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- 'Abstract : . S
e e the environment to a variety of harmful substances.
e a"“‘”“esihagits,fggje:éhé{{vzgtéé from homes, "si};rools‘,'. laboratories and
- Some of thesgnsuomers;. Green chemistry is a practice in science that aims at
mgijesrtg;;;] Z:d cgrleating safe aﬂd.ﬁbnftOXiC SUbe?UQQS_ and energy, with a view to
greating 5 safe envionment to. live in. This. research - focuseq on teachers’
application of green chemistry practices as they have the fundamental. role of
educating and training future .scientists. 210 chemistry teachers were purposively
selected from -both .public and -.private secondary schools in .Kwara Central
Senatorial ‘District, Kwara State;-Nigeria. The.research was a survey research. A
questionnaire: named . ‘Teachers' Application 'of Green .Chemistry sPractices
‘Questionnaire (TAGCPQ)"was. used to collect.the data. Mean and percentage were
used to answer the résearch -questions while. the research -hypotheses-were
fgzzc’:;dt htot t-Test an,d Ana(ysis :of .Variance. (ANOVA). Findings from the study
e maximz n:esa::ers gpp(/cat/on%of green cf')emistry.. practiceg was.high~.{3.<{6 out
- Chemistry'prr: ;Df 4). There '-yvas a.SIgmﬁcant difference in the-.apphcatlon of
experienced teacherc' IF?S "éiﬂr_nong -expenenged, .-zmoderately experienced aqd less
 that the exp eﬂ'encedi- ',’7” fa.‘\_/.p‘ur of the experienced teachers. It:wasrecommended
along in thie pragtice f_e"?’§tfy teachers should carry the less experienced teachers
enabling envifonme"to green Cf!emist,y-. and that the public schools should pnqvide
they have leam¢ " th?f_}{\{ou/d give-all teachers equal opportunity to practice what

e
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Introduction

adly polluted through many sources. Some ‘of
ions, crude oil spillages, gas flaring, -among
c gases into the:environment of -which
methane and " carcinogen benzene are
adopt and.adhere to-practices that

nt has been b
seous explosion
release toxi

pon dioxide,
mperative to

The environmeé
are 9@
incidents

car

these sources
others. These

ses, .
greenhouse 9 ecomes | , and.adhere ract
prominent. It theref_(’;;naent eom further damage. Amanze-Nwachukwu (2008) as
will rescue our €M7 Alake (2013) reported that 400 million tons of

. runtegbe and that mill
cited in Agbayews. ?;Znhouse gas, is released per year in the Niger-Delta gas
carbon dioXI¢e: atudy observed, is in addition to the-pollution of water bodies from

ing. This, the S e .
ﬂa:’egted effluent from chemical lndUStfles- | . - o
- | spillage alone contributes - largely :fo environmental pollution.

iqeria’s oil spil ‘ ; - .
N'gﬁnavim? liheprecent pipeline sabotages in the Niger-Delta region, the entire
lmp.ortane):],t has becomeé badly polluted. Interestingly, science has increased
SINICHE i 2dverse consequences of chemicals ‘thereby

owledge of the various a _consequel of als ‘there
?;srzftl;gki?l the d%sign‘bf'chemical"products' and the'transformation process-green

chemistry (Anastas & Beach, 2009, Agbayewa et al., 2_01 3).- o
Green chemistry is the practice of science that relates to generating and

creating safe, non-toxic, energy efficient and ‘non-hazardous ‘processes-that deliver

a concrete path towards solving today’s environmental problems (Mazzali, Morin &
Paquette, 2009). According to the United States Environmental Protection-Agency
(2015), green chemistry is a philosophy that applies to-all topics: of-chemistry-as it
applies innovative and specific chemistry-related ~ solutions to real-world

