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ABSTRACT

The study was conducted to assess the relative effectiveness of guided discovery
and demonstration teaching methods on achievement of chemistry students of
different levels of scientific literacy. Two research questions and two null
hypotheses were formulated and tested respectively. Two instruments, namely:
Chemistry Achievement Test (CAT) and Scientific Literacy Test (SLT) were used
for data collection. A quasi-experimental design was adopted. Results indicate
that the guided discovery method was significantly superior to the demonstration
teaching method in enhancing cognitive achievement in chemistry for all levels
of scientific literacy students. For the guided discovery and demonstration
teaching methods, the higher the scientific literacy levels, the higher the
achievement of studentsin chemistry. It was recommended that: the government
should encourage science teachers to use guided discovery method by providing
needed conducive environment for teaching and learning with adequate
instructional materials; in service training of science teachers on how to use
guided discovery is needed since most of such innovative teaching method; and
science teachers should no longer be contented with teaching for acquisition of
knowledge alone but should also teach for inculcation of scientific literacy.
Keywords. Demonstration, teaching, guided discovery, chemistry achievement,
and scientific literacy

INTRODUCTION
Achievement intheteaching and learning processhasto dowith attainment of set objectives
of ingtruction (Nbinaand Obomanu, 2011). Sudieshave shown that theteaching of science
in Nigerian secondary schoolsfalsshort of the standard expected of it. Most of themethods
used in teaching have been described asinappropriate and uninspiring (1be, 2004; Madu,
2004; Shaeigh, 2004). Thesemethodsincludedrill, lecture, diagnosis, direct observation,
field trip, group work, manipulation, modeling, reading and recitation. Nnaobi (2007)
assert that thereisno best method of teaching but that effective scientific teaching should
belaboratory-centered and activity-oriented rather than textbook or |ecture-dominated
methodswhich seemto characterizetheNigerian schools. In scienceingructionsfor indance,
if alearner accomplishesatask successfully and attainsthe specified god sfor aparticular
learning experience, heissaid to have achieved. The attainment of the goalsof science
educationisamajor concern of education policy makersand one of such goalsisthe
inculcation of scientificliteracy (FRN, 2004). Scientific literacy hasbeen viewed from
various perspectives by different science educators. For instance, Olufolgjimi (1985) in
Eze (2003) viewsscientific literacy asit relatesto thefunctional attributes of ascience
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teacher whileArons (1983) characterizesascientificaly literate person asonewho knows
something about the nature and limits of science and the scientific method. Aronswas of
theview that for oneto be adjudged literate in science, he or she should not only have
enough knowledgefor continua informal learning about scienceand for intelligent reading
of scientific articlesbut should aso possesstheinclination to do so. Generadly, Scientific
Literacy (SL) can be seen asahuman attribute, which isessentially characterized by an
ability of theindividual to acquire scientific knowledge and apply sameto the solution of
societa problems. Scientific literacy can beacquired, not only through school learning but
asothroughinteractionwith objectsand peoplein one'simmediate environment, engaging
inscientific discussonsand scientific-related activities. Thefoundation of scientificliteracy
islaidinschoolsespecidly secondary school, through theuse of innovativeteaching methods
such asthe guided discovery methods (Eze, 2003). According to Akinsete (2006), itisa
method of teaching that encourages achild to solve problems by seeking and asking
questionsso asto gather information. Guided discovery involvesdiscovery inwhich there
iscreativity and students participationinawel | equipment laboratory (Adamu 2001). He
aso notesthat thismethod of teaching ads conceptualization, memory and helpsto develop
students understanding of science. Adeoye and Alayande (2009) in the same vein,
summarized that thismethod makes activitiesenjoyabl e, accessible and promote students
language and communication skills. The guided-discovery method i sa student-centered,
activity- oriented teaching strategy inwhich theteacher guidesthe studentsthrough problem-
solving approach to discover answerstoinstructional topicsat hand (Abdullahi, 2007). It
isalso thought that students of higher scientific literacy level achieve better in science.
Demondration method i sateaching strategy whichinvolvesexperimentation. Demondration
can be carried out by theteacher for the studentsto observe and/or theteacher and other
studentsto observe (Nwachukwu and Nwosu, 2007, Nbinaand Arokuyu, 2009).
However, the success of someknown innovative and effective methods may be
predicated ontheleve of exposurestudentshave had in basi c day-to-day science concepts
and methods of discovery. Thisimpliesthat students level achievement evenwhen new
methods of teaching are used. Based on this, students can be categorized ashaving high,
medium and low scientific literacy using some acceptablecriteria. To thisend, the guided
discovery and the demonstration teaching methods arerelated to learner's characteristics
scientificliteracy level to seewhat the effect on achievement in chemistry will belike. A
number of teaching strategiessuch aslecture/expository, discussion, inquiry, demondration,
concept mapping, co-operativelearning etc have been employed in teaching chemistry
over theyears but performancein senior secondary school certificate examinationin
chemistry continuesto be poor. These raise some doubts asto whether there are other
variableslikethescientificliteracy leve that inhibit the cognitive processes of studentsin
chemistry. Hence, thisstudy setsout to:
1 Assessthe effectivenessof guided discovery and demondiration teaching methods
on achievement of chemistry studentsof different levelsof scientificliteracy.
2. | dentify theinteractive effectsof teaching methodsand scientificliteracy levelson
achievementin chemidry.
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Thefollowing research questions guided the study:

