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ABSTRACT

The study investigated the amount of chemical kedgé students hold in their memory
for understanding photosynthesis and respiratioro fiundred and three (203) students made up
of 107 SS2 (mean age 15.8 years) and 96 US2 stu@faptin age 17.5 years) participated in the
study. Three main instruments, namely, Photosyighes Respiration test (P-RT),
Photosynthesis-Respiration Chemical Reaction TRRCRT) and PLDRT-essay test on light
and dark reactions of photosynthesis and fatewdfagle in animal and plant systems, were used
in the study. Overall findings of the study revekitlat the students’ answers contained deficient
chemistry content of photosynthetic and respirat@gctions. Students’ answers also lacked
integration. Although there was no significant eiffnce between the mean scores of University
Students (US2) and that of the secondary stud&88)(in both photosynthesis and respiration,
higher percentage (over 8%) of the answers of usityestudents contained relevant chemical
information than those of the secondary stud¢At:CE 4(4), July 2014]
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INTRODUCTION

An important purpose of education is for studentdetarn how to use the information
they acquire to interpret events and experienddsad been noted [1] that a valid measure of
understanding of a concept involves eliciting thl $et of elements the person has in memory
about it.

Good science teachers ensure their students’ rgasterscientific concepts. The
usefulness of such mastery of concepts is in igicgiion in scientific explanations. In broad
fields curriculum design such as in biochemistiyernical concepts, principles, theories and
laws are used in explaining issues associated buitlogical phenomenon. Biology deals with
related matters of plants and animals. What anetpland animals? They are packs of chemical
substances arising from deoxyribonucleic acid (DN#&) important component of the gene
responsible for hereditary.

In this sense, we can see the link between biokoglychemistry. Well drawn up science
curriculum where biology is properly married to ofistry will help students to understand such
biological concepts like photosynthesis and resipma After all chemical processes are the
bases for gaining knowledge into what happens aiggynthesis and respiration.

Photosynthesis is a process that takes place angrarts of the plant whereby carbon
dioxide (CQ) gas reacts with water ¢B) in the presence of chlorophyll, enzymes andrsola
energy to produce carbohydrate and oxyges).(This process is generally represented by the
equation;

light energy

6C0O(g) + 6HO(g) enzyme. ch.!'m'oph_&.!' GH1206(s) + 6Q(g) + Energy

This process is an important life process wheralay ruch carbon dioxide in our

environment is absorbed and utilized by plants ti@dmuch needed oxygen by living things,
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including humans and animals, is produced and adloe¢de environment. The reverse of the

photosynthetic reaction is respiration, thus,

mitochondria

C6H1206(S) + 60+ E in cells tissues

6CQ(9) + 6HO(g)

Respiration is an oxidative reaction that proviéesrgy required to do work in plants
and animals. Students’ understanding of the twagsses — photosynthesis and respiration -is
very important in their knowledge of the major loigical processes, although students cannot
differentiate between photosynthesis and respmatj@]. Students, perhaps reason that
photosynthesis is the plant’s equivalent of resigina Behind the thorough understanding of the
biological processes is the chemical process. kKamele, mere knowledge and recalling of the
general equation of photosynthesis does not télltret happens during photosynthesis.
According to information in biology and biochemystextbook [cf: 3], two main reactions are
described in photosynthesis. These are the darklight reactions which involve chemical
processes. According to Roberts [4]:

the light stage involves the photochemical sptittof water. ... But the light

stage involves more than just the splitting of wate has been shown that

isolated chloroplasts, as well as splitting watetoi hydrogen and oxygen, are

capable of producing ATP... The light stage is tleeeftwo fold (1) by the

photochemical splitting of water it provides hydeogatoms for the reduction

of carbon dioxide; and (2) by producing ATP it puods a source of chemical

energy for the synthesis of carbohydrates... Esdbntithe dark reactions

involve the reduction of carbon dioxide to form lwaydrate. This is an

endergonic process requiring energy. The energupplied by the splitting of

the ATP formed in the light stage. The hydrogen réucing the carbon

dioxide is provided by the reduced NADP, also fatinethe light stage.

