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Abstract: 

Learners’ retention of concepts in physics has been a crucial fact in students’ achievement 

needs competencies. Therefore, innovative and friendly strategies to develop learners’ 

retention of physics have been a matter of concern over the years. This study, therefore, 

strives to investigate the power of video-based multimedia (VBM) to nurture and 

promote learners’ retention in astrophysics in selected schools in Rwanda. 294 students 

were purposively selected for the scientific option with physics as a major subject in 

Rutsiro and Rubavu districts. The astrophysics achievement test with Cronbach alpha 

0.87 was used to collect data within the pre/post-test non-equivalent control group quasi-

experiment research design. The output revealed that the VBM intervention group 
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outperformed the usual teaching control group. The results also showed that females 

retained marginally more than males in VBM intervention classes, and urban students 

retained better than their rural counterparts. Based on the output of this study, we 

concluded that credit goes to VBM as a friendly and innovative teaching method. Hence, 

we recommend using VBM in teaching and learning physics with special attention in 

rural-based schools. 

 

Keywords: astrophysics, gender, retention, rural students, urban students, video-based 

multimedia 

 

1. Introduction  

 

Physics plays an imperative role in society as it enhances research and thrives in 

medicine, technology, engineering, et cetera. In recent years, Rwanda’s educational goal 

of increasing a knowledge-based and technology-led economy has pushed educators and 

policymakers to develop competitiveness in STEM education (REB, 2015). Mastery of 

basic concepts in STEM education makes learners confident in problem-solving and 

increases their conceptual understanding and retention (Bizimana et al., 2022; 

Tugirinshuti et al., 2021). Conceptual understanding and retention of concepts have been 

one of the anticipated attributes of STEM students (Khishfe, 2020). Through extensive 

research that has been conducted over the years at different grades and settings 

worldwide, the retention of learners in STEM education in general and physics, in 

particular, has been a problem (White & Massiha, 2016; Puente & Kroesen, 2020; Palermo 

et al., 2021). Studies revealed that students’ poor retention of concepts led to poor 

performance, especially in national examinations (Adonu et al., 2021) 

 Retention in STEM education is linked to the understanding of the topic learnt 

(Puente & Kroesen, 2020). Retention is a process through which long-term memory saves 

information so that it can be identified and retrieved in the future (Anthony & Anka, 

2020). Bizimana et al. (2022) defined retention as the ability to remember or keep 

information learned and retrieve it when needed. A considerable body of STEM 

education literature has reported that STEM students exhibit limited retention of 

concepts (Adonu et al., 2021; Anthony & Anka, 2020; REB, 2015). Several reasons have 

been attributed to the students’ poor retention in STEM education. The most mentioned 

is the methodology used by the teacher (Petrus, 2018). On the one hand, previous studies 

reported that the teaching methodology used by STEM teachers does not make the 

learning of STEM easy and friendly for students (Tugirinshuti et al., 2021). Moreover, it 

has been posited that the predominant teaching practices in science do not give learners 

a chance to participate in their learning process and, hence, deprive them of the 

opportunity to participate in knowledge construction (Mukuka et al., 2019). On the other 

hand, it has been noted that in a bid to cover the syllabus, traditional teaching methods 

characterized by teachers’ lecturing and students’ memorization dominate most STEM 
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classrooms (Oyelekan et al., 2017). Within this teaching method, students fail to get key 

information and fail to get potential opportunities to share with peers. Hence, those 

methods contribute to the students’ lower retention level of concepts (Khalaf & Zin, 2018). 

 

2. Literature Review 

 

Educational literature reported that teachers tend to teach using the strategies through 

which they were taught (Munna & Kalam, 2021). However, the passive and traditional 

instructional strategies do not fit the 21st century of learners who are digital natives (Pmp, 

2019; McGuire, 2018). Thus, to cope with the 21st world demands, educational researchers 

have advocated for the revision of instructional methodology to teach STEM subjects 

(Margot & Kettler, 2019; Serrano & Rodríguez, 2020; Zendler et al., 2018). The 

incorporation of multimedia in teaching and learning STEM is one of the most proposed 

strategies that have received widespread success. Multimedia-based instruction stems 

from the use of technology in education (Mayer, 2014; Tugirinshuti et al., 2021). Within 

multimedia-based instruction, learners are likely to work cooperatively, increase 

development in the economic and technological world, and equip learners with dynamic 

skills, values, and knowledge required for the development of the person (Casselman et 

al., 2021; Mayer, 2014). The choice of a suitable multimedia teaching tool to integrate into 

teaching and learning physics is extremely didactic and requires an evaluation process 

(Lindner et al., 2020). The benefits of multimedia on students’ academic achievement and 

attitude toward physics depend on multiple factors, including the design methods 

teachers choose to use in a given topic (Ndihokubwayo et al., 2020).  

