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This study examined the effects of future career interest in science and gender, both used as moderator variables,

on students’ acquisition of science process skills when taught Basic Science with simulated laboratory and en-

riched laboratory guide material experiments. It adopted the pretest-posttest control group quasi-experimental

design with a 3x2x2 factorial matrix. Participants in the study included 277 (130 males, 147 females; ± 17years)

junior secondary three students randomly selected from six purposively chosen secondary schools based on the

existence of functional computer and physics laboratories. Science process skills test in Basic Science (r = 0.72)

and Future career interest in science questionnaire (r = 0.99) were used to collect the data, which were processed

using analysis of covariance and estimated marginal means in order to test three null hypotheses at 0.05 level of

signiicance. Future career interest in science signiicantly affected students’ science process skills acquisition in

Basic Science. At the same time, there was none for gender nor interaction effect between future career interest in

science and gender. Thus, students’ acquisition of science process skills depends largely on future career interest

in science which determines effective participation in Basic Science activities, especially laboratory experiments.

It is recommended that teachers are acquainted with students’ future career interests in science and utilize the

same to encourage effective participation in Basic Science practicals. This could assist students in acquiring sci-

ence process skills needed to experience and practice science for better performance in biology, chemistry, and

physics at the post-basic education level in Nigeria.

© 2018 The Author(s). Published by TAF Publishing.

INTRODUCTION

Science Process Skills (SPS) are the essential instruments

required for the generation and study of scientiic knowl-

edge. They are thinking skills used by scientists to construct

knowledge for the purpose of solving problems (Keong, Yip,

Swee, Toh, & Tai, 2017; Ozgelen, 2012; Rex, Yetunde, Grace,

& Pearl, 2017). They are important to scientists because

the primary concerns of science are problem-seeking and

problem-solving (Blough & Schwartz, 1974).

SPS's are tools that individuals use to acquire, process and

order information about the world (Ostlund, 1992). They

comprise cognitive and psychomotor skills employed to

identify and evaluate problems; collect, transform and in-

terpret data; as well as communicate results and indings

duringproblem-solving (Akinbobola&Afolabi, 2010). They

equipped students with competencies needed for conduct-

ing research in science and critical thinking in life generally.

They affect personal, social and global lives of individuals

(Aktamis & Ergin, 2008). Therefore, the development of

SPSs enables students to acquire skills necessary for solv-

ing everyday problems (Kazeni, 2005).

The American Association for the Advancement of Science

(AAAS) identify fourteen process skills. Ozgelen (2012)

reported that SPSs had been grouped into basic and in-

tegrated to the Science-A Process Approach (SAPA) Cur-

riculum project. Basic SPSs include: observing, using

space/time relationships, inferring, measuring, communi-

cating, classifying and predicting. Integrated SPSs consist
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of controlling variables, deining operationally, formulating

hypotheses, interpreting data, experimenting, formulating

models and presenting information. Basic SPSs are pre-

requisites for learning integrated SPSs and development

of problem-solving abilities in science. Thus, Tobin and

Capie (1982) recommend that pre-secondary education

(concrete operational stage) should ensure acquisition of

SPSs preparatory to the development of integrated SPSs in

the secondary schools (formal operational stage). This is

corroborated by the positive and high correlation (r = 0.73)

between students’ integrated SPSs and formal operational

skills reported by Padilla, Okey, and Dillashaw (1983).

SPSs are acquired in the laboratory. Science researches are

carried out in the laboratories. A laboratory is a space with

or without physical boundaries. It may be real or virtual. It

is a medium for instruction in science teaching and learn-

ing. It provides students with opportunities to engage in

processes of investigation and enquiry. This implies that

a laboratory is an environment which facilitates learning

by doing and consequently development of SPSs in the stu-

dents.

Utami, Saputro, Ashadi, Yamtinah, and Widoretno (2017)

reported that observing, data recording, communicating,

inferring, experimenting and data interpreting manifested

in that order as SPSs which were developed when grade II

senior high school Indonesia studen were tautht rate of re-

action in chemistry. Also, Ige and Fasasi (2009) established

a signiicant effect of laboratorywork on SPSs acquisition in

senior secondary two agricultural science in Nigeria. Thus,

SPSs are developed during laboratory activities/works.

