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ABSTRACT:-This study investigated the effects of guided inquiry instructional and Cooperative instructional
strategies on SS1 students’ academic achievement in conceptual understanding of Photosynthesis in Port
Harcourt Education Zone of Rivers State, Nigeria. 186 students used for the study were obtained by purposive
sampling based on the availability of science laboratory and biology teacher with not less than five years
teaching experience. One class of Senior Secondary One (SS1) students from three Co-educational Senior
Secondary Schools was randomly assigned to experiment and control groups. The instrument titled for Biology
Achievement Test on Photosynthesis (BATOP) was developed, validated and used for data collection. The
research questions were answered with Mean and Standard Deviation; while the hypotheses were tested with
ANOVA and ANCOVA. Result revealed that 5E guided inquiry instructional strategy proved to be more
effective in the teaching and understanding of concepts of Photosynthesis than Cooperative Instructional
Strategy and the conventional lecture method; Mean difference between GIIS and CIS= 4.016; GIIS and LM =
19.410. It was recommended that 5E Guided Instructional Strategy should be used to teach the concepts of
Photosynthesis so as to improve male and female academic achievement in both internal and external
examinations.

Keywords: Biology, SS1 Students, Academic Achievement, 5E Guided Inquiry Instruction, Cooperative
Instruction, Conceptual Understanding, Photosynthesis, and Gender.

l. INTRODUCTION

Biology is one of the three science subjects taught at the Senior Secondary School level in Nigeria.“It
is the branch of science that involves the study of living things” Ramalingam (2011); ldodo- Umeh (2010).The
knowledge of biology is highly indispensable for national development and global competitiveness in areas of
medicine, agriculture and health and physical and health education, especially sports, and environmental studies
among others. It is a subject for the empowerment of the youth with basic knowledge about their body
functionality, inter-relationship with other living things and environmental sustainability. The aim of teaching
biology at the Secondary School level is to equip the youth for the challenges in the world and make them
executors and advocates of such important knowledge. It is also aimed at giving the youth at the Senior
Secondary School level a foundation on which to build further knowledge at the tertiary level of learning. This
is stated in the National Policy on Education by the Nigeria Educational Research and Development Council
(NERDC) viz: The two broad goals of education in Nigeria are: To prepare the individual for: a) useful living in
the society, and (b) for higher education NERDC (2013). These goals are in tandem with the objectives of
Senior Secondary School Biology which are: “To prepare students to acquire i) adequate and field skills in
biology; ii) meaningful and relevant knowledge in biology; iii) ability to apply scientific knowledge to everyday
life matters of personal and community health and agriculture; iv) reasonable and functional scientific attitude”
NERDC (2009 p.iv).It is embarrassing that despite the key roles biology is supposed to play in national
development in areas of medicine, agriculture, environmental studies and industries, the failure rate at the Senior
Schools Certificate Examinations (SSCE) is overwhelming.

Analyses of the SSCE biology results show that though enrolment at the West African Senior
Secondary Certificate Examination (WASSCE) and the National Examination Council (NECO) by candidates
may be high, the percentage failure has also remained consistently high since year 2012 ( WAEC, 2013);
(NECO,2015). Both WAEC and NECO have reported low achievement in biology in 2012, 2013 and 2014
examinations. In 2013, the report of the West African Examination Council (WAEC) Chief Examiner stated that
a total population of One Million, Six Hundred and forty-five thousand and forty seven (1,645,047) candidates
sat for biology examination in May/June, but less than ten percent (10%) of the candidates made a credit in the
subject. When the 2013 biology result was compared with that of 2012, the WAEC Chief Examiner noted a

International organization of Scientific Research l1|Page



Effects Of Guided Inquiry And Cooperative Instructional Strategies

further decline in performance by the year. He stated that in 2013, May/June, the raw mean score for biology
was 18 with a standard deviation of 10.05, while the raw mean score for 2012 May/June was 20 with a Standard
deviation of 11.18.The NECO Chief Examiner’s report for 2014 recorded an average score range of 39 — 58
over 80 for practical biology (Biology 1) and described overall achievement in the theory paper (Biology Il) as
“generally poor”. The chief examiner noted in his report that poor performance has become “the trend in recent
years”. He concluded that “an insignificant number of candidates excelled” NECO (2015).