Major questions students need to answer are:

1. What is the source of carbon dioxide?

2. What is the source of water?
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3. What is the source of the light energy?

4. What is the source of the chlorophyll?

5. What are the sources of the enzymes?

6. What is the role of carbon dioxide?

7. What is the role of water molecule? And

8. What is the fate of glucose (carbohydrate) produliethg photosynthesis?

These and more questions should form the basaedohing/learning photosynthesis and
respiration in the schools. These are also req@nesnfor preparation of students for Senior
School Certificate Examination (SSCE) and Natidiemination Council (NECO) as observed
in their syllabuses [cf: 5 and 6].

Dienier [7] has argued that science students aramiliar with plants and questioned
their (students’) familiarly with photosynthesisdathe chemistry that plants routinely perform.
On the basis of this doubt, it becomes necessafindbanswers to the following questions,
namely,

1. What chemical knowledge do the students hold apbatosynthesis and respiration?

2. Is there any relationship between knowledge held Hye students in
photosynthesis/respiration and related knowledg#émical reactions?

3. How is grade level related to the performance @& $tudents in photosynthesis and

respiration?

METHODOLOGY
The research is of the descriptive type. Year Adeecondary Students (SS2) and year

2 science University Students (US2) in Port Hartauetropolis of Rivers State, Nigeria
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constituted the population of study. The sample made up of 107 SS2 (age range 15-17, mean
age: 15.8 years) and 96 US2 students (age randd , lifrean age 17.5 years). These were
students who were studying subjects or relatedsesun biology, chemistry, and physics in their
schools. They (students) indicated interest toi@pdte in the study and obtained 50% and
above in the achievement test in photosynthesisesmration.

The choice of SS2 and US2 in the study was delibe&52 students were not preparing
for any national or final examinations. They weeadily available. US2 students were chosen
for the purpose of comparison and considered tee revanced knowledge in the concepts
investigated.

Three main data collecting instruments were usedthia study. They are: a)
Photosynthesis - Respiration Test (P- RT), b) Rtthesis — Respiration chemical Reaction
Test (P — RCRT) and c) Essay Test on Light and Deaktions of photosynthesis and fate of
glucose in animal and plant systems (PLDRT). P -WR$§ made up of sixty items of 30 items
photosynthesis and 30 items respiration proceg&sesh item carries a stem which is a statement
or a question requiring an answer. Four optionevpeesented to the student in which one of the
options represents the correct answer. Samplekeotast items in P-RT are shown in fig.1

below:

1. In photosynthesis, one of these is given off asaatevproduct. Which one? (a) Oxyger
(b) Glucose (c) Carbon dioxide (d) Sunlight.

2. Both respiration and Photosynthesis require __a) S(@nlight (b) Organic substrate (c)
Cytochromes (d) Green cells

Fig.1: Sample test items in P — RT
(Ans: 1. A 2.C)
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P — RT was drawn from past question papers fromoi@ry School Certificate
Examination (SSCE) and Joint Admissions and Malaieon Board Examination (JAMB).
These were given to a ten-years experienced bioteggher to determine face and content
validity. The teacher confirmed that the test itemese within the reach of the students.

P—RT was then administered to 50 SS1 studentsah@ol in another Local Government
Area of the state. Item analyses were carried duclwrevealed a mean facility value of 61%
and mean discrimination index 0.38 for the teshgeA reliability coefficient (r) computed was
0.69 using Pearson’s Product Moment Correlationfii@eent formula on two sets of scores
obtained after two administrations on the testhenstudents spaced by three weeks.