Laboratory activities are “learning experiences in which

students interact with materials and/or with models to

observe and understand the material world” (Hofstein &

Lunetta, 2004). They include “minds-on” and “hands-on”

activities. They aremostly laboratory experiments and ield

works (science projects).

The development of SPS's depends on availability of func-

tional laboratory and learners’ interest in participating in

laboratory experiments among others. However, there are

no Basic Science (BS) laboratories nor enriched laboratory

guide materials for conducting laboratory experiments in

most basic education schools in Nigeria. Ajeyalemi (2011)

observes that more than 90% of Nigeria public schools nei-

ther have laboratory space and/or equipment nor are sup-

plied with necessary science kits for practical activities in-

tended in the curriculum. This situation makes many Nige-

ria junior secondary schools to convert ordinary classrooms

to BS laboratories or use the senior secondary school sci-

ence laboratories to conduct practical in BS. Unfortunately,

the laboratories are ill-equipped and have inadequate con-

sumables. This is corroborated by the indings of Eya and

Elechi (2011) that secondary school teachers in the six ed-

ucation zones of Enugu State did not utilise laboratory fa-

cilities to teach BS because of lack of adequate laboratory

facilities, lack of teacher’s guide and practical manuals.

In order to make students experience science through con-

stant involvement in laboratory works so that they can ac-

quire SPSs, Shaheen and Khattab (2005) advocate the use

of Simulated Laboratory (SL) experiments to reduce the

challenges of absence of BS laboratories as well as non-

availability of materials and equipment in senior secondary

laboratories. Ogunbowale (2012) recommends the de-

ployment and use of Enriched Laboratory Guide Material

(ELGM) in all science laboratory experiments.

SL experiment is an application of Computer As-

sisted/Aided Learning (CAL) to conducting experiments

in the laboratory (Akani, 2005). Ige and Ele (2009) iden-

tify the following roles and values of using Information and

Communication Technology (ICT) in science teaching and

learning among others:

i. Foster students’ interest and motivation.

ii. Promote students commitment to learning.

iii. Make the lessons exciting and interesting for both teach-

ers and students.

iv. Make students to do science effectively and conduct ex-

periments as viewed on screen.

v. Facilitate the process of learning through interactionwith

simulation.

Research reports by Lazarowitz and Huppert (2014) as

well as Yang and Heh (2007) indicate that SL experiments

enhance students’ SPSs acquisition in microbiology and

physics respectively.

ELGM experiment is the use of a carefully prepared ex-

perimental procedure to explore in order to discover rela-

tionship(s) between experimental variables in a functional

physical or simulated (virtual) laboratory. ELGM facilitates

smooth and hitch-free conduct of laboratory experiments.

Research indings reveal that ELGM experiments promote

acquisition of SPSs in chemistry (Chebii, Wachanga, & Ki-

boss, 2012).

Many Nigerian students do not show interest in the study

of senior secondary science subjects. This is evident in the

outcome of a comparison between students’ participation

in BS and senior secondary science subjects as presented in

Table 1.
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TABLE 1. Transition rates from basic Science to the senior secondary chemistry and physics in Oyo state

BECE WASSCE % Population of BECE graduates who

took science subjects (C=B/AX100%)

Year Taken Population (A) Year Taken Science Population (B)

2008 80,070 2011 15,163 18.9

2009 85,034 2012 13,724 16.1

2010 80,355 2013 27,111 33.7

Notes: Department of Planning, Research and Statistics, Oyo State Ministry of Education, Secretariat, Ibadan, Oyo State (2015)

Table 1 indicates that 18.9%, 16.1% and 33.7% of the BS

graduates offered and sat for one or both of chemistry and

physics in the West African Senior School Certiicate Exam-

inations (WASSCE) in 2011, 2012 and 2013 respectively.