Low academic achievement in WAEC biology has been persistent for many years. Obomanu,
Nwanekezi and Ekineh’s (2014 p.238) research showed that percentage pass at credit level and above in biology
at the WASSCE never exceeded fifty percent (50%) from the year 2000 to 2010.The 60%:40% provision for
Science /Technology and Arts/Humanity admission ratio into higher institutions in Nigeria is not being
maintained because of low academic achievement in biology and other science subjects at the WASSC and
Unified Tertiary Matriculation Examinations (UTME) by candidates. There is need to continue to search for
better ways of teaching biology in order to improve student academic achievement at both internal and external
examinations and realize the nations educational objectives.

Research studies have pointed out some factors that may be responsible for low achievements of

students in biology. The most common factors in literature are teaching methods and strategies, large class size,
English language, difficult concepts, large curriculum, inadequate laboratory and instructional materials and
teacher qualification among others Mhlamvu (2010); Nwagbo and Okoro (2012); Nworgu and Otum (2013),
Obomanu, Nwanekezi and Ekineh (2014); Irinoye, Bamidele, Adetunji, and Awodele (2015).
The researchers of this study tend to agree with a few other researchers who have stood firm to accept that the
problem lies with the teaching methods, strategies and approaches. Every science subject has two parts — the
practical and the theory aspects. The essence is to provide both inquiry laboratory and theory experiences to the
learners thereby making science both interesting and rewarding; but most often biology teachers present biology
as knowledge to be memorized. Teachers cumber students with long lectures, large notes and assignments meant
to keep the learners busy without positive impact on their cognition and affection.

Some teaching methods and strategies have been proved to be efficacious in the teaching and learning
of abstract and difficult concepts in different science subjects than the conventional lecture method including
Dramatization, Concept Mapping, Collaborative and Cooperative and Guided Inquiry, among others Onwukwe
& Akuezuilo (2014); Ajaja (2013); Johnson, Johnson & Holubec (2008); Obomanu, Nwanekezi & Ekineh
(2014); Nwagbo & Okoro (2012); Ogbu (2010); Hmelo-Silver, Duncan & Chinn (2006); Onwukwe and
Akuezuilo (2014).

1. LITERATURE REVIEW
Learning theories which formed the basis of this study were:

o Cognitive Social Learning of Bandura, Kassin (2004), a behaviorist’s theory which views personality as a
product of a continuous interaction between persons and their environment.

e The cognitivists’ theory which advocates that humans generate knowledge and meaning through sequential
development of individuals’ mental abilities such as mental processes of observation, comprehension,
application, analysis and synthesis among others Kalanzis and Cope (2012).

o Constructivism, a philosophy of learning founded on the premise that by reflecting on our experiences we
construct our own understanding of the world we live in. Accordingly, knowledge is acquired through
involvement with content instead of imitation or repetition Kroll and La Basky, (1996) in Bala and Tandon,
(2009). Jean Piaget’s assimilation and accommodation mental model Kalanzis and Cope (2012); Jerome
Brunner’s motive for learning,(infed.org/mobi/Jerome-brunner-and-the process of education, nd. ); David
Ausubel’s meaningful reception theory of Subsumption (ASA/education/teachers/active.htm); Kassin (2004
p.112) Kumagai (2015); Ausubel, Novak and Hanesian (1986); (infed.com/mobi...);and Orthogonal teaching
Axes Cobern, Schuster, Adams, Skjold, Mugaloglu, Benz and Sparks (2014), and Lev Vygotsky’s Social
Constructivism which sees learning ability as a product of mental capability and a degree of socio-cultural
cognition. Notable among Lev Vygotsky’s socio-cultural theories is the theory of the Zone of Proximal
Development (ZPD) which is achieved by a student through the guidance of a teacher and peers Santrock,
(2001); Kalanzis and Cope (2012).