1. Isthereany significant differencein the mean achievement scores of studentsof
high, mediumand low levelsof scientific literacy taught chemistry using guided-
discovery and demonstration teaching methods.

2. Isthereany significant interaction between thetwo teaching methodsand scientific
literacy levelson students achievement inchemistry.

Two null hypothesesweretested at 0.5 level sof significance.

H,l:  Thereisnosignificant differencein the mean achievement scores of students of
high, mediumand low levelsof scientific literacy taught chemistry using guided-
discovery and demonstration teaching methods.

H2  Thereisnosgnificant interaction between thetwo teaching methodsand scientific

literacy levelson students achievement inchemistry.

METHOD

Thesample cong sted of one hundred and forty five senior secondary two (SS2) chemistry
studentsfrom six intact classes randomly selected from six secondary Schoolsin Port
Harcourt Education Zone of Rivers State. The study wasaquas - experimental design.
The design was used becauseintact classeswereinvolved. A pre-test, post -test non-
equivaent control group wasa so used for the sudy. Samplerandom sampling techniques
were employed to select the participating schools as well as assigning the schools
experimental and control groups. For the experimental schools, therewerethreeintact
classescongisting of oneclassof boys, oneclassof girlsand oneclassof co-educational
sudents. The samed so appliesto the control schools. Studentsintheexperimenta schools
weretaught achemistry concept (water) using the guided discovery method whilethosein
the control school sweretaught the same concept using the demongtrati on teaching method.
Twoinstrumentswere used for datacollection, these are: Chemistry Achievement Test
(CAT) and Scientific Literacy Test (SLT). Thechemistry achievement test (CAT) isa50
item multiple choicetest devel oped by the researcher based on the chemistry concept
taught. A test- blue print was devel oped based on the rel ative emphasi son each of the sub
topicsinthecurriculum (seeTable 1).

Table1: Test BluePrint for CAT Construction

Topic (content) No. of  Knowledge Application Higher- Total

periods (30%) (34%) order level
(36%)

Sources, composition, water as solvent

chemical test & treatment of water. 1 2 1 3 6

Hardness & types of hardness of water 1 2 2 1 5

Causes, advantages & disadvantages of

hardness, softening of hard water. 2 2 2 4 8

Saturated, unsaturated &

supersaturated solution. 2 2 5 1 8

True & false solutions, suspension 2 2 2 2 6

Solubility 1 1 1 1 3

Determination of solubility at

different temperatures. 1 2 2 3 7

Solubility graphs, curves &

their use for calculations, 2 2 2 3 7

Total 12 15 17 18 50
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CAT was subjected to validity by giving the items to three experts (onein
measurement and evaluation in University of Port Harcourt, Faculty of Education and two
experienced chemistry teachersin secondary schools). Thevalidation wasa so done by
meaking surethat thetest itemsreflected the specificationson thetest blueprint. The Scientific
Literacy Test (SLT) was used to categorize studentsinto levelsof scientificliteracy. It
cons stsof four sections, each representing an aspect of scientificliteracy being considered
inthisstudy. Sectionsoneand two comprised of multiple-choiceitemsbased on knowledge
and gpplication of sciencerespectively. Section threewas composed of short essay questions
and negative scientific statement on appreciation of science. Each of the sectionswas
weighted asfollows:

