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This study determined how chemistry instruction using technology affected
student achievement and retention. To achieve the goal of the study,
Solomon’s four-group quasi-experimental research design was used. The
one-way analysis of variance (ANOVA) and independent sample t-test were
used to statistically examine the data. A one-way ANOVA analysis revealed
that, for achievement and retention, respectively, the mean scores of both
trial groups showed statistically significant differences from the mean scores
of comparison groups F (3.161)=88.568, p<0.05 and F (3.161)=14.75,
p<0.05). The independent samples t-test on the achievement and retention
post-test mean score of the experimental and comparison groups
respectively, was statistically significant (t (163)=16.05, p<0.05 and
t (162.09)=7.61, p<0.05). Independent sample t-test shows that male and
female students’ post-test scores for achievement or retention in the
experimental group results was (t (42)=1.53; p>0.05 and t (38)=-0.465;
p>0.05, respectively. This intervention has no statistically significant gender
related impact on students’ achievement and retention. Thus, it is
conceivable to draw the conclusion that chemistry instruction that
incorporates technology enhances student achievement and retention, but its
effect is gender neutral. According to recent studies, chemistry teachers and
teacher training programs should use technology-integrated lessons to help
students acquire and recall chemical bonding concepts.
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1. INTRODUCTION

Students find it challenging and confusing to learn chemistry at the secondary school level since it
involves picturing particulate level interaction of atoms, molecules, ions, and indistinguishable and intangible
particulate notions [1]. The particle form of matter underlies nearly every problem in chemistry. Thus, it is
important for chemistry students to comprehend scientific concepts at the level of the particle of matter,
explain the properties of matter, and the various chemical changes that happen in a wide variety of chemical
occurrences [1]. Understanding microscopic explanations of how compounds are created and what functions
they serve is crucial to students’ success in chemistry classes. These microscopic worlds are typically
unrelated to the student’s daily experiences, making them challenging to understand [2]. Therefore model
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based-inquiry teaching [3] using technology might enhance learners understanding of microscopic world of
chemistry. The use of educational technology as well as the preparation and implementation of technology-
based teaching are important factors in improving educational quality, particularly in science education [4],
[5]. One method or resource being used to close the current gap and encourage independent and active
learning is the use of technology tools. It is critical to realize that computer-assisted technologies help
students understand microscopic and sub-microscopic (particulate) topics in chemistry and help them become
more prepared to learn. It is important to comprehend particulate matter because it is required to discuss
almost every chemical topic, which explains why it is so important [6].

It would seem that the method used to teach the concept of chemistry is essential for concepts to be
properly acquired and understood. In an effort to defend student under performance and low retention
capacity in science fields, a number of explanations have been put forth. Nwagho [7] asserts that science
topics were not fully understood by students, and that this was evidenced by their persistently
poor performance and forgetfulness of science. Therefore, it is essential to choose efficient teaching
strategies that will accomplish the purpose of science instruction, enhancing student learning and retention of
science courses. Learning is improved for students when technology is incorporated into curriculum and
teaching [8], [9]. A web-based computer simulation is used to teach chemistry, Frailich et al. [10], on the
assumption that it aids students in comprehending the abstract and challenging concepts covered in chemistry
classes. Students who use simulations can improve their understanding of chemistry concepts and grow as
autonomous thinkers and learners [11]. One method that has received recognition by its potential to teach
either challenging or dangerous concepts is computer-assisted instruction (CAIl) [12], [13]. It is quite
challenging to teach dynamic and complex topics using words, equations, or in-class activities. Computer-
based simulation can communicate these concepts by means of a multi-sensory approach that conventional
approaches lacks.

Male and female students benefited equally from all instructional approaches, according to
Nja et al. [14], which means that both genders were equally affected by the web-based computer simulation.
Their research found no gender disparities in the learning outcomes from simulated learning environments. It
suggests that employing simulation to teach chemical ideas could aid in the elimination of gender stereotypes
in science education in this context, as all of the students will enjoy and be driven to learn chemistry. Many
studies, including those by Egbodo [15], Mihindo et al. [16], and Nkemakolam et al. [17], demonstrated that
male and female students scored better in chemistry when taught using technology. The aforestated studies
indicate that chemistry using technology-integrated instruction has no impact on performance difference
between male and female students. On the contrarily, other researchers [18], [19] reported that female
students outperformed male students in technology-integrated lessons because they had more processing skill
practice. The integrated teaching of science processing skills improves female students more than male
students, according to their descriptive design study on computers.

A quasi-experimental research conducted by Tukura et al. [20] on the degree of achievement
between students who were taught fundamental science topics utilizing e-learning and those who were taught
using the lecture technique showed a noticeable degree of achievement difference. The results showed that
there was no appreciable difference in performance between students taught using e-learning and those taught
using the lecture technique, despite the fact that they were in opposition to earlier survey design research by
Tukura et al. [20]. Regarding the impact of technology-integrated education on student accomplishment,
Carter et al. [21] and Carter et al. [22] found opposite results. However, their quasi-experimental design
study supported the finding that students learning through internet-connected instruction outperformed those
taught without internet connection instruction. Their survey design study showed that students learning
through web-based instructions performed lower than students learning without web-based instructions.