1. GUIDED INQUIRY INSTRUCTIONAL STRATEGY
Guided Inquiry Instructional Strategy (GI1IS) is a combination of activities involving objects including
drawings, charts, specimens and concept maps, posing questions, carrying out investigations in the laboratory,
proposing explanations, collecting data, and comparing proposed explanations with new data under the guide of
the teacher Kulthau (2010); Kulthau and Todd (2007). Guided inquiry is a type of inquiry that is efficacious for
beginners in science such as the Senior Secondary One (SS1) students who cannot be engaged in open inquiry

International organization of Scientific Research 2|Page



Effects Of Guided Inquiry And Cooperative Instructional Strategies

because of lack of experience. Senior Secondary One (SS1) is a foundation Senior Secondary class where
students are being introduced to Science in compartmentalized form — Biology, Chemistry and Physics- instead
of the integrated form science was taught at their Basic level. Failure to use innovative teaching strategies at this
level may result into the students detesting science for life. Guided inquiry is suitable and beneficial for learning
at the secondary school level of education where students are helped by the teacher to carry out laboratory
investigations and classroom inquiries of natural phenomena such as photosynthesis and other studies with the
teacher as a guide Kuhlthau (2010); Adeyelami, (2010). Guided inquiry is a strategy used by teachers and
instructors to connect to students’ world by creating an environment called ‘Third Space’ Kulthau (2010), which
is the gap between what the students know and what the curriculum expects them to know.

Guided inquiry could be carried out with the learning cycles including Karplus learning cycle, the Biological
Science Curriculum Studies (BSCS) 5E Learning cycle, and the 7E learning cycle Bing.com (2012). This
study adopted the BSCS 5E instructional cycle which consists of: Engagement, Explanation, Exploration,
Elaboration and Evaluation Phases, Eisenkraft (2012). Inquiry instruction is student —centred, encourages
inclusiveness, very effective in the development of manipulative skills and the development of higher order
thinking needed for problem solving Stephenson (2007); Holbrook (2011).

Some empirical studies on the effects of guided inquiry instruction or its combination have been carried
out by previous researchers. Irinoye et al (2015) investigated the relative effectiveness of guided inquiry and
demonstration methods on students’ performance among secondary school students in Ifelodun Local
Government Area (LGA) in Osun State, Nigeria. They discovered that students achieved and retained more
practical chemistry with guided inquiry instruction than with demonstration method. Obomanu, Nwanekezi and
Ekineh (2014) studied the relative effects of Guided inquiry and Collaborative strategy on secondary School
students’ performance in ecological concepts in Rivers State, Nigeria. Their findings showed that collaboration
strategy group obtained higher mean scores than guided inquiry group. Furthermore, Ajaja, (2013), investigated
the best strategy for teaching biology among lecturing, Concept mapping, Cooperative learning and 5E learning
cycle in Ika South LG of Delta state. The result of his study showed that students in Cooperative and guided
inquiry did not significantly differ in their achievement. Also, there was no significant interaction effect between
males and females on achievement based on methods of instruction. Inquiry laboratory and lecture method were
used by Beals, Krall and Wymer (2012); Tanga (2012); Kilinc (2007) to carry out different divers investigations
in different countries. In each case, guided inquiry was more effective in achieving the learning objectives than
lecture. Mhlamvu’s experience was different from those of other researchers reviewed above in that guided
inquiry laboratory was used to investigate students’ achievement in Photosynthesis among students and “the
performance was generally poor” Mhlamvu (2010). Secondly, there was no observable difference in the mean
scores achievement of boys and girls in that study.

V. COOPERATIVE INSTRUCTIONAL STRATEGY (CIS)

Cooperative learning as defined by ‘Teaching Strategy’ (2015) “is a systematic pedagogical strategy

that encourages small groups of students to work together for the achievement of common goal”. During
cooperative instruction students are grouped heterogeneously in fours or fives based on sex, academic ability
and tribe/state/race, among others; and work together in small groups in with each individual carrying out an
assigned responsibility on a structured learning activity. It encourages inclusiveness and social interaction which
is vital in the work place. It is guided by five elements including face-to-face interaction, positive
interdependence, individual accountability, group processing and social skills (‘Best Practices’ of Science
Teaching, 2015), Long-Crowell (2015), Johnson and Johnson (2008); Nwagu and Nzewi (2008). Think-Pair-
Share Cooperative instructional strategy is an instructional strategy that develops the thinking ability of
students, erodes shyness, promotes gender equality, peaceful co-existence and greater student involvement
among others (Australian Catholic University Resource- ACU, 2012); Carin and Sunds (1975 p.10).
Very few empirical studies on cooperative instruction were found. Berger and Hanze (2010) investigated the
impact of the group ability in academic performance in a jigsaw cooperative learning comparing homogeneous
and heterogeneous cooperative groups. The result showed a higher academic performance by the homogeneous
group.Nwagbo and Okoro’s (2012) investigation on the effects of interaction pattern on achievement in biology
at Obollo Afor Education Zone revealed that the cooperative interaction pattern was the most effective. It also
showed that male biology students achieved higher than their female counterparts.