 Apart from teaching strategies, the issue of school location, urban or rural, 

especially when talking about the incorporation of technology in education, is another 

variable that could affect learners’ outcomes and retention in physics due to the influence 

that geographical location exerts on STEM education (Saw & Agger, 2021). The difference 

between urban students and rural students concerning conceptual understanding and 

retention in STEM has been a problem for many years (Morris et al., 2021). Researchers in 

different countries reported that urban students perform better than rural (Avery, 2013; 

Chen, 2012; Harris & Hodges, 2018) either with no difference (Alokan & Arijesuyo, 2013) 

or rural students’ dominant urban students. Consequently, studies on geographical 

location in physics education continued to yield inconsistent results and it has been 

attributed to unequal exposure of urban and rural students to instructions relevant to 

physics education and the integration of multimedia in teaching and learning. 

 Gender is another variable that cannot be left behind when talking about science 

education and integrating technology, such as VBM, in teaching and learning (Stoet & 

Geary, 2018). The issue of gender equity and equality has remained a persistent challenge 

worldwide in STEM education in general (Makarova et al., 2019) and physics education 

in particular (Dusen & Nissen, 2020). Therefore, the issue of masculinity and femininity 

concerning STEM education has received a lot of attention for many years (Acker & 
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Oatley, 1993; Jia et al., 2020; Kahle et al., 2010). Moreover, studies on the influence of 

gender on students’ performance in STEM education have been indecisive over the years 

and continued to produce inconsistent results (Seyranian, et al., 2018). Researchers 

reported that girls’ education is handicapped by access to resources, teaching and school 

climate, cultural norms and expectations, and poor infrastructure (Wolf et al., 2016)   

 

2.1 Rational of the Study 

Educational literature has shown the potential and effectiveness of using VBM in STEM 

education (Ndihokubwayo et al., 2020; Nyirahabimana et al., 2022; Tugirinshuti et al., 

2021). It has been revealed that VBM improved students’ motivation, problem-solving 

ability, and critical thinking and ultimately improved students’ academic performance. 

This study noted the gap in the previous studies that have focused on the learners’ 

achievement but very hardly regarded the learners’ retention. Moreover, the literature 

revealed that multimedia-based instructional strategies can be influenced by gender and 

school location. Therefore, this study seeks to test the usefulness of VBM on learners’ 

retention of astrophysics. Hence, based on the literature review and research problem 

highlighted above, this study seeks to test the research hypotheses (RH) at a 0.05 level of 

significance. 

 RH1: There is no statistically significant difference in retention mean scores in 

astrophysics of learners taught astrophysics using VBM and those taught astrophysics 

using the teachers’ usual teaching strategies 

 RH2: There is no statistically significant difference in retention mean score of 

astrophysics between urban students and rural students taught using VBM.  

 RH3: There is no statistically significant difference in retention mean score of 

astrophysics between boys and girls taught using VBM. 

 

3. Methodology 

 

3.1 Research Design & Paradigm 

A quasi-experimental design with pre-test, post-test, and retention test (also called post-

post-test) for the control and experimental group was employed in this research. In line 

with the positivist world of view (Park et al., 2019), this study uses the quantitative 

method, which assisted us in evaluating the learners’ retention after five weeks of post-

test.  

