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INTRODUCTION 
he technological advancement of a nation depends on 

the level of scientific and technological knowledge of 

the citizenry where education remains a veritable tool 

for this attainment. To actualize this technological 

advancement, educators do not rest on the oars of their 

previous researches and conventional teaching styles but they 

should keep searching for novel and ideal ways on how to 

transform education through an engaged, appealing, intuitive 

pedagogy or domain (Ada, Eriba, &Toryem, 2020; Achor, 

&Iryobee, 2020). The need for this transformation could be the 

reason why the Federal Republic of Nigeria (FRN, 2013), in 

release of her educational objectives for secondary schools, 

emphasized on the need to equip students with relevant skills. 
In the opinion of Nigerian Educational Research and 

Development Council (NERDC) (2012), BST is the product of 

restructuring and integration of Primary and Junior Secondary 

School science curricula namely Basic Science, Basic 

Technology, Physical and Health Education, and Information 

and Communication Technology (ICT) which a child encounters 

at the Upper Basic level under the current 9-3-4 system of 

education. The goals of BST are to develop students' interest in 
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science and technology, acquire and apply basic scientific and technological knowledge 

and skills to meet the contemporary societal needs. 

 Despite these objectives, general under-achievement as well as gender controversies in 

science and technology among male and female students were reported (Ode, Ayu, 

&Aligwu, 2019; Achor, Odoh&Abakpa, 2018; Aneke, &Ezugwu, 2018). These could be 

ascribed to the use of conventional teaching method like exposition and others that 

characteristically restrictive and inflexible for addressing the learning needs of the next 

generation students.  

Expository method in this study is a conventional method where the teacher interprets 

the subject matter to the students (Mill, 2015). The teacher completely dominates 

classroom discussions and permits little or no questions and answers from students. 

Consequently, a shift from the old system to technology-driven strategy likes electronic 

learning (abridged as e-learning) for BST teaching and learning becomes imperative. 

The word e-learning is synonymously used with virtual knowledge, online education, 

computer based learning, electronic instruction, electronic pedagogy, web-based 

knowledge and networked education. Whatever may be the meaning of e-learning, the 

idea is to revamp the traditional styles of instruction using AI and ICT resources. E-learning 

can be considered as pedagogical platforms driven by AI and ICT where apps are designed 

(MAL) and Virtual Science Laboratory (VSL) apps were developed by the researcher and 

were used asthe teachingstrategies. The instrument used for data collection was Basic 

Science and Technology Achievement Test (BSTAT) which was validated, mal-tested and 

subjected to reliability analyses using KR-21 which yielded 0.94. Three research questions 

were stated and answered using mean, standard deviation, and graphs while three 

hypotheses were stated and tested using ANCOVA at 0.050 level of significance. The 

findings revealed that, there was significant difference in the mean achievement scores 

[F(2, = 150.385, p=0.000 < 0.050 of the students in MAL, VSL and Expository method. The 

findings revealed that, there was no significant gender difference [(F2, 57) = 0.96, p = 

0.758 > 0,050] in MAL; however, In VSI, there was a mean achievement difference ((F2, 

72) = 4.103, p=0.047 < 0.050 in favour of male. There was no significant interaction effect 

of strategies and gender on the students' mean achievement scores [(F2, 195) = 0.733, p= 

0.482 > 0.050. Based on the findings, it was recommended among others that, the 

government and educational institutes should train teachers on the development and 

implementation of the MAL, and VSL since they are factors in students learning 

outcomes. 

 

Key Words:-Learning, Machine-Assisted Learning, Virtual Science Laboratory, 

Achievement, Basic Science, Technology. 
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to mimic teacher's intelligent processes in terms of instructional delivery, displaying 

experiments, test administration, taking attendance, giving prompt feedbacks on virtual 

format among others (Esam, 2016). Though, ICT facilities and human resources that can 

facilitate the integration of e-learning are insufficient in Nigerian schools but the 

introduction of technology-driven methods gives students the opportunities to access 

information of interest and interact with experts (Achor, &Ityobec, 2020). 