V. LECTURE METHOD
Lecture method of teaching is teacher-centered and is profitable in verbal presentation of ideas,
concepts, generalizations and facts that need to be covered within a short period in a large class size. Learners
are passive listeners; learn by rote and memorization of facts leading to poor retention and poor academic
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achievement Irinoye, Ayodele, Adetunji and Awodele (2015), Obomanu, Nwanekezi and Ekineh (2014); Ajaja
(2013); Carin and Sunds (1975). These shortfalls of lecture method of teaching has led educationists the world
over to searching for alternative methods that may be used to achieve educational objectives, especially with
the present medical, agricultural, economic, social and environmental challenges.

Photosynthesis like other abstract concepts in biology demand laboratory and field work experience as

stipulated in the objectives of Secondary Education Biology Curriculum for effective teaching and learning and
retention by the students. Photosynthesis is a concept that many biology teachers brush over and whose
definition students hardly remember because of its biochemical and biophysical nature and complexity.
Photosynthesis has been defined by Idodo- Umeh (2010p.85) as “The process by which carbohydrates or sugars
are synthesized in the green parts of the plants containing chlorophyll by combination of Carbon Dioxide (CO,)
and Water (H,O) with the aid of sunlight energy while Oxygen (O,) is given out as a by-product”. The concept
of photosynthesis is very relevant in our contemporary time because the world today is facing the challenge of
Food Shortage, Global Warming and Climate Change which are problems resulting from the emission of much
green- house gases into the atmosphere including: Carbon dioxide (CO,) which can only be utilized by green
plants during Photosynthesis Idodo-Umeh(2010), Aboho, Agbidye, and Asooso (2013 p.52).
Different researches using innovative instructional strategies such as 5E Guided Inquiry, Concept mapping
among others, to teach biology have been carried out in Nigeria in some topics and some states, but rarely has
any been done on photosynthesis in Senior Secondary One (SS1) in Port Harcourt Local Government Education
Zone. This is the gap this study wants to fill. The concept of photosynthesis is a difficult concept for students at
this neonatal stage of schooling. It therefore requires the application of innovative teaching and learning
strategies, approaches and well-designed laboratory and instructional materials in other to achieve the desired
objectives. To achieve a good conceptual understanding of photosynthesis there is need to apply the conceptual
change principles by enhancing the active involvement of the students in practical and field experiences where
the students will be knowledge builders instead of knowledge consumers Odagboyi, Otuka and Uzoechi (2015).
It should encourage the development of the student’s critical thinking and innovative attitudes for problem
solving in the society. This study investigated the effects of Guided-Inquiry Instructional Strategy (GIIS) and
Cooperative Instructional Strategy (CIS) on SS1 students’ academic achievement in conceptual understanding
of Photosynthesis in Port Harcourt Local Government Education Zone in Rivers State, Nigeria.

VI. AIM AND OBJECTIVES OF THE STUDY
The aim of this study was to determine the effects of Guided Inquiry and Cooperative Instructional Strategies on
the academic achievement of SS1 students in the concepts of photosynthesis. Specifically, the study sought to:
1) Determine the effects of Guided Inquiry Instructional Strategy (GI1IS), Cooperative Instructional Strategy
(CIS), and Lecture method (LM) on SS1 Students’ academic achievement in Biology (Photosynthesis).
2) Compare the academic achievement of male and female SS1 students taught the concepts of
photosynthesis in biology using Guided Inquiry Instructional Strategy (GIIS), Cooperative Instructional
Strategy and Lecture method (LM).

VII. RESEARCH QUESTIONS
The study sought to provide answers to the following research questions.
1) What is the effect of Guided Inquiry Instructional Strategy (GI1IS), Cooperative Instructional and Lecture
Method (LM) on the academic achievement of SS1 students taught the concepts of Photosynthesis?
2) What is the influence of Gender on the academic achievement of SS1 Students taught the concepts of
Photosynthesis using GI1IS, CIS and LM?

