,496, 6,5, 3,148 M, 13,1, 1, 51, 6, 3,
1,108F, 13,1,1,538,4,2,3,98F,11,1,1,54,5,55, 3,13.58M, 12, 1, 1,54.7, 5, 6,
4,158 M, 13,1, 1,554,5,5.5,4, 1458 F, 13,1, 1,58.2, 7, 6, 7, 208 F, 11, 1, 1, 58.78, 4,
75,6,1758F, 11,1,1,60.5,4,3,6,138F,11,1,1,61, 7,6, 3,168 M, 12,1, 1, 615, 2,
4,8,148M, 12,1,1,625,9,14,5,288F, 11,1, 1,64.1, 5,5, 9.5, 19.58 M, 10, 1, 1,
64.2,2,7.5,8, 1758 F, 10, 1, 1, 654, 6.5, 10.5, 5, 228 F, 11, 1, 1, 67.2, 5, 6.5, 8, 19.58
M, 13,1, 1,67.6,45,75,4.25, 16.258 M, 12,1, 1, 68.1, 5, 11, 5.25, 21.258 F, 11, 1, 1,
70,10, 5,4.5,19.58 M, 12,1, 1, 76.4,7.5,9.5,5, 228 F, 12,1, 1, 78.3, 7, 8, 7.25, 22.258
F,11,1,2,4758,5,2,2,98M, 11,1, 2,48.1, 4,2, 3,98F, 11, 1, 2,48.67, 4, 4, 3, 118
M, 13,1,2,49.2,5,4,3 128F, 11,1, 2,49.75, 6,4, 2, 128 M, 11, 1, 2,50, 7, 2, 5, 148 F,
12,1,2,526,5,3,4,128F, 12, 1, 2,535, 3,5,7,158 M, 13, 1, 2,54, 3, 6, 5, 148 F, 11,
1,2,545,6,4,5 158F, 11,1, 2,554,5, 2,3, 108 F, 11, 1, 2,55.6, 4, 5, 4, 138 F, 13, 1,
2,57.2,3,3,5118M, 11,1, 2,584, 3,4, 4,118 M, 12,1, 2,59.3, 2,4, 3,98 M, 12, 1, 2,
60.8, 3,6, 3,128 F, 13,1, 2,61.02, 6,4, 2,128 M, 11, 1, 2,62.1, 8,4, 5, 178 M, 12, 1, 2,
62.6, 8.5, 7,10, 2558 M, 12,1, 2,64.1,5,4, 7,168 F, 12,1, 2,64.5, 3, 5, 2, 108 M, 11,
1,2,656,7 10,4,218 M, 11,1, 2,67.6,4,7,1,128 M, 13, 1, 2, 67.6, 3,4, 6, 138 M, 12,
1,2,69.8, 95, 6,525, 20.758 F, 11, 1, 2, 74.7, 8,5, 4, 178 F, 11, 1, 2, 76.9, 3, 6, 6, 158
M,12,1,2,86.4,75,7,10,2458M, 12, 2,1,444,5,5, 4.5, 1458 F, 11, 2,1, 46.7, 2, 5,
3,108F, 13,2,1,47.17,7,4,4,158F, 14, 2, 1, 49.33, 4, 4.5, 2, 10.58 M, 12, 2, 1, 50.67,
4,75,4,1558M, 12,2, 1,51,85,5,6,19.58F, 10, 2, 1,514, 3,3,3,98 M, 13, 2, 1,
52.5,55,75,6,198M, 11, 2, 1,535, 8,6, 3, 178F, 12,2,1,54.6,7,5,5, 178 F, 12, 2,
1,555, 2 4,118 M, 10, 2, 1,56.1, 4,7, 3, 148 F, 13, 2, 1, 56.7, 5, 7.75, 3, 15.758 M, 12,
2,1,57,11, 10, 6, 278 M, 13, 2, 1, 58.2, 6, 10.5, 4, 20.58 F, 10, 2, 1, 58.6, 7, 4, 5, 168 M,