The study focused on Machine-Assisted Learning (MAL) and Virtual Science Laboratory 

(VSL) types of e-learning. MAL may offer a distinct learning advantage over traditional 

forms of classroom instruction. It is a student-centered mode of electronic lecture or 

exposition where students individually receive learning experience with the aid of 

multimedia resources (Utermohlen, 2019). This strategy is noted to facilitate learning, 

improve course navigation, simplify learning process, analyze answers and give prompt 

feedback to students' responses (Murugan,  &Kamisah, 2015). 

Virtual science laboratory strategy is a laboratory activity without real laboratory walls 

and doors usually packaged in software format but situated in an electronic environment. 

In the opinion of Esam (2016), it enables students to link between the theoretical and 

aspects of learning without practical papers and pens.  

 

Statement of the Problem 

Educators have been on a continuous question to unravel the paradox of unimpressive 

educational outcomes and do not find satisfaction in students' achievement despite 

enormous effort and investments in science and technology education (Agambe, Samba, 

&Kycleve, 2020; Ode, Ayua, &Alagwu, 2019). Also, gender has been identified as a factor 

in students' achievement. These worrisome situations have been ascribed to persistent 

use of conventional system like expository, lecture and others characterized by teacher-

centeredness and passive learning. The problem is exacerbated by acute shortage of 

equipment making it difficult for students to exhibit how concepts are covered and 

applied in a real life situation. These suggest that the current educational system is 

defective challenges of COVID-19 Pled with the insect pandemic, global climate change 

and insecurity ravaging the system. If these problems are not given urgent attention, they 

will continue to impede students' achievement and also lead to set back in national 

development. This has necessitated the quest for the use of innovative strategies like MAL 

and VSL. The problem of this study is therefore, the Effects of machine-Assisted and 

virtual science laboratory learning strategies on students' Achievement in Basic Science 

and Technology in NasarawaState, Nigeria. 

 

Research Questions  

The following research questions guided the study:  
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1. What is the difference in the mean achievement scores of the students taught BST 

using machine-assisted learning, virtual science laboratory strategies and 

expository method?  

2. What is the difference between the mean achievement scores of male and female 

students taught BST concepts using machine-assisted learning? 

3. What is the difference between the mean achievement scores of male and female 

students taught BST concepts using virtual science laboratory strategy? 

 

Objectives of the Study 

The purpose of this study was to find out the Effects of machine-Assisted and virtual 

science laboratory learning strategies on students' Achievement in Basic Science and 

Technology in Nasarawa State, Nigeria. 

Specifically, the study sought to achieve the following objectives: 

1. To determine the mean achievement scores of the students taught BST using 

machine-assisted learning, virtual science laboratory strategies and expository 

method. 

2. To determine the mean achievement scores of male and female students taught 

BST concepts using machine-assisted learning. 

3. To determine the mean achievement scores of male and female students taught 

BST concepts using virtual science laboratory strategy. 

 

Hypotheses 

The following null hypotheses were stated and tested at 0.05 level of significance:  

1.  There is no significant difference in the mean achievement scores of the students 

taught BST concepts using machine-assisted learning, virtual science laboratory 

strategies and expository method. 

2.  There is no significant difference between the mean achievement scores of male 

and female students taught BST concepts using machine-assisted learning.  

3.  There is no significant difference-between the mean achievement scores of male 

and female students taught BST concepts using virtual science laboratory 

strategy. 

 

Research Method  

The study adopted a non-randomized control group, pretest-posttest quasi-experimental 

design. Three intact classes were used for study. Two experimental for MAL and VSL 

strategies, one control group for Expository method. Using multistage sampling 

technique, a sample of 202 students was drawn from a population of 27678 students.  

Descriptive statistics of mean and standard deviation were used to answer the research 

questions while Analysis of Covariance (ANCOVA) was used to test the hypotheses at 0,05 
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level of  significance.  ANCOVA is suitable to test the hypotheses because it is considered 

to adjust the pre-existing difference of the non-equivalent and also the study used quasi-

experimental design, and three intact classes were used. Bonferroni effect size and pair 

wise comparison were established to determine the magnitude of the difference among 

the groups. 

 

Results 

Research Question One 

What is the difference in the mean achievement scores of the students taught BST using 

machine-assisted learning, virtual science laboratorystrategiesand expository method?  