This is in spite of impressive performance in the Basic Edu-

cation Certiicate Examination (BECE) in BS for junior sec-

ondary (JS) students between 2008 and 2015 in Oyo State

(as contained in Table 2).

TABLE 2. Analysis of Oyo state students’ performance in the BECE in basic science (2008-2015)

Year Total Candidate Distinction (A) Credit (C) Pass (P) Failure (F) A+C

2008 80,070 (100.0%) 8,056 (10.0%) 51,627 (64.5%) 14,138 (17.7%) 6,249 (07.8%) 59,683 (74.5%)

2009 85,034 (100.0%) 9,740 (11.5%) 37,347 (43.9%) 29,935 (35.2%) 8,012 (09.4%) 47,087 (55.4%)

2010 80,355 (100.0%) 11,073 (13.8%) 50,435 (62.8%) 18,081 (22.5%) 766 (01.0%) 61,508 (76.5%)

2011 75,437 (100.0%) 16,517 (21.9%) 27,962 (37.1%) 15,640 (20.7%) 15,318 (20.3%) 44,479 (59.0%)

2012 89,047 (100.0%) 8,554 (09.6%) 44,345 (49.8%) 25,466 (28.6%) 10,682 (12.0%) 52,899 (59.4%)

2013 78,733 (100.0%) 259 (00.3%) 46,873 (59.6%) 20,723 (26.3%) 10,878 (13.8%) 47132 (59.9%)

2014 89,108 (100.0%) 6867 (07.7%) 62,796 (70.5%) 17,988 (20.2%) 1,457 (01.64%) 69663 (78.2%)

2015 96,421 (100.0%) 11,348 (11.77%) 65,541 (67.97%) 19,501 (20.23%) 31 (00.03%) 76,889 (79.74%)

Source: Oyo State Government (2015)

Thus, BS has not adequately developed students’ interest in

science as implied in the low enrolment in post-basic sci-

ence education. Perhaps, this is due to inadequate expo-

sure to BS practical which has given rise to students’ depri-

vation to experience and enjoy science. This corroborates

Ekpunobi (2005) observation that for a child to be science

inclined, the foundation has to be effectively laid at the ba-

sic education level. Also, it undermines the achievement of

one of the overall objectives of the basic education curricu-

lum: “to enable the learners to become prepare for further

studies in science and technology” (Nigerian Educational

Research and Development Council, 2012).

However, it is important to arouse and sustain students’ in-

terest in BS laboratory experiments in order to boost enrol-

ment in post-basic education science classes. This could be

achieved by giving consideration to students’ career inter-

ests during science lesson preparation and making its de-

livery enjoyable to the students.

Consequently, students will participate actively in labora-

tory activities and acquire SPSs better in this dispensation.

According to Izzet Kurbanoğlu andArslan (2015), career in-

terest comprises resources which an individual uses to re-

spond to tasks and challenges of vocational development.

These resources include adequate knowledge of the subject

areas and their inherent life skills which are relevant to the

actualization of the career interest. Thus, Future Career In-

terest in Science (FCIS) are preferences for science-related

jobs, professions and works. They inluence the choice of

science subjects and disciplines at the post-basic education

levels. Theymanifest asweakpersonal/individual interests

which can be nurtured by conducive learning environment

(situational interest) into strong individual interests in sci-

ence activities.

Cheung (2018) views individual interest in science lesson

as a relatively stable and enduring personal emotion com-

prising affective and behavioural reactions to events in the

regular science lessons. It leads to an “enduring disposi-

tion to attend to certain objects and events and to engage

in certain activities, contents or objects” (Hidi & Renninger,

2006). Thus, FCIS motivates students to choose science-

and technology-related subjects and disciplines as well as

promotes science students participation in laboratory ac-

tivities.

This is corroborated by Hasni and Potvin (2015) view that

FCIS determines the extent of students’ current engage-

ment in science activities and the level to which students
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have the intention to be involved in science activities in fu-

ture. Therefore, SL and ELGM experiments environments

have been selected and used to sustain students’ FCIS for

active involvement in laboratory activities in order to pro-

mote students’ development of SPSs in BS.