VIII. RESEARCH HYPOTHESES

The following null hypotheses further guided the study and were tested at a probability level of 0.05

Ho, There is no significant difference in the mean academic achievement scores of SS1 students taught the
concepts of photosynthesis using Guided Inquiry Instructional Strategy (G11S), Cooperative Instructional
Strategy (CIS), and Lecture Method (LM).

Ho, There is no significant difference in the mean academic achievement of male and female SS1 students
taught the concepts of Photosynthesis using Guided Inquiry Instructional Strategy (GIIS), Cooperative
Instructional Strategy (CIS), and Lecture method (LM).
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IX. SIGNIFICANCE OF THE STUDY
The result of this study is very significant in the following ways:

It will guide especially biology text book writers in their writings. Most Senior Secondary School text books do
not contain the basic details on photosynthesis as required by the Senior Secondary School examination bodies
which are WAEC and NECO.Curriculum developers, especially NERDC will use it as added resource in
improving the teacher and student activity columns in the Senior Secondary School Biology Curriculum. The
current biology curriculum expects the teacher to demonstrate experiments to students while the students
observe. That does not make the students co-knowledge builders as they gradually lose interest and resort to
note taking and rote learning.Students and teachers in secondary schools will benefit from it as it will help them
to improve their academic achievement and effectiveness and record better scores at the Senior Secondary
Certificate Examinations (SSCE) Biology examinations.

Fellow researchers, resource persons, the Ministry of Education and stakeholders in education, international and
local non-governmental organizations (NGOs) among others, will find the result of this study very useful in the
improvement of learning experiences in secondary schools and beyond.

X. SCOPE OF THE STUDY
The scope of this study comprises:
i) Geographical scope
i) Strategical scope
iii) Content scope

Geographical Scope

This study was limited to government owned Senior Secondary Schools in Rivers State, Nigeria. The
study was based on the concept of photosynthesis as stipulated in the Senior Secondary School One (SS1)
Biology Curriculum (NERDC 2009) and West African Senior Secondary Certificate Examination (WASSCE)
2016 Syllabus.
Strategical scope: a) Guided Inquiry Instructional Strategy (GIIS): The Guided Inquiry Instructional Strategy
used for the study is the 5E Biological Science Curriculum Study (BSCS) Instructional Model developed by
Bybee, R.W; Taylor, J.A; Gardner, A; Van Scotter, P; Gardson, J; Westbok, A; & Landes, N (2006)..

Content Scope: The study covered the following:

i) Photosynthesis- Biochemical nature of photosynthesis

i) Light and Dark reactions of Photosynthesis

iii) Material and Conditions necessary for photosynthesis (Internal and External conditions).

XI. RESEARCH METHOD
A quasi-experimental Pretest-Posttest Control group design was adopted for this study. This design is
represented diagrammatically as follows:
El 01 Xl 02

C 0, 0,

Where: E; = Experimental Group; X = Treatment
C = Control Group; 0O, and O, = Pretest and Posttest

The population of the study was all the Two Thousand Six hundred and three (2,603) Senior Secondary
One (SS1) students in the eight (8) Co-educational Senior Secondary Schools in Port Harcourt Local
Government Area (PHALGA) of Rivers State. A sample of one hundred and eighty six (186) SS1 students in
three (3) intact classes from three (3) Co-educational Senior Secondary Schools in Port Harcourt Local
Government Area (PHALGA) was chosen by purposive sampling technique based on the presence of science
laboratory, trained and experienced teachers, co-educational setting. The instrument titled Biology Achievement
Test on Photosynthesis (BATOP) was developed and used for data collection. The BATOP comprised of 50 4-
point multiple choice objective questions drawn from the content area of study. The Biology Achievement Test
questions were selected from West African Senior Secondary Certificate Examination past question papers and
biology text books for Senior Secondary Schools based on the content of the study. The content validity of the
Biology Achievement test on Photosynthesis (BATOP) was done with the Table of Specification and Bloom’s
Taxonomy of Cognitive Objectives as follows:
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Knowledge level 15 questions