Table 1:Mean and Standard Deviation on Students Achievement Scores in MAL, 

VSIstrategiesand Expository method 

Strategies  Mean N Pre-BSTAT Post-BSTA Mean Gain 

Machine Assisted Learning  Std. Deviation 

 mean  

N  

26.02 

 

60 

66.48 

 

60 

40.48 

Virtual Science Laboratory Std. Deviation  

Mean  

N 

8.26 

26.92 

75 

7.88 

71.85 

75 

44.93 

Expository method Std. Deviation  

Mean  

N 

10.85 

27.61 

67 

8.39 

49.01 

67 

21.40 

 Std. deviation  11.07 7.40  

 

The analysis of data on Table 1 shows the mean and standard deviation of the students' 

achievement scores in BST taught using MAL, VSL,strategies and expository method. The 

table shows that 60, 75 and 67 students were taught using MAL, VSI and expository 

strategies respectively. The table reveals that the mean achievement score of the 

students taught using MAI. is 26.02 with a standard deviation of 8.26 during pre-test and 

66.48 with a standard deviation of 7.88 in post-test. The mean achievement score of the 

students taught using VSL is 26.92 with a standard deviation of 10.85 during pre-test 

and71.85 with a standard deviation of 8.39 in post-test learning? While the mean 

achievement score of thestudents taught using Expository method is 27.61 with a 

standard deviation of 11.07 during pre-test and 49.01 with a standard deviation of 2 7.40 

in post-test. The mean gain in the achievement scores of the students taught us 0.48; VSL 

is 44.93 while exposing MAL is 40.45 Expository method is 21.40. Based on the 

achievement mean gains, the VSI. Students scored higher followed by those taught using 

MAL. 
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Hypothesis One 

There is no significant difference between the mean achievement scores of students 

taught BST Concepts Using Machine-Assisted Learning, Virtual Science Laboratory and 

those Taught Using Expository methods. 

Table 4: ANCOVA Result on Mean achievement Scores of Students Taught BST Concepts 

UsingMAL, VSL and Expository method 

 

Table 4: Results of Analysis of Covariance on Basic Science and Technology Students’ 

Achievement (BSTAT) Scores based on Interaction Effect on MAL, VSL, and CM with 

Gender. 

Source Type III Sum of 

Squares 

Df Mean 

Square 

F Sig. Partial Eta 

Squared 

Corrected 

Model 

20046.713 6 3341.119 53.698 .000 .623 

Intercept 94886.842 1 94886.842 1525.008 .000 .887 

Pre BSTAT 38.831 1 38.831 .624 .430 .003 

Strategies* 18714.018 2 9357.009 150.385 .000 .607 

Gender 220.059 1 220.059 3.537 .062 .018 

Strategies* 

Gender 

91.204 2 45.602 .733 .482 .007 

Error 12133.010 195 62.221    

Total 825874.000 202     

Corrected 

Total 

2179.723 201     

a.R Squared=623 (Adjusted R Squared 611) denotes Fis significant at 0.05 alpha level. 

 

The ANCOVA test result in Table 4 reveals that, [F(2, 195) 150.385, p = 0.000 0.050] Since 

p-value is less than the significance level of 0.05, the null hypothesis is therefore rejected. 

This implies that there is significant difference in the mean achievement score of the BST 

students taught using MAL, VSL and expository strategies. Thus, the BST students taught 

using VSL achieve better followed by students in MAL group than those in Expository 

method. The strategies parted Eta squared (partial n2) of 0.607 is obtained for the 

strategies; meaning that, 60.70% of the students' achievement could occurred for when 

the two strategies were employed. A follow up pair wise comparison test was conducted 

to locate the magnitude of difference in the mean achievement scores of the three groups 

as indicated in Table 5, 
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Table 5:  pair wise comparisons of mean achievement scores of the students Taught BST 

Concepts Using MAL, VSL and Expository method 

(1) Strategies         (J) strategies                            std.                     sig 

  Mean              Error  

 Difference 

 (1      - J) 

Machine assisted          virtual science laboratory                      -5.072*         1.386               .001 

Learning  

 Expository strategies                              17.323*        1.412              .000 

Virtual science Lab.     Expository strategies                             22.395*         1.340             .000 

 