Gender disparity in students’ interest in science subjects,

acquisition and possession of SPSs have been inconclu-

sively reported in literature. Akani (2005) observes higher

possession of SPSs by male than female students in Nige-

ria colleges of education. On the hand, Zeidan and Jayosi

(2015) found females’ possession of SPSs to be more than

male students in irst secondary grade in Turkey. Also, Ige

and Fasasi discover that male students had better prac-

tical skills’ acquisition in senior secondary two agricul-

tural science than females. While female Turkish elemen-

tary school teachers recorded better SPSs acquisition than

males (Aydogdu, Erkol, & Erten, 2014). Trumper (2006a)

reports that Israelis girls who were graduates of compul-

sory primary and junior school showed greater interest in

biology than boys. Whereas Israelis boys who were grad-

uates of compulsory primary and junior school recorded

higher interest in physics than girls (Trumper, 2006b).

However, Kurbanoǧlu and Arsian found no gender differ-

ence in the career interest of 702 high school students in

Sakarya. Therefore, this study examined the moderating

effects of FCIS and gender on students’ acquisition of SPSs

in BS using SL and ELGM experiments in junior secondary

three in Oyo State, Nigeria.

Hypotheses

The following null hypotheses guided the study:

H1: There is no signiicant main effect of future career in-

terest in science on students’ acquisition of science process

skills in Basic Science.

H2: There is no signiicant main effect of gender on stu-

dents’ acquisition of science process skills in Basic Science.

H3: There is no signiicant interaction effect of future ca-

reer interest in science and gender on students’ acquisition

of science process skills in Basic Science.

METHODOLOGY

This study adopted the pretest-posttest control group

quasi-experimental design with a 3x2x2 factorial matrix. A

total of 277 junior secondary three students from six in-

tact classes and six previously trained research assistants

who were randomly selected from six purposively chosen

co-educational schools in six local government areas of Oyo

State participated in the study. Two of the selected schools

have functional computer laboratories, two other schools

have well-equipped physics laboratories and the remain-

ing two schools have conventional (expository/demonstra-

tional) laboratory facilities in light and electrical energy.

Experiments on relection of light aswell as relationship be-

tween potential difference and electric current were pur-

posively selected for the study. This is because the report

of a preliminary survey among BS teachers in Oyo State in-

dicated light and electrical energy as two of the perceived

dificult topics which are either not or poorly taught by the

teachers. The two topics are under the theme: “You and En-

ergy” in JSIII of theNigeria Educational Research andDevel-

opment Council (NERDC) BS curriculum.

Six of the seven research instruments developed by

Ogunkunle (2017) were adopted for use in the study. They

include: Instructional Guide on Simulated Laboratory Ex-

periments (IGSLE), Instructional Guide on Enriched Lab-

oratory Guide Material Experiment (IGELGME), Instruc-

tional Guide on Conventional (expository) Laboratory Ex-

periments (IGCELE), Science Process Skills Test in BS (SP-

STBS)with KR-20 reliability index of 0.72, Future Career In-

terest in Science Questionnaire (FCISQ) with Cronbach’s al-

pha reliability index of 0.99 and Research Assistants Train-

ing Evaluation Scale (RATES). Students’ acquisition of three

basic SPSs (classifying, measuring and predicting) and four

integrated SPSs (deining variables operationally, identify-

ing experimental variables, organizing data through con-

struction of appropriate tables of values/readings and de-

scribing relationships between variables –inferring) were

examined in this study. FCISQ and SPSTBS were adminis-

tered to the sampled students. They were exposed to ap-

propriate treatments in SL and ELGM experiments on the

basis of the schools for seven weeks. The two instruments

were re-administered to the students at the end of the treat-

ments. The data collected were analysed using Analysis of

Covariance (ANCOVA) with the pretest scores as covariates

to test the hypotheses at p < .05 level of signiicance. Es-

timated Marginal Means (EMM) was computed in order to

detect differences between the pretest and posttest mean

scores for different groups.