environmental problems. Thus,-there i$ need for|the application:.of green chemistry
practices in the classrooms and the:laboratories by-qualified::and :professionally
experienced teachers as these teachers play . vital.roles ‘in:the training .and the
development of future scientists and the nation as a-whole. T
seeml?orﬂzcz rc;ass.rooms and laboratories, ,Iap‘oratory lessons and: expen:ments
involve the s 0;named the same for so.many.gyea.ars. Most of these experiments
Victims of thegs lJgnafses that are not safe in the environment and students often-fall
Adedayo and OWOlag_rfunate situations (Monograph on: Green, Chemistry, 2014).
systematic effegts ané(t2014) opined that harmful chemicals,cause both Ioc.alleg,nd
secondary schools 4 hat many laboratory instructors and .students in Nigerian
Therefore there is thre exposed to the dangers of thermal and chemical reactions.
integrate green chem-e need to take a critical look at this system of operation and
 Green Chemistr;s;:ry Practices in the classrooms and the laboratories.

Y the teachers Gree Nowledge can be applied in the classrooms and laboratories
N Heart Education (2015) suggested the following guidelines
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Teachers’ Application of Green Chemistry FTEE=2

n the classroom and the Jaboratory:
lve principles of green chemistry; .
g for planning classroom -lesson

fgr,:applying green chemistry practices [
1°  Learn and understand fully the twe

5 . .Get -copies of -curriculum mappin
~ +integrate-such in lesson delivery;. - '
3. Develop and maintain the sense of eagerness and chemica

. students; . . .
4 Make sure chemicals to be used for laboratory lessons are le
humans, living organisms and the entire ecosystem and are

the environment;
5. Design ways to increase safety in the laboratory, minimize the gene'ration of
* waste both inside and outside the laboratory by learning the adverse effects of
most of these chemicals and discussing their impact on the society; =
6 Integrate lessons in basic toxicology- dose response, hazard/exposure

paradigm with health related topics in the curriculum;
Always use the school resources like the school farmiand wate

" treating relevant topics in the classrooms;

8. Create a ‘green chemistry club’ that will sensitize the 'lothers
safer environment by sharing the visions and ideas of green C

various educative programmes (p.5)- ]
ce and the type of school where

, A teacher's academic qualification, experien
he teaches could influence his application of the principles of green chemistry. The
basic principles guiding

study therefore sought to find out if teachers understood-the
the application of green chemistry in the classroom and in laboratory lessons and if

they have been applying these principles in the classrooms and the laboratories.

Purpose of the Study

The main purpose of this stud
chemistry practices in senior secon
study sought to find out:

1. chemistry teachers’ app
2 the influence of chemistry teachers’ academic q
of green chemistry practices;

3. whether chemistry teachers’ pro

application of green chemistry practices; f
"4 if school type on had influence on chemistry teachers’ application of green

chemistry practices.

s and
| wonder in the

ss hazardous to
not persistent in

r'source when

~l

of the need for a
hemistry through

y was to find out teachers’ application of green
dary schools in Kwara State. Specifically, the

lication of green chemistry préctices; )
ualification on their application

fessional ,experienc;e had influence on their

Research Questions

The following research questions wer
1 What is the level of the chemistry
practices in their lessons?

e answered in thiﬂs sthdy: |
teachers’ -application of green chemistry
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nce their application:.*

2.. How do chemistry teachers’ academic qualifications influe

of green chemistry?

3. Doesthe application of gree
experienced, moderately experienced and |

teachers?

4. Does school type have
chemistry?

n chemistry practices by the teachers vary among =
ess experienced" ‘chemistry -

influence on chemistry teachers’ application of gre’éﬁj;z :

Research Hypotheses

The following research hypotheses were tested at 0.0

HOy: There is no significant difference in the ap
practices by qualified and ungualified chemistry t

HO;: Ther<_a is no significant difference in the app
practices by experienced, -moderately experienced ‘an

teachers;
HO,: There is no significant difference in the application of green chemistry

practices based on school type.

5 level of significance:
plication of green chemistry

eachers;

lication of green chemistry
d less experienced

Research Method )
The populatidn for the study was all the chemistry teachers in Kwara State.

