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ABSTRACT

CONCEPTUAL UNDERSTANDING OF PHOTOSYNTHESIS

The purpose of this study was to investigate péssimsons for the high failure rate in
Biology, particularly under the topic “Photosyntiss Photosynthesis is a biological

process which is critical for producing food fof laling organisms. A test was used as a
tool for collecting data. The test consisted of guestions taken from previous grade
twelve final examination papers. The questions vegr@ysed to determine the cognitive
demands according to Blooms taxonomy. The questi@rs found to be integrated and
tested lower and higher order cognitive levels adiog to Bloom’s taxonomy. The

learners achievement scores showed that the t&strdinated well among those learners
who studied well and those who did not know thearkv The sample was drawn from

six high schools of Mthunzini circuit, in northekiwaZulu-Natal. To test whether there
were significant differences in achievement scae®ng the six schools, a statistical

Package for Social Sciences was used.

Poor performance in the structured questions shahatdanguage was a major barrier in
expressing the learners ideas. Examples of incoheentences written by learners were
captured in the main study. English as a mediunmsifuction affects the ability of the
learners to answer questions. Looking at the leam@sponses, it is evident that language
is a barrier to those students who cannot discutiei target language (TL) of instruction
which is English. Some students with better Englisimpetence were able to express
themselves in the instructional language, andghie them a chance of explaining their
observations clearly and accurately. The poor permce at the level of 29% in lower
order questions, showed how poorly the learnersragtering their work. Question 5 an
application level question was the most poorly daméh 66% learners achieving
between 0-10%. The learners failed completely tot @ graph, they failed to use
information given to identify correct axes on whith plot the independent and
dependent variables. There was therefore also ldgmoof mathematical literacy which

should make sure that every learner can handimplesigraph question.



Learners who had chosen careers for which Biolegg requirement, performed better
than their peers. Career choices seemed to beta facmotivating learners to strive to
do well. There were no significant differences lie tachievement scores between boys
and girls at 95 confidence levels. In one of theeanmonceptual questions the girls did
better than boys at the range of 61-70% while erémge 71-80% only the girls featured.
The efforts by the government to encourage gitidcéin to do well may be beginning to
pay off. It is also an achievement that the ovesaldy showed the girls performing as

well as the boys.

The study provides a window which shows what isgesing in our Black schools and a
challenge for the government to look for ways dfisting, in particular, poverty stricken
schools and also supplying such schools with wedllified teachers. The schools may
also need to spend more time on task instead ofvely learners to mill around doing

nothing.
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Conceptual understanding of photosynthesis

CHAPTER ONE
1.0 ORIENTATION
1.1 INTRODUCTION

The performance of high school students in the imdation examinations has been
very low and a matter of concern to the public. Tt that it has been criticised by
all sectors of society raised my interest as adgjpleducator to study the reasons
behind the learners’ poor performance in gradevyeds doing well in grade twelve

is usually one’s ticket to a better education amhetter life.

The study explores the results of learners’ peréoroe with regard to photosynthesis
and suggests ways and procedures to help the teameerform at their maximum
level. The targeted group consisted of grade 1®dashin the Mthunzini district of
KwaZulu-Natal. The release of 2008 matriculatiommination results, for example,
was followed by public outrage as expressed imt#wespapers especially concerning
poor performance in mathematics and the scienagsalbo in other subjects. For
instance, Gudluza writing in thBowetanof 7 January 2009 stated that the poor
results arose from teachers’ poor grasp of OutceBased Education (OBE).
Govender, writing about matriculation results ie 8unday Timesf 4 January 2009
the heading “The Blame Game” stated that inadequateing of educators in OBE
was responsible for all the matriculants who failethe Eastern Cape. Poor teaching
because of inadequate teaching methods and afiadund content mastery seemed

to be cited as the main causes for poor resuttseimatriculation examination.

The pass rate in Black schools is generally knawbet very low across all subjects,

except the vernacular language. It therefore saemertant to conduct research to



discover where the learning problems for especiBlgck learners are situated in
terms of the different topics covered by the vasiourricula. This study specifically
set out to study the performance of matriculatiandidates on one important topic
taught in Biology, namelphotosynthesis a process by which food is made for all
living organisms. The topic was targeted becausiésatonceptual difficulty and its
suitability in revealing whether students are dbleinderstand a topic that combines
biochemistry with practical work and requires thémthink not only at a lower

cognitive level, but also to analyse, synthesistaraluate information given.

1.2 BACKGROUND OF THE STUDY

Magi (1993) states that the following problems ifriéan education have generated
frustration and anger in the African communitieack of control and effective
administration, unequal allocation of finance amdources, the explosion in the
number of pupils without proper classroom accomrtiodathe suspect quality and
relevance of education, and a high failure ratemiatriculation examinations,
particularly in science subjects. According to Mailie poor performance rate of
learners is to a great extent due to the facttti@Department of Education demands
that educators should pass the learners withoutgakto consideration the different
environmental factors that affect them. These factall be interrogated more fully
at a later stage in this study. An attempt was ntadgemploy a multilevel analysis to
examine factors at school and home level that émite learners’ performance in

mastering the subject of photosynthesis.

Muwanga (2007) stresses the importance of learsaignce in a hands-on fashion,
and as photosynthesis is a science topic that eaifiustrated in a practical way,

practical work is indicated. Muwanga also beliettest science teaching must take
place in the laboratory, and in this regard ther@a controversy. Science belongs
there as naturally as cooking belongs in a kitched gardening in a garden. He
explains that, for science teaching to be effectihe laboratory must be used for

practical work. Practical work gives learners titneshare ideas and to discuss issues



and concepts pertaining to the practical work thaty are doing. Both doing and
discussion help them to learn better than justipelgslistening to a teacher. The
central idea of constructivism is that, rather thdescribing or copying the
understandings of others, learners must consthait bwn understanding. Driver
(1983) advocates a shift in the focus of instrucfimm mechanical drill and practice
towards teaching for understanding with an emphasifiands-on inquiry-oriented
strategies designed to promote students’ concegh@iledge by building on prior
understandings, active engagement with subjectemathd content and application
of knowledge to real world situations. Life Scies@re good in that the concepts that
are learned are directly applicable to real lifeiaions. The problem arises when
educators do not problematise practical work bue gtudents practicals that are very

similar to a domestic science student’s recipes.

Good learner performance (as indicated by a maxirpass rate), greatly depends on
a number of factors. Educators should have adeqizaiities and a thorough
knowledge of the subject matter and the historlgay the subject has been taught at
the school in question; they should also be ablentdivate learners to dedicate
themselves to their learning. Social factors as® @nportant in understanding the
process of conceptual change. Learning is not schnam individual activity than a
social activity, where meanings are shaped throdgtussion and negotiation
between peers and between pupils and teachers.oMarescience classrooms are
complex social systems within a wider system ofosting. Teaching children in
such an environment requires careful consideratibrthese social and cultural
influences on their learning. Some learners arecootpetent enough to use English
in understanding processes and systems. The ségsiof the educator in
demystifying terms helps learners to assimilatergdic language (for instance the
equation of photosynthesis) is important. The béradf practical work lies in the
opportunities it gives the learners to engage ameth@r and the educator as they

perform the experiments.



1.3

STATEMENT OF THE PROBLEM

Learners have a high failure rate in Biology, mautarly with regard to the topic

photosynthesis. The researcher, as one of thenextexamination markers, observed
that photosynthesis is one of the topics is whidstntearners failed. This motivated
the researcher to find out what aspects of photbsgis posed conceptual problems
for learners. The results would then be used taorgthe teaching of photosynthesis

in the schools involved in the study.

Robinson (2004) in their paper, “PhotosynthesiSilaco: overcoming the challenges
of Photosynthesis Education using a multimedia GibaR state that photosynthesis
remains one of the most challenging topics, largefcause of its conceptual
difficulty, the difficulties that students have wsualising the process and limitations
to the practical demonstration of photosynthesie do the fact that available

equipment is either unreliable or antiquated.

The researcher feels that there is a lack of midinan Biology learners when it
comes to practical topics such as photosynthediss i due to various reasons,
which this study hopes to explore and unravel. f#searcher also intends to identify
the areas of study in Biology which Black learnérel particularly difficult to
master. The study intends to explore the miscoimeptthat students have about
photosynthesis and to find out whether they cardlgaguestions at higher cognitive
levels. If they are found to be unable to do se,dtudy intends to explore reasons for
this situation in existing literature and to findtavhat other educators have done to
try to solve some of the problems. The study aflg#ends to arouse interest in
educators who have accepted that learners arepgofmrmers in this specific topic,
so that they can realise that the facilitation le# topic can be improved by varied

methods of teaching that target the developmepaudfcular skills.



Lonergan (2000) states that students tend to hawee rmisconceptions about
photosynthesis than other Biology topics. Accordmgershey (1992), Science is, in
general, under represented in high schools andrgrathiate courses and often
receives a poor response, especially from studentslled in biomedical-type

courses. Photosynthesis is also a conceptuallyculifftopic, which spans several
disciplines (biophysics, biochemistry, and ecopblggly) and organisational levels
(molecules, cells, organisms, ecosystems). Due rtblgms of relevance and
conceptual difficulty, major misconceptions ofteargist in learners’ understanding
of photosynthesis. Learners have a saying thattplare boring. The researcher is
concerned about this misconception and this isofrilee most important motivations

for this study.

1.4  MOTIVATION OF THE STUDY

Practical work is a means of pupils’ skills devetamnt, but more importantly it is a
purposeful way of learning about working in a laddory. When learners learn
Biology as a science subject, they learn to undedsthe world; they have a holistic
picture of what is life. Biology, like other brareh of science subjects, is based on
systematic observations, hypothesis, predictiorks abservational and experimental
tests. The external world, not internal convictiathe testing ground for science
theories. The study attempts to reveal the relatignbetween practical work and the
learner’s performance. The topic photosynthesigrsffmany of opportunities for
learners to do practical work and experience whatgans to work like a scientist.
Photosynthesis being a process which makes it lpesir food to be manufactured
should be an interesting and relevant topic tosaildents. The question is how
competent the educators are in presenting the,topighether they are challenged by
the topic to the extent that they are abla@lémystify the challenging aspects of the

topic for the learners.

Biology is a science subject which channels learmewards a number of important

careers such as medicine, radiography, botanypdpfobducation, etc. Having goals



to enter these professions is not enough; leameesl motivation to be helped to
achieve their goals in biology. This study servesaa attempt to find out what
learners’ achievement scores are in this topich@lgh such studies have been done
abroad, this study is unique because it targetdests whose home language is not
English, the medium of instruction. It also targstisdents who find themselves in a
relatively new curriculum that is based on the géolphy behind Outcomes-based
Education (OBE). It is therefore important to fiodt how students cope with this

difficult topic in the new South African Educatisgstem of education.

1.5 AIMS AND OBJECTIVES

The aim of the study was to investigate the peréoroe of grade 12 learners in the
Biology topic, “photosynthesis.” The research afésd to:

1.5.1 Establish how learners perform in a photosynthdisignostic test.

1.5.2 Find out whether the availability of facilities amésources affect learners’
performance with regard to photosynthesis.

1.5.3 Investigate whether the location of the schoolcéd the learners’ performance
with regard to the topic.

1.5.4 Find out whether gender affected the learners’qoerénce.

1.5.5 Determine whether English as a medium of instractdfected the ability of
learners to answer questions correctly and withetstending.

1.5.6 To find out whether the career interests of thenles affected their performance.

1.6 OPERATIONAL DEFINITIONS OF TERMS

1.6.1 Photosynthesis

In this study photosynthesis refers to a processviigh green plants use sunlight,

carbon dioxide and water to make their own foodcdkding to Dekker (1989),

photosynthesis occurs mainly in green plants. Rlyotthesis is the only process in



nature by which the radiant energy of the sun besoavailable as potential chemical
energy for all the reactions that constitute meiabo A simple equation of
photosynthesis according to Mader (2004) is writterfollows:

6CQ, + 12H:,0 + light energy— CeH1206 + 60, + 6H,0

Photosynthesis involves the utilisation of sunlight plants, as well as by the
cyanobacteria to convert two inorganic substanuasiely carbon dioxide and water,
into carbohydrates, with the liberation of oxygBmgments such as chlorophglland

b in the chloroplast of plant cells act as the eyergnverters in this reaction.

Photosynthesis is a very cost effective processhvhiarnesses sunlight energy to
drive the synthesis of carbohydrates. The issuesabdr energy is now seen as
something that has to be encouraged in our noriaat Ibecause both oil and
electricity have become extremely expensive. Fetaimce, in South Africa Eskom,

the electricity company, is willing to help peopitho want to install solar panels in

order to heat water instead of using their eletyridriven geysers.

Hall and Rao (1994) define photosynthesis, litgradls building up or assembly by
light. In common terms, photosynthesis is the psecky which plants synthesise

organic compounds from inorganic raw material$a presence of sunlight.

1.6.2 Science

In this study the word ‘science’ refers to the \atti of scientists, to the knowledge
held (as published material) and to the institugitimat practice science. Science is an
extension of everyday observations on the natut@efvorld; it attempts to provide
models and to theorise about how things happersedétks consensus. It is not
essentially good or evil, but can be used to eitrat. Systematic experimentation
and reasoning, induction and deduction, form thee aof the scientific method.
Science seeks to present nature in the form of tawshich a number of different
observations can be fitted. Science is not a shattty of dogma. With time models

get replaced by new models that fit a wider ranfjph@nomena. Such replacement



may be so gradual or the changes can be so ratiatalve speak of a conceptual
revolution Brown (1986). Martin and Sexton (198%te that when science is taught
holistically, it produces an effective learner atimis arises from including three
important parts of sciencattitude, process and knowledgeThey furthermore state
that any one part emphasized at the expense obttie two leaves the learners’

experience incomplete, hence affecting their acaaparformance.

1.6.3 Concept

In this study ‘concept’ means an idea or mentatupec of a group or class of object,
formed by combining all their aspects (Oxford dhotry 1999). A slight extension
by Martin and Sexton (1997) define the word “corite@s a general idea or

understanding that is derived from specific experés; a thought or notion, an idea.

1.7 DELIMITATION OF THE STUDY

Delimitation basically refers to limitation in thield of the study (Sibayd,997). In

this study the delimitation is as follows:

» The schools that participated use different textisosith different presentations.
Some textbooks contain certain misconceptions anorsethat reflect poor
editorship, while others contain content at a lolgeel than what is desirable at
FET level.

» The schools are also different in the sense they Hre situated in different
places and have different resources.

* The learners have been taught by different edusatoth different teaching
experiences and different qualifications, thus ed#ht mastery of the content

and different effectiveness in teaching.



1.8 ORGANISATION OF THE STUDY

Chapter one outlines the aim of the study and pesithe statement of the
problem. This chapter also states the motive beliedstudy and its aim and

objectives.

Chapter two outlines the literature review of plgtithesis, the importance of
photosynthesis, and the views of learners aboulegm®ing of photosynthesis. It
also outlines the role of practical work in teachstience subjects. Furthermore,
theories of teaching and learning are discussedelation to the present
curriculum (OBE), with particular reference to titeaching and learning of

photosynthesis.

Chapter three discusses the method that was faldawenvestigate conceptual

understanding of photosynthesis in the schoolexfilains the “how,” “where”

and “when” of the research.

Chapter four provides an analysis of responsesvestérom learners. The results
are presented numerically, while the data is pitesegraphically. The analysis
focuses on learners’ backgrounds, gender, carderesis and achievements

scores and well as the medium of instruction apddkilities available to them.

Chapter five outlines the entire study, summaritfes findings and makes
recommendations about how the results of this stadyld contribute to

improving the teaching/learning of photosynthesigrade twelve.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 HISTORICAL BACKGROUND OF PHOTOSYNTHESIS

One of the shortcomings of teaching science in@shis the failure of educators
to teach about some history of the science condbpisteach, irorder to give

learners insight into how the concepts evolved diwee. The history of the

people involved in the development of science hdéfygsstudents to know that
science is a product of high level thinking by oaty people. A very wild view

of what scientists are is captured by Martin andt&e (1997) who cite that
learners think scientists “are middle aged whitdesavho wear lab coats and
glasses. Their peculiar facial features are intieadf their generally deranged
behaviour. They work indoors, alone, perhaps umdergl, surrounded by
smoking test tubes and other pieces of technoldgyair of secrecy and danger
surrounds their work”. This is a distorted imageadfcientist which shows that in
school learners do not have opportunities to wilke $cientists so that they learn
first-hand at their own level what scientists docémmon belief is that learners
are as inquisitive and stimulated by investigati@ss scientists arebut the

curiosity and the motivation to explore the woddsbomehow killed at school.