P — RCRT was a twenty item Multiple Choice Objegesitest. The test items were purely
on those chemical reactions that occur during @yotihesis and respiration. Each item is made
up of a stem and four options in which an optiopresents the correct answer. The test items
were presented to a chemistry teacher of ten yeausrience. The teacher indicated that the test
items were within the reach of the students. Tis veas then administered to the 50 SS1
students in a school in another Local GovernmerdaAof Rivers State. Item analyses were
carried out which showed a mean facility value 8¥band mean discrimination index of 0.31.
Reliability coefficient (r) on two sets of the sesrobtained after two administrations spanned by

two weeks was 0.71 Samples of the test items IrRERT are shown in fig.2 below:
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1. Chemical reaction of photosynthesis occurs in twases called....................... (a
Photolysis and chlorophyll (b) chloroplast andbecar fixation (c) Photolysis and carbop
fixation (d) carbon dioxide and photolysis

2. Which of the following is correct of photosynthesguation?

(@) 6CQ)+12H,0(; )+light energy—> #1106 + 6Q:+H0(g)

(b) 6CQ+CeH10%+light energy —» HO+ GsH1206+2H,0

(c) 6CO+ CGsH10+light energy —» eH1206+60,+6H,0

(d) 6CQ+12H,0+light energy —» HO+CsH1,05+2H,0
3. In the light reaction, light energy combines withter to form...?

(@) ATP + NADPHH"+0,

(b) ADP + NADPH+H+Q

(c) ATP + NAD;+ 0,

(d ADP + NADPH+H + 0,

Fig. 2: Sample Test items in P — RCRT

(Ans: 1.C 2. A 3.A)

PLDRT is an essay test that required the studenterite all they knew about (i) light
reaction, (ii) dark reaction in photosynthesis dnil fate of glucose in animals and plants.
Students used for the study were from intact ckags@ demonstration secondary school and a
state-owned university. Researchers administeredhgtruments to the University students in a
hall in the University while that of the secondaghools was in their school. Permission was
sought from the authorities of the schools to adten the instruments. Six secondary school
teachers and two University lecturers assistedliniaistering the tests.

P — RT was administered first to students numbé@d to 399 (which served as
identification numbers). Students brought penciisl @rasers only and were given a special
Multiple Choice Objective answer sheets carrying littters A-D and requiring the students to
shade completely the letters that represented Hreswers to the questions. It took the last
student 50 minutes to complete the 60 items. Ohlglents who obtained 50% and above were

invited the next day to participate in the study.
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P — RCRT was the second test administered. Theaaethd order followed in the
administration of P — RT was maintained. It took tast student 20 minutes to complete the 20
items.

PLDRT was the third and last test given to the etficafter 10 minutes of break. A
student was given three sheets of paper to cleaitg his/her number, date of birth and grade
level on each sheet. They were requested to wrtearh sheet all they know about light
reaction, dark reaction of photosynthesis and tcidee the fate of glucose in either plant or

animal system. Students were not timed.

Inter-scorer’s Reliability of the Scoring of the Esay Tests

Two graduate assistants (GAs) independently sctoredanswers of the students to the
essay portions of the instruments used for theystlide two GAs discussed with the researchers
the scoring format of the answers. Answers relevanthe chemistry of photosynthesis and
respiration were scored one point. Irrelevant amswere not scored. The scorers were advised
not to directly score on the students’ scripts loat provided sheets of paper with the
identification numbers of the participants.

One GA completed scoring first and handed ovep&itd the other. This was to ensure
that scoring did not take place at the same tinté wie two GAs. Number of scripts that the
scorings tallied (agreed) and the total numbercapts was used to compute the reliability co-

efficient of the scorings. Thus:

(Number of tallied scorings) . 100

Reliability coefficient = Total number of scripts 1 o
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This gave an inter-scorer reliability of the studémessay answers to photosynthesis and

respiration of 89% (0.89). Based on this coeffiti¢he researchers considered the scores of the

students on photosynthesis and respiration relif@olthe study.