11,2,1,589,5,7,5, 178 F, 11, 2,1,59.7, 5, 3.5, 6, 1458 F, 12, 2, 1, 60.6, 5, 3, 1, 98 M,
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12,2,1,61.3,4,7,2,138F, 13, 2,1,62.2,6,4, 4,148 F, 13, 2,1, 63, 5.5, 2.5, 4, 128 F,
12,2,1,63.2,9,25,4,1558F, 12, 2, 1,636, 4,3, 7,148 M, 11, 2, 1, 64.8, 6, 4, 5, 158
M, 11, 2,1,66.9, 95,75, 4,218 M, 10, 2, 1, 67.7,9.5, 7, 8.25, 24.758 F, 11, 2, 1, 69.5,
6,5, 7.5 1858F, 12, 2,1,70.1,135,4,7,2458 M, 13, 2,1, 71.1, 85, 6.5, 7, 228 M, 12,
2,1,721,5,115,45,218 M, 12,2,1,75.6,6, 4,9, 198 F, 13, 2, 1, 76.3, 10, 9.75, 7,
26.758 M, 11, 2,1,85.2,95, 8,9, 26.58 M, 13, 2, 2,45.7, 8.5, 6, 4, 1858 M, 12, 2, 2, 47,
58,2 158 M, 13, 2, 2,504, 4, 6,05, 10.58 F, 11, 2, 2,51.4, 5, 8, 3, 168 M, 13, 2, 2,
52.4,6,4,4,148F, 10, 2, 2,52.9,5,7, 2,148 M, 12, 2, 2, 54.4,5, 6, 5, 168 F, 12, 2, 2,
54.7,6,3,7,168F, 12, 2, 2,55.6, 7, 6, 4,178 F, 11, 2, 2, 56.3, 6, 4, 5, 158 F, 13, 2, 2,
56.9, 8,4,4,168M, 11, 2,2,57.8,7, 8,5, 208 F, 12, 2, 2, 585, 3, 5, 6, 148 F, 11, 2, 2,
58.8,5,2,4,118F, 12, 2,2,593,4,7,4,158F, 12,2, 2,60, 3,7, 7, 178 M, 11, 2, 2,
61.1,7,4,5,168 M, 13, 2, 2,61.8, 6, 4, 5, 158 F, 12, 2, 2, 62.76, 5, 6, 3, 148 F, 11, 2, 2,
63.3,6,3,6,158F, 12, 2,2,64.8,8,7,6,218F, 12, 2, 2,65.3, 3,4, 5, 128 F, 11, 2, 2,
67.3,4,5,3,128 M, 12, 2, 2,68.3, 6, 4, 2,128 F, 12, 2,2,70.1, 9,5, 3, 178 F, 11, 2, 2,
71,6,7,3,168 M, 11, 2, 2,71.7,9.5,75,5,228 M, 11, 2, 2,748, 8,9, 9, 268 F, 12, 2, 2,
75.7,6,9,6,218 M, 12, 2, 2,84.4,9.5, 6, 10, 25.58 F, 11, 3,1, 42, 4,4, 9, 178 M, 13, 3,
1,46.8,4,5,2,118 M, 11, 3,1,50.5,4, 4,1,98F, 11, 3, 1,514, 6, 4, 2, 128 F, 11, 3, 1,
56.4,4,3,4,118F, 11, 3,1,56.7, 6,4, 2,128 F, 11, 3, 1,574, 4, 4,8.25, 16.258 F, 11, 3,
1,584,6,4,5 158 M, 11, 3,1,59.7, 5, 4,5, 148 F, 13, 3, 1, 60.4, 7, 4, 6, 178 M, 11, 3,
1,611,6,3,3,128M,11,3,1,62,7,6.5,4,17.58F, 11, 3,1,62.6, 7,5, 5, 178 F, 11, 3,
1,64.6,4,3,5 128 F, 11, 3,1,653,5,9, 5,198 M, 11, 3, 1, 67, 6.5, 8, 6, 20.58 F, 12, 3,