The history of the origins of photosynthesis forim®resting reading which can
give learners a background to this topic. In thdyehalf of the seventeenth
century, the Flemish physician van Helmont grewilbow tree in a bucket of

soil, feeding the soil with rain water only, Hall994). He observed that after 5
years the tree had grown to a considerable sizee¥wer the amount of soil in the
bucket had not diminished significantly. Van Helmhomturally concluded that
the material of the tree came from the water usedsdt the soil. In 1727 the
English botanist Stephen Hales observed that plas&xl mainlyair as the

nutrient during their growth on his book, “Veglele Staticks”. Between 1771

1C



and 1777 the English chemist Joseph Priestley (mdmone of the discoverers of
oxygen) conducted a series of experiments on cotaouand respiration Hall

(1994). He came to the conclusion that green plamse able to reverse the
respiratory processes of animals. Priestley burcairadle in an enclosed volume
of air and showed that the resultant air couldarmér support burning. A mouse
kept in the residual air died. A green spring ohintiowever, continued to live in
the residual air for weeks. At the end of this tiPeestley found that a candle
could burn in the reactivated air and a mouse cbudéthe in it. We now know

that the burning candle used up tbrygenof the enclosed air, which was
replenished by the photosynthesis of the green.nim history captured in this
section consists of ideas that learners can debabeder to understand why a
green plant would make a difference in the air gnésn an enclosed container
where there is a living small mammal. Such debateke classroom would also
promote language development for learners who atrémst language speakers of

English.

A few years later (in 1779) the Dutch physiciam Jagenhousz, discovered that
plants evolved oxygenonly in sunlightand also that only thgreenparts of the
plant carried out this process (Hall & Rao, 19%hat has been discussed in this
paragraph is some interesting history of how somages in the process of
photosynthesis have been discovered. This is gahistory of science that is
never discussed in many classrooms, but which wgiud context to what is
being studied. This history would help studentsutalerstand where science
comes from; it would also show that science hagl@me. The history of science
also shows how different people have collaboratedive us a complete picture
of what happens during photosynthesis. It alsoggome characteristic of science,
that is, it is empirical and consists of knowledbat should be shared among
peers. This is unlike indigenous knowledge whiclgeserally not shared openly

with peers and this is the culture from which tka&rhers come.
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In 1782, Senebier, a Swiss minister, confirmedfthdings of Ingenhousz and
observed further that plants used as nourishrmarton dioxidesdissolved in
water. Early in the nineteenth century another,sSwcholar, de Saussure, studied
the quantitative relationship between the,@&ken up by a plant and the amount
of organic matter and {produced and came to the conclusion thater was
also consumed by plants during assimilation ob @@all & Rao, 1994). In 1817
two French chemists, Pelletier and Caventou, iedldhe green substance in
leaves and named ithlorophyll. Another milestone in the history of
photosynthesis was the enunciation in 1845 by Rob&ayer, a German
physician, that plants transform energy of sunligitd chemicalenergy.By the
middle of the last century the phenomenon of phaithgesis could be represented
by the relationship shown below (Hall & Rao, 1994).

CO; + H,O+ light green Q+ organic matter + chemical energy

Accurate determinations of the ratio of £@onsumed to ©evolved during
photosynthesis were carried out by the French physiologist. He found in
1864 that the photosynthetic ratio-the volume ge@olved to the volume of GO
used up — is almost unity. In the same year, then@e botanist Sachs (who also
discovered plant respiration) demonstrated the d&tion of starch grains during
photosynthesis. Sachs kept some green leaves imate for some hours to
deplete them of their starch content (Hall & R&@94). He then exposed one half
of a starch depleted leaf to light and left theeothalf in the dark. After some
time the whole leaf was exposed to iodine vapobe illuminated portion of the
leaf turned dark violet due to the formation ofrsta— iodine complex; the other
half did not show any colour change Hall and Ra®94). These early
experiments gave rise to the experiments done hnads where they show that

light is necessary for starch to form in leaves.

The direct connection between oxygen evolution @rdroplasts of green leaves,

and also the correspondence between the actionrsmeof photosynthesis and

12



2.2

the absorption spectrum of chlorophyll were demmast by the German botanist
Engelmann in the 1880 (Hall & Rao, 1994). He plaeefilament of the green
alga Spirogyra, with its spirally arranged chloroplasts, on a msoape slide

together with a suspension of oxygen requiring,ilediacteria. The slide was
kept in a closed chamber in the absence of airilumdinated. Motile bacteria

would move towards regions of greatep €oncentration. After a period of
illumination the slide was examined under a micopsec and the bacterial
population counted. Engelmann found that the becteere concentrated around

the green bands of the alga filament Hall and R884).

WHY PHOTOSYNTHESIS IS IMPORTANT?

All forms of life in this universe require energgrfgrowth and maintenance,
algae, higher plants and certain types of bactapdure this energy directly from
the solar radiation and utilize the energy for #ynthesis of essential food
materials. Mader (2004) states that life on eatplar powered. The chloroplasts
of plants capture light energy that has travele@ dfilion kilometers from the

sun to convert it to chemical energy stored in sagal other organic molecules.
Described accurately plants should be called phbtdaphic because they use

light as a source of energy to synthesize orgarbstances.

During photosynthesis, carbon dioxide is absorbetl aygen released. Oxygen
is required by organisms when they carry on calludgistration. According to

Campbell and Reecel (1995) oxygen released in piotbesis also rises high in
the atmosphere and forms the ozone shield thatgisoterrestrial organisms from
the damaging effects of the ultraviolet rays of . Animals cannot use
sunlight directly as a source of energy; they abthe energy by eating plants or
by eating other animals which have eaten plantssThe ultimate source of all
metabolic energy in our planet is the sun, and g@éwtthesis is essential for

maintaining all forms of life on earth (Hall & Rab994).
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2.4

WHY PHOTOSYNTHESIS SHOULD BE TAUGHT?

The majority of the world’s people live by growimdant or processing their
products, and thus depend on the productivity @n{sl or processing their
biomass production in terrestrial environment nthstrefore continue to rise as
long as it remains necessary to meet the demdralgrmwing world population.
Increased food production is an essential partvefall biomass production in a
world where 600 million people are estimated today be seriously
undernourished and hungry; nearly three-quarterthef world’s population,
biomass production is also their main source of, fdething fiber and building
materials. Uneven distribution of fossil energyoses and their increasing
costs indicate that competition between rich anof por existing and potentially
new plant resources will inevitable intensify (Biaét al., 1994). Planting trees
is encouraged by the government and environmetstddecause it helps clear the
air of carbon dioxide, which is poisonous to mamgamisms and contributes to

global warming.

INCREASING AVAILABILITY OF OXYGEN

The carbon dioxide content of the atmosphere remdai@mmost constant for
millennia inspite of its depletion during photosyasis; however, there has been a
27% increase since the industrial revolution inlds century, resulting in the so-
called greenhouse effectAll plants and animals carry out the process of
respiration (in mitochondria ) whereby, @ taken from the atmosphere by living
tissue to convert carbohydrates and other tissu€@ and water, with the
simultaneous liberation of energy. The energy west in ATP (adenosine
triphosphate) and is utilized for the normal fuoo8 of the organisms
(respiration) thus cause a decrease in the orgaaiter and @ content and an
increase in the COcontent of the planet. Respiration by living ongams and

combustion of carbonaceous fuels consume on geerdout 10 000 tones of O
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2.5

every second on the surface of the earth. At #tis, all the @ of the atmosphere
would have been used up in about 3000 years. Fadlynfor us, the loss of
organic matter and atmosphere oxygen during rdspirds counterbalanced by
the production of carbohydrates and oxygen duringtgsynthesis. Under ideal
conditions, the rate of photosynthesis in greemspatrplants is 30 times as much
as the rate of respiration in the same tissue. phososynthesis is very important
in regulating the @ and CQ content of the earth’s atmosphere (Hall & Rao,
1994).

The discussion in this chapter shows that all ithad organisms can not survive
without photosynthesis so it goes without sayirgt thshould be included in the
school syllabuses since it is one of the majorvais of life. Even general and
commercial students need that basic knowledge coimgethe importance of

photosynthesis.

WHY LEARNERS SEEM TO SHOW LESS |INTEREST IN
PHOTOSYNTHESIS?

Plants sciences are, in general, under represemedigh school and
undergraduate courses, Hershey (1992) and ofteeiveeca poor response,
especially from students enrolled in biomedicaletygpurse who complain that
plants are boring.ooking at the central role of this process in bgyl, teachers
struggle, nevertheless, to promote the relevandemaportance of photosynthesis
to their students. Photosynthesis is also a conaélptifficult topic, which spans
several disciplinesdiophysics, biochemistry, ecophysiologgd organizational
levels including molecules, cells, organisms andsgstem. Because of these
problems of relevance and difficulty, major misceptions often persist in
students’ understanding of photosynthesis. Learseem to be bored when
learning about plants because they feel photosgighis too abstract The
researcher concurs with Sharon (1994) becauseelesatmve a tendency of

wanting to learn about something that is intergstin a way that they apply in
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their daily lives. Even though photosynthesis idadly thing but according to
learners it is a natural and automatic processr@@h&004) that has not much to
do with them. Students fail to understand that teeeal they consume for
breakfast is a product of photosynthesis. An endplmtosynthesis would

probably mean death to all living organisms.

CHALLENGES IN TEACHIGN PHOTOSYNTHESIS

One of the fundamental challenges of teaching éasusuch as biochemistry and
biophysics is that learning in these areas invothescomprehension of objects
and processes that can not be seen or experiehtedience, topics that are
taught includes structure and functions of pratemembrane, electron transport
and light harvesting from indirect observationsngsimeasuring systems and
analytical methodologies. From experience as aobiolteacher, a lot of my

colleagues who teach biology without a solid chémidackground skip the

biochemistry topics that would lay a foundatiorutalerstand photosynthesis.

Knowledge about the nature of these invisible iEstievolves, punctuated by
controversy and consensus about the actual steuad the characteristics that
define them. Regardless of the sophistication of understanding as teachers,
and its fit with empirical data, we visualize thesigiects and processes using
imagination, models and metaphors. Our challengeseaching are how to

communicate our vision of objects and processesialm a way that we generate
understanding and excitement while avoiding miseptions (Robinson and

Russell 2001). Pedagogical content knowledge (PSKijnportant in teaching

difficult topics like photosynthesis. It is a copténtroduced by Shulman (1986)
who started that different topics require very elignt ways of being taught if they

are to be understood.

There is a need for new teaching materials and ocapgpes that present

photosynthesis in all its complexity, but in a widmat stimulates the interest and
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excitement of students and promotes deep and deaumderstanding. According to
Moore and Miller (1996) multimedia has the potelntia combining written and
spoken word with dynamic pictures and modéds pring abstract concepts and
invisible objects and processes te/iind to do so in a flexible and reliable way
which increases retention and learning. The interacuser friendly format and
excellent graphics should improve students’ sattgfa and attention, and their
learning outcomes. The problem of learners in ranal other poverty stricken areas
is lack of proper resources to enhance learningedsas poorly trained educators
who reinforce misconceptions because of their pomterstanding of the subject’s

content.

Combination of written and spoken word with dynanpictures models and
animations should suit a range of students andilegustyles, including the visually
oriented, Beakes (2003). In spite of less intemredearners, educators need to be
very innovative so as to arouse learner’s interedticators need to develop their
strengths in teaching photosynthesis through cinanigiarner attitudes. Educators
need to try learner centeredness where possiltieaching photosynthesis so that
learners will own the self discovered knowledge amldo have interest in
developing it while educators present it. We ca@ imnovative teaching methods

having learners to write poems about leaves ortglan

STUDENTS MISCONCEPTIONS IN PHOTOSYNTHESIS

Photosynthesis is often de-emphasised in Biologyrictiar, because of the
tendency to focus on animals, rather than plantgeses. Conceptual challenges of
understanding this multi — faceted process inclgdatectron transport, factors
affecting photosynthesis and carbon dioxide fixatie also a problem in
understanding this whole process. Netherwood andinRon and a number of
authors are supporting the statement that in toisict in Biology, major
misconceptions often persist in students’ undedstanof photosynthesis (Haslams
& Treagust, 1987).

17



According to Heshey (1992) in his article, “entitlédvoid misconceptions when

teaching about plants”. Other misconceptions rmeeti are:

» The ‘dark reactions’ of photosynthesis are a misgiothat often leads students to
believe that carbon fixation occurs at night. Ibétter to use the Calvin Cycle.

» Plants get most of their food from the soil (whisiwhy they need fertilizer), not
from the sun.

» Photosynthesis is the simple conversion of,@@d water to carbohydrates and
O regardless of stages involved.

* Plant photosynthesises during the day and resaineght.

* Chlorophyll molecules in the light harvesting coew#s transfer excited electrons
to the reaction centre.

» Plants are green because they absorb green light.

Robinson (2004) states that these major miscormeptistudents may become
familiar with words and descriptions of processeshsas electron transport, light
harvesting, oxygen evolution and carbon fixatiom, tmay have only very shallow,
and in some case flawed, understanding of whateth@ecesses really mean.
Although they may be able to develop these concagfgiently to pass exams in
early years of school, but their literacy in thisais likely to remain at a low level,
Uno and Bybee (1994), and they may have to unlaathrelearn this material at
higher levels as flaws in their understanding beéginompromise their progress in
this area (Robinsqr2004 ). This is usually seen in students who |eara foreign
language and not their mother tongue. Memorizatibthe terms does not mean
conceptual understanding. The researcher feelphmbsynthesis need to be taken
step by step by introducing it at an early stagesddication so that learners get
deeper with it as they progress to higher levelschfcation. It is hoped that at their
learning levels they will have clear understandafigconcepts and terminologies.
By so doing we will be promoting students with deepnsight in Biology,

particularly in complex topics like photosynthesis.
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WHAT MUST BE DONE TO OVERCOME LEARNERS’
MISCONCEPTIONS?

In recent years many scientific researchers hawaustd on the student's
comprehension of scientific concepts. It was deiteech in these studies that,
students constructions of a concept on a subjectd#dferent from the experts of

that subject. The students’ different perceptiohshe concepts have to be dealt
with in a manner known asCbnceptual Change Approach’to remove the

misconceptions. According to the Conceptual Chadgmproach, which was

developed by Sahin (2000), the concepts shouldobgpr=hensible and logical to
remove the students’ misconceptions. However, tpkito account the fact that the
scientific concepts are mosthbstractand this field has microscopic facts, the
perception of these concepts by the sense organbnated. For this reason, the
students’ realization of the scientific conceptd anents in their mind is important
to make the scientific concepts comprehensible lagital. In science education,
meaningful learning can be obtained by using anesotp teach the concepts and
events that are difficult to understand. Howevennstimes analogies are also
limited and may introduce other misconceptions. Megful learning depends on

the success of creating and finding relationshipsvben pre — knowledge and
newly learned content and one of the ways of figdinch relationships is to create

and use the analogies (Sahin 2000).

Science concepts can be taught better by usindasiewvents that people meet in
daily life e.g. watching a video player. When tloéivee participation of the students
is secured and the connection between the analatjyh@ behavior is set, students’
misconceptions are reduced Brown (1992); Silvems{@000).The analogies are
generally classified into two groups asdividual and visual analogies In

individual analogies the student has an active eold realizes these events in
his/her mind. Irvisual analogiesthe concepts which are difficult to understang ar

tried to be comprehended by students through usamge diagrams and pictures,
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which are mostly accompanied by oral explanatidrds type of analogy helps
students making resemblances between pictureshanzbhcepts. Analogies are the
most important tools, which accelerate concepthahge in scientific judgment in
learning and teaching (Duit 1991). Instead of givihem handy analogies, the
students’ creation of their own analogies makestreeptual changing process of
the students most useful (Wong 1993). Sahin (2086)phasized that for
developing analogies the students should also hdegquate knowledge about the
analogies and individual talents which are effectiv develop analogies. In

addition, developing analoggquires both the desire and capabilitydo so.

PHOTOSYNTHESIS EXPERIMENTS VERSUS STUDENTS’
PERCEPTIONS

These are significant problems with teaching theactical aspects of
photosynthesis. Laboratory exercises are availdébierevolve around equipment
and procedures that are either cheap and unrel@bfgohibitively expensive,
particularly for the kind of schools from which thparticipants came.
Improvisation with poor quality apparatus for gradelve students usually does
not give accurate and credible results. Sometirheseducator does not have

adequate command of the subject matter to explainthie experiment failed.

These are some very elegant experiments demonsgtrite principles of, for
example, gas exchange e.g. the classic Elodea iergyer (Buttner 2000), Fox
(1999), but they are often quite slow and requirecision to gain meaningful
results. Significantly, if learners are unclear atbethe principles before the
practical, and take insufficient case in collectthg data, theynay gather data
that is inconsistent with theoretical expectatioRather than clarifying concepts,
this will merely reinforce misconceptions or gertereonfusion (or both). In large
practical classes in particular, learning outcoraes affected by the quality of

demonstration and the success of a particular @rpat. This can result in
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variability within and between practical classes any cohort, which has
implication for equity, and as well as for learniagtcomes generally. An ideal
approach would be to use such experiment as deratiost{ either in the
practical class or theory class, so that studearissee with their own eyes that the
process is real, macroscopic and visual, but to aiovide a more reliable

practical experiment for the students to parti@g@tussel, 2004).