RESULTS

H1: There is no signiicant main effect of future career in-

terest in science on students’ acquisition of science process

skills in Basic Science.

Table 3 shows that there was a signiicant main effect of fu-

ture career interest in science on students’ acquisition of

science process skills in Basic Science (F (1,264) = 17.62,

p < .05; partial η2 =.063). This implies that the future career

interest in science had a signiicant main effect on students’
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acquisition of science process skills posttest mean score in

Basic Science, with an effect size of 6.3%. Therefore, H1 is

rejected. In order to determine how the groups performed,

the Estimated Marginal Means were computed and these

are presented in Table 4.

TABLE 3. Summary of ANCOVA

Source Type III Sum of Squares Df Mean Square F Sig. Partial Eta Squared

Corrected Model 536.236a 12 44.686 8.471 .000 .278

Intercept 9386.701 1 9386.701 1779.366 .000 .871

Pre-Science Process Skills 8.409 1 8.409 1.594 .208 .006

Main Effect

Future Career Interest in Science 92.948 1 17.619 .000* .063

Gender 9.008 1 9.008 1.708 .192 .006

2-Way Interaction

Future Career Interest in Science

x Gender 1 .425 .081 .777 .000

Residual (Error) .425 264 5.275

Total 1392.680 277

Corrected Total 58627.000 276

1928.917

a. R Squared = .278 (Adjusted R Squared = .245) *Signiicant at p < .05

TABLE 4. Estimated Marginal Means

Group N Mean Std.Error 95% Conidence Interval

Lower Bound Upper Bound

1. Science-related 197 14.809a .169 14.476 15.143

2. Non-Science related 80 13.356a .302 12.762 13.951

a. Covariates appearing in the model were evaluated at Pre-Science Process Skills’ Acquisition score= 5.8700

Table 4 reveals that studentswith science-related future ca-

reer interest in science group had higher posttest science

process skills acquisition mean score (14.81) in Basic Sci-

ence than the non-science related group (X̄ = 13.36). This

implies that students in the science-related future career in-

terest in science group acquiredmore science process skills

than those in the non-science related group.

H2:There is no signiicantmain effect of gender on students’

acquisition of science process skills in Basic Science.

Table 3 reveals that there was no signiicant main effect

of gender on students’ acquisition of science process skills

in Basic Science (F (1,264) = 1.71, p < .05). This im-

plies that gender had no signiicantmain effect on students’

posttest acquisition of science process skills in Basic Sci-

ence. Therefore, H 2 is not rejected. In order to determine

how the groups performed, the Estimated Marginal Means

were computed and these are presented in Table 5.

TABLE 5. Estimated Marginal Means of Posttest Science Process Skills’ Acquisition

Scores in Basic Science by Gender

Group N Mean Std.Error 95% Conidence Interval

Lower Bound Upper Bound

1. Male 130 14.309a .269 13.779 14.839

2. Female 147 13.856a .218 13.427 14.286

a. Covariates appearing in the model were evaluated at Pre-Science Process Skills’ Acquisition

score= 5.8700
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Table 5 shows thatmale students have superior posttest sci-

ence process skills’ acquisition mean score (14.31) than fe-

male students (X̄ = 13.86).

H3: There is no signiicant interaction effect of future ca-

reer interest in science and gender on students’ acquisition

of science process skills in Basic Science.

Table 3 shows that there was no signiicant 2-way interac-

tion effect of gender and future career interest in science on

students’ acquisition of science process skills in Basic Sci-

ence (F (1,264) = .08, p< .05). Therefore, H 3 is not rejected.

In order to determine how the groups performed, the Esti-

mated Marginal Means were computed and these are pre-

sented in Table 6.