1,68, 8,4,11,238F,12,3,1,69,8,9,7,248 M, 11, 3,1, 69.8,9, 5, 6, 208 M, 11, 3, 1,
70.9,5,7,7,198 M, 11, 3,1, 72,5,5, 3,138 F, 11, 3,1, 73.5, 95, 4, 4, 17.58 F, 11, 3, 1,
741,7,8,7,228F, 11, 3,1, 751, 9.5, 4,4,17.58 M, 11, 3, 1, 80, 12, 6, 4, 228 M, 12, 3,
1,831,7,7,11,258 F, 12, 3, 2,465, 6, 3, 4,138 M, 11, 3, 2,50.4, 3, 4, 2, 98 M, 12, 3,
2,50.7,7,5,3,158 M, 11, 3, 2,545, 1, 3, 2,68 M, 11, 3, 2, 56.4, 5, 10, 4, 198 F, 12, 3,
2,56.5,4,6,4,148F, 11, 3,2,57.3,5, 2,4, 118 M, 13, 3, 2,583, 6, 5, 5, 168 M, 11, 3,
2,595,4,4,3,118 M, 12, 3,2,60.1, 6, 6, 3, 158 F, 12, 3, 2,60.7, 6, 6, 3, 158 F, 11, 3, 2,
61.9,6,7,6,198F, 12, 3, 2,625, 6, 3,4, 138 F, 12, 3, 2,63.6, 5, 5, 5, 158 M, 13, 3, 2,
65,6,9,5, 6208 M, 11, 3, 2,66.7, 6, 6, 12, 248 F, 12, 3, 2,67.4, 3,8, 6,178 M, 11, 3, 2,
68.5,4,7,6,178F, 11, 3,2, 69, 6, 6, 6, 188 F, 12, 3, 2, 70.6, 4, 7,9, 208 M, 11, 3, 2,
73.2,7,3,6,168 M, 12, 3, 2,74,6, 6, 3,158 M, 11, 3, 2, 75.8, 9,5, 7, 218§ M, 11, 3, 2,
80.3,8.5,4,9,21.58 M, 11, 3, 2,84,9.5,7, 8, 2458 M, 11, 3, 2, 88.8, 10, 9, 11, 308

GRADE SIX
Graphic Organizers. School-1

8M, 12,1, 1,68, 13,10,7,308F, 12, 1, 1, 47.5,13, 5, 6.5,24.58 F, 12, 1, 1, 59.58, 8,
95,9, 2658M, 12,1, 1,7858,17,12,6,358F, 12,1, 1,44, 3,4, 3, 108 F, 14, 1, 1,
46.17,4,7,2,138F,12,1,1,5458,6.5,7,4, 1758 F, 14,1, 1,515, 11, 5.5, 5, 21.58 M,
13,1, 1,46.75,105, 8, 3, 21.58F, 14, 1, 1,53.42,10, 7, 7, 248 F, 12, 1, 1, 51.42, 9, 8, 4,
218F,12,1,1,56.58,9,9,5,238M, 12, 1, 1, 67.33, 10, 5.5, 9.5, 258 M, 13, 1, 1, 82.58,
14,135,11,38.58M, 12, 1,1,55.92, 75,65, 3, 178 F, 12, 1, 1, 64.17, 9.5, 10, 9, 28.58
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F, 12, 1,1,4858,6.5, 7.5, 8,228 M, 13, 1, 1, 57.17, 135, 7, 5.5, 268 M, 13, 1, 1, 58.8, 9,
6,6,218M, 13, 1,1, 7433, 16, 7, 11, 348 F, 12, 1, 1, 59.5, 10, 7, 8.5, 25.58 F, 14, 1,1,