According to Tukura et al. [20], Yusuf and Afolabi [23], and Ani et al. [24], no statistically
significant performance difference wass observed between male and female students who were taught
fundamental science concepts via online education. Of course, according to Mihindo et al. [16], Achuonye
and Olele [25], male students did superior and gain more from instructional technology than their female
equivalents. In contrast, Pate’s [26] descriptive survey study on gender difference in achievement during
technology-based instruction revealed that females benefited more, and supported the idea that female
students are more motivated and have higher expectations of themselves than male students.

There are ample studies (e.g., Mihindo et al. [16], Nkemakolam et al. [17], Cevahir et al. [27], Unal
and Yerlikaya [28], Cinar and Cepni [29], YImaz and Yanarates [30], lyamuremye et al. [31], Ardac and
Akaygun [32] and Ratamun and Osman [33]) that studied the effect of technology-integrated chemistry
teaching on students’ achievement. Each one was carried out utilizing a sort of quasi-experimental approach.
A descriptive survey study design was utilized by Pate [26] and Yesilyurt et al. [34] whereas an experimental
research design was used by scholars like Jabeen and Afzal [35], Miller et al. [36], and Suleman et al. [37].
The fundamental flaw in the descriptive survey and quasi-experimental study designs is that they cannot
completely rule out the possibility of confounding bias, which can make establishing causal correlations
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challenging. This weakness is widely used to cast doubt on the findings of descriptive survey and quasi-
experimental research designs. Recent studies that used descriptive survey research designs and quasi-
experimental research methods produced conflicting results to support it. There is only one experiment and
one comparison group in a quasi-experimental design. With this research design, it is impossible to draw any
conclusions about the relationship between an intervention and a particular result [38].

It is commonly known that Solomon’s four-group quasi-experimental research design has better
advantage to maintain internal and external validity over survey and quasi-experimental designs; Solomon’s
design rules out a number of internal validity threats (such as history and maturation) and external validity
threats (i.e. interactions between pretesting and treatments and between selection bias and treatments. With
the help of this design, we can identify when pre-testing effects, also known as test sensitization, occur as
well as treatment effects on experimental variables. By analyzing pretest sensitization, Solomon’s four
groups quasi-experimental method combats the effect of confounding [39].

So far, researchers’ have not come across studies conducted on the impact of technology-integrated
teaching on secondary school students in Ethiopia’s retention and achievement of chemical bonding and
structure concepts using Solomon’s four-group quasi-experimental designs. Thus, researchers of this study
chosen Solomon’s four-group design to investigate the impact of technology-integrated education on
academic achievement and retention capacity of chemical bonding and structure concepts among Damot
Secondary School students. The Solomon design was used to obtain methodologically sound information
about technology-integrated instruction. The method, which identifies whether the observed effects were
caused by the intervention itself or a range of other factors, has not been used in prior studies in the sector.
As a result, this study may contribute to the body of knowledge on technology-integrated instruction by
providing insights into the impact of technology integration on Ethiopian secondary school students’
understanding of and recall of chemical bonding concepts.

This study was designed to determine the impact of technology-integrated instructions on students’
understanding and ability to retain information about chemical bonds. Additionally, it seeks to ascertain the
impact of technology-integrated instruction on the disparity in students’ academic achievement and capacity
to retain information about chemical bonds. The investigation made an effort to address the following
research queries: i) Do technology integrated chemistry instruction have a statistically significant effect on
students’ understanding of chemical bonds?; ii) Do instructions that use technology result in significant
gender variations in chemical bonding achievement?; iii) Do lessons that use technology have a statistically
significant impact on student’s memory of chemical bonds?; and iv) Do technology-integrated instructions
result in significant gender disparities in the ability to retain chemical bonds?

2. RESEARCH METHOD
2.1. Research approach

The purpose of the study was to determine how chemistry instruction using technology affected
student achievement and retention. Quantitative research methods were applied in this investigation. To
examine the effect of technology-integrated chemistry instruction on achievement and retention of chemical
bonding knowledge of students in the Damot Secondary School West Gojjam Zone, a quantitative research
approach was found suited to the topic under investigation.

2.2. Research design

An experimental study design suitable for intact groups is Solomon’s four-group quasi-experimental
design with two treatment groups [40]-[42]. In this design researchers can use classrooms exactly as they are
set up in educational institutions. This Solomon’s group design is frequently employed by medical [43] and
educational [44] researchers to explore pretesting effects when randomization into treatment and comparison
groups is not feasible. In this Solomon’s four-group quasi-experimental design, two experimental groups and
two control groups were designed. The number of sampled students is significantly more than in a
straightforward quasi-experimental or pure experimental design. In this design if a larger sample size is
selected, the average values of the findings are expected to be more accurate. Additionally, a larger sample
size reduces the margin of error and aids the identification of data outliers. By analyzing pretest sensitization,
Solomon’s four groups design also counteract the impact of confounding.