“Two hundred and seventy (270) teachers were targeted for the research but a total
of two hundred and ten (210) chemistry teachers ' successfully responded to the
research instrument. This included 126 chemistry teachers from the public schools
and 84 chemistry teachers from the private schools. This comprised chemistry
teachers from both the public and private schools in Kwara Central ‘Senatorial
District comprising Asa, llorin East, llorin West, ' llorin South and Moro Local
Government Areas. The Teachers' Application of Green Chemistry Practices
Questionnaire (TAGCPQ) which contained twenty items on the application of green
chemistry practices was used to collect the data. The instrument was adapted from

the Reinhardt's (2011) guidebook on applying green chemistry principles -to
laboratory operations and -Beyond Benign curriculum .mapping for high school

chemistry students. The TAGCPQ had response modes of Always (A), Occasionally
(0), Rarely (R) and ; of 4, 3,2 and 1 were assigned

Not At All (N). Numerical values
to the response modes. The Statistical Package for the Social Science (SPSS)

version 20.0 was used for the analysis. o
Letters of introduction were given to the principals of the schools on the first
visits to the schools to seek their approval to engage the chemistry teachers in the
- study. The chemistry teachers were also intimated on the need to partake in the
research through the informed consent forms. Subsequently, the-instruments were
f the filled copies of the

administered to the chemistry teachers. Some ©
questionnaire were collected the same day while-others were collected at a later

date as convenient for the respondents. The research questions were answered
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lication of Green Chemistry Practice

. Ie,a_chLS,'AQL 4
ing t-Test

mean and percentagé while the hypotheses-were analysed using
using 05 p potheses 1 and 2 were tested with the -t_-Test

and Analysis of Varlance (ANOVA) Hy
and hypothesis 3 was tested using ANOVA allat O 05 Ievel of S|gn|ﬁcance

ata ‘Analysis and Results
hers apphcatlon of

D
the |eve| of the chemrstry teac

esearch Question 1. What is

'green chemistry practices? . .
The grading format of the level of appl(ication,,of' grssnfche,mistrv practlces.rsﬂ as

follows!
Low level = 0 — 2.0
High level =3,1-4.07
- Average level = 2. 1'—30 e il

Table 1 reveals the :mean. score of the level of the: chemlstry teachers
apphcatron of green chemistry. A mean of 3. 46 was obtarned This implies. that the
level of application of green chemistry- practrces by the teachers was hlgh.

of green chemlstry

Table 1 Level of the chemlstry teachers appllcatlon 2
" GTOUPS Cases mcluded (%) Cases not mcluded R .Mean~ ~SDf:
' - - %) . . -iJotalg Total
Qualiﬁcation: 189(90). A I 16 (<) I I B
Experience - 189(90): ,-.,21(10') T | 346 045 |
School.type | 210(0) e 0(@) SN N B |

he. .:artalys'is |

Key: Cases inclue - the- number Or,T!
based on qualifi ication and expenence o
ted those that were not represented |n the

Cases not included., - represente re
analysis based on qualifi ication and expenence 'These respondents dld not ﬁll in the
appropriate sections on the Teachers Professmnal Informatlon Form ' .

Research Question 2: How do teachers’ academlc quallﬁcatlons mﬂuence thelr |
application of green chemistry?
“ Table 2 indicates that the mean score of the quallﬁed teachers |s close to that of the;._._.,_

unqualified teachers. The qualrﬁed teachers had. a mean score of 3. 48 while the
unqualified teachers had a mean score of 3:39. This: shows that teachers™ academic

qualification has little influence _on chemlstry teachers! apphcatlon of . green

chemistry.

Hypothesis 1 (HO,): There is.no.

chemistry practices by qualified: and unqualifi
The t-Test analysis presented on -t

difference in the application of green C

significant difference in the appllcatlon .0f. green
lified chemlstry teachers. .

table- 2 shows :no:: statlstlcally S|gn|ﬁcant
hemistry by the 'unqualified and quallﬁed
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alified teachers reported
lified teachers, (M-=3.39,
the null hypothesis

plication, of green:
ejected

Teachers’Applicarion of.Green Chemistry Practlces In S

chemistry. iteachers,: t (187) 1.06, p > 0.05. The unqu
almost:a similar applucanon of green chemistry wrth the qua
'SD = 0.28) and (M = 3.48, SD = 0. 49) respectively. Therefore,
~ which states that there is no significant difference .in. the ap

chemistry by the unqualified and the qualified chemlstry teachers was not r
since the p -value (0.29) was greater than'0.05 level of srgnnﬁcance
Table 2: t-Test analysis presenting'the’ appllcatron of greéh‘ch‘er‘nisuy practices of .