 

3.2 Sampling and Research Participants 

Eight public secondary schools from the Rutsiro district (rural settled area) and Rubavu 

district (urban settled area) in the western province of Rwanda were purposively selected 

for this study. Those schools were selected based on two conditions: i) they have smart 

classrooms (also called computer laboratories), and ii) they have STEM combinations at 

the advanced level, where physics is a major subject. These combinations include 
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Mathematics-Physics-Geography (MPG), Physics-Chemistry-Biology (PCB), and 

Physics-Chemistry-Mathematics (PCM). In each selected school, all senior five (grade 11) 

classes with physics as a primary subject from each school and all learners from each 

selected classroom were included in the sample. The choice of senior five students was 

made to strike a balance because it is a medium class at the advanced level. Senior four 

students are now at the advanced level and have not covered much, while senior six, 

being a terminal class, are busy preparing for the national examination. Moreover, the 

senior five students are in a good readiness position to respond to any activity in 

astrophysics as they have acquired knowledge and competencies from previous grades 

of their study, and they have shaped their attitude towards astrophysics. In view of the 

sampling criteria set above, eight public schools (four from each district) made a total of 

294 (168 boys and 126 girls) senior five students sampled for this study. Among eight 

selected schools, four (two in each district) were randomly assigned to the experimental 

group, and the other four (two in each district) were assigned to the comparison group. 

Students in the experimental group were taught using the VBM strategy, while those in 

the comparison group were taught using teachers’ usual teaching strategies (UTS). The 

topic area covered in all groups was astrophysics, and the unit covered was stellar 

distance and radiation. 

 

3.3 Instruments and Validation 

For this study, the Astrophysics retention test (ART) was used. The ART was made of a 

re-arranged astrophysics achievement test (AAT) that was developed based on the unit 

of stellar distance and radiation from the topic area of astrophysics as specified by 

Rwanda’s national curriculum, advanced level physics syllabus (REB, 2015). The initial 

AAT was made of 45 questions. Those 45 questions were subjected to experts in 

astrophysics (One university lecturer, one PhD student in astronomy, and three master’s 

students in physics education) and secondary school teachers with 5 and above years of 

experience in teaching physics in secondary schools. Their contributions led to the 

amendment of the AAT and 37 questions out of 45 were retained. 

 The AAT was subjected to a pilot study for validation and reliability analysis. 53 

(34 boys and 19 girls) students from the school who were not part of the main study but 

had comparable characteristics as the sample schools participated in the pilot study. 

Exploratory factor analysis (EFA) using SPSS version 21 was used for reliability analysis 

and construct validity. EFA was done using the principal component analysis extraction 

method which was performed to determine the number of questions that could be 

extracted from the 37 questions of the initial AAT. 7 questions were extracted, and the 

remaining 30 had a factor loading greater than 0.40. The 30 questions were analyzed for 

internal consistency and given a Cronbach’s Alpha of .87, which was considered 

acceptable since it was greater than the recommended of .70 (Taber, 2018). All 30 

questions were independent since there are no pair’s inter-item correlations of more than 

.80. 
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3.4 Procedure 

The ART was administered to all groups five weeks after the post-test. Prior to the 

treatment, both the experimental and control groups were subjected to a pre-test to 

examine the level of learners and to identify the initial differences among groups. After 

the pre-test, both the experimental and comparison groups were taught the same topic in 

the topic area of astrophysics. The unit taught was stellar distance and radiation from 

senior five syllabi with the same length of time for both experimental and comparison 

groups. One week before the start of the intervention, teachers from selected schools were 

trained based on the objectives of the study, the topic area, and unit to be taught, the 

procedural strategies, as well as the general conduct of the study. Moreover, teachers in 

the experimental group were accurately and independently trained on the effective use 

of VBM at this stage of research. During the four weeks of the intervention period, the 

teachers were supervised by researchers to ensure smooth intervention and learning. The 

experimental group was taught using VBM, while the comparison group was taught 

using teachers’ usual teaching strategy. In the comparison group, teachers taught using 

chalk and board and textbooks with some drawings to explain some phenomena, while 

in the experimental group, teachers taught using selected videos, and some practical 

demonstrations were manipulated by both teachers and learners using moving pictures 

on the screen or personal computers. After four weeks of teaching, a post-test was 

administered in both groups. To answer the questions in both the pre-test and post-test, 

students worked individually under the supervision of a class subject teacher, and the 

time limit was 80 minutes, which equals two school periods. To test the learners’ retention 

in astrophysics, a retention test was scheduled and administered to the participants five 

weeks after the post-test, as recommended by researchers (Tuckman, 1975). The retention 

test was made by the rearranged questions of AAT. Students worked individually on 

retention tests under the supervision of the research assistant and subject teachers. The 

time limit was 80 minutes. All learners who participated in the pre-test and post-test were 

also present in the retention test.  