Table 1 shows that the Solomon’s design normally consists of two experimental and two control
groups, as was the case in this investigation. There were two classrooms in each group. Pre-tests were
administered to one group from each of the experimental and comparison groups (two classrooms from each
group), but they were not administered to the other group. The experimental and control groups were
randomly assigned to the four classrooms. The number of experimental and control group students in the pre-
test of this study were 36 and 44 students. Likewise, there were 40 experimental and 45 control group
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students not in the pre-test category. The instructional interventions lasted 32 classes over the course of eight
weeks in experimental classrooms. There were 40 minutes in each class. The chemical bonding achievement
test (CBAT) was given to each of the experimental and control groups one week before the intervention
started. The CBAT post-test was given twice to each group after one and four weeks of the intervention.

Table 1. Solomon’s four-group quasi-experimental design [45]

Group Pretest score Intervention Posttest score
Experimental group 1 01 Technology-integrated instruction 02
Comparison group 1 03 - 04

Experimental group 2 Technology-integrated instruction 05
Comparison group 2 - 06
Note. X: treatment, O: outcomes

2.3. Data collection instruments

CBAT was applied on both the experimental and comparison groups were given the CBAT for the
pre- and post-test in order to study the impact of the intervention on academic achievement and retention.
The pretest served as the analysis’s baseline. The purpose of the post-test is to determine the final score and
the variation between the scores of students of both the experimental and control before and after treatment.

2.4. Reliability and validity of CBAT

Eight chemistry instructors from the institution served as the panel of subject matter experts
involved to develop CBAT in order to increase its content validity. Before integrating CBAT in the pre- and
post-tests, the researchers asked chemical experts for their input to enhance the validity of the CBAT. CBAT
test was given for two experienced chemistry teachers who have over 25 years of experience in teaching
chemistry to examine its face validity and content validity. The identification of the desired learning
outcomes of the curriculum, the focus placed on those outcomes, the preparation of the test and degree of
difficulty of the topics was done by experienced school teachers. To further enhance the test’s validity, a
table of specifications was created and used for CBAT preparation.

2.5. Pilot study

To confirm their reliability, the pre- and post-CBAT were piloted on 50 non-sampled grade 12
students. The grade 12 students who were not part of the sample were used in a pilot study at another
secondary school to prevent information from tainting the test results. The researchers chose to test the pilot
on grade 12 students because the students who took part in it had studied chemical bonds in grade 11.

2.5.1. Reliability of chemical bonding achievement test

The reliability tested using the Kuder Richardson reliability or KR-20 formula. The test was done,
based on the variation of the total scores as well as the percentage of correct and incorrect answers to each
test question. For the pre- and post-tests, the reliability was discovered to be 0.853 and 0.811, respectively, as
seen in Table 2. Because of this, it can be concluded that the tests were accurate at assessing students’
understanding of chemical bonding concepts in the previously mentioned chemistry courses because the
reliability test coefficient or reliability index is more than 0.7 for both the pretest and the post-test [46]. The
results of the pilot test were to examine the difficulty level (P) and discrimination power (D) of each
multiple-choice items on both the pre- and post-tests in addition to the tests’ reliability.

Table 2. Reliability statistics of pre-and post-CBAT
KR-20 reliability test coefficient N of Items
Pre-CBAT 0.853 20
Post-CBAT 0.811 30

2.6. Data collection procedure

The achievement test on chemical bonding content was given to two of the four groups (i.e. one
comparison group and one experimental group) as a pretest in order to examine the impact of technology-
integrated instruction on the academic performance and retention of secondary school students in West
Gojjam Zone. However, no pretest was administered to the remaining comparison and experimental groups.
Lesson plans for all the four groups were prepared after the pretest to teach about chemical bonding. The two
of the experimental groups received training with the aid of technology. The same teacher instructed the two
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comparison group students using a non-technological strategy known as a “talk-and-chalk” style lesson,
which is the predominant teaching strategy in Ethiopia in general and so is in the school. The syllabus
allocated eight weeks for teaching chemical bonding. The experimentation lasts for eight weeks because the
intervention is carried out concurrently with the regular calendar. All the four groups had taken CBAT test as
a post-test after a week after concluding the intervention to investigate the impact of technology-integrated
instruction on students’ academic achievement on chemical bonding and capacity to remember. The CBAT
post-test were again administered by conventional classroom teachers as delayed retention post-tests after
four-week intervals to determine their retention level, but the original test was switched around.