ANALYSES OF DATA

Data were analyzed according to the research quessti

Students’ chemical knowledge in photosynthesis

Students’ answers in light and dark reactions aftpéynthesis were analyzed according

to the relevance of the chemical knowledge contetated to photosynthesis. Identified

chemical knowledge information in a students’ dcryas scored one (1) point. Irrelevant

information was not scored. Table 1 is a display®@fcentage of Senior Secondary two (SS2)

students and year 2 University Students (US2) scaceording to chemical knowledge content

of their answers.

Table 1: SS2 and US2 Chemical Knowledge Contdrght and Dark Photosynthetic Reactions

SS2 us?2
Objectives (n = 107) (n = 96)
4] % ) %
(i) Ability to explain photolysis of water molecules &M . 4H" + 40H (15) 14.0 (26) 27.1
(i) Ability to describe further reaction of the OH- cpament, thus 40H| (11) 10.3 (19) 19.8
- 2H,0+ O
(iii) Ability to explain the reduction of COby H+ component: CO+ | (04) 3.7 (26) 27.1
4H" - CH,0 + H,0
(iv) Writing down the overall reaction of photosynthesis (05) 4.7 (18) 18.8
2H20 + CQ b..b.d_l .I.-...E_.. =3 CHZO + |_|20 + Q
chlorophyll
Or
e (13) 121 (23) 240
6H20 + GCQ ERErGY.ENININES Celeoe + 6(32
chlorophwil

(f = frequency)
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It was observed in Table 1 that in all of the amsw students examined less than 28%
of them contained relevant chemical informationated to photosynthesis. More of the
university students (over 18%) than the year 2®esécondary students had photosynthesis
chemical knowledge in their answers. SS2 and U8&esitts’ mean scores in photosynthetic

reactions were compared and t-test carried outr@sdt is shown in table 2.

Table 2: t-test between mean scor$ 6f SS2 and US2 in photosynthetic reactions

Group N }—< Sd df t-value
SS2 107 25.9 2,71

201 -1.05
us2 96 26.3 2.72

It was found in Table 2 that “there is no significaifference between the mean score of
the year 2 senior secondary students and thataof2/@niversity students in the photosynthetic
reactions.

A correlation between the scores of the studentBeressay test and the photosynthesis
chemical knowledge test gave r=0.89 for SS2 stglern0.90 for US2 students. This was used
to corroborate the scoring of the light and dadct®mns with the students’ chemical knowledge

as assessed with the achievement test.

Students’ chemical knowledge in respiration

Students’ answers in respiration were analyzedrdoupto the relevance of the chemical
knowledge content related to fate of glucose imigland animal systems. Identified chemical
knowledge recall in a student’s answer was sconed(b0) point. Irrelevant information was not
scored. Table 3 shows the percentage of SS2 stident US2 students scored according to

chemical knowledge content of their answers.
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Table 3: SS2 and US2 chemical knowledge conteespiratory processes

SS2 uUs2
n = 107 n = 96
Objectives ( ) ( )
® % M %
(i) Ability to describe the enzymatic breakdown of edrpdrates tg
simple sugar e.g. glucose
CarbohydratMQMose (6) 56 (9) 9.4
Cx (HO)y  GH1.06
(i) Ability to trace the pathway of glucose to the tiss and cell'y (15) 14.1 (40) 41.7
mitochondria
(iif) Ability to describe glycolysis in the cells (simpléescription),
incomplete oxidation of glucose to pyruvic acid
GlucoseiﬁPyruvic acid
CeHi0s —=—> C;H,0; + ATP (4) 3.7 9 94
(iv) Ability to explain complete oxidation of the pyravacid to CQ and
H,O called krebs cycle
C3H4O3 + 02 BRER e E E + HZO
(1) 0.9 (11) 114
(v) Ability to write such related equations as
O ATP + HO —""=_%DP + HPO, + energy - - (8) 8.3
2) 1.9 (13) 135
O GCeHiOs _2GHCH,OH +2CQ + energy
0 CeHi0s  —2GHCH (OH) COOH + energy 1) 0.9 (13) 135
0 CeHi,0s+60, 5252 _§CQ, + 6H,0 + energy
(31) 28.9 (52) 54.2

(f=frequency)

It was observed in Table 3 that less than 55% e@fthdents’ answers contained relevant
chemical knowledge information. More universitydguats (41.7%) than the secondary students
(14.1%) were able to trace the pathway of glucosthe tissues and cell’s mitochondria. More
university students (28.9%) were able to write twerall oxidative reaction of the glucose
molecule.