Russel (2004) further suggests that there is angitablem with many of the
available practical demonstrations and experimémtgeaching photosynthesis.
Such experiments often have long history, and ncemssic early experiments are
recovered from antiquity to demonstrate principlelgarners studying science,
unless these are presented in their historicalesbriHershey, 1991). The use of
antiquated equipment and techniques in universiyrses while they may be
educationally sound and consistent with resourcistcaints, create a false picture
of modern science. As well as creating a pictur@laht research as out of date
and old fashioned, they create romantic impressioaxperimental science in
terms of simple measurements, direct observati@sple, home — made
equipment, ingenuity and trouble — shooting e.gegas exchange experiment,
transpiration rate by plants. While the skills &mdwledge students pick up from
these may be valuable in themselves, and suchtetiought not to be dispensed
with completely, they are out of step with moddrigh technology, big science
with its sophisticated and expensive instrumentatod automation. Practical
work that is based entirely on antiquated experisieloes not prepare students
for work in modern science, or even for an appteriaof modern science and its
methods. Some African students from previouslydliasataged historically black
universities know what it means to be used to @teplut dated equipment and
go for post graduate studies overseas and meeanéwtate of the art equipment.
The student is both overwhelmed and excited by gushe high precision
instruments and getting credible results. They rabp act to further devalue

plants sciences as old science in the studentrg pbiview.
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Since practical work follow theory, learners witlisaonceptions also are unable
to link theory and practical work. Practical worls@has major limiting factors

like over crowding and lack of modern instrumenssitahas been mentioned.
However, practicals are on the other hand very iap for hands-on experience

of some processes and concepts e.g. photosynthesis.

WHO SHOULD BE TAUGHT AND WHAT ASPECT OF
PHOTOSYNTHESIS?

Science national curriculum for England states #tlgpupils aged 11 — 14 should
be taught that plants need carbon dioxide, watédight for photosynthesis, and

produce biomass and oxygen (Haslam & Freagust,)1987

The syllabus also states that the students shéaddkaow that:-

- Photosynthesis can be summarized as a word equation
- Nitrogen and other elements, in addition to carlmxygen and hydrogen,

are required for plant growth.

Pupils at this age are also taught that plants/caut aerobic respiration. These
ideas are revisited between the age of 14 and 3tghtly more details. At this
stage the curriculum states that pupils should aaght: The reactants in and

products of photosynthesis for instance:

- How the product of photosynthesis are utilizedtsy plant.

- The importance to healthy plant growth of theakptof mineral salts.

- In addition they are taught that the rate of phghthesis may be limited
by light intensity, carbon dioxide concentratiorddemperature. Because
of the overlapping of the curriculum between agk$ol14 and 14 to 16, it
was possible to design a teaching sequence whighl de used across
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both age ranges, Haslam and Freagust (1987).Thikeisreason for

choosing grade 12 since their syllabus includdgdpe& photosynthesis.

In South African syllabus the department of Edwratiequires the learners to

study:

* The process of photosynthesis, a simple outline

» Practical investigation of the — starch test.

* Factors that influence photosynthesis — practicalestigation of light,
chlorophyll, carbon dioxide, oxygen, temperaturd amater.

» The two phases of the process of photosynthesitheelight phase and dark
phase.

* The products of photosynthesis.

Doctors Whitmarsh and Govindjee on their websitéhigh school biology lesson

plansfttp://www.courseworld.cojngive a very simple outline of what high

school students should be taught on photosynth&his.outline covers all that
grade 10-12 learners in South Africa should knowe Twork covered is as

follows :

The authors first state that at the end of thdysthe learners should be able to:
Describe the energy transformations that occurdhlaroplast as light energy is
converted to the chemical bond of energy of cartodiy.

Draw a sketch of a chloroplast and indicate whieese energy transformations
take place.

List the inputs (raw materials) and outputs ( padyof the light reactions and
the Calvin Cycle.

Describe the role enzymes in the process of photbegis.

Explain what the plant does with the carbohydrag is produced by

photosynthesis.
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Secondly the authors put a brief outline of theamne needs to deal with in teaching

about photosynthesis. These will be listed belogoeting to the various topics:

1. Chloroplast Structure

e Outer membrane

* Inner membrane systems

» Thylakoid membranes

» Thylakoid space (within the thylakoids)

* Granum a stack of thylakoid membranes

» Stroma ( the liquid area outside the thylakoid meanbs)

2. The Photochemical Light Reactions
» Capture of light energy

» Thylakoid membranes

* Photosystems Il and |

* Chlorophyll and accessory pigments.

3. Light absorbance and Photosynthesis

» Energy transformations

* Flow of Electrons

« Splitting of water molecules

* Release of oxygen

* Accumulation of H+ in thylakoid spaces
* Reduction of NADP to NADPH

* Production of ATP

* ATP synthase

* ADP + Phospate = ATP

4. The Biochemical Reactions : The Calvin Cycle

+ “Fixing” CO2

* Cyclic series of enzyme reactions
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» Rubisco (the enzyme that fixes CO2)

» Stomates and CO2 availability

» Addition of CO2 to a 5 carbon compound

* Production of Carbohydrates

* Energy input from ATP

« Addition of H+ and energy

» Production of carbohydrates for storage, transfiortaand biosynthesis

* Recycling of 5 carbon compound to fix more CO2.

The outline looks long and one may think it is amecessary list. However, many
teachers in the rural areas are poorly qualified laave problems understanding at
what depth they should be teaching. The outlinesgmts a very good example of
what concepts teachers at high school level shbeldinpacking with the learners.
Looking for such material also helped the resetoaleflect at how she has taught the
topic and how she could enrich future teachingiling learners a holistic picture of

this great process which feeds the whole world.

2.11 STUDENTS PERCEPTIONS ON PHOTOSYTHESIS

A review of the literature on teaching and learnialgout plant nutrition was
conducted by (Driver 1993 and Barker 1993). Thiowihg characteristic patterns in

students reasoning were identified:

- A view of nutrition, based on animal nutritiors #ne ingestion of ‘food’ and the
idea that ‘food’ is absorbed from the soil throulgé roots of a plant.

- A lack of differentiation between photosynthearsl respiration (the idea that
photosynthesis is the plant equivalent of resmiratthat sugar provides energy
not biomass).

- The idea that sunlight is a reagent, not a soofemergy.
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- A lack of recognition of the chemical basis oblbgical processes, and those
simple ingredients such as water and carbon dios@tebe combined (through
chemical reactions) to produce more complex mdseria

- A difficulty in accepting that gases can be arsewf biomass.

- A lack of recognition that mass/matter is conedrin biological processes.

- A lack of recognition of the site of biologicalgzesses within an organism.

Based on the conceptual analysis of the curricukumd, these characteristic students
reasoning, learning demands were identified andhiag goals developed. The

teaching goals for the teaching sequences wermedtas follows by (Driver, 1993)

a) Toopen up the students own ideas about food (what it is,re/litecomes from,
what it is needed for) to encourage students touds and question these to
develop an explicit understanding of the distinctimetween source of food and

functions of food.

b) To make the implausibility of the scientific explanation. Explicitly: to
problematise the simple scientific explanation thatbon dioxide combines

with water to produce sugar in photosynthesis.

c) To demonstrates that apparently implausible physical processes do indeed
happen:
- That carbon dioxide gas does have mass
- That a gas and a liquid can combine to producdi@ so
- That simple molecules (water and carbon dioxide)a@mbine to produce
a complex molecule (sugar)

- That matter is conserved in chemical change predess
d) To develop a simple model of photosynthesis

- based upon the above physical principles, amdetke this model

plausible, demonstrating how sugar is produndte leaf.
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e) To show how this sugar can be converted into different food types and

2.12

assimilated into the biomass of plants, makindieixphe role of minerals in the
soil:

Glucose molecules can combine to produce diffetsgrets of carbohydrate
Glucose molecules can combine in different waygréauce fats

Glucose molecules can combine with magnesium tdyz® chlorophyll.

Glucose molecule can combine with nitrogen to poedoroteins.

To assesses and consolidate the learning by revisiting the source and function of

food in plants and animals.

THE ROLE OF PRACTICAL WORK IN TEACHING SCIE NCE
SUBJECTS

Bently and Watts (1989) states that for teachethenBeatty Woolnough survey,
practical work had many aims, the five most impatrtaf which were to:

- Rouse and maintain interest;

- Encourage accurate observation and description;

- Promote a logical reasoning method of thought;

- Make phenomena more real through experience;

- Be able to comprehend and carry out instrustion

The purpose of practical experience in the juniecosdary school, then, is to

encourage enthusiasm and excitement about science.

Pupils should be given the opportunity to engagexjperimental work in which a
variety of practical and investigative skills arevdloped. Practical work, then, is
being seen as a way to encourage skills developamehénable youngsters to test
out their ideas about science. In Further Educatiod Training (FET) school
teachers use projects very infrequently; middleestheachers make plentiful

use of them. Perhaps this indicates the influef@gimary schools, where project
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work is a highly developed way of working. Projeetfow pupils to shape the
direction of their learning for themselves, be meajer control of the time they
want to spend on different aspects and follow ggéng ideas and avenues as

they arise.

PRACTICAL WORK IN TEACHING AND LEARNING

Millar (2004) states that the term ‘science’ canused to refer to a product (a
body of knowledge), a process (a way of conducéinguiry) and an enterprise
(the institutionalised pursuit of knowledge of timaterial world) .The distinctive

characteristic of scientific knowledge is that ibyides material explanations for
the behaviour of the material world, that is, erplgons in terms of the entities
that make up that world and their properties . Tinesaf science education might

then be summarised as:

» To help students to gain an understanding of stebéished body of scientific
knowledge as is appropriate to their needs, intems capacities,

» To develop students understanding of the methodatbgh this knowledge
has been gained, and our ground for confidende in i

* To claim to know something, it is not enough simpaybelieve it to be the
case, but also necessary to have adequate evitescgport the claim. One
has to be able to explain not only what causesg#hdout, also why things

happen in different ways. That is where hands d¢inides come into display.

In an example of a practical work relevant to pkgtghesis cited at the site

(http://teachingtoday.glencoe.chiihe author illustrates an activity on the role of

plant pigments in photosynthesis. The outcomesisfactivity are that students
should be able to:

Relate the basic principles of photosynthesis

Use paper chromatography to evaluate a hypothegasding plant pigments.
Understand the role of chlorophyll and other pigtaem photosynthesis.
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The learners go through the process of separatimurs of chlorophyll using
chromatography. What was interesting about theofess that the following
strategies are used to meet the needs of diffeamers :

» Varying academic levels: uses mixed-ability groups to allow learners darh
from one another, small and whole group particgrati

* Visual learners : incorporates images related to photosynthesisttew
guidelines, and journal writing

» Auditory learners ; uses discussion and direct inquiry to reviewospts related
to photosynthesis and discuss results of the exjgeii

» Kinesthetic learners : engages students in an experiment to prove sprale

their hypothesis.

Before the practical begins learners are askedink about why the leaves of some
trees change colour in the fall. They are askedthdrethey believe that the red,
yellow, and orange colours are present in the wdsn the leaf is green, or whether
these colours are formed in the leaf only durirggfil. The questions set the learners
thinking and coming up with their hypotheses. lis #xperiment learners have to be
shown how to do chromatography because this isve teehnique, but learners
interpret their own results and reject or accegirtthypotheses. This gives the
learners a chance to work like scientists. In ga¢n ended inquiry learning the
Manufacturing Chemists Association as cited by Samd Trowbridge (1973) stated

some of the features of the open ended experinasrftsdlows :
1. The experiment asks a broad question and thigrdesthe method is frequently
left to the learner. The guidance from the teadkeof course crucial so that

learners do not waste time fumbling about.

2. The learner generally does not know the answethé question before the

experiment.
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The learner must thoroughly understand the prabthe reason for the problem,
and the possible methods to be used to solvertidgm.

The open ended experiment requires more thinkimghe part of the learner to

interpret what he/she observes.

In the context teaching of scientific knowledgeaqircal work is best seen as an act
of communication. In practice, the representatioasstructed are tested out not
only through action, but also through interpersangraction. The role of practical
work, then, in the teaching and learning of sciecmetent is to help students make
links between two 'domains’ of knowledge: the domaf objects and observable
properties and events on the one hand, and theidahaleas on the others. In the
first category are practical work tasks main ainoignable students to observe an
object or material or event or phenomenon, to sotee aspects of it, and perhaps
be able to recall these. Students need to obséjeete and phenomena in order to
have basis of experience on which to reflect. Withdirst-hand practical
experience of the world it is hard to see how alestti could ever come to an
understanding of it. It is hard to imagine, for exde, a student who had never seen
a chemical reaction coming to an understanding loatvthe term means from a
verbal account, or appreciating what the spectréimhite light looks like without
ever having seen what happens when ray passegtheoprism. Practical work is
necessary as a component of school science bee@isean not assume that
students will have observed all the things we whatn to have observed in their

everyday lives.

Millar (2004) states that Practical work can beogrased in the teaching laboratory
through simulations, that is, they model some aspet professional scientific
practice and not others. Practical work is an di&denomponent of science
teaching and learning, both for the aim of deveigptudents’ scientific knowledge

and that of developing students’ knowledge aboginse.
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In the first ordinary meeting of the steering coittee of the conference of
ministers of Education of the African union (COMEBR(2007) it was stated that
with greater use of experimentation in schoolsultuce of scientific investigation

and literacy will be developed, leading ultimatédyincreased production of new
scientific knowledge in Africa. Science educatiashwo broad components, first

to promote scientific literacy and secondly to Guip technological capabilities.

2.14 AVOIDING MISCONCEPTIONS WHEN TEACHING ABOUT P LANTS

The teaching literature contains hundreds of emonnisconceptions about plants,
but this problem has not received enough attertboprevent its negative impacts.
A plant misconception in a single textbook, edwwai web site, science project
book, teaching journal article, or curriculum guidan potentially mislead

thousands of teachers and students. Teachersaaiterot detect even glaring errors
because “new teachers coming out of our univessdigd colleges are very poorly

trained in basic botany.

Many research studies have examined student misptinos about plants. Not
surprisingly, some misconceptions about plants agppear in the teaching
literature, misleading students and teachers. &tudéconceptions are difficult to

correct even when teachers specifically attempbtoect them.

Many misconceptions involve oversimplification obnzepts, particularly at the
pre-college level. Such an “extreme of simplificati in plant teaching is not new.
The following summary equation for plant photoswsis is an oversimplification

that contains several misconceptions:

Sunl i ght, chlorophyl |
6 CO +6 HO > 6 O + GsH12056 (glucose)
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The explanation of photosynthesis is a particulaypod example. Chlorophyll
alone is insufficient for plant photosynthesis. Mamther enzymes and organic
compounds are required. “Chloroplasts” essentigliirement. Glucose is not the
major photosynthetic product. There is virtually free glucose produced in
photosynthesis. The most common product is starducrose, and students often
test leaves for starch. Starch is approximatedGgbl,60s),, where n is in the
thousands. The six water molecules consumed peroggu molecule generated
underestimates the water required. Much larger amsoare transpired to keep the
stomata open. Without open stomata, photosynthedimited by lack of carbon
dioxide. Submerged aquatic plants require largeustsoof water for their aquatic
environment. Drawing a single arrow wrongly impltaat photosynthesis occurs in
one step. Many small arrows should be used. Sontkeoénergy captured in the
light reactions of photosynthesis is used in therciplast to synthesize fatty acids
and proteins. Thus, there are other types of “@yotihesis.” The biology teaching
literature contains much information on photosysifieyet it often has minimal
discussion of mineral nutrient uptake by plants.cbanter this problem, “mineral
nutrients” should be added to the equation. Mosertsal mineral nutrients play a
role in photosynthesis. Taking these misconceptiotisaccount give the following

summary equation for photosynthetic carbon fixatioplants:

Chl oropl asts, light, mineral nutrients

H20+C02—>02+(C5H 1005)n[starch]

The scope of plant biodiversity is sometimes mizeni. A major theme of biology
is the great biodiversity of life. Overgeneralipai$ inaccurately minimize
biodiversity. Teaching publications sometimes stafgat all plants are
photosynthetic. Although they constitute less tH& of plant species, a few
hundred parasitic species lack chlorophyll, inahgdihe world’s largest flower,
Rafflesia arnoldii Biology textbooks often portray plants as landamisms. They
rarely mention seagrasses, flowering plants thvat $ubmerged in shallow ocean
waters. Books sometimes state that all seeds ha@eootwo cotyledons. This is

one of several examples of focusing on angiospesm$lowering plants and
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ignoring gymnosperms, the nonflowering seed pla@gmnosperm seeds often
have more than two cotyledons.