2.7. Data analysis method

In this study an independent sampling T-tests, one-way and 2x2 factorial analysis of variance
(ANOVA) statistical tools were used. The essential assumptions were verified prior to starting the analysis.
Analysis was done on the variances’ normality and homogeneity. In terms of normality for univariate,
skewness and kurtosis coefficients were obtained for each group and variable. Pretest sensitization was
investigated using a 2 (treatment, yes or no) x 2 (pretest, yes or no) between-group ANOVA on the four post-
test scores. A one-way ANOVA was utilized to determine whether there is a significant difference between
the posttest achievement and retention of the four groups. In order to determine whether there is a significant
difference in the achievement and retention capacities of boys and females, an independent sampled T-test
was utilized. All statistical results were subjected to statistical significance tests at the alpha level of 0.05, to
draw reliable inferences from the data.

2.8. Ethical concerns

Ethics issues were considered seriously in this investigation. The researchers had frank discussions
with the participants about the study’s goals, its advantages, their privacy, and the lack of risks involved in
taking part. The researchers received permission and authorization to do their research in schools.
Consequently, participants of the study, (i.e., teachers and students) were involved in the study based on their
full agreement. The legislative structure of the educational system was used to get the consent. Additionally,
a Bahir Dar University review board or ethics board granted ethical clearance and supervised the research.

3. RESULTS
3.1. Analysis of pre-test sensitization

Solomon’s four-group design analysis starts by determining whether there is proof of pretest
sensitization. The test for this uses a between-groups factorial ANOVA on the four post-test scores with two
groups (i.e., pretest or no pretest) x two groups (i.e., usage of treatment or no treatment). In this study, the
CBAT post-test scores of the four groups were compared using a 2 (test; pre-tested or no pre-tested) 2
(treatment; experimental or control) factorial ANOVA. ANOVA results were also obtained for the main
effects of post-test (experimental and control groups) and testing (pre-tested and no pre-test groups).

As seen from Table 3, a 2-factorial ANOVA table, the main effect of the intervention on post-mean
achievement gives F statistics for a group F (1.161)=258.27, p<0.05. The result shows a significant
difference between the treatment group and the comparison group. However, no significance difference was
observed between the pre-tested and non-pretested groups (F (1.161)=1.777, p>0.05). The interaction effect
between groups and the pre-test was non-significant (F (1.161)=2.932, p>0.05. These rows informed us
whether the independent variables (the “pretest” and “group” rows) and their interaction (the “pretest*group”
row) have a statistically significant effect on students’ achievement. As seen from Table 3, no significant
interaction difference was observed between the pre-test and the comparison group (p<0.05). The interaction
effect of pretest x groups at (p>0.05) was not significant, but there is a significant difference between groups
at (p<0.05). Hence, the results revealed that pretest sensitization was not regarded as a threat to the internal
validity of the current experiment.

As can be seen from Table 4, a 2x2 factorial ANOVA table of retention test scores gives F statistics
for a group (F (1.161)=55.784, p <0.05; when the main result of treatment was taken into account, a
significant difference was observed between the experimental and comparison groups. On the other hand, no
significance difference was observed between the pre-tested and non-pretested groups (F (1.161)=0.41,
p>0.05). The instruction effect between groups and the pre-test was not significant, F (1.161)=0.343, p>0.05.
The pre-test and group rows inform us whether our independent variables and their interaction (the “Pretest x
Group” row) have a statistically significant effect on the dependent variable. There was no significant
interaction between pretest x groups at p>0.05. However, there is a significant interaction between groups at
p<0.05. Hence, the results show that pretest sensitization could not be not considered as a risk to the internal
validity of the current study design.
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Table 3. A 2x2 factorial ANOVA analysis of post-CBAT

Source Type Il sum of squares df Mean square F Sig. Partial Eta squared
Corrected model 2599.609° 3 866.536 88.568 .000 .623
Intercept 66651.945 1 66651.945 6812.43 .000 977
Groups 2526.931 1 2526.931 258.275 .000 .616
Pretest 17.387 1 17.387 1777 .184 011
Groups * pretest 28.683 1 28.683 2932 .089 .018

Error 1575.203 161 9.784

Total 69417.000 165

Corrected total 4174.812 164

a. R Squared=.623 (Adjusted R squared=.616)

Table 4. A 2x2 factorial ANOVA analysis of retention tests between subjects affects ANOVA
results analysis

Source Type Il sum of squares df Mean square F Sig.
Corrected model 754.942% 3 251.647 18.697 .000
Intercept 62477.998 1 62477.998 4641.964 .000
Groups 750.812 1 750.812 55.784 .000
Pretest 5.514 1 5.514 410 523
Groups * pretest 4,613 1 4,613 .343 .559
Error 2166.961 161 13.459

Total 64750.000 165

Corrected total 2921.903 164

a. R Squared=.258 (Adjusted R squared=.245)

3.2. Analysis of the pre-test results

The pre- and post-tests results were analyzed based on the study’s research questions to examine the
effect of technology-integrated instruction on students’ achievement and retention capacity. Findings from
the baseline data (pre-results analysis) were used in the first part of the analysis section, and the findings
from the post-intervention quantitative data were used in the second part of the analysis section. To apply an
intervention, assessing participants’ baseline achievement is necessary. An independent sample t-test analysis
was performed on the mean scores of the pre-tested groups. To determine students’ achievement before the
intervention, the pre-chemical bonding achievement test was administered to pre-tested groups. It helps to
determine whether or not pre-tested groups were equivalent prior to the intervention. An independent sample
t-test was conducted to compare the pretest academic achievement scores for the experimental and control
groups. As can be shown in Table 5, no statistically significant difference in the students’ CBAT scores
between the intervention group’s performance (M=19.22, SD=5.68) and that of the comparison group
(M=19.68, SD=6.13); t (78)=0.345, p>0.05. It should be highlighted that both the treatment and comparison
groups’ pretest outcomes are comparable. This shows that no statistically significant differences were
observed among all study variables before intervention. This suggests that the study’s groups shared traits
and were thus a good fit for the study.