SS2 and US2 students mean scores in the respinatocgsses were compared and t-

value computed. The result of the computation @wshon table 4.
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Table 4: t-test between Mean scorg 6f SS2 and US2 in respiratory process

Group N }—< Sd df t-value
SS2 107 27.1 2.59

201 1.13
us2 96 23.1 2.69

It was found in Table 4 that there is no significdifference between the mean score of
the year 2 Senior Secondary students and that af ZdJniversity students in the respiratory
processes.

A correlation between the scores of the studentherate of glucose in plant and animal
systems and that of their chemical knowledge ga@7d for SS2 students, r=0.68 for US2
students. This was used to corroborate the scarirtje fate of glucose in plant and animal

systems with the achievement test in chemical i@ain the respiratory processes.

DISCUSSION OF FINDINGS
Photosynthesis is one such concept that is stualiedrtually all levels of schooling-

preprimary, primary, secondary and tertiary, esggcivhen plant nutrition is mentioned. One
will therefore expect progressive understanding padormance of students from one level to
another. At the tertiary level, a biological scierstudent who has acquired higher knowledge
than all other levels in chemistry should excehia chemical knowledge of photosynthesis. This
was so expressed in the result of the study (dfielr'd) where the university students had higher
chemical knowledge content in their answers thanstttondary students. Although this was the
observed trend in the study, this was rated pocalse less than 27% of the scripts of the

students contained relevant chemical knowledge.
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What appears to have contributed to this is ateithio textbook factor and the teachers’
presentation of the topic. Biology textbooks at wecondary school level present overall

equation of photosynthesis, namely,

Ensrgy (E}
»

6COyq) + 6HO(g) CeH1206 + Op(q) + ENErgy

chlorophyll/light
glucose

A secondary school student might think that evemgtabout photosynthesis begins and
stops with the overall equation. Teachers at tewell appear to be emphasizing this overall
equation thereby helping in the limitation of thedents’ chemistry of photosynthesis.

White and Gunstone [1] have noted that a concefitastotal set of knowledge that a
person associated with a label. Therefore, undsistg of the concept is a function of the set of
knowledge. They [1] also argued that understandmngroves as the amount of knowledge
increases. But with the university students whoenemsidered to have sufficient knowledge of
photosynthesis as demonstrated by their performantke tests (photosynthesis test and the
chemical knowledge test), why did they not outperfdhe secondary students? The results of
the study clearly showed that there was no sigmtiadifference between their mean scores
(Table 2).

It was observed that the secondary students wemently studying plant nutrition
whereas the university students were studying atberplex concepts or higher concepts that
may be considered as “big ideas” other than photbegis. Would this have been possible
explanation? But the overall scores of the studanthe photosynthetic reactions (light and
dark) and the chemical knowledge test correlatealihe with r being over +0.80. This will
mean that acquiring the chemical knowledge in phatthesis will not depend on the level of

schooling or even age, rather will rest on thelteeg€ presentation. After all, “any subject can be
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taught effectively in some intellectually honestnfioto any child at any stage of development”
[8].

It is believed that students will learn what theg taught by the teacher. For instance, if
the teacher presents the photosynthetic reactigatematically, and ends with the overall
equation, the students will learn knowing fully Welat their knowledge will be tested on what
the teacher has taught.