Section onewith 16 multiple-choiceitems made up 32%

Section two with 14 multiple-choiceitems made up 28%

Section threewith 2 short essay typeitems made up 4%

Section four with 18 scientific statements made up 36%

Thetota scorefor each student onthe scientific literacy test was scored asapercentage
and thiswasused asthebasisfor categorizing studentsinto levelsof scientificliteracy as
follows

70% and above- Highlevd of scientificliteracy

50%-60%- Medium level of scientificliteracy

0%-49%-Low level of scientificliteracy

Therdliability of each section of thetest wasestablished. Thus, for sectionsone
and two involving multiple-choice questions, Kuder Richardson formula20 were used.
For sectionsthree and four, which have responses, weighted differently, Cronbach alpha
formulawasweighted based on thedifficulty level of theitems. Thecalculated r-values
were0.75, 0.83, and 0.80 respectively. To conduct the quasi-experiment, the regul ar
chemistry teachers of the sel ected schoolstrained by the researcher were used for the
study. Thetraining lasted three weeks covering two hours per week to ensure uniformity
and mastery of theteaching guide. Each teacher was given acopy of validated lesson
plansand copies of thetwo instrumentsused for the study. The Scientific Literacy Test
(SLT) and Chemistry Achievement Test (CAT) wereadministered aspre-test, but Scientific
Literacy Test (SLT) wasadministered first to categorize studentsinto high, medium and
low levelsof scientificliteracy according to the specification given by theresearcher before
treatment commenced.

The main treatments for the study were taught using guided discovery and
demonstration teaching methods, which lasted for aperiod of six weeks. Theexperimenta
groupsweretaught achemistry concept (water) using the guided discovery method. This
involved grouping the studentsinto four or sx with each group provided with instructional
materials (salts, water beakers, etc) needed for the lesson. The teaching involved
introduction of thetopic, drawing attention to theinstructional materials, using probing
guestions, student questioning and drawing conclusions on their own and theteacher
directing/correcting student'sinconsi stencies. Each activity wasfollowed by aclass
discussion. Thecontrol groupsweretaught the same concept using teacher demonstration
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asteaching method. Here, theregular chemistry teacher delivered and demonstrated the
pre-planned |essonsto the studentswith little or no interaction and each entire classwas
taught asasingle group. The studentswere supplied with thefacts of the concepts; the
students listened, observed and assimilated principles and proceduresfor the correct
solutionsto the problems. Immediately after the treatment, the Chemistry Achievement
Test (CAT) wasadmini stered the second timeto the students asa post-test and the scores
were computed.

RESULTSAND DISCUSSION

Table2: Pre-test and Post-test Mean A chievement and Standard Deviation (SD) scores
of studentsin CAT dueto Teaching Methodsand Scientific Literacy Levels.

Teaching Method Type of Test Scientific Literacy Level
High Medium Low
Mean Sb Mean D Mean D
Guided discovery Pre-test 24.34 12.91 23.00 17.81 15.13 7.09
Post-test 57.64 14.03 44.51 21.02 32.51 15.45
Demonstration Pre-test 33.60 19.23 18.10 17.22 16.62 15.45
Post-test 49.73 17.75 38.08 11.43 31.56 20.69

Table 2indicatesthat the two teaching methods have remarkabl e effect on sudent'slevels
of scientificliteracy. When the guided discovery was used, the pre-test and post-test mean
achievement scores 24.23 and 57.64 with SD of 12.91 and 14.03 respectively for the
high level group. The medium level group had mean achievement scores of 23.00 and
44.51 with SD of 17.81 and 21.02 used, respectively. Thelow level group had amean
achievement scoresof 15.13 and 32.21 with SD of 7.09 and 15.45 respectively. Therefore,
for the guided discovery method, the higher the scientific literacy level, the higher the
achievement of studentsin chemistry.

For the demonstration teaching method, the pre-test and post-test mean
achievement scoreswere 33.60 and 49.73 with SD of 19.23 and 17.75 respectively for
thehigh level group. For themedium level group the scoreswere 18.01 and 38.08 with
SD of 17.22 and 11.43 respectively. Thelow level group scored 16.62 and 31.56 with
SD of 15.45 and 20.69 respectively. Theseresultsalso show that for the demonstration
teaching method group, the higher thelevel of scientificliteracy, the better the achievement
of sudentsinchemistry.