Table 5. Independent samples t-test of the pre-test mean score on CBAT
Comparison and experimental groups N Mean SD Df t-value P-Value
Pre-achievement Experimental group with pretest 36 19.22 568 78 -345 0.73
Comparison group with pretest 44 19.68 6.130

Solomon’s four-group design has important assumption, which states that the four groups should be
comparable in terms of the dependent variable prior to application of the intervention [47]. The equality of
the four groups (classrooms) for chemistry achievement was investigated using a one-way ANOVA on their
first-semester chemistry final examination scores. Beginning with the pre-test findings, which were utilized
for assessing the groups before the intervention baseline knowledge of chemistry topics, this section presents
the results in chronological order.

Table 6 presents the four groups equivalence following the grouping step. To see whether the
difference was significant, a one-way ANOVA was performed. The one-way ANOVA revealed that the
difference in first-semester chemistry final examination achievement scores was not statistically significant
(F (3.237)=1.49, p>0.05). First-semester chemistry final examination scores of students in the groups can be
taken as equivalent in terms of chemistry achievement, because as it can be seen in Table 6, they had similar
chemistry achievements before the intervention.
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Table 6. Descriptive statistics of first-semester chemistry final exam achievement
Groups N Mean SD
A 36 4035 545
B 40 3890 6.42
C 44 4150 9.34
D 45 3923 129
Total 165 39.99 6.28

3.3. Analysis of the effects of intervention
3.3.1.  Analysis of the effects of intervention on students’ academic achievement

Post-test results were analyzed using one-way ANOVA to investigate the mean scores differences
between the experimental and comparison groups. From Table 7, mean scores of experimental groups were
(an experimental group with a pretest, M=23.36, SD=2.987; an experimental group with no pretest, M=24.85,
SD=2.617); and the comparison groups scored (comparison group with a pretest, M=16.34, SD=3.608; a
comparison group with no pretest, M=16.16, SD=3.148). From Table 7, mean scores of both experimental
groups were greater than mean scores of comparison groups. Both experimental and comparison groups had a
wide range of scores among their subjects. Their distributions, however, were comparable among groups. A
one-way ANOVA was used to determine differences between the mean scores, and as presented in Table 8.

As it has been presented in Table 8, the mean score differences between and within groups had
shown statistically significant difference, F (3.161)=88.568, p<0.05. Tukey’s post hoc test was performed to
discover where statistically significant differences occurred in post-test mean scores. The test results in Table
9 show a significant difference in post-test performance among pre-tested experimental groups and pre-tested
comparison groups, with p<0.05. A statistically significant difference was also found between the pre-tested
comparison group, the pre-tested experimental group, and the non-pre-tested experimental group. There was
no statistically significant difference in post-test mean scores between the two experimental groups, pre-
tested and non-pre-tested, which may be attributed to the intervention’s similar effects on their learning. In
terms of post-test mean scores, no significant difference exists among the two-comparison group, the pre-
tested comparison group and the non-pre-tested comparison group. There were not statistically significant
differences between the groups that took the pre-test and those that did not as seen in Table 9.

Any disparities discovered can therefore be attributable to the instructional strategy. The posttest
means for the comparison (pre-tested and non-pre-tested) and experimental (pre-tested and non-pre-tested)
groups were then combined. The combined composition and experimental groups were created and utilized
in the ensuing post-test analysis of overall performance. An independent sample t-test was used to compare
the mean scores of the combined experimental and control groups as revealed in Table 10.

As seen from Table 10, achievement mean scores of the combined groups differed. The combined
experimental group had a greater achievement test score (M=24.14, SD=2.87) than the combined comparison
group’s achievement test score (M=16.25, SD=3.36). Table 11 depicts an independent sample t-test was
employed to see if the observed differences in mean achievement test scores were statistically significant.
There were statistically significant variations in post-test achievement mean scores between the two groups
(t (163)=16.05, p<0.05). Learners in the experimental group had superior achievement test score over the
comparison group.