There are startling evidences that students tendap more attention to trivial
information than the details. In the case of tleésassociated with respiration, students were
interested in the processes and not with the chigmo$ the processes. This is so because the
students chosen for the study obtained 50% andeainothe photosynthesis/respiration test. So
why did they not recall from their memories assterdachemical processes?

For all the chemical knowledge content of the amsved the students, it was observed
that more students (over 24%) were able to notg#tleway of glucose to the tissues and the
cells’ mitochondria (see table 3). Tracing the path did not involve any chemical reaction, so
it was easy for the students to recall.

It was also observed that generally more universitidents were able to recall more
chemical information in respiration than the se@mgdstudents. Perhaps maturity, experience
and advance studies may have been responsibleisoBut it was further noted that “there was
no significant different between the mean scoreghef university students and that of the
secondary students” (see table 4), in the studeet$drmance in respiratory processes.

One other observation in the study was that thexge migh positive correlation between
students’ performance on the essay on the fatbuobge and chemical reactions associated with

respiration. This finding, apart from validatingethwo tests, also revealed the chemistry
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contained in respiration. The overall equation ekpiration which is the reverse for

photosynthesis was easily written by the studefttoagh more university students than the
secondary students did this. Again, maturity, edgmee and advanced foundation of the
university students may have contributed to thise Tniversity students also outperformed the
secondary student in the recall of the chemicaringtion related to glycolysis, aerobic and
anaerobic respiration. Energy generation througimasine triophosphate (ATP) and reduction
were well noted in the higher chemical knowledgmaheof the university students’ answers than

the secondary students.

CONCLUSIONS AND SUGGESTIONS

In conclusion, the study revealed student’s deificyein related chemical knowledge
required to thoroughly understand photosynthesisraapiration processes. They (students) are
also unable to integrate knowledge which is requie show understanding in photosynthesis
and respiration. Sample answers of the studentbiesikich deficiencies and lack of integration
of knowledge.
For the secondary students:

Light reaction: This occurs in the reaction and can not be diseds

Dark reaction: this does not involve light in its reaction ormpeximent.

CO, combines with hydrogen atom to form sugar.
For the university students:

Light reaction: this is the stage that requires light in the reag, at this state,

oxygen is given out as a waste product. This isudsed in phases such as

transfer of energy emersion effect etc.

Dark reaction: At this stage, C®is reduced by combining with atoms of

hydrogen provided by the enzyme NADP to form suffas reaction does not

need light in its reaction. This is also callednigndependent reaction because
it does not involve light action.
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The ordinary level requirement stated that studsehisuld be able to understand the
nature of photosynthesis which is more of grapplingh the light and dark reactions.
Availability is a measure of the ease with whiclowttedge is recalled and it is also a property of
understanding [1]. Most of the students — both sdapy and university - could not recall
relevant knowledge in photosynthesis and respimatibhere is no way the students can
understand the process of photosynthesis and aéspirwithout chemistry of the reactions
because chemical substances/molecules are involveachers should not only explain the
processes but should also teach the students ¢meistiny associated with the processes.

It may also be necessary for a curriculum reforrfotws on this aspect of plant nutrition
especially now that studies are being conductexkéothe possibility of artificial photosynthesis
in the laboratory [9]. The initial problem was dmetnature and distribution of chlorophyll
molecules in precise positions in the chloroplasit -exactly the same angle and orientation in
every chloroplast of the green parts. Without kremgle of chemistry, this will not be
understood. Therefore there is the need to teatests the processes as well as the associated
chemistry.

Textbook writers while trying to simplify the progses of photosynthesis and respiration
should include relevant chemical reactions asusdoin [3] and other advanced textbooks.
Overall chemical equation is not enough. Explamatiof the splitting of water molecule,
reduction of carbon dioxide and formation of carlydrate are needed for photosynthesis while
glycolysis is essential for understanding respiratiAll these demand students’ expansion of
their memory capacity for chemical knowledge. Bidgknowledge gap between chemistry and
biology is important in students’ understanding £dme biological processes such as

photosynthesis and respiration.
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