Some terms are now obsolete because the Plant étimdphs been restructured. A
saprophyteis defined as a plant that obtains its energy fdead organic matter.
Plants once thought to be saprophytes, such aanmupe Monotropa uniflorg,
are now known to be indirectly parasitic on tre€hey aremyco-heterophytes
because a mycorrhizal fungus connects the nonphutuoetic parasitic plant to the
photosynthetic host plant. The mycorrhizal fungasisfers nutrients from the host
to the parasite. “Saprophyte” is an obsolete teecabse organisms that get energy
from dead organic matter, such as some fungi, atemger in the Plant Kingdom.
Such fungi can correctly be termed “saprobes” @ptstrophs.” Knops solution
was developed in the 1860s to grow terrestrial tglamithout soil. Its use in
teaching today is misleading because it contaiss gumineral nutrients. Today
there are 14 mineral nutrients considered essefaraplants. “Geotropism” is
misleading because the stimulus is gravity, not Haeth. The correct term is
“gravitropism.”Carter (2004).

2.15 TYPES OF MISCONCEPTIONS

A familiar example fromelementary school in learners’ understanding of
relationship between the earth and the sun. Whdevigg up, children are told by
adults that the "sun is rising and setting," givihgm an image of a sun that moves
about the earth. In school, students are told laghers (years after they have
already formed their own mental model of how thimgsk) that the earth rotates.
Students are then faced with the difficult tasklefeting a mental image that makes
sense to them, based on their own observationgegtakcing it with a model that is
not as intuitively acceptable. This task is notiadi for students must undo a whole

mental framework of knowledge that they have useghiderstand the world.
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The example of the earth rotating rather than the arbiting the earth is one of
many that teachers refer to collectively as miseptions. Misconceptions can be

categorized as shown by Amir, (1994) as follows:

Preconceived notionare popular conceptions rooted in everyday expeen
For example, many people believe that water flowingerground must flow in
streams because the water they see at the eamtisces flows in streams.
Preconceived notions plague students' views of, lezegrgy, and gravity among
others.

Nonscientific beliefsnclude views learned by students from sourcesrdtten
scientific education, such as religious or mythigachings. For example, some
students have learned through religious instructioout an abbreviated history of
the earth and its life forms. The disparity betwé@s widely held belief and the
scientific evidence for a far more extended préeinys has led to considerable
controversy in the teaching of science.

Conceptual misunderstandingarise when students are taught scientific
information in a way that does not provoke themctmfront paradoxes and
conflicts resulting from their own preconceivedions and nonscientific beliefs.
To deal with their confusion, students construaltfamodels that usually are so
weak that the students themselves are insecure gtgooncepts.

Vernacular misconceptionarise from the use of words that mean one thing in
everyday life and another in a scientific contegtg(, "work"). A geology
professor noted that students have difficulty wihle idea that glaciers retreat,
because they picture the glacier stopping, turrdangund, and moving in the
opposite direction. Substitution of the word "méddtit "retreat” helps reinforce the
correct interpretation that the front end of thacggr simply melts faster than the
ice advances.

Factual misconceptionare falsities often learned at an early age anaimed
unchallenged into adulthood. If you think aboutilite idea that "lightning never
strikes twice in the same place" is clearly mythibat that notion may be buried

somewhere in your belief system.
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2.16

2.17

HOW TO BREAK DOWN MISCONCEPTIONS

Although vernacular and factual misconceptions @fen be easily corrected, even
by the students themselves, it is not effectiveaf@eacher simply to insist that the
learner dismiss preconceived notions and ingraimeascientific beliefs. Recent
research on students' conceptual misunderstandfmystural phenomena indicates
that new concepts cannot be learned if alternativedels that explain a
phenomenon already exist in the learner's mind (&toidtt, 1991). Although
scientists commonly view such erroneous models wlitdain, they are often
preferred by the learner because they seem maoserneble and perhaps are more
useful for the learner's purpose. These beliefspeasist as lingering suspicions in a
student's mind and can hinder further learning (Elchott, 1991).

Before embracing the concepts held to be correcthiyscientific community,
students must confront their own beliefs along wiitkir associated paradoxes and
limitations and then attempt to reconstruct thevdedge necessary to understand

the scientific model being presented. This procegsires that the teacher:

Identify students' misconceptions prior to teaching

Provide a forum for students to confront their rarsmeptions.

Help students reconstruct and internalize theirvkadge, based on scientific

models.

IDENTIFYING MISCONCEPTIONS

Before misconceptions can be corrected, they needé identified. Many
researchers and teachers have compiled lists of momty encountered
misconceptions. A number of professional societiase developed conceptual

tests which allow teachers to identify learnersauonceptions.

(Hake 1992) used introductory laboratory exerciseshelp students test their

conceptual bases for understanding motion. Esssigraments that ask students to
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explain their reasoning are useful for detectingdshts’ misconceptions. These
essays and discussions need not be used for grduihgather can be used as part

of the learning process to find out what and hawdsnts are thinking.

Misconceptions can occur in students' understandirggientific methods as well
as in their organization of scientific knowledger lexample, students in a science
class will often express disappointment that anegrpent did not work. They do
not fully understand that experiments are a meénesting ideas and hypotheses,
not of arriving at an expected result. To the dsgnan experiment yields a result
which needs to be interpreted. In that sense, eaphriment "works," but it may
not work as expected.

2.18 HELPING LEARNERS CONFRONT THEIR MISCONCEPTION S

It is useful to review and think about possible misamtions before teaching a
class or laboratory in which new material is introed. It is better to use questions
and discussion to probe for additional misconcegticStudents will often come

with the variety of their preconceptions. Teachease to listen closely to their

answers and explanations. You can help studentskiyng them to give evidence
to support their explanations and by revisitindidifit or misunderstood concepts
there after. Misconceptions are often deeply heétdgely unexplained, and

sometimes strongly defended. To be effective, ®&nee teacher should not
underestimate the importance and the persistencéhede barriers to true

understanding of content. Confronting them is diffi for the learners and the
teacher.

Some misconceptions can be uncovered by askimgdeato sketch or describe
some object or phenomenon. For example, one migktl@arners to sketch a
structure of an atom before doing so on the bdaydasking them to firstly draw

their own model and then asking some students &pestheir answers with the
class, a teacher can identify pre-existing modetkwse them to show the need for

new models.
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2.19

HELPING LEARNERS TO OVERCOME MISCONCEPTIONS

Strategies for helping students to overcome thdascamceptions are based on
research about how we learn (Arons, 1990). Thetkeguccess is ensuring that
learners are constructing or reconstructing a corfeamework for their new
knowledge. One way of establishing this framewakto have learners create
"concept maps". With this technique, learners leavisualize a group of concepts
and their interrelationships. Boxes containing reo(and sometimes adjectives) are
connected to related terms with a series of lin@€positions or verbs are
superimposed on the connecting lines to help gldhé relationship. Esiobu and
Soyibo (1995) reported that learners constructingcept maps in cooperative
groups show a greater increase in conceptual lggrthan students working
individually, thus the utility of concept mappingagndepend on the instructional
setting. However Basili and Sanford (1991), fouhndttcooperative group work on
concept-focused tasks had a significant effecteiping college learners overcome
certain misconceptions in chemistry, even thougtidtnot involve concept maps.
The following mindmaping shows a concept map ligkideas in photosynthesis
and respiration ( Mcharen & Rotundo, 1989).
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A concept map linking ideas in photosynthesis andesspiration

Helping students to reconstruct their conceptuhiwork is a difficult task, and it
necessarily takes time away from other activities iscience course. However, if
you decide to make the effort to help students @wae their misconceptions you

might try the following methods:
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2.20

Anticipate the most common misconceptions aboutntia¢erial and be alert
for others.

Encourage students to test their conceptual framewvm discussion with
other students and by thinking about the evidencepmssible tests.

Think about how to address common misconceptiotts @@monstrations and lab
work.

Revisit common misconceptions as often as you can.

Assess and reassess the validity of student concept

THEORIES OF TEACHING AND LEARNING

The way Biology and other learning areas are taagt learned are in line with the
work of protagonists who have researched undeergifit perspectives. Different

theories will be discussed in relation to the téaglof photosynthesis as a topic.

a) Constructivism and learning

b)

Constructivists see knowledge as actively constdidy individuals, groups and
societies not simply transferred, Donald (2002festathat another related and
dominant strand to constructivism is the idea tkabwledge is not passively
received but it is actively constructed. Througlgaaging in experiences, activities,
discussions which challenge them to make meaninthef social and physical
environment, learners are actively engaged in mglgrogressively more complex

understandings of their world.

Chacteristics of constructivist theory
Bertram (2001) states that in constructivist tlerlearners actively construct
understanding, new learning depends on present rstadeing, learning is

facilitated by social interaction and meaningfuhri@ng occurs within authentic

learning tasks.
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The topic photosynthesis is presented in the wayichw is in line with
constructivism because learners are given assigismterdo some research. They
are actively involved since this is a practicalitogvhere there is experimental

work, even though schools without laboratoriesadfected.

c) Educational implications of Piaget’s theory

Donald (2002) states that according to Piagetptbeess of cognitive development
has three very important characteristics. Each p@dound implications for

education: Firstly, although we need to take actowoi the effects of inheritance
and maturation (‘Nature’) and chances of experietfoese factors can not explain
cognitive development. Development does not juppba to us. It is based on our
active engagement with and exploration of our ptaisand social world. The
implication of this insight is that teaching/ lemm also need to be an active,
exploration process if we are to optimize the psscef cognitive development
itself. This means giving students opportunitie&ripthings out’ to experiment and
discover things for themselves, to question andudis, and to reflect and solve

problems for themselves.

Secondly, cognitive development is not a slowhgwecess of gathering more and
more bits of information. It happens through anwemeprocess, but through a fixed
sequence of stages, to higher level of organizimj @& being able to manipulate
information. Teachers have tended to interpret €liag stages in terms of
limitation rather than in terms of progressive pwigd Donald (2002). Thirdly, the
difference between an adult and a child’s thinkileg not only in the amount of
information that each has. It has to do with défeses in the quality of thinking.
These differences in the quality of thinking havaportant implications for
understanding not only cognitive development, bigoamoral, social, and
emotional development. These aspects relate tdrehils level of understanding of
social relations, and therefore how they understardideal with moral, social and

emotional issues and feelings as they develop.
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Looking at Piaget’'s theory, constructivism is embtin his work because it states
active engagement or involvement of the learnetenlbarning. He also highlighted
one of the things that educators are practisingchvitioes not help the learners.
They focus on the learner’s limitations rather tlwentheir progress and potential.
Piaget discourages the belief that learners dovaot to learn about plant and the
saying that plants are boring, educators must aké tthat as their point of
departure. They must work on what the learnersaate to do and follow, then

work on it so as to help them to gain knowledge dexkelop interest.

This is confirmed by Brophy and Rohrkemper (19&hp stated that the teachers
language and general socialization style can haweng effects on student
behaviour. Rohrkemper (1981) found that studentsseheachers use a behaviour
modification style, develop sophistication abouthd&oural action-reaction
linkages but not about the motives and intentidreg tinderlie these behaviours.
Teachers who just propound rules and consequeneesapt to have less desirable
effects on students than educators who also eng#hasiodel and explain the

reasons for rules.

Piaget also emphasises that educators need ¢oahfall understanding of children
morals, social and emotional development becaus¢ Helps educators to

understand the learner’s cognitive development.

d) Behavioural view of learning
This type of learning is based on a model of stirmand response, as well as some
form of reinforcement Mwamwenda (2004). Some betnaist theories are
discussed bellow.

i) Classical conditioning

Ivan Pavlov, a Russian physiologist, is creditathwhaving developed a learning

theory known as classical conditioning Mwamwendd@0@®. The word ‘classical’
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means 'of the first type', and seeing that Pavkisry is one of the first theories of
learning, it is referred to as classical conditrmniConditioning means learning, or
modification of behaviour. Classical conditioningaynalso be referred to as
stimulus substitution, because a new stimulus whiak originally neutral can take
place of a stimulus which elicits a response. Raalgued that through association,
it is possible for an organism to develop a newo$éiehaviour. Pavlov did not stop
with the positive results of his experiment butqa®ded to test other aspects of the
dog's behaviour. It was clear to Pavlov that thg #ad not acquired a new
behaviour, but was also capable of transferringriéely learned behaviour to a

similar situation.

One of the factors that were not mentioned whenctbtnditioning of the dog was
discussed was that the dog had been deprived dfdod therefore hunger was the
motive for its subsequent behaviour. Motivationaisvery important factor in

learning. In Pavlov’'s experiment, the dog was &dino generalise what it had

learned in one situation to a related but differentation.

Looking at Pavlov's theory it is based on behaviwhich he says educators can
shape. | concur with him in that learners imitdte ways of the educator. | say that
from my experience as an educator. If the educstdrard working and active
his/her learners will take that behaviour. Learriaersw the educator who does not
check whether the homework was done or not and tlegyect it. Paviov also
mentioned motivation, learning centres upon inidn@nternal) and extrinsic
(external) motivation. Educators need to be creativ as to motivate learners with
interesting ways of teaching. Learners need torased for their work so that they
can have desire to succeed. Pavlov also mentioaasférring new knowledge to a
similar situation. This is in line with Outcome EBasEducation which encourages
learning to be applied in real life situations rottreat knowledge as isolated
pieces. This is also in line with how biology isight. Learners in some schools are
not encouraged to be actively involved and to bke ab apply their theory to

practical situations which is experimental work.
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i) Operant (instrumental) conditioning
Mwamwenda (2004) states that operant conditiomsng relationship between a
response (behaviour) and consequences. Operantitioonds also called
instrumental conditioning, because the organism instrumental or solely

responsible for generating reward for its actiatybehaviour.

Skinner conducted an experiment which shows hewahcontinuously pressed the
bar in the box with the aim of getting the rewartdiieh is the food pellets
Mwamwenda (2004). Skinner as one of the behavibprisved that if there is a
reward learners can be motivated and so co-operdtiv their learning. He
concluded that part of the reasons for our behavgobecause of the consequences
of our behaviour. It is in line with the way teao@iand learning is conducted, the
behaviour of the learners leads to their pass iuréato progress. If the learner

wants to progress they make sure that they leadh ha

2.21 SCHEDULE OF REINFORCEMENT

Mwamwenda (2004) states that, a reinforcement tmaydefined as a stimulus
which increases the probability of a response rewyr The process whereby
behaviour is reinforced is referred to as a schedtireinforcement. There are two
major forms of reinforcement, namely continuous antermittent or partial

reinforcement. Continuous reinforcement involvewarling an organism every
time it makes a correct response. Continuous reiafoent facilitates the mastery
of behaviour fairly quickly. Intermittent reinforceent involves rewarding the
organism after it has made more than one corresporese. The schedule of
reinforcement is also in line with continuous assesnt. The outcome based
education system emphasises that the learners mluwstys be assessed i.e.
continuous reinforcement, it makes learners tolée @ what ever is done in class
because they know that they will be a reinforcemdmtoking at grade 12

Continuous Assessment (CASS) for Biology educatarst submit not less than 17

pierces of CASS at the end of the year. These gsengust be chosen from the
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better performed work of the group. That meandoetement in the form of marks

must be there in everything that is done in class.

2.22 CONNECTIONISM

Thorndike was responsible for developing a leaynitheory known as
connectionism Mwamwenda (2004). On the basis ostudy of animal behaviour,
he developed three laws of learninipe law of effect, the law of practise and the
law of readiness The law of effect states that a response whicfollswed by
reinforcement is strengthened whereas a responisé vehfollowed by an aversive
stimulus is weakened. The law of practice states mhastery over a given set of
skills or body of information can be achieved tlgbyractice. The law of readiness
emphasises the importance of an organism beingaprdpbefore it engages in a
given set of behaviour: if it is prepared, the \atti will be a pleasant and an
enjoyable one, whereas if it is not, it will be agimg and frustrating. Such a law

has important implications with regard to motivgtstudents.

Thorndike later modified the laws of effect andagiice. Regarding the law of
effect, he argued that the component of punishrisetdss crucial to a change in
behaviour than reinforcement to the maintenance afesirable behaviour and
regarding the law of practice, he postulated thatgse has the intended effect if it
is accompanied by knowledge of results, which hible organism to correct

mistakes and capitalise on correct responses fetamya Thorndike also addressed
other laws of learning, motivation and identicatérekénts. From this theory, we
gather that reinforcement is important for learningqually important are

motivation, readiness, practice and the transféearming.