Table 7. Descriptive statistics of post-achievement test
95% confidence interval for mean
N Mean SD SE  Lower bound Upper bound

Experimental group with pretest 36 23.36 2.98 .498 22.35 24.37
Comparison group with pretest 44 16.34 3.60 .544 15.24 17.44
Experimental group with no pretest 40 24.85 2.61 .414 24.01 25.69
Comparison group with no pretest 45 16.16 3.14 .469 15.21 17.10

Total 165 19.88 5.04 .393 19.11 20.66

Table 8. Results of ANOVA for the post-achievement test
Sum of squares df Mean square F Sig.
Between groups  2599.609 3 866.536  88.568 .000
Within groups 1575.203 161 9.784
Total 4174.812 164
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Table 9. Post hoc analysis of differences in the post-achievement test scores

(1) Group of respondents (J) Group of respondents Mean difference (I-JJ)) SE  Sig.
Experimental group with pretest Comparison group with pretest 7.020" .703  .000
Experimental group with no pretest -1.489 719 167

Comparison group with no pretest 7.206" .699  .000

Comparison group with pretest Experimental group with pretest -7.020" .703  .000
Experimental group with no pretest -8.509" .683  .000

Comparison group with no pretest .185 663 .992

Experimental group with no pretest ~ Experimental group with pretest 1.489 719 167
Comparison group with pretest 8.509" .683  .000

Comparison group with no pretest 8.694" .680 .000

Comparison group with no pretest Experimental group with pretest -7.206" .699  .000
Comparison group with pretest -.185 .663  .992

Experimental group with no pretest -8.694" .680  .000

*. The mean difference is significant at the 0.05 level

Table 10. Post-test mean scores of combined experimental and comparison groups
Comparison and experimental groups N Mean SD  SE
Achievement post-test Experimental group 76 24.14 2.878 .330
Comparison group 89 16.25 3.365 .357

Table 11. Independent sampled t-test for the combined experimental and comparison groups
Levene’s test for
equality of variances

t-test for equality of means

F Sig. T df  Sig. (2-tailed) MD SED
Achievement posttest Equal variances assumed 213 14 16.05 163 .000 7.898 .492
Equal variances not assumed 16.25 162.9 .000 7.898 .486

3.3.2.  Analysis of the effect of gender on students’ achievement during technology-based instruction

An independent sample t-test was done using the post-achievement score of the treatment group to
see whether the effect of technology-based training is gender-dependent. Table 12 emphasizes the results of
the independent t-test on achievement scores of the combined treatment groups. The table summarizes the
findings of the independent samples t-test comparing combined (pre-tested and non-pre-tested) experimental
groups of males and females on post-achievement test scores. Results of an independent t-test between
combined boys and girls on the post-achievement test results are highlighted in Table 12.

Table 12. Post-test mean scores of male and female (combined experimental groups)
Gender N Mean SD SE
Post-achievement test score  Male 39 23.97 2.75 .441
Female 37 24.32 3.02 .497

As seen in Table 12, the mean achievement test score of males (M=23.97, SD=2.75) was lower than
females (M=24.32, SD=3.02). An independent sampled t-test was conducted to determine whether the
difference was statistically significant. As shown in Table 13, the independent sampled t-test scores at
t (74)=-0.527; p>0.05, which is higher than 0.05 (p>0.05). This means there was no statistically significant
academic achievement differences between male and female students during technology-based instruction.
As a result, when technology is used in the classroom, both boys and girls can benefit from technology
integrated instruction.

Table 13. Independent sample t-test between males and females (combined experimental) on

the post-test results
Levene’s test for
equality of variances

t-test for equality of means

F Sig. t df  Sig. (2-tailed) MD SED
Post-achievement test score  Equal variances assumed .266 .608 -.527 74 .600 -.349 .663
Equal variances not assumed -526 724 .601 -.349 .665
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3.3.3.  Analysis of the effects of intervention on students’ retention of concepts

To evaluate the effect of the intervention on students’ retention capacity, learners in both
experimental and control groups were subjected to take a post-test after four weeks delay of the
intervention/instruction. The one-way ANOVA test results of the groups’ performance are shown in
Table 14. According to the table, there was a mean retention test score difference between the experimental
and comparison groups. In general, experimental groups retained more than comparison groups. The
distributions, however, were comparable among groups. A one-way ANOVA was performed to determine
whether there is statistical significance in retention mean score differences and they are shown in Table 15.

Table 14. Descriptives statistics of retention test scores
95% confidence interval for mean
N Mean SD SE  Lower bound Upper bound

Experimental group with pretest 36 21.89 2.605 .434 21.01 22.77
Comparison group with pretest 44 17.41 3.990 .602 16.20 18.62
Experimental group with no pretest 40 18.30 2.441 .386 17.52 19.08
Comparison group with no pretest 45 17.38 4.086 .609 16.15 18.61

Total 165 18.59 3.835 .299 18.00 19.18

Table 15. Results of ANOVA for the retention test scores
Sum of squares df Mean square F Sig.
Between groups 523.876 3 174.625  14.749 .000
Within groups 1906.270 161 11.840
Total 2430.145 164

As demonstrated in Table 15, the retention mean scores between and within groups are statistically
significant different, F (3.161)=14.75, p<0.05. Tukey’s post hoc test was employed to examine between
which group the difference existed in retention test mean scores. The results of the analysis are shown in
Table 16. The test results show that pre-tested experimental groups have a statistically significant difference
in retention capacity compared to the other groups (non-pre-tested experimental groups, pre-tested
comparison groups, and non-pre-tested comparison groups) with p<0.05. As seen from Table 16, the test
analysis of between the two comparison groups, the non-pre-tested experimental group and the pre-tested
comparison groups, and the non-pre-tested experimental group and the non-pre-tested comparison groups,
had a p-value greater than 0.05 (p>0.05). Hence, there was no statistically significant difference result was
found between the two comparison groups in retention capacity test mean scores (p>0.05).