Base on estimated marginal means. The mean difference is significant at the 05 level  

Looking at Table 5, it is seen that, the pair wise (bivariate) comparisons of the mean 

achievement  scores of the students taught using MAL and VSL strategies yielded a mean 

difference (1-1) of -5.072 with a standard error of 1.386. Similarly, the comparisonsof the 

mean achievement scores of the students taught using MAL, and expository yielded a 

mean difference (I-1) with a standard error of 1.412. Also, the comparisons of the mean 

achievement scores of students taught BST using VSL and expository strategies produced 

a mean difference (1-1) of 22 392 with a standard error of 1.340. Since p= 0.01 and 0.00 

<0.05 in the three comparisons, the null hypothesis is therefore rejected. This implies that, 

there is significant difference in the mean achievement  scores of the students taught BST 

concepts using MAL, VSL and expository strategies with VSL group achievement better 

followed by MAL group than and expository groups. This confirms the ANCOVA test 

results on Table 4. 

 

Research Question Two 

What is the difference between the mean achievement scores of male and female 

students taught BST concepts using machine-assisted 

Table 2: Mean and Standard Deviation of Male and Female Students' achievement Scores 

taught BST using MAL 

Gender                                               pre BSTAT              post BSTAT                    mean   Gain 

Male                mean                      25. 56                      66. 91 41. 35 

N                           34                           34 

                        Std. Deviation         7. 42                       4. 47 

Female             Mean                      26. 62                      65.92                                39. 50 

N      26                              26 

                           Std. Deviation          9.36                          8.50 

Mean  Difference                                                                                  1. 85 
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Table 2 shows the mean and standard deviation for male and female students' 

achievement scores in BST taught using MAL. The result revealed that, the pre-test mean 

achievement score of male students in BST taught using MAL is 25.56 with a standard 

deviation of 7.42 while that of female counterparts is 26.62 with a standard deviation of 

9.36. The result also revealed that, the post-test mean achievement score of male 

students taught using MAL strategy is 66.91 with a standard deviation of 7.47 while that 

of their female counterparts is 65.92 with a standard deviation of 8.50. Also, the mean 

gain of the male students is 41.35 while that of the female is 39.50 and their difference is 

1.85 in favour of male students. 

 

Hypothesis Two 

There is no significant difference between the mean achievement scores of male and 

female students taught BST concepts using machine-assisted learning. 

 

Table 6: ANCOVA Results on mean achievement scores of male and female students 

Taught Using MAL 

                                    Type iii sum                                                               partial Eta 

Source                        of squares      d f          mean squares          F            sig          squares 

Corrected                  570.824                2                285.412               5.258         .008         .156 

Model                        

Intercept                  31029.946                1            31029.946            571.628        .000           .909 

Pre BSTAT          556.422          1                556.422              10.250        .002            .152 

MAL Gender                 5.194              1                   5.194               .096       .758           .002 

Error                        3094.159            57                 54.283 

Total                     268867.000            60 

Corrected Total         3664.983            59 

 

a. R Squared.156 (Adjusted R Squared =126) 

denotes F is significant at 0.05 alpha level. 

Table 6 shows the summary of ANCOVA test results for male and female students' mean 

achievement scores in the machine-assisted learning strategy. The result shows that [F(1, 

57) = 0.96, p = 0.758> 0.050]. Since the p-value is greater than the set significant value of 

the study (p > 0.05), the null hypothesis two is therefore not rejected. This indicates that, 

there is no significant difference in the mean achievement scores of male and female 

students taught BST using MAL. Since the partial n2 obtained for gender is 0.002, it means 

that only 0.2% of the achievement score could be explained by gender variance when MAI 

was employed. 
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Research Question Three 

What is the difference between the mean achievement scores of male and female 

students taught BST concepts using virtual sciencelaboratory strategies? 