Thorndike's theory of connectionism concur withinglers (1953) and Brophy
(1991) about reinforcement, and he also extendis the fact that the behaviour
which is being reinforced is likely to be repeatuich is true. Learners like to be
praised so they try to their level best to do theist all the time. This theory is one
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of the major theories in the teaching of photosgath It is important because it
requires the learners to connect theory and pedctiork (experiments). Some
schools are disadvantaged by the lack of laboraaémg laboratory apparatus to
connect theory and practice. Connectionism serses \@ay of consolidating what
the learners have been theorising.

a) Social learning theory

According to social learning theory, a great dehlearning occurs as children
interact with adults and other children. What cfald learn in this way facilitate
their adjustment to their environment as they gtowe adults. Learning occurs
through observation or modelling which is very efiee given the time it would
take and risk that would be involved if it were essary for everyone to learn for
himself all that is to be known. Whether the bebaviof a model will be imitated
depends on factors such as reinforcement, memdtgnti@n, etc. The most
important of these is reinforcement, which serveshe motivation for people to
imitate other’s behaviour. If the model is reinfed¢ the behaviours will be imitated
whereas if the model is punished the behaviour Wwél avoided. Should the
observer not be impressed by the model’'s behavayugck the skills necessary to
perform the behaviour, or is simply not interested learning will occur.
(Mwamwenda 2004)

Mwamwenda (2004) in his theory of social learningist that through interaction
the learner learn the good and the bad. The chiltbie to discriminate the bad or
good through reinforcement and punishment. Soerining is related to outcome
based education which is the system of educatian ks about the children
learning through interaction with others in groupairs, small groups etc. Science
subjects are in line with social learning theorgessally in practical work. Learners
become actively involved in their learning and tladiytry their best to behave like
the one who has been praised. They do not warddocate themselves with bad

behaviour which does not lead to positive reinforeat.
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b)

Discovery learning

Mwamwenda (2004) state that by discovering le@mmeans that teachers should
present their learners with the opportunity for lgsiag data for themselves and
arriving at their own concepts. Information obtainien this way can easily be
transferred and is more readily retained. Moreowdeaches learners how to think,
learn and solve problems independently. Some oftdp&s that can be used for
discovering learning are science projects, reseanclependent reading, weighing
objects, solving problems and writing interpretiregports on given topics. The
teachers’ role is primarily to provide learnershwieedback on their performance.
Bruner’s theory of instruction stresses the impuréaof motivation, reinforcement,
sequencing of information, and the learner’'s cogmitstructure for effective

learning and teaching.

Discovery learning is one of the powerful theories learning because the
information that the learners discover themsehgesasting as compared to the
information which the learner received passivelyscbvery learning is mostly
useful when learners have to do experimental warll discover the results
themselves. It also empowers learners with reseslitls when they have to solve
problems independently. Sund and Trowbridge (197&ed that it is desirable that
students in the discovery laboratory are given mmoke responsibility in planning

experiments and carrying them to completion.

c) Reception learning

Ausubels cognitive view of learning is based oramegful learning, also known as
subsumption theory, verbal learning or recepti@mieng (Mwamwenda 2004). It is
referred to as meaningful because it advocatesifeaior teaching based on what
the learner already knows. It is believed thataife learning is not likely to take

place if what is being taught has no bearing ontwha learner already knows.
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Learning can be made meaningful through the ussdence organisers —which
include more general concepts- by giving a ovewwv# the subject matter using
lesson outlines, by drawing attention to similastiand differences and reviewing
earlier related work. When an advance organisesésl, learners are presented with
the main ideas before detailed information aboatttipic at hand is covered. An
advance organiser serves as a pillar upon whickesutent new information can be
built. It facilitates effective retention since nemformation is related to familiar
information. An advance organizer must be well argad, clear and easily

understood by learners if it is to be effective (Mawenda, 2004).

In reception learning theory the focus is mostiydriving the learner to have a
clear understanding of the topic at hand. The eduddes to his/her level best to
link the new knowledge with the existing knowledg@éis learning theory is more
of spoon feeding the learner because the learnsupgplied with all ways and
means of making sure he/she understands what iisgtgkace. The teaching of
Biology considers that the educator must link the/rknowledge with the existing
one. Reception learning is applicable in teaclihghotosynthesis as a Biology

topic.

2.23 SUMMARY AND CONCLUSSION

This chapter lays the background of photosynthdsie importance of this process
and the reasons why it must be taught at scho@sato discussed at length.
Challenges faced by educators and learners aredasassed. It looks at other
countries aspects that are taught in photosynthegisther with South African

syllabus specifically in this topic. The researctaso researched widely on
strategies used by teachers internationally to meéhahe learning/teaching of
photosynthesis. The role of practical work in teaghthis topic was also discussed
and the emphasis was on that practical work showid be conducted like a
cookbook recipe but must be inquiry orientated.sTgmd ways of dealing with

misconceptions are also discussed. Towards theoérttlis chapter there is a
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lengthy discussion of theories of teaching andniear because these help to
understand the nature of the learners and how sheyld be treated to make

schooling a useful and beneficial experience.
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3.0

3.1

3.2

3.3

CHAPTER THREE

RESEARCH METHODOLOGY

INTRODUCTION

Sound research methods must be employed in ordenderstand the nature of
phenomena and problems in our surroundings. Thidystnade use of a structured
data collection method in the form of a special neixetion paper of 2005 on
photosynthesis. Chapter three explains the ragoria¢hind the methodology
employed, how the research was conducted andeps tiken to ensure the validity

and the reliability of the study.

STUDY AREA

The study was conducted in six secondary schoolthefMthunzini circuit in the
Empangeni district of the Northern KwaZulu-Nataimn. The schools were chosen
because they had a low pass rate in 2008 comparethér regions. A “low pass
rate” in this context refers to an average pass ohtbelow 50% in matriculation.
Although the Zululand region has more qualified @atars than other regions in
KwaZulu-Natal, it was rated as number 10 (out ofrégions) and thus among the
poorly performing regions. This background aroudies curiosity of the researcher
with regard to the challenges faced by the schookhis district in understanding

scientific concepts such as the Life Science canoephotosynthesis.

RESEARCH APPROACH

Two research approaches were employed in the stndsely qualitative and

guantitative research.
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3.3.1 Qualitative approach

Furze, De Lacy and Birckhead (1997) explain théirditon between qualitative and
guantitative forms of knowledge in terms of the @gptual aspect and the methods
used. In the conceptual sphere, qualitative rebedsc concerned with an
understanding of human behaviour from the perspeaif those people involved.
Qualitative research assumes dynamic, social yeatitl cultural meaning out of data
collected and is subjective in nature. Accordingamar 2005) qualitative research
focuses on interactive processes and events rdidevariables. Qualitative research
involves analysis, using themes that emerge froitected data. In qualitative
research, data analysis involves cases that arparesh (Kumar 2005). In this study,
qualitative method approaches were used to analygten responses in terms of
understanding the questions, language difficultesl identification of learners’
misconceptions with regard to the topic of phottlsgeis. The qualitative approach
was also used to investigate how learners’ cardgerasts affected their performance
in photosynthesis.

Merriam (1998) states that the qualitative caselystis suitable for dealing with
critical problems of practice and extending theWlealge base of various aspects of
education. The research deals with conceptual enablencountered by learners in
mastering various concepts in photosynthesis. Alitgtise method is therefore

suitable.

3.3.2 Quantitative approach

The quantitative research method was also emplayé¢le study due to objectives
that dealt with aspects that are quantifiable. Aditg to Kumar (2005), quantitative
research differs from qualitative in that the reskarganisation is more analytical in
nature, drawing inferences and conclusions whishttee magnitude and strength of
a relationship.
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In this study the quantitative method was also usednalyse learners’ geographic
information, gender and the scores obtained in epgstion and to analyse the
number of learners who passed and failed each iqnesDne can use both
guantitative and qualitative techniques in comhbamabecause this is in fact a form of

triangulation that enhances the validity and réliigtof the study.

3.3.3 Validity of research techniques

Kumar (2005) states that although both researchoappes share basic principles,
they differ significantly in certain ways as memigal above. According to Neuman
(1997), a quantitative approach reduces data ierai@ see a bigger picture in an
objective manner. On the other hand, qualitativeeaech techniques enable
researchers to understand the key aspects of utlg store clearly. Neuman (1997)
furthermore states that since each approach hasvitsstrengths and limitations, it is
useful to combine the two research approachessilty attempted to maximise the
strength of validity by combining both qualitativand quantitative research

approaches.

3.4 CASE STUDY METHODS

The study takes the form of a case study in siorsg@ry schools. A case study is a
specific instance that is frequently designed hasitate a more general principle.
Levinson (1994) states that a case study methogdtogn in depth research of a
particular phenomenon. This study replicates andnebs that study and thereby adds
to the body of knowledge in a particular field.(KanR005) further states that case
studies provide a unique example of real peopleseal situations in a particular

context, allowing a reader to understand more lgldayw the abstract information

has been put together.
A case study involves two main components: the easephenomena. According to

Kumar (2005), a case is the ‘object’ of study. thes words it is a unit of analysis.

The unit of analysis may be a person on whom arthisoconstructed, or it can be
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places such as residences in a community or om#ms such as businesses and

schools

The case may be a person, group, episodes, pramss)unity, society or any other

unit of social life. In this study the case is thpic.

Merriam (1988) confirms that most case studiesducation approach a problem of
practice from a holistic perspective. The invesimya uses a case study design in
order to gain an in-depth understanding of theasitn and its meaning for those
involved. New insight and understanding gainedmfrthe study can be used to

improve classroom practice.

The study of conceptual understanding of photo®gith was examined in Six
different schools located in three different ardds different social locations were:
* Rural schools

e Semi rural schools

+ Urban schools

The choice of different schools in the three lamadiserved to lend representativeness
of different populations of interest. Although ibuld have been ideal to deal with all
schools in Northern KwaZulu-Natal, this would navk been possible because of
financial constraints. Neale and Albert (1986) esttat a major aim of analysis in
science is to provide sound propositions about lgeop general or about specific
groups of people. The authors, however, explaihitha rare for social scientists to
actually study or observe all. The social sciemgsearches and tries to understand a
segment of the society, a representative sampl@eople whom he or she is
interested in, as the basis of his or her studghHBadividual case study consists of a
"whole" study, in which facts are gathered fromiomas sources and the conclusions

drawn from those facts.
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3.4.1 Sampling methodology

The sampling was drawn from six high schools in M#hunzini district of the

KwaZulu-Natal province. The schools that particgshin the study are identified by
pseudo names as school 1, school 2, school 3, Is¢hschool 5 and school 6. This is
in keeping with confidentiality. There should be way of identifying the actual
schools or the respondents. The targeted groupgnade 12 learners, which fall

under the Further Education and Training (FET) phaghe new education system.

The study population consisted of 143 grade 1hkrar Two schools, namely school
1 and school 2, were located in the rural areas;dther schools, namely school 3
and school 4, were in the semi-rural areas, andatstetwo schools, schools 5 and
school 6, were located in the urban areas. Thase tjroups were chosen due to their

localities.

The first group represented rural-located margsealischools, from the site visit it
was observed that some schools do not have potaater, no electricity and

laboratories. Learners from the school informed riggearcher that they walk long
distances to school. This is the situation, whigdvgils in some schools, although the
government is trying to improve the conditions bfede schools. There is no
transport and highly skilled educators do not wemtwork in such areas. Some
learners explained that their parents do not haeemt jobs so they cannot afford to

buy their stationery and other needs.

The second group consisted of urban schools thpmtyesh better teaching and
learning conditions, including access to potablgewaavailability of electricity,

library and laboratory facilities, and transportadable for both learners and
educators. Their condition attracts qualified edoisa and so the atmosphere is
conducive to learning and teaching. Parents ar&ingyrso they are able to afford the
amenities necessary to satisfy learners’ schoallsid@ue to the available facilities

one can expect good results from these schoolseMenyit is necessary to note that
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availability of facilities does not always tranglahto the necessary equipment or to
effective use of laboratories. In some laboratoaes can find dusty boxes of new

equipment that have never been opened.

The third group was semi-rural that occupy a spaewsveen the rural and urban
schools. Some resources are available, such asi@tgcand water, but they lack
other facilities such as libraries, although theyhdve laboratories. However, these
facilities are underutilised since laboratories @sed as classroom and storage rooms
and the schools do not have adequate equipmeantty @ut practicals. Some parents
are employed and can afford education for theildodin but others are not employed

at all.

Table 3.1 List of schools that were sampled

Name of School | Grade Type of School
1 12 Rural
2 12 Rural
3 12 Semi-rural
4 12 Semi-rural
5 12 Urban
6 12 Urban

3.4.2 Sampling tool

In this study the researcher employed a test cimgisf structured questions as a
tool for collecting data, because it allowed resjgoris the opportunity to answer
guestions in an appropriate manner. The reseastilument was designed from
different previous final examination papers on tisection dealing with

photosynthesis. Bertram (2003) states that itmportant for questions to be

designed properly, so as to ensure that respondemsrstand what is being
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3.5

investigated. The test technique was preferreduseit can be administered to a
large number of learners. The questions adminidtare this study can be
understood without the presence of the researdhexecond benefit attached to
usage of the question paper in this context wasetmmers had already been vetted
for quality and appropriateness for the twelfthdgralue to the fact that they had

come through previous final examinations.

RESEARCH INSTRUMENT

The research instrument used in this study wakenform of standardised grade
twelve test papers from the Department of Educa{ibnE). The paper was
standardised because it was administered nationéhy it had been screened by
experts in the field. Thus the test could be cargid a valid instrument for
assessing the achievement of grade twelve learfibesinstrument used was a test
guestion paper. The researcher decided to usegshbdcause it is the only accepted
tool to measure learners’ knowledge and reasorkilg §'om which to deduce the
guality of teaching and learning. The question pajpasisted of six questions with
the total mark of 77. The questions covered diffetevels of Bloom’s taxonomy
(Table 3.2). The researcher was therefore satisfiait the reliability and validity
of the instrument. Reliability is defined by Gip(®995) as the extent to which an
assessment would produce the same or similar scoi@o occasions or if given by
two assessors. This is the accuracy with whichsaessment measures the skills or
attainment it is designed to measure. The samebiagthtes that validity refers to

the extent to which an assessment measures vwwgipbsed to measure.

The test was administered under national examimaonditions, as stated in the
government gazette, as follows: No explanation>@ngnation questions may be
asked or given, candidates must not assist othedidates or try to assist a
candidate in getting help or communicating with @ogy, candidates may not
disregard the instructions of the invigilator, calaies may not have a book,

memorandum, notes, maps, photographs or otherialatghich may be of help to
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them in the examination, other than that which wasvided to them by the

invigilator. Candidates may also not create a distoce in the examination room

or behave in an improper manner.

3.5.1 Cognitive level analysis of the diagnostiest questions

Cognitive function refers to mental processingirdbrmation by a learner. The

levels in Blooms taxonomy refer to the complexitly tbe intellectual activity

required from the learner. To be able to procefmnmation at a higher level, the

learner needs to exercise thinking. The table bedbows the levels of thinking in

Blooms Taxonomy as captured by Kiviet and Du T2@06).

Table: 3.2 Cognitive levels of Blooms Taxonomy

Levels in Blooms| Description Action verbs
taxonomy
Knowledge Recognition or recall of ideas anmthme, select, state, defin

facts

list, tell, give

Comprehension

Requires an understanding of

toenpare, discuss, matc

facts illustrate, tabulate, justify
Application Where the learner can use theory jrBalve, predict, draw
new situation differentiate, determine
Analyse The breakdown of content into partdnalyse, identify, contras
and discovering the relationshiglifferentiate, verify
between parts
Synthesis Recombination of parts into whole Organiesign, synthes
Evaluation Judgements about the theory Evaluatsesas criticise

defend

n

The table shows a range of competencies thattredrs are expected to master in

learning any subject. A good test usually has gumexof all the cognitive levels so

as to ensure that the students are required toearggyestions that require them to
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think and not only to regurgitate information. Téwealysis discussed below shows

the cognitive demands of the test that was givehdagrade twelve learners.

Question one —tested knowledge; learners were required to remallecognise
information, ideas and principles in the approgrifirm that they had learned. It
was a question that required learners to supplgdnect Biological term. Learners

were supplied with statements.

Question two - tested comprehension; learners were required tow sh
understanding by translating and interpreting imfation based on prior learning.
Learners were given a diagram of an experimentalge¢o test for starch and were

then required to answer questions that demonstthgadunderstanding.

Question three —tested the level of application of what they hadrhed; the
learners were required to use given data and plesito complete the task. They
were given a labelled drawing of an experimentirigstor chlorophyll and carbon

dioxide and were then required to answer giventipeson the experiment.

Question four — tested learners’ level of analysis; learners werquired to

distinguish, compare and examine the given possib&vers. Learners were then
given a drawing of the apparatus used to measereatie of photosynthesis of a
water plant and were required select and circlecthreect four possible answers

from the list of possibilities.