90.08, 16, 13.25, 10.5, 39.758 M, 13, 1, 1, 87.5, 20, 17.25, 9, 46.258 M, 13, 1, 2, 45.92,
11.5,7,5,23.58F, 13,1, 2,46.42, 5, 5, 2.5, 1258 M, 13, 1, 2, 47.42, 10.5, 6, 7, 23.58 F,
13,1, 2,48,75,10,4.5, 228 F, 13,1, 2,48.92, 7,6, 3, 168§ M, 12, 1, 2, 51.17, 12, 4, 4.5,
2058F, 13,1, 2,54.42,11, 3, 3,178 F, 13,1, 2,56.17, 6, 6.5, 5.5, 188 F, 12, 1, 2, 57.17,
11,9, 5,258 M, 13, 1, 2,58.08, 10, 5, 8, 238§ M, 12, 1, 2, 59, 11, 5, 4, 208 F, 12, 1, 2,
595, 12,10, 13,358 F, 14, 1, 2, 59.58, 6, 5, 2, 138 M, 12, 1, 2, 61.08, 10, 5, 6.5, 21.58
M, 12,1, 2,64.17,11, 6, 7.5,24.58 M, 13, 1, 2, 64.75, 11, 5, 4, 208 F, 13, 1, 2, 67.58,
8.5,8,55,228M, 12,1, 2,70.67,16,7,7,308F, 14, 1, 2, 725,11, 7, 4,228 M, 12, 1, 2,
81.25, 145, 6,65, 278 F, 13, 2, 1,43.42,5, 3,0.5,858 M, 13, 2, 1, 68.75, 17, 5, 4, 268
F, 12, 2,1,55.33, 14, 8, 4, 268 F, 14, 2, 1, 50.08, 15.5, 5, 3, 23.58 F, 13, 2, 1, 70.67, 12,
6,4, 228 F, 10, 2, 1, 70.17, 10, 8,5, 238 M, 12, 2,1, 70, 11.5, 4, 5, 20.58 M, 13, 2, 1,
89.83, 195, 11, 11.25,41.758 F, 12, 2, 1, 55.83, 8, 8, 6, 228 F, 13, 2, 1, 52.92, 11, 6, 4,
218F, 12,2, 1, 65.42, 13, 10.5, 7, 30.58 F, 11, 2, 1, 59.33, 10.5, 6, 5.5, 228 M, 12, 2, 1,
48.58, 16.5, 10, 7, 33.58 M, 10, 2, 1, 75.08, 185, 10, 10, 3858 F, 12, 2, 1, 52.08, 7, 5, 6,
188 F, 13, 2, 1, 56.83, 6.5, 7, 7, 20.58 F, 13, 2, 1, 79.67, 15.5, 7, 8, 30.58 F, 12, 2, 1, 61,
10, 8, 6,248 M, 12, 2, 1,57.08,5.5, 3, 3, 11.58 F, 14, 2, 1, 53,58, 12, 3, 3, 188 M, 14, 2,
1,60.58,9, 3,4, 168 M, 13, 2, 1,50.67,9.5,6, 7, 22.58 F, 13, 2, 1, 495, 15, 7, 3, 258 F,
12, 2, 2,45.83, 6.5, 85,6, 218 F, 12, 2, 2,48.42, 5, 7,9, 218 F, 14, 2, 2, 48.42, 5, 4, 6,
158 M, 11, 2, 2, 48.75, 8, 6, 3.5, 17.58 F, 12, 2, 2,50.08, 4.5, 5, 5, 14.58 F, 12, 2, 2,
50.17,9, 6,4, 198 F, 12, 2, 2, 50.58, 6.5, 4, 6, 16.58 F, 14, 2, 2, 52.08, 5.5, 6, 1, 12.58 F,
12,2,2,54,7,3,4,148F, 14,2,2,55.58, 7.5, 7,5, 19.58 M, 14, 2, 2,56, 7, 5.5, 2, 14.58