Comprehension level 15 questions

Application level 10 questions

Analysis level 5 questions

Synthesis level 3 questions

Evaluation level 2 questions

Total 50 questions
The content validity of BATOP was done with the help of my supervisors who are senior lecturers of

the University of Port Harcourt, and three of my colleagues in the department of biology who have taught SS1
students for upwards of five years. These people ensured that the content coverage was adequate, language was
clear, and scientific terms appropriately used. Their suggestions improved the instrument before its
administration.After the corrections, the instruments were pilot tested on SS1 students in a coeducational school
that was not selected for the study. The results of the pilot tests were used to edit the final copy of the instrument
for spelling mistakes, sentence construction among others. The reliability of the BATOP was done by test
retest method. Pearson’s product-moment correlation coefficient statistic was used to obtain a reliability of 0.83.
Teachers used for the study (research assistants), were trained on how to use the teaching plans, teaching aids,
and laboratory guides successfully. The pretest was administered just before the teachers started teaching the
topic of the study. The teaching of the concepts of photosynthesis lasted for four weeks. On the fifth week the
post test of BATOP was administered on the two classes of students in the two schools used for the study by the
research assistants while the marking and analysis were done by the researchers. Mean, Standard deviations and
Percentage were used to answer the research questions, while the hypotheses were analyzed using Analysis of
Variance (ANOVA) and Analysis of Covariance (ANCOVA) at 0.05 alpha levels.

XII. RESULTS
Research Question 1: What are the effects of Guided Inquiry Instructional Strategy (GI1S), Cooperative
Instructional Strategy (CIS) and Lecture Method (LM), on the academic achievement of SS1 students in
Biology (Photosynthesis)?

Table 1: The Mean Academic Achievement Scores of SS1 Students Based on Instructional Strategies

GROUP N Pretest- x 4 SD; Posttest-x , SD, Gain mean score
Gain %
Experimental 1 GIIS 64 19.79 7.16 65.94 4.86 46.15
69.99%
Experimental 2 CIS 58 18.31 10.42 60.86 10.37 42.55
62.44%
Control LM 64 25.48 7.77 47.13 10.31 21.65
45.94%

GIIS: Guided Inquiry Instructional Strategy CIS: Cooperative Instructional Strategy LM: Lecture

Method groups from Pretest to Posttest
Table 1 revealed that before treatment, the GIIS and Lecture groups were almost at the same entry point or
behavior with the GIIS and Lecture groups having Pretest Mean scores of 19.79 and 25.48 respectively.
However,after the treatment, Guided Inquiry Instructional Strategy (GIIS) and the Lecture Method (LM)
recorded Mean Scores of 65.94, and 47.13 respectively.
The mean academic achievement score of GIIS (experimental groupl) seems to be higher than that of Lecture
Method (control).

Research Question 2: What is the influence of Gender on the academic achievement of SS1 students
taught biology (Photosynthesis) using GI11S, CIS and Lecture Method?

The mean and standard deviations of academic achievement scores of male and female students in BATOP is
shown in table 2 below
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Table 2: Mean and Standard Deviationsof Pretest and Posttest Scores of Students inConcepts of Photosynthesis
Based on Instructional Strategy and Gender

Group Gender N Pretest SD; Posttest SD, Mean Gain %
X1 X, Gain
Experimenta Female 19 18.74 7.19 65.11 3.78 46.37 71.22%
| S 45 20.84 7.12 66.29 5.17 4545 68.56%
GIIS Males 23 17.65 10.65 58.52 12.09 40.87 69.87%
CIS Female 35 18.97 10.19 62.40 891 4343 6958%
S
Males
Control Female 27 27.33 7.27 48.00 11.35 21.00 53.75%
LM S 37 23.62 8.27 46.70 9.54 23.08 49.42%
Males

GIIS: Guided Inquiry Instructional StrategyCIS: Cooperative Instructional StrategyLM: Lecture Method

From table 2 above, it could be deduced that although male and female students in the experimental groups
(GIIS), CIS, and Control group (Lecture) had almost the same entry point considering their Pretest scores as
shown in the table above. The male students in GIIS, CIS experimental groups recorded slightly higher mean
scores than their female counterpart with a mean score of 66.29 and 62.40 respectively, against 65.11 and 58.52
for their females. For the control group, the reverse was the case. The female students recorded a mean score of
48.00 while their male counterpart recorded a mean score of 46.07. The table reveals that the male

students made a mean score of difference of 23.08 against 21.00 made by the females.