 

3.5 Data Analysis  

Analysis of collected data was done using the Statistical Package for Social Science (SPSS) 

version 21. Descriptive analysis, such as standard deviation, mean, and percentage, was 

used to analyze data from tests. In all statistical tests, the research hypothesis was 

accepted or rejected at the significant level of 0.05 
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4. Results 

 

Table 1: Comparison of Learners’ Post-test and Retention Test Results 

Intervention  N Test Average of correct answers % SD Min Max 

VBM 144 
Post-test 16.01 53.35 11.96 11 26 

Retention test 15.93 54.09 8.91 12 26 

UTS 150 
Post-test 9.14 30.46 8.21 6 19 

Retention test 6.12 20.06 8.83 3 12 

 

Table 1 displays the learners’ results on the post-test and retention test. The result 

revealed that the learners’ retention in the experimental group was much higher than the 

learners’ retention in the comparison group. Therefore, students who were taught 

astrophysics using VBM retained their knowledge much better than those taught UTS. 

 
Table 2: Mean and Standard Deviation of Experimental and Comparison Group 

Intervention N Test Mean SD Minimum Maximum Mean gained 

VBM 144 
Post-test 74.03 11.96 11 26 

4.06 
Retention test 78.09 8.91 12 26 

UTS 150 
Post-test 46.72 9.37 6 19 

-0.31 
Retention test 46.41 8.83 3 12 

 

Data displayed in Table 2 revealed that the gained mean between the retention test and 

post-test was 4.06 for VBM and -0.31 for UTS. This implies that learners who were taught 

astrophysics using VBM had better retention than their counterparts in the UTS group.  

 
Table 3: Statistical Significant Difference between Post-test and Retention Test 

Intervention  Post-test Retention test AV std D <g> t-test p-value Significant? 

VBM 53.36 53.09 10.44 0.79 0.11 0 <0.001 Yes 

UTS 30.46 20.06 8.52 0.16 0.01 0.22 >0.05 No 

 

To determine the significance of the interventions, Table 3 revealed that the obtained 

Cohen’s D effect size (0.83 for VBM and 0.11 for normal teaching), the average normalized 

gained (0.11 for VBM Vs 0.01 for normal teaching methods), the t-test and p-values 

calculated as shown in Table 3 shows that the group of learners taught astrophysics using 

VBM retained statistically higher than the group of learners taught the same subject using 

usually teaching strategies from post-test to retention test. Hence, based on results in 

Table 1, Table 2, and Table 3, we reject the null hypothesis, which states there is no 

statistically significant difference in retention mean scores in astrophysics of learners 

taught astrophysics using VBM and those taught astrophysics using the teachers’ usual 

teaching strategies. 
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Table 4: Descriptive Statistics of Experimental Groups,  

Post-test, Retention Test, Gender, and School Location 

  Group N Post-test mean SD Retention test mean SD Mean gained 

Gender 
Boys 76 74.51 7.84 75.44 7.27 0.93 

Girls 68 70.42 7.36 71.32 6.76 0.9 

School location 
Urban 85 73.22 7.46 77.86 5.27 4.64 

Rural 59 71.72 7.24 72.59 6.42 0.87 

 

Data displayed in Table 4 revealed that the post-test mean was 74.51 and 70.42 for boys 

and girls, respectively. The standard deviation was 7.84 for boys and 7.36 for girls. 

Moreover, the retention test mean was 75.44 and 71.32 for boys and girls, respectively. 

The standard deviation was 7.27 for boys and 6.76 for girls. The mean gained was 0.93 

for boys and 0.90 for girls. The mean difference gained was 0.03 in favor of boys. This 

difference in mean gained, being too small, implies that there is no statistical difference 

between boys and girls in retention in the experimental group. In other words, Table 4 

shows that there is no statistical difference in the retention of astrophysics between boys 

and girls when VBM is used as an instructional strategy. Hence, boys and girls retained 

slightly the same way. Therefore, null hypothesis two, which states that there is no 

statistically significant difference in retention mean score of astrophysics between urban 

students and rural students taught using VBM, is hereby accepted.  