M, 12,2, 2,57.08, 7.5, 8, 6.5, 228 F, 13, 2, 2, 60, 7.5, 8.5, 6.5, 22.58 F, 13, 2, 2, 60.92, 9,
8,6,238M, 11, 2, 2,62.92,11.5, 11, 6, 2858 M, 11, 2, 2, 65, §, 8, 6, 228 F, 12, 2, 2,
67.5, 10,5, 5, 208 F, 12, 2, 2, 68.83, 16.5, 12, 9, 37.58 M, 12, 2, 2, 70, 11, 9, 6, 268 F,
10, 2, 2, 70.58, 15.5, 10, 5, 30.58 M, 11, 2, 2, 73, 9.5, 6.5, 4.5, 20.58 F, 11, 2, 2, 75.5,
12.5,12,9,33.58 M, 11, 2, 2, 82.08, 7, 3, 6.5, 16.58 F, 13, 3, 1, 56.33, 6.5, 7, 3, 16.58 F,
12, 3,1,51.42,11, 6, 3.5, 20.58 F, 12, 3, 1, 76.58, 10, 5, 6, 218 M, 12, 3, 1, 85.67, 11, 7,
5,238M, 12, 3, 1, 4358, 11.5, 12, 4, 27.58 M, 12, 3, 1, 58.25, 11, 7, 6.5, 24.58 M, 13, 3,
1,7258,14,7,9,308 M, 14, 3,1,525, 8,5, 5,188 M, 14, 3, 1,535, 13, 7, 5, 258 M, 11,
3,1,7492, 15,13, 11.5,39.58 M, 12, 3, 1, 62, 10, 8, 9, 278 M, 12, 3, 1,59.58, 7.5, 4, 7,
18.58 F, 12, 3, 1, 8358, 16, 7, 3, 268 F, 12, 3, 1, 63.42, 9, 8, 7, 248 F, 14, 3, 1, 83.83, 14,
7,10, 318F, 12,3,1,46.33,7,8,4,198F, 12, 3,1,65.75, 7, 2, 8, 178 F, 12, 3, 1, 59.33,
95,8,6,23.58M, 13, 3,1,56.83,5,9, 2, 168 F, 11, 3, 1,49.75, 9, 6, 5, 208 M, 12, 3, 1,
84.67,11.5,7,55,248F, 12, 3, 1, 48.67,6, 7,55, 18.58 F, 12, 3,1, 55.42, 9, 9, 6, 248 F,
12,3,1,68.08,9,7,5,218 M, 11, 3,1, 51, 8, 2, 4.5, 1458 M, 12, 3, 2,45.42, 8, 7, 5.5,
2058 F, 13, 3, 2,48.83,5,5,7, 178 F, 11, 3, 2,51.08, 7, 7, 3.5, 17.58 F, 12, 3, 2, 52.75,
7,4,7,188F, 14, 3, 2,53.58, 4, 3, 3, 108 M, 13, 3, 2,55.92, 7, 8.5, 4, 19.58 F, 12, 3, 2,
56.58, 11, 6.5, 8, 25.58 F, 13, 3, 2,57.5,6, 7, 7, 208 F, 14, 3, 2, 62.5, 15, 5.5, 3, 23.58 F,
13, 3,2,65.33,9, 105, 5, 24.58 M, 12, 3, 2, 82.75, 15, 8, 7, 308 M, 11, 3, 2, 83.67, 12,
9.5,6,27.58F, 11, 3, 2, 84.25, 11, 8, 10.5, 29.58 F, 12, 3, 2, 85.5, 11, 6, 7, 248
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M etacognitive Reflection: School-4
8M, 12,1, 1,475, 85,6.25,7.25,228 F, 12,1, 1, 49, 12,5, 8.75, 9.25,30.58 F, 11, 1, 1,
4958, 10.5, 4, 95,248 M, 12,1, 1, 49.67, 10, 2, 7, 198 M, 14, 1, 1, 53.33, 10, 6, 6, 228