‘unqualified and qualified chemistry teachers .
Groups N Mean SD | df t-T,est:,_ “p-value .Decision
Unqualified 39 |3.39 0.28 1 IR
teachers 187 | 1.06 |0.29 HOs .

Qualified B R o ER A I Not Rejected
teachers | 150 |-3.48 | 049 |- ]

p>0.05, Not Significant S C

f green chemistry ; practlces by the

Research Question 3: Does the application 0
teachers vary among expenenced .moderately exp

- chemistry teachers?
. Table 3 reveals that the experienced teachers had the highest mean score of
3.65 while the moderately experienced teachers and the Iess expenenced teachers
had mean, scores of 3.39 and 3.45 respectrvely Thrs means: that the. apphcatlon of °
green chernistry practices vary among the expenenced moderately expenenced
and the less expenenced chemlstry teachers | |n favor of the expenenced teachers
Hypothesrs 2 (HOz) ‘There is-no. S|gqrﬂcant dlfference in. the apphcatron of green
chemistry’ practlces’by experienced’*rﬁdderately eXpenenced and |ess expenen

"teachers

The ANOVA result on Table . TEVE
chers’w”-' he moderately_r'

among “the’ expenenced tea, chers,
w, 2

less expenenced teachers F (2, 187) :
Da ,un *"ﬁ.-‘-'..'.vv“.'.l Rt ,‘“

PRRLN

erienced and less expenen

Table '3: ANOVA analysis of the. appllcatlon of gree hﬂv nistry, practices

'less expenenced moderately expenenced and expene stry. {€
Groups T N Mean - 8D -.:dfa.-.-‘:':;:}-: r: p-= P e *Demsmn i e
, SUEPERTINT [Py i o) Lorlivalue s eler sui s
| Less experienced | 65 3.45 . ,0.53 | ' .
' . . 3 : e ‘ n Qe Y R H02 TN
Moderately ~ex-| 84 339 | 0.34 | 2,187 |'0.02° 4:29 | Rejected
erienced SIS IRy RN DRI ER T IR .
Experienced - .40+ 365" |- 0.47 R ' w5
, —l= — L — e -

DsOfOS. Significant
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Teac .
4: The post-hoC Scheffe test showing the differences between the:

Table _
moderately experienced and the experienced teachers
— @ Yearsof | () Years of Teach- | Moan Diffor.. s, | Sio.
Teaching Ex- ing Experience ence (V) | Error
/pgjence ‘ | i
Below 5 years .| 5-10years: 04794 | .07480 | .815
Above 10 years -21071. 09436 | :086
5-10 years . Below 5 years 04794 - | .07480 815
" Above 10 years -.25866' 08910 | 016
Above 10 years Below 5 years 21071 | © 09436 .086
| 5-10years 25866 | .08910 | 016
e 4 revealec:i“ a statistically significant

The post-hoc Scheffe test on Tabl ‘
gifference between the experienced teachers and the moderately. experienced
ot reveal any statistically

teachers (Mean Difference = 0.26). The test did N«
significant difference between the experienced-teachers (M = 3.65, SD = 0.47) and
the less experienced teachers (M = 3.45, SD = 0.53)-at.0.05 level of significance.

Since the p-value (0.02) was less than 0.05, the null hypothesis is.rejected.