Table 16. Post hoc test analysis of differences in the retention test scores between experimental and
comparison groups

(1) Group of respondents (J) Group of respondents Mean difference (I-J) SE  Sig. LIgS% CUI B
Experimental group with pretest Comparison group with pretest 4.480" 773 .000 247 649
Experimental group with no pretest 3.639" 791 .000 159 5.69

Comparison group with no pretest 45117 .769 .000 251 651

Comparison group with pretest Experimental group with pretest -4.480" 773 .000 -6.49 -2.47
Experimental group with no pretest -.841 752 679 -279 111

Comparison group with no pretest .031 730 1.00 -1.86 1.93

Experimental group with no pretest ~ Experimental group with pretest -3.639" .791 .000 -5.69 -1.59
Comparison group with pretest .841 752 679 -111 279

Comparison group with no pretest .872 748 649 -1.07 281

Comparison group with no pretest Experimental group with pretest -4.511" 769 .000 -6.51 -251
Comparison group with pretest -.031 730 1.00 -193 1.86

Experimental group with no pretest -.872 748 649 -281 1.07

*. The mean difference is significant at the 0.05 level

This comparable retention mean scores in comparison groups can also be connected to a similar
effect of teaching and learning that does not employ technology-based instruction. The pre-test did not affect
the mean retention test scores, according to post hoc analysis, as there were no statistically significant
differences between the comparison groups that took the pre-test and those that did not. As a result, any
differences observed can be traced to the method of instruction. The retention means of the experimental
(pre-tested and non-pre-tested) and comparison (pre-tested and non-pre-tested) groups were combined. The
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combined experimental and comparison groups were formed, and they were used in the later assessment of
total idea retention ability. The mean scores of the combined experimental and combined comparison groups
were subjected to an independent sample t-test as seen in Table 17.

Table 17. Retention test mean scores of combined experimental and comparison groups
Comparison and experimental groups N Mean SD SEM
Retention test scores Experimental group 76 21.66 3.177 .364
Comparison group 89 17.39 4.016 .426

Table 17 depicts that retention test scores of the combined groups differed. Retention mean score in
the combined experimental group was superior (M=21.66, SD=3.177) to the combined comparison group
(M=17.39, SD=4.016). The independent sample t-test was used to determine if the observed mean scores
differences were statistically significant. Meanwhile, Table 18 presents that there was a statistically
significant difference between retention test mean score of experimental and comparison groups
(t (162.09)=7.610, p<0.05). The experimental group’s mean retention capacity test score was statistically
higher than that of the comparison groups.

Table 18. Independent sampled t-test for the combined experimental and comparison groups
Levene’s test for
equality of variances

t-test for equality of means

F Sig. t df  Sig. (2-tailed) MD SED
Retention test scores  Equal variances assumed 6.432 .012 7.47 163 .000 4.265 0.571
Equal variances not assumed 761 162.09 .000 4.265 0.560

3.3.4. Analysis of the effect of gender on students’ retention during technology-based instruction

An independent sample t-test was performed on the retention test scores of the experimental groups
to see if the effect of technology-based instruction is gender-dependent or not. The results of the independent
t-test on the retention test scores of the combined (pre-tested and non-pre-tested) experimental groups are
emphasized in Table 19. Finally, an independent t-test was performed using retention test scores to show
whether there was a statistically significant difference in retention capacity between males and females in the
combined experimental groups.

Table 19. Post-retention test mean scores of combined experimental male and female students
Gender N Mean SD SEM
Retention test scores Male 39 20.05 3.128 .501
Female 37 19.89 3.187 .524

From Table 19, male retention test scores (M=20.05, SD=3.128) were higher than female retention test
scores (M=19.89, SD=3.187). An independent sample t-test was conducted to determine whether or not the
observed differences in mean scores were statistically significant. Also, there was no statistically significant
difference in retention capacity between males and females at t (74)=0.220; p>0.05 as seen in Table 20. As a
result, when technology is used in the classroom, both boys and girls benefited in the same way.