F,14,1,1,545,7,7,7,218 M, 12,1,1,55,85, 6, 11, 2558 F, 11, 1, 1, 56.67, 10, 9.5,
55,258 M, 14,1, 1,575,115, 6.25, 6.25, 248 F, 13, 1, 1, 58.83, 9.5, 4, 7, 20.58 M, 12,
1,1,59.33, 14,5.25, 6.25, 25.58 M, 11, 1, 1, 59.5, 8, 8, 7.25, 23.258 F, 12, 1, 1, 60.17,
12,9.5,7,2858M, 12, 1, 1, 60.83, 11.5, 7, 6, 24.58 M, 13, 1, 1, 62, 12.5, 7, 7.25, 26.758
F,13,1,1,63 65,9, 45, 208 M, 13, 1, 1, 63.33, 13, 10.5, 7.5, 318 M, 11, 1, 1, 66.67,
145, 8.5, 4.25,27.258 M, 11, 1, 1, 70.83, 17, 10.25, 12.75,408 M, 11, 1, 1, 74.67, 18, 9,
13.25,40.258 F, 12,1, 1, 77.17, 15, 7, 8.5, 30.58 M, 12,1, 1, 78, 15, 8, 8.25, 31.258 M,
12,1, 1, 825, 17, 13.25, 10.5, 40.758 M, 13, 1, 2,45.33, 8, 4, 6, 188 F, 10, 1, 2, 48.67, 7,
6,5 188F, 11,1, 2,49.17,6, 3,4, 138F, 14, 1, 2,49.67,4.5, 6, 3, 1358 F, 12, 1, 2,
51.33, 16, 8,9.5, 3358 F, 12,1, 2,525, 12, 5,4.5,21.58 M, 11, 1, 2,53.17, 7, 4, 6, 178
M, 13,1,2,5458,5,7,4,168F, 12, 1, 2,57.17,7,5, 4, 168 M, 12,1, 2,58.17, 8, 6, 2,
168 M, 14,1, 2,59, 85, 4, 2, 1458 F, 11,1, 2,595, 9, 3,6, 188 F, 12, 1, 2, 60.08, 7.5, 3,
3,1358M, 13,1, 2,605, 10, 10, 4, 248 F, 13, 1, 2, 61.33, 13, 7.5, 8, 28.58 M, 11, 1, 2,
61.67, 125, 4,6.5,238M, 13,1, 2,625, 13,9, 4, 268 F, 11, 1, 2, 63.33, 12, 12, 9, 338 F,
12,1,2,63.92,12,5,7,248F, 14, 1, 2,65.83, 11, 8, 5, 248 F, 13, 1, 2, 68, 14, 8.5, 3,
2558 M, 13,1, 2, 71.33, 14.5, 6, 10, 30.58 M, 14, 1, 2, 76, 16.5, 12, 11.5, 408 F, 11, 1, 2,
77.33,12,6,6,248 M, 13, 1, 2, 78, 19, 10, 9, 388 F, 11, 1, 2, 84.17, 16, 7, 10, 338 M, 13,
2,1,4158,7,95,5, 21.58F, 12, 2, 1, 47.67,11.5, 9, 3, 23.58 M, 13, 2, 1, 49.33, 7, 5,
8.5,20.58 M, 12, 2, 1, 50.25, 5.5, 6, 7, 18.58 M, 13, 2, 1, 51, 10, 7.5, 8.25, 25.758 F, 12,
2,1,51.42, 12,8.75, 6, 26.758 M, 11, 2, 1, 54.33, 10.5, 9, 7.25, 26.758 M, 12, 2, 1,
55.58, 15, 8, 3,268 M, 13, 2, 1, 56.33, 14, 13, 11.5, 3858 F, 11, 2, 1, 58.58, 13.5, 7.5, 6,