Question five —tested synthesis; learners were required to comlueas by
calculating the given data. Learners were subsdlyugiven a drawing of a water
plant and a lamp. They were required to answertguessbased on the number of

bubbles produced by the water plant at differemipalistances.
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Question sixwas based on evaluation; learners were given aatigght intensity
and two different rates of photosynthesis in twifedent percentages of carbon
dioxide. Learners were asked to plot a graph shgwie given data. In addition to
this, learners were required arrive at and maker tbein suggestions and
conclusions about the graphs. The question alseddmsic mathematical literacy,
since some students found it difficult to produtepde graphs. There has been an
outcry about the poor state of mathematical litg@mong South African students,

particularly in rural areas because of the lac@udlified educators.

3.5.2 Administration of the instrument

Appendix B, attached hereto, is a letter addressddistrict Manager Empangeni
district requesting permission to access the sshwpbrder to conduct research.
Appendix C is a letter directed to the principalstioe six schools where the
research was conducted. All the participating sthaere visited by the researcher

to make sure that they get the same informati@adier stages.

The researcher visited the schools to requestigsion from the principals and
grade 12 educators to administer the test. Hithemd Hughes (1995) advise that
it is best for a researcher to discuss her/hisarebewith all the parties involved.
After permission had been obtained from the priakithe following information
was discussed with the grade 12 Biology educators:

i.  Suitable time during the year to administer thérimaent.

ii. ldentification of the person who would invigilateettest the test.
iii. ~ The importance of standardising the invigilation.
iv.  Assurance of the educators that the results dfidridéarners would be treated

confidentially.

v. Informing the learners to prepare the test ondpé&tphotosynthesis.
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The researcher preferred the period just beforertheexamination and this was
discussed with the educators. The day and timefimafised and the researcher
ensured that the instrument was administered téetimmers on the day of delivery
in order to avoid discrepancies, such as educdiscsissing the questions with the
learners. The instrument was administered undendbrexamination conditions.

Learners were told early to prepare for or to revis topic photosynthesis.

3.6 HANDLING OF THE INSTRUMENT

The researcher made an appointment with the LifenSe educators to discuss the
date for the test as well as invigilation issuesjuding: all grade 12 sections were
to write the test at the same time; how to coritrefgularities such as cheating (so
that spoiled papers could be avoided and not bsidered for sampling); and to
request assistance from educators. The researduwrested the life science
educators to help with the invigilation and expéarthat it was preferable to have
educators who have experience in teaching gradeed¢2use they know more about
controlling grade 12 tests and examinations. Tkearher was present during the
handling of the research instrument so as to motti situation and to collect the
papers. Papers were collected immediately afteémgriin cases where information
such as gender, age etc was not filled in on theercpages, these papers were

considered as spoiled papers and were not takemadatunt in the study.

3.6.1 VALIDITY OF THE INSTRUMENT

3.6.1 Validity of the research instrument
Validity is defined as the degree to which the aesleer has measured what he/she
wanted to measure (Kumar, 2005). The instrument aeasidered to be valid for

the purpose of the study because the instrumentawstaindardised paper taken

from national previous grade 12 papers and theareBer was able to find out more
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about the reasons for conceptual misunderstandingohmtosynthesis while
analysing the data.

3.6.2 Validity of the sampling size

3.7

The sampling size was more than 50, which incretisedariety of the responses.
The researcher took the sampling from six differsecttools with three different

levels, i.e. rural, urban and semi-rural areas,ctwhiroadened the scope of the
population.

ETHICAL ISSUES

The matter of ethics is an important one in redegRegina, Scheyven & Storey

2003). In this study, confidentiality was takenecaf by ensuring that the results
obtained from the different schools were treatedfidentially. The researcher

making sure that she was the only one who wouldlleathe scripts guaranteed
this. The schools’ results were used solely forlyam®s in the research, and the
schools were not labelled or otherwise identifigdnlame. Pseudonyms were used
for all of the six schools in this study.

Ethical issues arise when we try to decide betvegmncourse of action and another

not in terms of expediency or efficiency but byereince to standards of what is

morally right or wrong. The researchers neededdtwsicler aspects such as respect
for the culture, traditions and knowledge of themoaunity, and the return of

knowledge and information to the schools.

All participants in human research have the rightetmain anonymous, that is, the
right to insist that their individual identities ke silent feature of the research
(Tuckman, 1972). To ensure anonymity, two approschie often used. First,
researchers are usually interested in group ddtas tscores obtained from

individuals in a study are pooled or grouped togethnd reported as averages.
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Since the individual scores cannot be identifiethsa reporting process guarantees
the anonymity of each participant. Secondly, wherepossible subjects are
identified by number rather than by name. The mebes administered a group

analysis and not individual analysis.

Participants have every right to insist that datiected from them be treated with
confidentiality (Tuckman, 1972). To guarantee tlise researcher referred to all
data by letters of the alphabet, rather than byeahil the scripts were destroyed

as soon as the study was completed.

In this study the matter of investigating the gradelve learners’ knowledge of
concepts related to photosynthesis was discussed heth the learners and the
educators. The timing of the research was a fewtinsobefore the final external
examinations. The exercise was therefore seenedsl e for reviewing work on
photosynthesis. The learners and educators wedethiak participation would be
voluntary. They were also assured that there wdaddno consequences for
participating students, as the result would notpassed on to the education
authorities. The main purpose of the research wéisd out what challenges faced
grade twelve learners in trying to learn and undeis concepts in photosynthesis.
The results could in future help in structuring maffective and user-friendly
strategies of learning about photosynthesis. Tamé&rs were told that there would
be no reason for them to be confronted by the adtration on their performance
in the diagnostic test and that it would not affédeém negatively. It would,
however, make them aware of areas in photosyntlvesish are a challenge to

them and which they needed to concentrate on.
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4.0

4.1

CHAPTER FOUR

DATA ANALYSIS AND INTERPRETATION

INTRODUCTION

This chapter documents the results of the invastig to establish whether or not
black learners have a conceptual understandingeoténtent of photosynthesis as
covered by the Further Education and Training level grades 10 to 12. The study
was conducted in different high schools so as tterdene the full range of

challenges faced by learners who are learning apbotosynthesis. The data

collected is summarized and discussed in this enapt

Research done in English-speaking countries, Wiagtish is also the language of
mediation of learning, already point out that plsgtahesis is an abstract subject
that is difficult to comprehend due to the factttihés integrated with other areas of
learning. The present study, however, deals wilniers with English as a second
language — yet who receive their tuition in EngliSime results of the study are

discussed below.

Data on learners’ achievements is presented indrasms. The Statistical Package
on Social Sciences (SPSS) was used to test whethes were any significant
differences in performance in terms of gender dwedviarious schools. Data on the
different career choices made by learners appeatabulated form. A bar graph
illustrates the performance of the different schpwathile the data on sociographic

factors appears in tabulated form.
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4.2 DEMOGRAPHIC DATA OF RESPONDENTS

Data related to learners’ gender is analyzed e ftillowing figure in order to
facilitate exploration of some of the factors teabngly relate to poor results with

regard to the subject of photosynthesis.

E Boys M Girls

307

Percentage

0-10 20-Nov  21-30 31-40 41-50 51-60 61-70 71-80  81-100

Figure 4.1: Achievement scores of boys and girls

Figure 4.1 indicates a slight difference (of 4 sinthetween the results of boys and
girls, with the boys doing better than the girl3 (@ys scored 41-50% versus 23
girls who scored 41-50%). When looking at the sopres (71-80 %) there is a
reversal, with the girls obtaining all of these resoand the boys not featuring at all.
Interestingly, basically the same numbers of boyd girls achieved scores of
between 51 and 60%. However, at the interval o7@1the girls outperformed the

boys. This study reveals that, in general, thesgiitain higher scores than boys in
Life Sciences. In spite of the considerable dutydidhat girls traditionally carry

with regard to assisting with domestic tasks at @é&omhrough sheer focus and
dedication they managed to achieve higher marksn amethe higher order

guestions, for example question six. This suggistswomen are able to do well,

regardless of the circumstances that they havege with.
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4.3 DATA ON ACHIEVEMENT SCORES
Scores obtained from each question are presentdigiure 2 (refer to the next

page). The data clearly shows which questionsraetical work) gave learners the

most difficulty.
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Figure 4. 2: Combined learners achievement scoregpquestion
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Figure 4.2 shows the overall achievement of all lderners in the six schools that
participated in the research study. In the six sthdhe maximum score was 70% at the
range of 0-10. That is a poor performance. As tteees increase (up to 91-100), very
few learners manage to obtain the higher scorexirvan scores were 40% at 81-90

intervals.

nmnxmzZI>mr

Q Q Q Q Q Q Q Q N
P KR PN PP
Q N'y r1>r rb'\' " <o'» o AY Q)N q\’»

GROUPED SCORES

Figure 4.3: Achievement scores for question one

Figure three shows that 29% of the learners actiese®res of 81-90. This is a good
score, but very few learners achieved it. The ne&sohigh scores in this question is that
it is at a low order question level by Bloom’s tammy. Questions consisted of
terminology and basic recall of information anduieed learners to choose the correct
answer from a given list. This is a fundamental petance that all learners are expected
to have. However, there were also low scores atahge of 91-100. Although this type
of question does not demand written language usagee of the learners could still not

manage to make the grade. Their failure to sugmycbrrect answers could be as a result
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of lack of knowledge, which may be caused by insigfiht mastery of terminology. For
instance, being asked what organic molecules ciledrothe dark phases of
photosynthesis, some of the learners respondedaling these were “glucose, carbon
dioxide, water and stomata.” It is apparent that word “control” was not interpreted
with understanding. This poses the question, dokBsaudents fail to answer the question
because they do not know the answer or becausngbtidage challenges (as they do not
understand the question)? The overall result, hewealso shows that it is easier to
simply recall something that has been taught (lbgctieg from a list of multiple choice

answers) than to supply an answer unaided and loesad understanding of the work.

There was also a lack of understanding of whatrgaroc molecule is. Answers included
inorganic molecules, such as water and carbon dkoxiThe expected answer was
enzymes. It was apparent that the word “control$ wat interpreted with understanding.
Another question asked for the exact location, withe chloroplast, of the occurrence of
the light phase of photosynthesis. Responses iadiudipper epidermis, chlorophyll and
stomata,” while the expected answer was grana.grea are structurally adapted for
their functions. The learners’ responses show ity tend to memorise terms without
trying to relate structure to function. This mdgaabe due to an absence of practical

work in schools without laboratories.

In another question, learners were asked to namentin photosynthetic tissue in an
angiosperm leaf. This was a straightforward quastimt some learners responded with
“xylem tissue, respiration, cuticle and chloropfasthile others did not answer the

guestion. The expected answer was mesophyll ti§$is.shows that some learners have
a learning problem with regard to this topic, asr¢hwas evidence of a lot of guesswork.
Robinson and Russel (2001) state that one of thdalmental challenges of teaching in
areas such as biochemistry and biophysics is #ahing in these areas involves the
comprehension of objects and the processes thatotdpe seen or experienced.
Regardless of the sophistication of our understapdand its fit with empirical data, we

visualize these objects and processes using imaginanodels and metaphor.
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Achievement scores in question two are shown uré&dour below.
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Figure 4.4 Achievement scores in question two

The pass rate in this question was very poor. fgiance, 20% of the learners scored less
than the range of 41-50 (figure 4). Only one peroéhe learners passed this question at
the score level of 71-80. The cognitive demandthefquestion show that the learners

must be able to do the following:

- Study the diagram and make sense of how starclksied for in a leaf. This
includes procedural knowledge and knowledge of ¢baisused.

- The function of alcohol (x) and the function of e (z).

- Being able to explain the change that occurs ieah fter boiling in alcohol and
how you soften the leaf.
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Knowing that in the scientific method there is aperiment and a control.

Knowing what is the positive test of starch.

All these questions are easier for learners whee fetually done the experiment
than for those who must try to memorize the thedwyenty percent of the learners
scored 0-10 whereas only 13% of the learners fiethe range of 41-50. This is
attributed to the language problem. For examplatniers were asked to answer
questions based on the diagram of the experimetestdor the presence of starch.
This is an analytical question. If learners did ¢éxperiment practically the question
requires comprehension and recall of informationtlts nature; it could be

considered to be one of the simplest experimeritsisrtopic.

There were cases in which it could be seen tleatdlarners experienced language
barriers; for example, they were asked to statetgaheasures when undertaking
this experiment. Some of them responded as folléwsike sure that the beaker

is there, to keep the test tube away from the beaket can change into brown
leaf, thermometer, lower than the optimum temperatwe”. This is a mixture of
meaningless words. Learners need to have the experiof seeing that alcohol is a
flammable liquid. Without practical work learners dot experience science like
they are supposed to. The expected answer is:theatlcohol in a water bath to
prevent the vapor from catching fire. The learneesponses show that they are
totally lost, which may, again, be due to a lackpadctical work. Learners cannot

comprehend science through imagination.

The other question which shows that the learnere wenfused due to a language
problem or due to lack of laboratories is questwo. Learners were asked to name
the energy transformation which was about to tdkeey The responses included
“light energy, chemical energy, radiant energyhtligghase.” They conflated all
these, instead of just supplying the simple ansnemely that light/radiant energy
changes/converts to chemical/potential energy. uagg difficulties and
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insufficient teaching and learning facilities (i.@.lack of laboratories) are huge
problems that need to be addressed in the curnculu

Buttner, (2000) and Fox (1999) states that if stisleare unclear about the
principles before the practical, and take insuéinti care in collecting data, they
may gather data that is inconsistent with thecaktxpectations. In large practical
classes in particular, learning outcomes are ateby the quality of demonstration
and the success of a particular experiment. Theedovwpercentages scored for
performance in this question shows that there iprablem with regard to

experimental work.
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Figure 4.5: Achievement scores in question three

Question three was based on comprehension. Mo#teofearners (41%) scored
between 0-10, which is the worst range of scorasdbuld be expected from grade
twelve. Indeed, it is the first time that the resbar has encountered such a high
failure rate. Although many learners achieved aeaaterval of 20% in question
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two, the score level doubled in question three.sTiBi indicative of a reading
problem and poor thinking skills. Question thredased on laboratory work and,
as the results showed, the appropriate experimastolviously not done at all in
certain schools. The question requires learnersviite down the aim of the
investigation. One of the responses reads as felldto whether chlorophyill,
carbon dioxide is given during,” while other leaiéid not even attempt to write
the aim of the investigation. When they were adkedrite the meaning of the term
“variegated leaf,” they wrote responses which shioat they do not have any idea
about the meaning of the phrase and that they exymed difficulty in expressing
themselves. Some of their responses were as fallbivss a plant with two
colors, leaf with two colors, isa different leaf, leaf with two regions, the patten
with white and green patches. The expected answer was “a green leaf with white
margins.” The responses show that learners did havdea of what was required,
but that the language problem deprived them ofthikty to express their thoughts
coherently. The actual diagram shows a variegatafl dnd explains it, but the
learners exhibited poor observation skills and ysisl of the given situation.
Observation is a skill that has to be learnt dunomgctical work. Achievement

scores in question four are shown in figure 4.6.
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Figure 4.6: Achievement scores in question four

As indicated in the literature, photosynthesis idifficult subject to understand.
Question number four, which is represented in Bgaix, consisted of multiple
choice type questions. The questions required @éhenérs to understand different
chemical processes that occur during photosynthiesisiding theinputs (what is
used in the process) and thetputs (what is produced). This question is based on
the diagram of the apparatus used for measuringatee of photosynthesis of a
water plant. The diagram is likely to be completebnfusing to learners who had
never been in the laboratory. The learners’ resporshow that they failed to
evaluate simply because they were not knowledgedbleas easy to spot the
schools that have not done this experiment. Mogheir learners’ answers were
simply guesswork, while it was an easy question tfamse who had done the
experiment. Most of the schools involved in thedgtare poverty stricken and have

no laboratories, while those that had laboratodés not have the necessary
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apparatus. None of the learners achieved a sé¢@keove 50% (figure 6); most of
the learners (33%) achieved a score of 21-30 iaterwhich signifies failure.