Research Question 4. What influence does schooﬂ‘ type have on chemistry

teachers’ application of green chemistry? - ‘
Table 5 shows that the: public school teachers had a lower mean score than

the private school teachers. The public school teachers 'lhad a mean score of 341

while the private school teachers had a mean score of 3.55. This implies that school

type influences the application of green chemistry practices.
Hypothesis 3 (HOs): There is no'‘ significant difference in the application of green
chemistry practices based on-school type. . \ |

The t-Test result on table 5 revealed a statistically significant difference in the
application of green chemistry by-the chemistry teachers in both the public and

private school, t (208) = 2.03, p < 0.05::The'mean score of the.chemistry teachers

~ inthe public schools (M = 3.41, SD = 0.38) is different from those of the teachers in

the private schools (M = 3.55, SD = 0.54).
Table 5: t-Test analysis showing the influence of school ,type on ¢hemistry teachers’

application of green chemistry

Groups N Mean .| SD df t-Testl p—vélue .Dec;ision
Pubioschools | 126 | 3.41-7.|.0.38 K ]
Private schools | 84 3.55 :|0.54 1, HO3
L] : , , 187 | -2.03i}-- 0.04 Rejected

p<0.05, Significant

Since the p-value (0.04) is less than the level of sidniﬂcance of 0.05, the null
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t difference in the application of
meaning that there
s in favor

E_ic‘hgri' Application

here is no significant,
ed on school type was rejected,

hypothesis which states that t
the application of green chemistry practice

green chemistry practices bas
was a significant difference in
of teachers in the private schools.

summary of Findings R
Based on the results obtained from the analysés; the findings are summarised

as follows: - |
1. The level of application of green chemistry practices b
in-the classrooms and the laboratory was high."A mean scor

obtained out of a maximum score of 4.0.

2. The mean score of the qualifiedteach
~ unqualified teachers (3.39). This shows t
had little influence on chemistry teachers’-app

3. The experienced teachers had the highest mean score of 3.65. while the
moderately experienced teachers and the less e‘xperienc::ed'teachers had mean

scores of 3.39 and 3.45 respectively. This means that the:application of green
chemistry practices varied among thé experienced, moderatelynexperienced'
5 in. favor -of:. the: .-e_xper;i.enced

and the less experienced chemistry teachers
, N ) T
'(3 41) than:the :private

teachers.
4. The public school teachefs-had a lower mean 'score”
“school teachers (3:55). This .implies-,f;that,-school'-'\type- influenced .the-application
of green chemistry practices. ' .= T ? SRR L e s
5. There was no Signiﬁcan't" ‘différence :in the .abpli'cation -of -green::chemistry
practices between the qualified arid the:unqualified chemistry teachers, t(187).=
~1.06, p > 0.05. Therefore hypothesis- 1.was not rejected. | e g
6. The application of green: chemistry varied sighiﬁcantly;-:among.,expeﬁ‘enced,-
moderately experienced and the:less experience,]‘d'chemiStry teachers, F.(2,187)
= 4.29, p < 0.05. The post-hoc Scheffe test\alsg-gevealeq a significant difference.
between the experienced group and the moderately .experienced group..

7. School type had a significant influence on the application of green chemistry
practices, t (208) = 2.03, p < 0.05 in favour of the private school teachers (M =

3.55) Therefore, hypothesis 3 was rejected. ' |

y 'the chemistry.teachers
e of 3.46 was

ers (3.{48) ‘was close to that of the
hat teachers’ academic qualification
lica:tion.of green chemistry.. -

M
|

! ;
| |

Empirical studies in the a‘rea. of teachers’ afpplicatidn of green chemistry
practices are rare. Hence, there are very few studies|to -.com;;aare the findings of this
r studies have examined the variables ‘of

study with along that line. However, othe ;
teacher qualification, experience and school type‘-whlich have been of interest in this

study.
The results obtained from the.analyses of thei obtained data reveal that the
level of teachers’ application of green chemistry practices was high. The implication

Discussion of Findings |

Cr A A e S £ T

-

i

G e O
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finding is that. the environment is not likely to bfe polluted with chemical

wastes from school laboratories. Chemistry students, 'fheir teachers and other
d to the hazards of

people in the school environment are not likely to be expose
'i roper disposal of chemical wastes from the Iaboratoriels and this in effect, would

contribUte to the overall health of the environment.
Expectedly, teachers’ qualification should influence their. performance as
hers, which normally should transform into better students’ performance. This is
y Fakeye (2012).in a study conducted on teachers'| qualification and
e found out that teachers’ teéching qualification had a

dents’ academic| achievement in English
a significant difference

qualified teachers

. of this

teaC
afﬁfmed b
subject mastery in which h
signiﬂcant relative contribution to stu
Language. In another report, Abe (2014) showed that

existed in the performances of students taught by professionally
and non-professional teachers. g