278 M, 12,2, 1,59, 10, 6,5, 218 F, 12,2,1,59.5, 15, 7, 7, 298 F, 12, 2, 1, 60.75, 6, 6.5,
45,178 M, 11, 2, 1, 60.83, 10, 4.5, 6.5, 218 M, 14, 2, 1, 61.42, 9, 9.5, 11, 29.58 F, 12, 2,
1,615, 13,11, 7.25,31.258 F, 12, 2, 1, 61.83, 12,9, 10, 318 M, 12, 2, 1, 63.17, 18, 11,
55,3458 M, 12, 2, 1,63.83,13,5,4,228 M, 11, 2, 1, 65, 8, 8, 8, 248 F, 13, 2, 1, 65.5,
13.5,13,7.75,34.258 F, 12, 2, 1, 66.67, 13, 8.5, 9, 30.58 M, 12, 2, 1, 67.67, 12, 11.5, 5,
28.58 M, 12, 2, 1, 68.17, 10, 6, 10.25, 26.258 F, 13, 2, 1, 70.25, 8, 12.5, 8.25, 28.758 F,
11, 2,1, 70.5, 15, 8.5, 10.75, 34.258 M, 13, 2,1, 72, 11, 5.5, 9.25, 25.758 M, 14, 2, 1,
74.67, 10.5, 6, 6.5, 238 M, 13, 2, 1, 81.67, 20.5, 13.5, 8,428 M, 12, 2, 1, 85.67, 10, 14, 8,
328 M, 14, 2, 2, 46, 85, 3, 3,14.58 M, 11, 2, 2,48.92, 7, 5, 4, 168 M, 12, 2, 2, 50, 5, 4, 4,
138 F, 14, 2, 2,50.67, 7.5, 6,9, 22.58 M, 12, 2, 2,51, 12,5, 5, 228 F, 13, 2, 2, 51.42, 12,
6,4, 228 M, 14, 2, 2,54.75,13,7,7, 278 F, 13, 2, 2,56.25, 7, 4, 5, 168 M, 11, 2, 2, 58.5,
85,8,5,21.58M, 11, 2, 2,58.83, 7.5, 7, 4,1858 M, 12, 2, 2,59, 15, 9, 9, 338 M, 14, 2,
2,60.08,7,4,2, 138 F, 12, 2, 2,60.75, 8, 9, 6, 238 M, 13, 2, 2, 60.83, 12, 6.5, 7, 25.58 F,
12,2,2,615, 11, 10,4, 258 F, 12, 2, 2, 61.83, 14, 8, 10, 328 M, 12, 2, 2, 62, 6, 6, 6, 188
F, 14, 2, 2,63.58, 9.5, 5, 6, 20.58 M, 14, 2, 2, 64.75, 12, 6, 4, 228 M, 11, 2, 2, 66.08, 5, 3,
1,98 M, 13, 2, 2, 67,95, 7,35, 208 F, 13, 2, 2, 68.08, 10, 3, 7, 208 F, 10, 2, 2, 69.5, 13,
11,95,33.58F, 12, 2, 2,70.33, 13,5, 9.5, 27.58 F, 11, 2, 2, 71, 12, 5, 6.5, 23.58 M, 13,
2,2,72.33,10, 10,11, 318 M, 11, 2, 2, 84, 17,9, 10, 368 F, 12, 2, 2, 94.5, 15, 8, 14, 378
M, 13, 3, 1, 47.83, 11, 6.25, 4, 21.258 M, 13, 3, 1, 53.08, 3, 7, 5, 158 M, 14, 3, 1, 53.33,
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7,4,5, 168F, 12, 3,1, 53.67, 8, 2, 6.25, 16.258 M, 14, 3, 1, 54.33, 7, 5.5, 6.25, 18.758 F,