Table3: Mean and Standard Deviation (SD) Scoresof StudentsA chievement in Chemistry
by Teaching Methodsand ScientificLiteracy  Levels.

Teaching Method Scientific Literacy Level
High Medium Low
Guided discovery N 14 30 34
Mean 18.41 16.57 15.37
sb 13.13 21.51 13.37
Demonstration N 24 20 23
Mean 5.42 15.05 9.89
sb 18.21 10.82 7.46

Table3indicatesthat for all levelsof scientificliteracy of students, the guided
discovery method showed higher mean achievement scoreson CAT than thedemondtration
teaching method. For the high level group the mean scoreis 18.41 with SD of 13.13for
the guided discovery method as against the mean score of 5.42 and SD of 18.21 for the

Journal of Research in Education and Society; Volume 4, Number 1, April 2013 5



demonstration teaching method. Themedium level group had amean scoreof 16.57 and
SD of 21.51 for guided discovery method as against amean score of 15.05 and SD of
10.82 for the demonstration teaching method. Thelow level group had amean score of
15.37with SD of 13.75for guided discovery method as. against amean score of 9.89 and
SD of 7.46 for the demonstration teaching method. Theseresultsindicate that the guided
discovery method is superior to the demonstration method in producing higher mean
achievement scoresin chemistry for dl leve scientificliteracy of students.

Table4: Anaysisof Covalence (ANCOVA) of studentsoverall achievement scoresby
teaching method and scientificliteracy levels.

Source of variation sum of square df Mean f significant
Covariate

Pre-test 5535.115 1 5535.115 37.012 0.0000
Main effects 2247.038 3 749.013 5.444 0.001
Teaching method 545.973 1 545.973 4.364* 0.036
Scientific literacy level 2118.539 2 1059.270 6.581 0.001
2-way interaction

Teaching method x 201.537 2 100.769 0.621 0.389
Scientific literacy level

Explained 14532.033 6 2422.066 18.033 0.000
Residual 18535.230 138 134.313

Total 33067.263 144 229.634

(*) denotes significant difference at 0.05 alpha level.

Fromtable4, the F-valuefor main effect of teachingmethodis4.364 at 1 and 138
degreesof freedom (df) and issignificant at 0.05 levels. Therefore, the null hypothesis of
no sgnificant differenceisregected. Hence, thereisasignificant difference between students
taught chemistry using guided discovery and demonstration teaching methods. Sincethe
differencein the mean achievement scoresdueto scientific literacy level issignificant, a
post-hoc multiple comparison test Scheffe procedure wasfurther used to determinethe
direction of thedifference. Theresultispresentedintableb.

Table5: Post Hoc multiple comparison Test Between Three Mean Scoreson Overall
Achievement

Mean Scientific Literacy Level
Low Medium High
31.885 Low
41.295 Medium *
53. 685 High * *

(*) = Themean differenceissignificant at 0.05level.

Thetable5indicatesthat each leve of scientificliteracy differssignificantly from
theother in terms of achievement in chemistry when these two teaching methodswere
used. Thusthe mean achievement scoresof thelow level groupwassignificantly different
fromthat of themedium and high level groupsrespectively, whilethat of themedium group
differssgnificantly from that of high and low groupsrespectively. Table4 revea sthat the
2-way interaction between teaching methodsand scientificliteracy levelsis0.621 at 2 and
138 degreesof freedom. Thisvalueisnot significant at the 0.05 levels. Therefore, the
hypothesisof no significant interaction between teaching methodsand scientificliteracy
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level isnot rejected. Table 2 indicatesthat the guided discovery method produced the
highest mean achievement scorein chemistry for the high scientific literacy level group
followed by the medium and low-level groupsrespectively. Similarly, thedemonstration
teaching method produced the highest mean achievement scorein chemistry for thehigh
level group followed by the medium and low scientificliteracy level groupsrespectively.
Resultson Table4 confirm that the differencesin the mean achievement scoresin chemisiry
among studentsinthethreelevelsof scientificliteracy aresgnificant. An observed F-value
of 6.581, F0.05 (2, 138) = 3.96 indicatesthat the highest the scientific literacy level, the
better the performancein chemistry for the two teaching methods. Thefindingsof this
study on Table 3indicatesthat theguided discovery method issuperior to thedemonstration
method in producing higher mean achievement scoresin chemistry for dl levelsof scientific
literacy students. Thevariety of teaching material sand the guidance provided tothelearners
during thelearning process enable them not only to interact but also to understand the
nature of the performance expected of them. They & so provide appropriate channel for
critical thinking and crestivereasoningwhich aredl traitsof scientificliteracy, hencethe
better performance.