The learners’ performance tells us that educateesino use analogies as suggested
by Sahin (2000), who states that in individual agas the student has an active
role and realises these events in his/her mindidnal analogies, the learners are
aided in understanding the difficult concepts byange of diagrams and pictures,
which are mostly also accompanied by oral explanati Such analogies can help
students to form resemblances between pictureshenabstract concepts by means
of diagrams and pictures, which are mostly accongohaiby oral explanations.
Analogies are the most important tools in helpingatcelerate conceptual change
in scientific judgment with regard to learning amebhching (Duet, 1991). If
educators can acquaint learners with learning tilranalogies, misconceptions as
depicted in answers to this question can be mimidiigigure seven below shows

learners’ achievement scores with regard to queiie.
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Figure 4.7: Achievement scores in question five

Question five involved activities that have to ddahaanalysis and interpretation.
The question is relatively easy for a learner wiiaks carefully and evaluates his
or her answer. Some 35% of the learners did ndtenaa attempt to answer that
qguestion. This question involved a piece of a watant placed in a solution near a
bright light and which gave off bubbles of gas tisatepresented graphically. Some
of the learners (5%) attempted that question anthged to get a high score of 71-
80% even though they lacked knowledge of data pné¢ation. Learners failed to

match the given distance and the time taken bybtli#ble to cover this distance.
There was also a question on the rate of bubblihgnathe lamp was placed at
180mm distance from the plant. Learners’ respoinsgaded: “5 per minute, the

rate decreases, around 15, 13 minute, 12 bubbldegsminute.” The expected

answer is 11-13 bubbles per minute.
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The next question was intended to find out whatpeapd to the rate of bubbling
when the lamp was moved from 180mm to 200mm. Sdntleedearners could not
see that the rate of bubbling would increase (aseeed in the answer), while
others claimed that they were mathematically iite, and therefore had little
interest in calculations. This indicates that mathgcs is needed in all science
subjects. This is also evident to the governmentabge it has introduced
Mathematical literacy, which is a compulsory subjec all students in an attempt
to improve mathematical literacy, thereby boostiegrners’ ability to do the

necessary calculations. We hope that this measulle address the problem

adequately as this question also revealed very goaph interpretation skills

among the learners, which is an example of poohemaatical literacy displayed by
learners in schools.

Figure eight below shows achievement scores intmuresix.

mwAaomMm=zxo>x>mr

N :l ’ . = G f\ / ’

GROUPED SCORES

Figure 4.8: Achievement scores in question six
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Question six required learners to evaluate andyapgbrmation. This was the

guestion which most learners (66%) failed to ansearectly as witnessed by a
majority of scores of between 0 and 10. This qoestiequired application of

knowledge. Learners were given data of the resultthe effects of light intensity

on the rate of photosynthesis when the plant isgalain two concentrations of

carbon dioxide. The learners were asked to platraecon the graph paper to show
these results. Most of the learners did not plet ghaph. Most of them did not
attempt the question; those who did try to ansvigplayed a lack of knowledge of
graph work. They were unable to identify the axeshe graph on which to plot

relevant information. Learners were not sure oftihpe of labels to put on the y-

axis or the x-axis. This indicates that learner8imlogy need to do a lot of graph
work in order to achieve desired standards. Learmegre also asked to draw
conclusions from the graph. This was not easy lient, as witnessed by the fact
that most of them even failed to draw the graph.

The answers provided by some of those who triedotge the problem indicate
severe language problems. This is apparent in assswech as: “When there is
more carbon dioxide and the light than the ratphaitosynthesis is light, provides
energy to all the tropic levels, it increases friananit to 5 units.” Some answers
were totally incorrect and incoherent. Learnerst jwrote what came to their
minds, including nonsensical phrases such as:u#igskenatured, it can be harmed
the rate of photosynthesis when it optimal.” Theeoted answer was that the rate
of photosynthesis is higher at a carbon dioxideceatration of 0, 13% than at O,
03%; for both concentrations the rate of photosysith increases up to a light
intensity of 5. This question certainly shows ttiegt learners have a very poor level
of mathematical literacy. It was difficult to bele that such poor responses were

produced by grade 12 learners.
Once learners saw the figures they became totaly- and yet the question is very

easy and straightforward. The question of mathammlagphobia among African

learners is one that needs to be addressed bytleergnent; this must be done by
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4.9

training more educators to become mathematicdblydie. Fortunately, there is an
Advanced Certificate Program that is sponsorechbygovernment and is presently
being harnessed to train educators in mathematititdracy. The question of the
medium of instruction and effective learning is amgich the government still has

to confront and solve if Africans are to benefitrenéully from education.

LEARNER ACHIEVEMENT IN RELATION TO THE LOCATI ON OF
THE SCHOOLS

O Ru Ngwe B Ru Mbu O S-Ru Uph B S-Ru Mash O U-Ru Dlamv B U-Ru Khula

60+

5

4

Learners [%)]

101
Jl 1

0-10 11.-20 21-30 31-40 41-50 5160 61-70 71-80 81-90 91-100

Grouped Scores

Figure 4.9: Comparison of achievement scores amosghools

Figure 9 show that, generally, the urban schodigéezed more than the rural (Ru)
schools. For instance, at the range of 40-50 sctresurban (Ur) schools obtained
42% as compared to 8% obtained by the rural sch@dfen looking at the lowest

scores range, only rural (10%) and semi rural sish@®R) appeared. No urban
schools registered that range of marks. On therdthed, only urban schools
managed to obtain the higher range of scoresfroe 61%-70%. The reasons
could be that in urban areas schools are well resdy they have libraries,

laboratories and electronic media, e.g. televisidre learners receive support from
parents who are educated and they do not comehtmokexhausted by having to
walk long distances like the learners in the rg@iools. The main reason for low
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scores in rural schools could be lack of parendaé and guidance. Parents often
work in towns and come home late and tired. Schaxasot well resourced in rural

areas and it is known that well qualified educapyefer to work at urban schools.

The researcher was amazed to find out just how nsigtients can learn from
access to the internet. Learners in rural areasdAmenefit immensely from lessons
prepared by experts in the field of biology. Evetheir teachers were unqualified
to teach biology, they could get good material @edl structured lessons free from
the internet. Examples of some of these lesson® Hmeen included in this
dissertation.

As stated in Chapter 2, Bently and Watts (1989ekelthat practical work plays a
major role in the teaching of science subjects. aRuschools maybe
underperforming because they lack practical worlpeeence; some have no
laboratories, and if the do have laboratories tla@eeoften not functional. Practical
work arouses interest and encourages accuratevaliser and description. It also
promotes a logical, reasoned method of thinkingndtkes phenomena more real
through experience. Practical work also helps kearto comprehend and carry out
instructions. It is also believed that self-disc@¢ek information or knowledge is
lasting. Some of the questions in the test requietth experience and knowledge
of practical work. Those who were not exposed sxpecal work did very poorly in
interpreting experiments. The government shouldosgsly consider supplying
poverty-stricken schools with the necessary ressunt their right to access

effective education is not to be violated.
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Figure 4.10: Achievement scores in rural schools

Scores obtained by rural schools are shown in Eigr. These schools showed
poor performance, such that the most learners (868648% respectively) scored
marks of between 11 and 20%, which is very pooe f@sults are a true reflection
of low socio-economic status, which is one of taeriers of learning. In rural areas
most of the learners are not motivated. They laderaal motivation due to a
number of reasons, including the fact that theuiremment does not have tertiary
institutions that can serve as an external motwafior learning; their parents
receive low incomes; there is a high level ofellécy in the community, including
their parents; their educators are less experiesice@ educators prefer to work in
urban areas, and a lack of security is not con@udovthe safe storage of laboratory
equipment. The results from semi-rural schoolssented in figure 4.11 below,

showed a different trend.
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Figure 4.11: Achievement scores in-semi rural sclots

This graph tells us that there are very few leanar semi-rural schools who
achieved below 30%, which is the opposite of figdr&0. Most learners scored
between 31%-40%. Although the graph does not ree@uaod performance in semi
rural schools, it tells us that most learners axrage achievers. Some learners in
these schools are motivated but there is still @drfer greater motivation. Semi-
rural schools are better than the rural ones bectdney are positively influenced by
the urban places in the vicinity that are endowétth wducational amenities, such
as science centres. For example, at Empangenklesanave the opportunity to visit
a science centre in order to do practical work.yTé&n also borrow some of the
apparatus and conduct experiments in their schoals these have affiliated with
the Centre for Advancement of Mathematics and $eieBducation (CASME).
They also have the opportunity to play video cdassebn a television set and
observe demonstrations of experiments. There aeadrtain programmes on TV
that enhance the teaching of science; disadvantiegeders in rural areas do not
often get the chance to watch such programmes.
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Figure 4.12: Achievement scores in urban schools

The graph above shows that the highest numberaohédes scored between 41-50,
which is above average and significantly higherntiihe scores achieved by
learners in the rural and semi-rural areas. Meatrlers scored above 40%, which
means that the conditions of these schools arerbétan those at rural and semi
rural schools. These schools have functioning kEooles and libraries. As most
gualified educators prefer teaching in urban schothese schools have the
opportunity of choosing the best educators. Theegowent has mooted incentives
for teachers in rural areas, and one can only hlogiethis will happen in the near
future to encourage qualified educators to teactuial areas. These results are a
true reflection of the statement made by Millar 2) who states that, in the
context of the teaching of scientific knowledgeagdical work is best seen as an act
of communication. In practice, the representatimesconstruct are tested out not
only through action, but also through interpersongdraction. The role of practical
work in the teaching and learning of science caniteto help students make links
between two domains of knowledge: the domain ofedtlsj and observable
properties and events on the one hand, and theidarha@deas on the other. For
example, in the first category the main aim of pcat work is to enable students to

observe an object (or material or event or phena@mgrio note some aspect of it,
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and perhaps be able to recall these. Without fiaste, practical experience of the
world, it is hard to see how a student could ewane to an understanding of it.

STATISTICAL ANALYSIS

4.4.1 Statistical test of boys and girls

4.5

A t-test statistic was used to calculate if thereravany significant statistical
differences between boys and girls with regardh&rtachievement scores. The
findings are presented in the table below:

Table 4.1: One-Sample Statistics

N Mean Std. Deviation | Std. Error Mean
Boys 56 35 15 2
Girls 88 37 17 2
Average 72 36 16 2

Table one indicates that there were no signifighfierences in the achievement
scores of girls and boys at the 95 confidence Iési@ndard error > 0.005). The
results show a narrowing of the gap between boy$ @ins with regard to
achievement scores in the Life Sciences learniag.dflistorically, boys tended to
achieve higher scores than girls in science suhjécit the government’s efforts in
levelling the playing field has resulted in an ipement for the girls, as witnessed
by the closing of the gap in the achievement scofdmys and girls as reflected in
table 4.1.

STUDENTS’ CAREER INTERESTS, AGAINST THEIR PERFORMANCE

Scores were analyzed in 3 categories, i.e. studatiicareer interests that required

Biology (NB), students with career interests thiat mbot require Biology (DNNB),
and students that have not yet decided upon thiire careers (ND).
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Table: 4.2: Students’ career interests, agaimst gerformance

Students Total Passed % Fall %

NB 40 23 58 17 42
DNNB 50 22 44 28 56
ND 51 16 31 35 69

4.6

Learners’ scores indicate that the pass rate ia Bfience reflected their career
interests. The data above tells us that an intemekife Science also stimulated
learners’ desire to do well in preparation for aufa career in this field. Some
learners do not perform well in Life Science beeatisey view it as just an
additional subject, while their focus is on othebjects. Piaget states that educators
need to have a full understanding of children’s ahosocial and emotional
development because this is useful to educatoterms of understanding their
learner’'s cognitive development. African learnensgeneral tend to think about
future careers too late, for instance, at the drgtade 12, and find that they have

made wrong learning area combinations.

Learner performance, as reflected in table 4.2 apskows that those who seem to
be less in need of Life Science for future caréss put less effort into passing that
paper. Although this finding cannot be generaliséds important to use this
information to inform learners about the importanteareer choices and the need
to take Life Sciences seriously. Furthermore, thigext addresses issues that affect

all living organisms irrespective of future liferears.

DISCUSSION
Although there were no significant differences @arhers’ achievement scores at
95% confidence interval, the graphs show that dshmourban areas performed

better than those in rural areas. Most of the Sshao rural areas have no

electricity, laboratories and libraries. All of #e missing needs contribute to the
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learners’ performance. Schools without librarieprde learners of the opportunity
to improve their English, which is the medium oétmiction. A general comment
can be made that pupils fail not because they dé&mmw the facts but because they
fail to express themselves in English. A factort tlesmds to complicate learning in
Life Science is the shortage of biological termgha learners’ mother tongue in
contrast to the oversupply of demanding terminolthgyt he/she encounters (and is
expected to master!) in the medium of instructioaamely English. Photosynthesis
is a practical topic; it is very hard to learn itthhout experimental work. Rural
schools without laboratories really deprive leasnaf hands-on experience.
Electricity also necessary in order to utilize thiele range of audiovisual aids that

is available to demonstrate experiments that gsplementary to laboratory work.

CONCLUSION

The statistics show that learners from rural araas poor performers due to a
number of reasons. Some learners lack the necessaport from parents who

work in urban areas due to economic factors. Sofmé@eolearners in deep rural
areas take care of themselves with no figure ohaityy to establish disciplined

homesteads. The homesteads may not have a ratibewvision to assist them to
know what is happening in the world around themarbers from semi-rural areas
outperform those in rural areas; this may be duehw fact that their socio-

economic status is somewhat better than that af tbenterparts in the rural areas.
Semi-rural areas do have electricity and some pau@specially those who are not
migrant labourers) own their homes and are theszedibte to provide the learners in
their families with the necessary support. Schaolsrban areas outperform those
in other areas. This is so because learners fresetechools mostly live with their

parents and also get the necessary support fram the
Parents in urban areas are, in most cases, edumadeable to assist the learners in

some of the learning areas. The learners may a&lsodiivated by the surroundings,

including the universities and technical colledest tare nearby. Better performance
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at school also relies upon parent support and aehibiait is conducive to study —
including factors such as adequate light to st&&yents from urban areas also tend
to hold better paying jobs, which means that thayehenough money to rescue
their children. They are able to pay for their ista¢ry and can afford to expose
them to excursions, recreational facilities andeo#mriching experiences. They are
also able to support their children academicallyekyosing them to public libraries

and by buying them educational videos and payingtra classes.
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CHAPTER FIVE

5.0 SUMMARY, RECOMMENDATIONS AND CONCLUSION

5.1 INTRODUCTION

This chapter presents a brief summary of the tesiiithe study and implications of
the research. The chapter also highlights crucemdirigs from the study, which
could assist education practitioners, particulanyrural areas, to improve their
practice. Misconceptions about photosynthesis baes underscoreahd the study
confirmsthat these exist across all communities of differanes and cultures. The
study also confirms that photosynthesis continwe$d a challenge to students
because it is such an abstract concept. The literaeview suggests ways that can
be used to try to demystify photosynthesis and B&ldents to master applicable

concepts, practical work and technical vocabulary.

5.2 RESEARCH FINDINGS

5.2.1Availability of Teaching/Learning Facilities and Resources

With reference to the first aim of the study, n§me investigate to what extent the
availability of facilities and resources affect rears’ performance in

photosynthesis, the following results emerged:

* The schools that did not have facilities such asdatories, libraries and teaching
aids such as television showed very poor performawbich implies that teaching
and learning of photosynthesis is more effectivéhé school is resourced. The
schools need to do all in their means to obtairh $acilities because photosynthesis
is a practical topic. It must have been very difficfor learners to respond to
practical questions in photosynthesis when they feder done practical work in

this field before. Hands-on learning has alwaysnbeeommended as the kind of
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learning that can produce permanent results, beci@asners tend to learn better
when they are involved. Other resources such aarigs help learners to find a
variety of books, some of which explain things iway that is more accessible than

others.

The government has been making promises to impolveols so that there is equal
opportunity to learn effectively instead of thisesengly being a right that is
restricted to learners in well-resourced urban stshdda UNESCO (2007) poses the
question whether we will reach the goal of educafmr all by 2015. There is no
doubt that everything possible must be done toizealis goal because the
inadequacy of physical and material resources als has an adverse effect on
learner achievement in especially the developinghtees. This need can also be
extended to instructional materials. The UNESCOlipation (2007) furthermore
states that international and regional assessmesisal a pervasive low
achievement. The result is that key conclusionsnfiaternational and regional
student assessments point to low learning outcamesuch of the world. The
present research, as crystallized in this dissentaserves to highlight the current
position of this country and some of the steps shauld be taken to ensure that our

learners learn effectively by addressing shortcgsiin our education system.

5.2.2 Learners’ Background and its Effect on Educabn

Regarding aim 2, namely to investigate to whaeeixtearners’ background affect
their performance, the following seemed to confirthat disadvantaged
communities are not only economically disadvantalgedthat such disadvantage

also impacts negatively on learning.

It was evident from the results that learners framderdeveloped backgrounds and
who do not get support and encouragement from theients are not likely to do
well. Such learners are disadvantaged in so faxpssure to all the modern day

facilities which enhance learning is concerned. Tdesners from rural areas did
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very badly compared to those from semi-rural arithorareas. They seemed less
knowledgeable in a number of areas that their pes@saged to master. Some
children in urban areas have access to computdchweipose them to the internet
and a whole world of knowledge. They can accessipWdia and enrich their
minds with well researched definitions. Accesshis kind of information helps the
learner not only to improve his/her content knowkedut also to improve language

skills. The more one reads the more one mastelsiigeiage.