XII1. HYPOTHESES
Ho,. There is no significant mean difference in the academic achievement of SS1 students taught biology
with Guided Instructional Strategy (GI11S), Cooperative Instructional Strategy (CIS) and Lecture Method
(LM).
To find out the most effective strategy the BATOP data were further analyzed with Analysis of Covariance
(ANCOVA) as shown in table 3.

Table 3: Analysis of Covariance of Students’ Pretest and Posttest Achievement Scores.
Dependent Variable: Academic Achievement Posttest Scores.

Source of Type 111 Sum Df Mean F Sig
Variables of Squares Square
Corrected 13440.053 3 4406.684 61535 .000
Model
Intercept 77937.702 1 77937.702 1088.331 .000
Pretest 1253.489 1 1253.487 77.504 .000
Gender 12943.786 2 6471.393 90.367 .000
Error 13033.409 182 71.612
Total 650798.000 186
Corrected 26253.462 185
total

a. R Squared =.504 (Adjusted R squared= 495).
The calculated F-ratio is 90.367 and significant at 0.00 (P<0.05). Ho;was not accepted. It shows there is a
significant difference among the academic achievements of SS1 students taught the concepts of biology using
GIIS, CIS and LM. The difference in the mean achievement scores of students taught the concepts of
photosynthesis using Guided Instructional Strategy, Cooperative Instructional Strategy and Lecture Method is
significant, and therefore cannot be attributed to chance or error. However, further statistical analysis was
done with Post Hoc Tests to determine the direction of the difference.
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Table 4: Post Hoc TestMultiple Comparisons: Dependent Variable, Post Achievement Scheffe

(1) 0 Mean St Sig.= 95% Confidence Interval
Difference Error for differences
(1-9)
Lower Upper
GIIS CIS 4. 016* 1.5537 .011 943 7089
LM 19.410* 1.504 000 16442 22.378
CIS GIIS -4.016* 1.557 .011 -7.085 - 543
LM 15.394% 1.552 000 12252 18.535
LM GIIS -19.410* 1.504 .000 -22.378 -16.442
GIS -15.394* 1.592 .000 18.535 -12.252

(1) and (J) represent Instructional Strategies.Based on estimated marginal means*. The mean difference is
significant at .05 level

The above analysis shows that Guided Inquiry Instructional Strategy (GIIS) produced significant mean
difference of 4.016 and 19.410 over Cooperative Instructional Strategy (CIS) and Lecture Method (LM). Also
the mean difference between CIS and GIIS is -4.016 in favour of GIIS; while the mean difference between CIS
and LM is 15.394 in favour of CIS. It then follows that there is a significant mean difference between GIIS and
LM and also a significant mean difference between CIS and Lecture and GIIS and CIS all to the favour of GIIS
Ho,. There is no significant difference in the mean academic achievement scores of male and female SS1
students taught biology using GIIS, CIS and Lecture method.

Table 5: Analysis of Variance (ANOVA) of the Posttests of SS1 femalestudents in GIIS, CIS (Experimental)
and Lecture (Control)

Sum of Df Means F-cal. F-crit.
Squares Square
Between 3472.459 2 1736.229 16.577 3.13
Groups
Within Groups  6912.527 66 104.735
Total 10384.986 68

Table 6: Analysis of Variance between Male students in GIIS, CIS (Experimental) and Lecture (Control)

Groups
Sum of Df Means F-cal. F-crit.
Squares Square
Between 8016.745 2 4008.373 57.628 3.90
Groups
Within 7929.374 114 69.556
Groups
Total 15946.120 116

Table 5 shows that the critical value of F with 2 and 66 degrees of freedom at .05 alpha level of significance is
3.13, while in table 6 the critical value of F with 2 and 114 at .05 level of freedom is 3.90. Since the computed
F- value of 16.557 in table 5 which compares the mean academic achievement scores among female SS1
students taught Biology (Photosynthesis) using GIIS, CIS and Lecture F(16.557) is greater than the critical value
of F (3.13); and the computed F-value in Table 6 F(57.628) comparing the academic achievement scores of SS1
male students in GIIS, CIS, and Lecture is greater than the critical value of F (3.09), the null hypothesis is not
accepted. Therefore, there is a significant difference among female and male SS1 students taught Biology
(Photosynthesis) using GI1IS, CIS, and Lecture in favour of those taught with GIIS.
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Table 7: ANCOVA of Gender Effect on Academic Achievements Based on Instructional Strategies.
Test of Between Subjects Effects