13,3,1,555,8,7,6,218F, 13, 3, 1,55.58, 8, 7,1, 168 F, 14, 3, 1, 55.75, 9.5, 4, 5, 18.58
M, 12, 3,1,55.83,7,7,8 228 M, 13, 3, 1, 57.08, 14, 6, 5, 258 M, 14, 3, 1, 57.75, 6.5, 3,
8, 17.58 F, 13, 3,1, 58.42, 11, 8,1, 208 F, 13, 3, 1, 59.5, 10.5, 3, 6, 19.58 M, 12, 3, 1,
60.17,7,55,4,16.58 F, 12, 3, 1, 60.58, 13.5, 2, 6.5, 228 F, 11, 3, 1, 61.17, 125, 9, 5,
26.58 M, 12, 3,1, 63.08, 12.5, 9, 2.75, 24.258 F, 12, 3, 1, 63.42, 13.5, 6.5, 5.5, 25.58 M,
13, 3,1, 65.33, 13, 6.5, 6.5, 268 M, 13, 3, 1, 67.25, 11.5, 12.75, 5, 29.258 F, 13, 3, 1,
67.67, 8,12.75,5, 25.758 M, 12, 3,1, 70, 11, 5, 7, 238 M, 13, 3, 1, 71.58, 12, 9.25, 9,
30.258 M, 12, 3, 1, 73.58, 18, 11.75, 10, 39.758 M, 11, 3, 1, 75.33, 14, 8.5, 7, 29.58 M,
11, 3,1, 76.08, 16, 6, 6.5, 28,58 F, 12, 3, 1, 77.33, 125, 6, 5, 23.58 F, 14, 3, 1, 82.75, 15,
12, 11.5,38.58 F, 12, 3, 1, 85.08, 14, 9.25, 8.5, 31.758 F, 12, 3, 2, 51.58, 8.5, 4, 5, 17.58
F, 13, 3,2, 535,12, 6, 8.5, 26.58 M, 12, 3, 2,53.92, 6.5, 6, 2, 14.58 M, 14, 3, 2, 54.42, 7,
9.5,6,2258 M, 12, 3, 2, 55, 6, 4.5, 5, 15.58 F, 14, 3, 2,555, 105, 8, 3, 21.58 M, 12, 3,
2,55.83,5,6,6,178F, 13, 3, 2, 56.25, §, 8,5.5, 21.58 M, 13, 3, 2, 57, 11.5, 8, 4, 23.58
M, 13, 3, 2,58.08, 85, 4, 5, 17.58 F, 12, 3, 2,58.5, 7, 6, 8, 218 F, 12, 3, 2,59.5, 11, 6.5,
5, 2258 M, 12, 3, 2, 60.58, 10, 7, 11.5, 28.58 F, 13, 3, 2, 60.75, 7, 7, 6.5, 20.58 M, 11, 3,
2,63.25,85,4,4,16.58 M, 14, 3, 2,63.58, 7, 5.5, 10, 22.58 M, 14, 3, 2, 65.25, 5, 6, 4,
158 F, 13, 3, 2,67, 13,5, 7, 258 F, 11, 3, 2, 67.42, 10, 8, 3.5, 21.58 M, 13, 3, 2, 68.83,
9.5,6,5,20.58 M, 14, 3, 2, 70.17, 13,9, 4, 268 F, 14, 3, 2, 72.42, 12,9, 7, 288 M, 12, 3,
2,74.25,14,9,4,278F, 13, 3,2, 755,11, 8, 7.5,26.58 F, 12, 3, 2, 77.08, 10, 7, 5, 22§ F,
12,3, 2,785, 12,9, 10, 318

M etacognitive Reading: School-2
8M, 14,1, 1,48.25, 8,6, 3,178 M, 13,1, 1, 49.42, 10,5.5, 6, 21.58 F, 11, 1, 1, 53.08, 9,
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