There is a need for government to deliver on betwwices for impoverished
schools in rural areas. A comment by the well-knaaesademic, Prof Jansen, as
published in the&Sunday Tribunef the 4" of January 2009 under the heading “Old
school: new system produces same results” is stiaggin this regard. Prof Jansen
states that matriculation results mirrors the neanemics of the country, showing
that the middle-class White and Black learnersdigtably, perform better than the

rural and urban poor.
5.2.3 Gender Issues in Education

In this study the girls achieved much higher scaresome of the questions than the
boys. The South African government has been coerderabout the poor
achievement of girls in science and a clear divediias been given to educators to
ensure that girls are encouraged to do scienceeTtas been emphasis on equality
and equal opportunity to study and to pass scieMbé&s message seems to be
working. In a paper presented at the Internatiddejanization of Science and
Technology Education (IOSTE) entitled "Learning Bigy in Student-Relevant
Contexts,” Elster and Bayouber contend that mangesits find school science
boring and irrelevant to their lives. However, st study it was also found that
girls respond positively to biology. Boys in powestricken rural areas find
themselves more vulnerable than girls to engagmgstiong drink, drugs and

general lawlessness.
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The results of the study were, however, consistatiit what Imenda (1989) found
in a research project that explored gender diffiegenin science achievement
amongst Swazi Primary Teacher Trainees. This ststpwed statistically

significant differences in favour of females witkegard to scores in Biology

guestions.

5.2.4 English as a Medium of Instruction to Secondlanguage Speakers

Looking at the learners’ responses, it was evitleait language is a barrier to some
students. This is borne out by many examples efewant and incoherent answers,
as well as a collection of English words that dad make sense in the context in
which they were used. Poor ability in language asalgo means that, even if the
learner knows the answer, it will still be diffitudlor him/her to express it in a
second language such as English. Answering quastaorpractical work requires
learners to be able to express themselves in @odezflect accurate and precise
observations and conclusions. Some learners awlycldisadvantaged in this
regard because it demands following of discussitichvis not in their mother
tongue. There is an ongoing and long-standing @ebladut teaching learners in a

foreign language.

Unfortunately there is no consensus about whatldho&t done and the learners
continue to be failed by the system. Problems iop#dg ethnic languages as the
medium of instruction include a lack of approprigggminology for scientific
words, a lack of textbooks in ethnic languages amack of motivation and will in
the government to address the issue. Parents alsbtassee their children learning
in the language of business, in spite of the lagguaeing a barrier to successful

learning and mastery of concepts.
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5.25 The extent to which the career interest of th learners affect their

performance

« The learners’ choice of careers in the contexheirtperformance levels reveals
that learners whose future careers do not reqireldgy performed below the
level of those who stated that their career chaieesanded Biology as a school
subject. Learners who chose careers like nursingdical doctor, dentist,
dietitians, veterinary did well because 90% of threoared above 45% which is
acceptable. One can conclude that the learnerssetied better grades were
motivated by their desire to enter careers focusingbiology, among other
incentives. This tells us that a choice of caremtyein life may be a strong

motivation to do well in relevant subjects.

5.2.6 Action plan for the identified problems

 Recommendation for aim No Educators need to explore all avenues to find
possible ways of obtaining the facilities that arecessary to make their
teaching and learning effective. For example, ditlilepartments cannot afford
to provide the necessary buildings and facilitiaeyt must write letters of

motivation to major sponsor companies in an etioraise the necessary funds.

« Recommendation for aim No Bducators need to motivate parents because the
fact that their children have managed to reachgtiagle 12 level implies that
they are deserving of every effort to help themcsed in completing the final
grade in school. This may mean that parents haweale even more sacrifices
in order to assist their children. Learners musb aleek donations, no matter
how small. Learners furthermore need to be creatia find ways to improve
their school. Biology students, for instance, costidrt vegetable gardens, not
only in order to “green” their schools, but alsoet@rn the necessary income to
buy basic amenities for their schools. Middle clagban schools, where

facilities are good, always seem to be raising $umdorder to buy the extra
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equipment and paraphernalia that their budgetsataamcommodate. Schools
in rural areas should try to do the same.

Recommendations for aim No@Girls need to have a girls’ corner at school for
the purpose of arranging occasions where they tdanlto motivational
speakers, including educators and/or prominentdigdrom outside the school.
They need to be taken care of because in thetiagethips they tend to end up
being victims in circumstances that have a dishgbinfluence on their
performance. Educators must not focus on acaderaitera only but also on
social aspects that promote good performance $0 esap good results from
both boys and girls.

Recommendation for aim No W learners can be forced to speak English all of
the time at school, they can improve their proficie in the English language
considerably. This could possibly be achieved thhopositive motivation and
reward, while a negative response could be disgaearaby a form of
punishment, such as detention. It is well knownt tearners from schools
where the speaking of English during the school idagnforced become more

proficient in the language.

Recommendation for aim No Bearners need career advisors to tell them more
about the importance of passing all the subjectassto have a wide scope of
choices and they also they need knowledge about howachieve the higher
marks demanded for entrance to universities. Edusateed to arrange for
appropriate counselors to assist learners, as atetvlearners who succeed in
passing their grades are also in the best intedsthe educators. Dlamini
(2002) states that many young people, unless gurdedwell, do not realize
the need for a strong early education in mathemsagicience and Life Sciences
in order to prepare for a career in science. Givenfreedom to choose their
curriculum, most Black learners tend to avoid thfficult” subjects and
choose easy subjects that do not demand much absgtiaking — thereby
denying them access to science and technology.
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5.3

Many students at the University of Zululand opteach Life Orientation and
Languages because of earlier poor choices of sgbj8ach teachers often end

up not being in demand for employment.

THE VALUE OF RESEARCH

It is hoped that this study will not only benefite researcher in (terms of
providing the necessary material for a Masters ediafon) but also the
participating schools and biology teaching as aleth®he schools stand to
benefit from the research in that it reveals sorhéhe areas in which the
learners are weak and such insight can assist thesieciding what kind of
revision is desirable. The researcher endeavoredstist the learners by
arranging a practical session at the universitgraoter to expose the learners to
practical work in photosynthesis. It is hoped timibrmation gained from the
students’ performance will also be helpful in deteing when or at what grade
the topic photosynthesis should be introduced éldélarners. It might help to
start the topic at grade 11 in order to give tleeriers a more time to master the
abstract concepts. The shortcomings of each scheibh regard to
photosynthesis were discussed with the schoolsetnad. It is hoped that

information gained in these discussions will hélenh to improve their results.
The researcher benefited from the study in theviohg ways:

The practical process combined with in-depth reg@ind careful thought that
culminated in the compilation of a Masters dissemtataught the researcher a

great deal about the various stages of researchthengbys of postgraduate

study.
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5.4

The researcher attended a local conference adabyg the National Research
Forum for Postgraduate Students in KwaZulu-Natad gmesented a poster
entitled: Conceptual understanding of photosynthéidie conference was in held
in the Pinedene Hotel in Pinetown from thd"1d the 18' July, 2008.

The researcher plans to publish a paper in a SAB&&gnized journal, and
future benefits may emerge from this initiative.isThmay include efforts
towards improvement of the way in which biology,daphotosynthesis in
particular, is taught.

CONCLUSION

It is generally recognized that an environment e to study is required for
effective performance of academic work of any ratdrhis is also true for
learners in the field of science and, in this cgémtosynthesis. An appropriate
leaning environment and adequate teaching resoigag<rucial importance if
success is to be achieved. According to the firgloighis study, there are three
factors that appear to have a negative impact dactefe learning in
impoverished rural areas. These are a lack of ilegrtools, poor mastery of
language of instruction and parents who are nat &blhelp their children to
aspire to greater achievement.

Educators need to make sure that they do not foonuscademic content only
but also cater for the holistic development of thearners. They should teach
them values by motivating them to work hard in ortdeachieve their goals and
by helping them to get information on possible essethat are available to
them. Educators must have full knowledge of thearhers so that they can
detect the kind of problems that are discussedhigdtudy, because there are
solutions. The conclusions of this study are sujggbby a UNESCO (2007)
entitled “Education for all by 2015: Will we make&’i The paper states that the

inadequacy of physical and material resourceshoas adversely affects pupil
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achievement in many developing countries. Inadegaadnclude poor
instructional materials and poor infrastructure.yAgovernment seeking to
improve results in teaching and learning needsrioripze the provision of
environments that are conducive to learning — fbrtlee learners, including

those in rural areas.
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APPENDIX A

THE DIAGNOSTIC TEST ON PHOTOSYNTHESIS

INSTRUCTIONS: ANSWER ALL QUESTIONS

Please complete the following

GENDER

Female

Male

AGE

Under 16 years

16 years

17 years

18 years

19 years

Above 19 years

My Career interests are: -------------m-mmmmmmmm oo
The name of my school is: mem e
My first/ home language is: --------=-==-==-mmmmmm oo
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QUESTION 1

TERMINOLOGIES
Give the correct biological term for each of thiédwing

1. The gas evolve and given off as a by-produahdiyphotosynthesis

2. A substance released during the light phasemmdombines with carbon
dioxide during the dark phase of photosynthesis.

3. The exact location, within chloroplast, in whight phase of photosynthesis
occurs

4. The exact location, within the chloroplastwihich the dark phase occurs.

5. Organic molecules, which control the dark phafsghotosynthesis.

6. As energy-rich carbohydrate that is formedmyphotosynthesis.

7. Elongated chlorophyll-continuing cells arrangedight angles to the upper
epidermis of some leaves. i

8. The main photosynthetic tissue in an angiosgeahn
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QUESTION 2

Question 1 to 7 refers to the procedure followeenvtesting for the presence of starch
in a leaf. Study the diagrams and answer the quresti

1. During which process is starch formed in a leaf?

2. What is the main of doing stage A?

3. Which energy transformation is going to takeelduring stage B?

(2)
4. Supply suitable labels for parts X, Y, and Z.
3)
5. StateONE safety measures that should be taken during flage
(2)
6. What is being done at stage
D?
Explainwhy?
3)
7. What is the expected colour change at F? (2)
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QUESTION 3

The questions below are based on the followingsinyation that was left in sunlight
for two days. Answer questions based on it.

| grern of green olant

I =

airtight sea!

S
= !
sodium 1 \ Rl

bicarbonate ‘

—

var |Ugﬂ1eﬂ laaf

Lwnnle edge of leaf
)
gresn ceniral area
“ |

1. What is the aim of the above investigation? (2)

2. The plant was destarched for 24 hours bdfeneg placed in sunlight. What
does destarching mean?

3. What is meant by a “variegated” leaf?

4. What is the function of each of the solutiamgabove investigation?

(i) Sodium bicarbonate?
(i) Sodium hydroxide?

5. Leaf discs W, X, Y and Z from both flasks wegeted for starch. What result is
expected in each of the following leaf discs:
(i) X?
(i) Y? (4)
(13)
[35]
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QUESTION 4

sbver nzbinsg

The apparatus shown above is used for measurengate of photosynthesis of
water plants. Gas produced during photosynthesisllsected and measured in
the capillary tube the rate of gas production bengportional to the rate of
photosynthesis.

Circle the correct alphabet

1. The function of the water bath is to:

(@)
(b)
(c)
(d)
(€)

2.

(@)
(b)
()
(d)
()

focus light on the plant

prevent dehydration of the plant
provide water for photosynthesis
provide the plant with mineral salts
minimize fluctuations in temperature

Why is diluted sodium bicarbonate solution usethis experiment rather than
tap water?

tap water is too alkaline

tap water often contains bacteria

tap water may contains pollutants

the bicarbonate solution is clear than tapewat

the bicarbonate solution provides optionaboardioxide



3. Compare with atmosphere air, the gas colleictétae capillary tube would be
richer in:

(@) oxygen

(b) nitrogen

(c) carbon dioxide

(d) ammonia

4. In which part of the photosynthesizing cellsha plant is the gas produced?

@) nucleus

(b) vacuole

(c) chloroplast

(d) mitochondrion

(e) golgi apparatus

QUESTION 5

When a piece of water plant/ pond weed (Elode@)dsed in a solution near a bright
light it gives off bubbles of gas shown below.

An investigation was carried out to measure the od bubbling with the lamp at
different distances from the plant as seen in &gubelow. The results obtained are
shown in the graph in figure2 below.

i
0
251
Hubbes 20
Pt e 1%
i0
5

o L R R S '

0 12d =Dg 260 GO &40

Mevance Getween [2mo sng e (mes)

Hngru v *
Figure | Figare 2
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1. Which one of the following statements best dbssrthe aim of this investigation?
Write only the letter only the letter of your chesc

@) To determine whether light is essential fortpegnthesis.
(b) To determine whether water plants respire.
(c) To determine the effect of different light entities on the rate of

photosynthesis.
(d) To see the effect of different wavelengthégiit on the rate of respiration

(2)

2. What was the rate of bubbling when the lamp ¥83mm from the plant
(2)
3. How far was the lamp when the rate of bubblirrg 5 bubbles per minutes?
(2)
4. What happened to the rate of bubbling wherdahg was moved from 280mm
to 200m? (2)
5. Name the gas that is in the bubbles. (2)
[9]
QUESTION 6

PLOTTING OF GRAPH

The results below show the effect of light inteywsin the rate of photosynthesis in a
plant when placed, in turn, in two concentratiohsarbon dioxide.

Light intensity Rate of photosynthesis in 0.03%| Rate of photosynthesis in 0.13% C@
CO,
1 0.€ 1.t
2 15 2.3
3 2.0 3.1
4 2.3 3.9
5 2.4 4.3
6 2.4 4.3
7 2.4 4.3
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Plot curve on graph paper to show these resulibel the axes. On the
horizontal axis use a scale of 10 units= 1 arbyjtranit (light intensity). On the
vertical axis use a scale of 10 units=1 arbitrary (rate of photosynthesis).

Describe two conclusions that can be made fragraph

Suggest reasons why the rate of photosynthesidd drop if the carbon
dioxide level is raised to 4%
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MEMORANDUM
QUESTION 1

. Oxygen

. Hydrogen atoms

. Grana

. Stroma

. Glucose / starch

. Palisade mesophyll
. Mesophyl

~NoO ok, WNBE

QUESTION 2

. Photosynthesis
. To destarch the plant
. Radient / light energy converted to chemicaeptal energy
. X- ethanol /alcohol

Y- hot water

Z- iodine solution

. Put out flame of burner/ heat alcohol indirectly
. Raising leaf /to soften it
. Blue-black / black / purple black

A OWONPRE

~N O O1

QUESTION 3

1. To investigate whether chlorophyll is required photosynthesis and to investigate
whether ceis required for photosynthesis.

2. To remove the starch that was previously stordde leaf

3. A leaf having a green portion (which containochphyll) and a white or other colour
portion (does not contain chlorophyll)

4. 1) releases conto the flask
i) absorb the carbon dioxide in the flask

5. 1) X- leaf disc turns blue-black indicating theesence of starch
i) Y-leaf disc remain brown indicating that starch is present
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QUESTION 4

1.E

2.E

3.A

4.C

QUESTION 5

1.C

2. 11-13 bubbles per minute

3. 280-290 mm

4. The number of bubbles increased

5. Oxygen/ @

QUESTION 6

1.

H ey
in0,13% CO’E
K%
E;. b in 0,03 % C0;

g @

D C

T8 1}

] t 2 3 4 =] s T
Light intensity

2. - The rate of photosynthesis is higher ap C@hcentration of 0,13 % than 0,3%

- For both concentrations, the rate of photosysithiecreases up to a light
intensity of 5 and thereafter levels off.

3. - High concentration of GOn cells will increase acidity and lower the PH
-enzymes of the dark phase of photosynthesis desthtiue to changes in PH
-Therefore rate of reaction decrease and theofgibotosynthesis will drop
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APPENDIX B

P O Box 7064
Empangeni Rail
3910

12 June 2006

The District Managers
Mthunzini Circuit Office
ESIKHAWINI

3887

Research Project School Based

| hereby request your office to grant me permisseoconduct research in six schools .of
Mthunzini District. The topic is Conceptual undarading of photosynthesis. The
instrument or questionnaire will be a formal teshducted under formal examination

conditions.

Yours Faithfully

Mrs NV Mhlamvu
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APPENDIX C

P O Box 7064
Empangeni Rail
3910

27 June 2006

The Principal

Sir/ Madam

Research Project -School Based

| hereby request your school to grant me permistsiaronduct research among the grade
12 learners. The topic is Conceptual understandinghotosynthesis. The instrument or
guestionnaire will be a formal test on photosynthedny information given will be
strictly confidential and no identification of aespfic school or name of the teacher will

be given when the report is completed.

Written permission to conduct this study has bd#aioed from the district office. Thank

you.

Yours Faithfully

Mrs N.V.Mhlamwvu
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