CONCLUSIONAND RECOMMENDATIONS

Thisstudy highlighted theeffect of the guided discovery and demonstration teeching methods
onachievement of chemistry sudentsof different scientificliteracy levels. Thefindingsaso
indicate that the guided discovery method is superior to the demonstration method in
promoting cognitive achievement in chemistry amongst studentsof al levelsof scientific
literacy level, the better the students performancein chemistry for both teaching methods.
Based on thefindingsof thisstudy, three recommendationsare made:

1. Thegovernment should encourage scienceteachersto useguided discovery method
by providing needed conducive environment for teaching/learning and adequate
indructiona materids.

2. Thereisneed for in-servicetraining of scienceteachersto include how to use
guided discovery method since most of theteachersare not acquainted with the
useof suchinnovetiveteaching methods.

3. Scienceteachers should no longer be contented with teaching for acquisition of
knowledge alone but should a so teach for incul cation of scientificliteracy.

Journal of Research in Education and Society; Volume 4, Number 1, April 2013 7



REFERENCES

Abdullahi,A. B. (2007). Improving the teaching methods of Chemistry Practical  STAN Chemistry
Panel National Workshop Proceedings, (3), 120-123.

Adamu, A. (2001). Computer Assisted Teaching Learning NCCE AbujaAreal td. Kaduna.

Adeoye, N. and AlayandeA. (2009) Use of Prediction and observeto explain theteaching of air. In
N. S. Udofiaand D. M. Dauda (Eds). Approaches to the teaching of living and non living
things. STAN. Int. Science Education Series No. 8.

Akinsete, A. M. (2006) Effective method of teaching difficult conceptsin chemistry. Chemistry Panel
STAN Workshop. Series 2, 47-54

Arons, A. B. (1983). Achieving winder scientific literacy. Journal of Research in Curriculum, 112(2),
9122

Eze, C. U. (2003). An investigation into the scientific literacy levels of Non science students of
Nigeria Universities: A case study of University of Nigeria, Nsukka. Journal of Science
TeachersAssociation of Nigeria, 38, (1& 2), 51-57

Federal Republic of Nigeria (2004) National Policy on Education. Lagos: NERDC Press.

Ibe, E. (2004), Effects of guided-inquiry and demonstration on science process skills acquisition
among biology secondary school students. Unpublished M.Ed Thesis, University of Nigeria,
Nsukka.

Madu, B. C. (2004). Effect of a constructivist-based instructional model on Students' conceptual
change and retention in physics. Unpublished Ph.D Thesis, University of Nigeria, Nsukka.

Nbina, J, B. & ArokuyuA.A. (2009). Using demonstrationsto promote students comprehensionin
chemistry. Nigerian journal of empirical studiesin psychology and educational (NJESPE)
1(10) 88-95

Nbina J. B. & Obomanu B. J. (2011). Assessment of the effects of problem solving instructional
strategies on students' achievement and retention in chemistry with respect to location in
Rivers State. World Journal of Education, 1 (2) 74-79

Nnaobi, A. F. (2007), Teaching qualitative inorganic component analysisin Collegesusing multiple
methods. Journal of Science Teacher Association of Nigeria, (3), 87-91.

Nwachukwu, J. N. & Nwosu, A. A. (2007) Effects of demonstration method of different levels of
students' cognitive achievement in senior secondary school biology. Journal of Science
Teacher Association of Nigeria (1 & 2), 50-59.

Shaleigh, O. (2004). How chemistry teachersin Makurdi teach: An observational study. Unpublished
B.Ed Project, Benue State University, Makurdi, Nigeria.

Journal of Research in Education and Society; Volume 4, Number 1, April 2013 8