TABLE 6. Estimated Marginal Means of Posttest Science Process Skills’ Acquisition Scores in Basic Science by

Gender

Group N Mean Std.Error text95% Conidence Interval

Future Career in Science Gender Lower Bound Upper Bound

1. Science-related Male 96 15.085a .248 14.597 15.572

Female 101 14.534a .231 14.079 14.989

2.Non-Science related Male 34 13.533a .478 12.593 14.474

Female 46 13.179a .370 12.451 13.907

a. Covariates appearing in the model were evaluated at Pre-Science Process Skills’ Acquisition score= 5.8700

Table 6 indicates thatmale studentswith science-related fu-

ture career interest in science and those with non-science

related future career interest in science had higher posttest

mean scores in science process skills’ acquisition in Basic

Science (15.09>14.53 and13.53>13.18) than their respec-

tive female counterparts.

DISCUSSION

Effect of FCIS on Students’ Acquisition of SPSs in Basic

Science

The indings of this study showed that FCIS had signiicant

effect on students’ acquisition of SPSs in BS. This implies

that FCIS enhanced students’ acquisition of SPSs in BS. This

is because FCIS determines students’ active participation in

science activities (Hasni & Potvin, 2015) throughwhich stu-

dents could develop SPSs (Utami et al., 2017). It becomes

evident in the higher SPSs acquisition in BS by the science-

related future career interest than non-science related fu-

ture career interest in science.

Effect of Gender on Students’ Acquisition of SPSs in Ba-

sic Science

The result obtained in this study indicated that students’

acquisition of SPSs in BS was not signiicantly affected by

gender. This implies that male and female BS students ei-

ther have not signiicantly acquired or have developed SPSs

in almost equal proportion. Light and electricity experi-

ments were used in the study and they form parts of top-

ics in post- basic education physics curriculum. Trumper

(2006a), Trumper (2006b) observed that Israelis girls are

more interested in the study of biology whereas their boys

are more inclined to the study of physics. This is suggestive

of gender difference in active participation in the study and

better acquisition of SPSs by males than females. However,

the result of this study contradicts the observation made

by Ige and Fasasi (2009) that Nigeria senior secondary two

male students acquired more practical skills in agricultural

science than females. Also, it does not support the report

of Akani (2005) that male inal year students in Nigeria col-

leges of education possess signiicantly more SPSs than fe-

males.

Interaction Effect of FCIS and Gender on Students’ Ac-

quisition of SPSs in Basic Science

The interaction effect of FCIS and gender on students’ ac-

quisition of SPSs in BS was found not to be signiicant. This

implies that FCIS and gender did not collectively determine

acquisition of SPSs in BS. This is because practical work is

intrinsically interesting to both male and female students

(Ogunbowale, 2012) and the use of simulations make sci-

ence lessons more exciting for both teachers and students

(Ige & Ele, 2009).

CONCLUSION

The study revealed that students’ acquisition of SPSs in BS

does not depend on gender but FCIS. This implies that en-

couraging students to participate in science should not be

based on gender consideration. However, FCIS of students

should determine the selection of instructional materials

for lesson delivery. Since many students are usually fasci-

nated by information and communication technology gad-

gets, schools shouldbeencouraged to adopt theuseof SL ex-
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periments as viable alternative tomake students participate

in laboratory activities especially in Nigeriawhere there are

no BS laboratories in schools. Also, well planned and log-

ically organised activity-based lessons save time, develop

students’ interest and promote meaningful learning. Thus,

ELGMs should be adopted for the conduct of laboratory ex-

periments. This will improve SPSs acquisition.

RECOMMENDATIONS

Based on the indings of the study, the following recommen-

dations were made.

1. Government through the ministry of education should

emphasize the development of SPSs in BS through students’

active involvement in activity-based laboratory instruction.

2. BS teachers should endeavour to conduct a survey of

the FCIS of students and utilise the information to motivate

them to participate in laboratory experiments.

3. BS teachers should give equal attention and assistance to

students’ learning challenges irrespective of gender.

4. Government and other stakeholders in education should

encourage the development and production of SL experi-

ments and ELGMs in other BS topics than light and electric-

ity.

5. Schools should adopt the use of SL experiments as viable

alternative to conducting BS experiments where there are

no functional science laboratories.
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