Table 20. Independent samples t-test of retention test scores between experimental male and females
Levene’s test for
equality of variances

t-test for equality of means

F Sig. t df  Sig. (2-tailed) MD SED
Retention test scores  Equal variances assumed .082 175 .220 74 .826 159 724
Equal variances not assumed 220  73.62 .827 159 725

4. DISCUSSIONS

The impact of technology-integrated chemistry instruction on academic achievement and retention
capacity of secondary school students was examined in this study using the Solomon’s four group design.
According to the current study, the experimental groups performed better in terms of chemistry achievement
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and recall ability than the comparison groups. The dual coding theory developed by Sadoski and Paivio [48]
is cited by those who favor employing modern technology to enhance learning. They contend that while
traditional education approaches only use vocal presentation of material, technology-integrated apps mix text,
image, audio, and video [49], [50]. According to the dual coding theory, a person can recall either words or
images separately or both at once. Separately coded stimuli are less likely to be forgotten than mixed stimuli.
Multi-sensory (verbal and visual) processing is developed through technology-integrated educational
methods. The findingsof this study is in line with those of other studies (e.g., Poripo [51], Tolani-Brown et al.
[52], Mahmood and Mirza [53]), which showed that students who had been taught using simulations
achieved statistically better mean scores and retained more information than those who were taught
traditionally. However, this study’s results went against those of other studies (such as those by Wegner et al.
[54], Owusu et al. [55], Imhanlahimi and Imhanlahimi [56], Hannel and Cuevas [57]), showing that
technology-integrated teaching has no appreciable impact on students’ academic performance.

Similar study results are reported by different researchers and professionals in education (e.g.,
Tolani-Brown et al. [52], Demissie et al. [1]) and Ishaq et al. [58] showed the beneficial effects of
technology-assisted instruction on students’ achievements. According to post-test findings, students in the
treatment group comprehended chemical bonding concepts better than students in the comparison group,
according to a study by Frailich et al. [10]. This test was designed to assess your ability to comprehend the
links between microscopic structure and macroscopic features, as well as the different chemical bonds
(metallic, ionic, and covalent). According to the results, chemical bonding-related online activities based on
visualization tools (such animations, computer models, and applets) aid in better understanding abstract
concepts. They found that students understood chemical concepts more effectively than non-users when they
were exposed to animations and visualizations in their chemistry classes.

In a study by Mihindo et al. [16] and Oladejo et al. [59], the effect of gender on computer-based
simulation on problem-solving abilities in chemistry was examined. Their research found no appreciable
disparities in the performance of stoichiometric chemistry problems by male and female high school students.
In opposition to this assertion, Nisrina et al. [60] and Chinwe and Onyebuchi [61] found that during
technology-based instruction, male students performed better on average than female students. The t-test
result in the current study similarly showed that no significant difference between the achievements mean
scores of male and female students. This exemplifies how gender is taken into account in simulation. As a
result, gender stereotypes in science education are diminished when chemistry fundamentals are taught
through simulation.

Additionally, the current study’s findings demonstrated that no statistically significant difference
between male and female students’ achievement and retention during technology-based training. These
findings are in line with those of earlier studies (such as those by Tukura et al. [20], Ani et al. [24]), which
showed that gender equality is a benefit of technology-based teaching. Other studies that refuted this
conclusion were those by Nisrina et al. [60], Zubaidah et al. [62], Anagbogu and Ezeliora [18], and others
that showed male students did better than female students.

Studies like Wegner et al. [54], Owusu et al. [55], and Hannel and Cuevas [57], which disputed the
findings of the current study, were carried out utilizing a quasi-experimental research approach. The
underlying flaw with a quasi-experimental design is that confounding bias cannot be completely eliminated,
which leaves room for doubt in the study’s conclusions. This problem is commonly brought up to challenge
the results of quasi-experimental studies. While the current study used a Solomon’s four-group quasi-
experimental design, this research approach eliminates the impact of confounding (extraneous) variables by
blocking pre-test sensitization. As a result, the findings of the current study are more likely to be reliable than
those of earlier studies.

Similar to this, Imhanlahimi and Imhanlahimi’s study [56] used a real experimental research design
with only 60 students who were randomly selected and divided into two groups. While 165 students were
sampled for the current study, which used a Solomon’s group quasi-experimental design, the higher the sample
size, the more accurate the average values of the results. The results of the current study are more reliable
since larger sample numbers aid in identifying data outliers and offer lower margins of error.

5. CONCLUSION

When compared to the comparison groups, the experimental group’s learners’ mean test scores on
the post-tests given immediately following technology-integrated instruction and four weeks later are
significantly higher. These results therefore support the claim that technology-integrated instruction may
improve academic achievement and concept memory in chemical bonding. According to the findings of the
study, establishing students’ idea maps increases students’ achievement and promotes the retention of
chemical bonding concepts. Visual representations of relationships can help students extract meaning from
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information by manipulating it and explaining difficult-to-understand text and abstract concepts. Concept
maps can assist students in understanding the main ideas and how they are related, as well as revealing
misconceptions about understanding. Even if there is disagreement that males and females benefit differently
from technology-integrated instruction, this study revealed that both males and female students achieve and
retain knowledge similarly during technology-integrated instruction. Both male and female students
benefitted equally (no gender bias) from technology-based instructions.
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