Source of Tvpe ITII Sum of Di Mean Square F Sig
Variables Squares
Corrected 622210 1 62.221 547 461
Model
Intercept 202073157 1 202073157 1775098 000
Gender 62.221 1 62.221 547 461
Error 20946145 184 113 838
Total 572930.000 186
Corrected Total 21008.366 185

0 . R squared = .003 (Adjusted R Squared = -.002).
The calculated F-value is significant at 0.461 level (P>0.05) HO, is retained. Gender did not significantly
influence achievement of SS1 Students in biology in the three instructional groups.

XIV. DISCUSSION OF FINDINGS

The analysis of the effects of Guided Instructional Strategy (GI1IS), Cooperative Instructional Strategy
(CIS) and Lecture Method (LM) on the academic achievement of SS1 students showed that there is a significant
difference in the mean scores of students taught the concepts of Photosynthesis using the three methods. The
Guided Inquiry Instructional Strategy (GIIS) recorded the highest mean followed by the Cooperative
Instructional Strategy (CIS). This implies that guided instructional strategy has more positive effect in
enhancing understanding of the concept of photosynthesis and in facilitating students’ academic achievement in
the said concept than the lecture method which is commonly used by most science teachers in teaching science
subjects in Nigerian Senior Secondary Schools in Rivers State. This result is in line with Irinoye, Bamidele,
Adetunji and Awodele (2015) who investigated the relationship between guided Inquiry and demonstration
method on students’ performance in practical chemistry in Ifelodun local government area of Osun state,
Nigeria and discovered that students achieved and retained more practical chemistry knowledge with guided
inquiry than with demonstration. Furthermore, Ajaja (2013), compared the effectiveness of three teaching
methods: Lecturing, Concept Mapping and 5E learning cycle on the achievement of SS2 students in biology and
discovered that 5E learning cycle gave 90.7%, Concept Mapping 88.4% and Lecture method 81.11%. His
conclusion was that the 5E learning cycle was the most suited method for teaching biology in Senior Secondary
Schools. On the other hand, Obomanu, Nwanekezi and Ekineh (2014) who studied the effects of Guided Inquiry
and Collaborative Strategy on secondary school students’ performance in ecological concepts in biology
discovered that collaborative groups obtained higher mean scores than Guided Inquiry group.

The result of the data analysis has also shown that students in the Think-Pair-Share Cooperative group
recorded high mean scores. Both male and female members recorded a mean gain at the posttest not less than
40. The minimum score of group members was 38% while the maximum was 80%. The result agrees with the
result obtained by Berger and Hanze (2010) that compared the impact of jigsaw cooperative learning of
homogeneous and heterogeneous groups on the academic performance of 12" grade Physics students and
discovered that homogeneous cooperative group was significantly higher than heterogeneous group.The reason
may be that many female students may not have exhibited the needed features for cooperative learning
including: Positive interdependence, group processing and social skills. Moreover it was observed that there
were more male than female students in each intact class used for the study. The male students may not have
given the females enough chance to contribute in the Think-Pair —Share exercise during classes. However, Ajaja
(2013); Nwagbo and Okoro (2012); Odagboyi, Otuka and Uzochi (2015), and Igboanugo and Njoku (2015)
found that cooperative instructional strategy is more effective in the teaching of science than lecture method just
as this study also observed.

XV. CONCLUSIONS
This study has shown that:
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e Guided Inquiry Instructional Strategy (5E model) is the best instructional strategy for teaching difficult
biology concepts such as photosynthesis.

e Secondly, student academic achievement is much higher when 5E model of Guided Inquiry Instructional
Strategy is usedthan when Think-Pair-Share Cooperative Instructional Strategy or Lecture method is used to
teach abstract concepts, especially the concept of Photosynthesis.

e Thirdly, Think-Pair-Share Cooperative Instructional Strategy is very effective in improving student academic
achievement in abstract concepts such as Photosynthesis when the elements of cooperative learning are fully
applied by group members.

o Fourthly, male students achieve higher academically than their female counterparts under the same condition
of instruction.
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