In this study, no significant difference was found i'n the application of green
chemistry practices between the qualified and the unqdaliﬁed teachers. It should
<till be noted however, that the mean score of qualified teachers (3.48) was higher

than that of the unqualified teachers (3.39). The | difference here is that
professionally qualified teachers are

distinguished from don-professionally qualified
teachers in terms of prior training in pedagogd

y. However, green chemistry practices
are enshrined in the core chemistry area which both caitegories of teachers were
exposed to in training. Hence, the two categories of teachers are nearly at the same
level and are actually not expected to differ significantly ||n applying green chemistry

practices. : |
However, the results obtained from the ANOVA analysis on the application of

green chemistry practices among experienced teachers, moderately experienced
teachers and the less experienced "t_ea(':hers revealed a significant difference
d the moderately experienced as captured by the

Even though, the difference between the mean of the ‘less

post-hoc test.
ced was found to be nop-significant, it was still in

experienced and the: experien
- 345 and 3.65 respectively). These results lays

favour of the experienced (M 1
credence to the findings of Dial (2008), Ladd (2008), {\kinsolut (2010), Ladd and

Sorrenson (2014), and Ewetan and Ewetan (2015), all of whom reported that

teachers’ number of years of teaching ‘experience  significantly influenced their
flected in their students’ academic

teaching performance positively as re
performances across school subjects. This finding of thi$ study further amplifies the

importance of experience in teaching. | |

Finally, the findings showed that school type influenced the application of
green chemistry practices-sighiﬁ&ahtly. The private school teachers had a higher
mean score on the application of green chemistry practices than the public school
teachers. This better posture on the part of the private school teachers is in line with
an earlier finding of a study by Choy (1997) which revealed that private school
teachers had better working conditions and were more satisfied with these
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conditions than the. public school teachers..In thjs case, the private school teachers
could have been more motivated and this could be responsible for their better
output. TR i . ‘

. Many -more recent studies on private and public schdbls have put the private
schools above the public schools on many variables. For instance, Olasehinde and
Olatoye (2014) did a comparative study of public and private senior secondary
school students’ science achievement in Katsina State, Nigeria. The results showed
that private school students performed significantly better than their counterparts in
public schools. A similar result was reported by",Shfa_bbir, Wei, Fu, Chong, Marwat,
Nabi and Ahmed (2014) in a study that compared the performance, and
effectiveness of government and. private primary schools in rural areas of Azad

_Jammu and Kashmir. This study therefore lays |credence to previous submissions
that place private schools above public schools, and in this particular context, in the
area of teachers’ application of green chemistry practices.

So also, Frenette and Chan (2015) also relported from their study that at age
15, private high school students scored significa{ntly higher than public high school
students on reading, mathematics, and science assessments, and also had higher
levels of educational attainment by age 23. Similarly, -.Sherafat and Murthy (2016)
sought to find out whether a difference existed in|public and private school students’
critical thinking and study habits. Their ﬁndir‘pgs revealed that private school
students had better critical thinking ability and study habits than their counterparts in
private schools. Their findings were assumed to be' traceableto the enabling

environment the teachers in private schools were exposed to as compared to their
counterparts in public schools.

Conclusion | .

The results showed that the’level of_appliclation of igreen chemistry practices .
by the chemistry teachers was high. Furthermore, academic qualification did not
influence the application of green chemistry prain_ctices 'by the chemistry teachers
significantly. However, teachers’ years of experience and school type had
significant influences on the application of green qhemistry practices.

Recommendations

Based on the findings of the study, the following recommendations are made:

1. The experienced chemistry teachers should c\‘grry the less experiencedteachefs""
along in the practice of green chemistry. They should provide appr(_)priat_e'('fi
mentorship for their junior colleagues in the area of green chemistry practice. = =

2. The public schools should provide enabling| environment that would give all -
teachers equal opportunity to practice what they have learnt and what they ™ .
know. - | ' P
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