Table 3: Mean and Standard Deviation of Male and Female Students achievement 

ScoresTaught BST Using VSL 

Gender                      pre BSTAT                         Post BSTAT          Mean   Gain 

Male                    mean                          27.24  73. 44                           46. 20 

                             N    4545 

   Std.  Deviation            10.62 8.37 

Female                Mean                            26. 4369. 47                            43. 04 

                             N      30       30 

            Std. Deviation              11. 347.97 

Mean  Difference3. 16 

 

The result in Table 3 shows that the pre-test mean achievement score of male students in 

the VSL is 27.24 with a standard deviation of 10.62 while that of their female counterparts 

is 26.43 with a standard deviation of 11.34. It further reveals that the post-test mean score 

of male students taught using VSL strategy is 73.44 with a standard deviation of 8.37 while 

that of their female counterparts is 69.47 witha standard deviation of 7.97. The mean gain 

of male students is 46.20 and that of the fe male is 43.04 with the difference of 3.16 in 

favour of male students. 

 

Hypothesis Three 

There is no significant difference between the mean achievement scores of male and 

female students taught BST concepts using virtual science laboratory strategy. 

Table 7: ANCOVA Results on Mean AchievementScores of Male and Female Students 

Dependent variable:  post BSTAT 

Source                    Type iii Sum                                                           partial Eta 

 Of squares         D f              mean squares    F             sig           squared   

Corrected model    300.309              2                 150.154            2.204       .118        .058 

Intercept                  51105.721         1                 51105.721       750.164   .000         .912 

Pre BSTAT                 15.500            1                 15.500            .228          .635         .003 

VSL Gender              279.544        1                279.544         4.103      .047.054 

Error                          4905.078        72                68.126 

Total                          392423.000    75 

Corrected Total        5205.387         74 

a. R Squared=058 (Adjusted R Squared= .032) denotes F is significant at 0.05 alpha 

level 
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b. Denotes F is significant at 0.05 alpha level  

 

Table 7 shows summary of ANCOVA test results of male and female students' mean 

achievement scores taught using VSL. The result indicates that, [F(1, 72) = 4.103, p = 0.047 

<0.050]. Since the significant p-value is less than the set significant value of the study (p 

<0.05), the null hypothesis three is therefore rejected. This indicates that, there is a 

difference in the mean achievement scores of male and female students taught BST 

concepts using VSL. Since the partial n2 obtained for gender is 0.054, it means that only 

5.40% of the achievement score could be accounted for gender when VSI, is employed. 

 

Discussion of Findings 

Finding reveals that, the students in the experimental groups taught BST using MAL and 

VSI, strategies achieved better than their control group counter parts taught using 

expository method: However, the students taught using VSL. Achieved better than the 

counterparts in MAL group.MAL and VSL e-learning apps have incorporated visual science 

activities that stimulated students’ achievement. These findings are in agreement with 

the study ofIsiaka, Kawu and Oluwole (2018) that, students exposed to Basic Science and 

Technology virtual laboratory package achieved better than their counter parts taught 

using traditional lecture method.  

Finding on the effect of MAL, on gender reveals that there is no significant difference in 

the mean academic achievement scores of male and female students taught BST. Also, 

the finding on the use of VSL on gender reveals that, there is a negligible disparity in the 

mean achievement scores of male and female students. This implies that, the use of VSL 

is gender sensitive, though with a slight statistical difference in favour of male students. 

These finding agrees with Ode, Ayua and Alagwu (2019) who revealed that, the 

achievement of male and female students in Basic Science did not depend on gender 

when taught with Computer Assisted Instruction (CAI). 

 

Conclusion 

The study shows that, the use of MAL, and VSL strategies as pedagogical strategies that 
had fostered achievement among BST students better than Expository method. There 
was no significant gender difference in students' achievement taught BST using MAL; 
however, there was significance gender difference in students' achievement when taught 
them using VSL in favour of male. It is therefore concluded that, the use of MAL and VSL 
for BST instruction will continue to advance science process skills acquisition among male 
and female; and also provide teachers and students with reliable assistance to fulfill their 
responsibilities with improved efficiency. 
 

Recommendation  

It is therefore recommended that: 
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1. Federal and State Ministries of Education and school proprietors should 

recommend the use of MAL and VSL in schools and they should also organize and 

sponsor teachers on workshops and seminars to equip them with digital skills on 

how to develop and implement the new strategies. 

2. Teacher training institutions like Colleges of Education and Faculties/institutes of 

Education of Universities should incorporate MAL, and VSL apps into their curricula 

to train pre-service and in-service BST teachers regarding their development, 

theoretical and practical applications, 
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