 Furthermore, data presented in Table 4 revealed that the post-test mean was 73.22 

for urban students and 71.72 for rural students, with a standard deviation of 7.46 and 7.24 

for urban and rural students, respectively. Additionally, the retention test mean was 77.86 

and 72.59 for urban and rural students, respectively, while the standard deviation was 

5.27 for urban students and 6.42 for rural students. The mean gain was 4.64 for urban 

students and 0.87 for rural students. The mean difference gained of 3.77 in favor of urban 

students is substantial enough to conclude that urban students retain much better when 

VBM is used as an instructional strategy in teaching and learning astrophysics. So, we 

reject the null hypothesis three, which states that there is no statistically significant 

difference in the mean retention score of astrophysics between boys and girls taught 

using VBM. 

 

5. Discussion 

 

The results of this research show that learners who learnt astrophysics in the VBM group 

performed much better than learners in the UTS group. Recent studies echo the same 

findings that VBM is a good methodology for enhancing learners’ retention of STEM 

subjects (Bayraktara et al., 2019). The significant difference in success and retention of 

learners in astrophysics in the VBM group over UTS can be attributed to the fact that 

learners actively participated in teaching-learning related activities that seduce learners’ 

attention and motivation, stimulate learners’ critical thinking, and activate their prior 

knowledge. This result is consistent with recent research findings that reported the 
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effectiveness of VBM in STEM education (Abdulrahman et al., 2020; Ismail et al., 2019; 

Ndihokubwayo et al., 2020). However, in the UTS group, the teaching was dominated by 

chalk and talk, and learning was based on memorization of concepts, which led to poor 

success compared to their counterpart of the VBM group. Recent studies reported similar 

findings that traditional methods of lecturing characterized by teacher-centered methods 

do not improve students’ achievement in STEM subjects because learners’ participation 

is limited (Akiri et al., 2021; Mukuka et al., 2019).  

 The findings of this research also revealed that there is a statistically significant 

difference in retention between learners taught astrophysics using VBM and those taught 

UTS. The substantial difference in retention between the VBM group and the UTS group 

could be attributed to the fact that learners in the VBM group had the chance to actively 

participate in the teaching-learning process while learners in UTS were passive listeners. 

Recent studies reported similar findings that learners who are exposed to VBM retain 

much better in STEM subjects (Tugirinshuti et al., 2021). Moreover, literature in 

educational technology is extremely reported that VBM in the education setting stems 

from the constructivism theory, which involves and interacts with learners with 

knowledge construction (Bull, 2013).  

 Results of this study also revealed that there is no statistical difference in boys’ and 

girls’ mean retention scores when VBM is used to teach astrophysics. This could be 

attributed to the fact that the social construction difference between masculinity and 

femininity is less of a concern in the Rwandan education system due to different policies 

to promote girls’ education (Mineduc, 2008). Previous studies reported, to a great extent, 

the same findings that when girls have the same opportunities in STEM education and 

ICT, like equal access to digital tools, increase their performance and are likely to perform 

much better than boys (Castro et al., 2021; Dousay & Trujillo, 2018). However, this study 

contradicts the findings of Heo & Toomey (2020), who reported that girls do not perform 

well like boys when technology-related instructions are used in teaching STEM subjects. 

This poor performance of girls in STEM subjects when learning using multimedia-related 

instructional strategies related to technology was the result of lack/poor access of girls to 

digital tools like the computer that led to poor competence in digital tools, which is not 

the case in Rwanda due to gender accountability at all levels in the country (GMO, 2019). 

 Finally, the findings of this study also point out that there is a statistically 

significant difference between rural and urban students’ retention mean score in favor of 

urban students when learning astrophysics using VBM. These findings coincide with 

previous studies that urban students perform and retain better than rural students when 

exposed to ICT-related instructional strategies (Wang, 2013). Moreover, a recent study 

reported that urban students have access to ICT tools more than their counterparts of 

rural students (Kormos & Wisdom, 2021). This access to ICT tools enshrines urban 

students’ intrinsic motivation and hence increases their performance and retention when 

used to teach STEM subjects such as physics. 
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6. Conclusion 

 

This study aimed to test the usefulness of VBM on learners’ retention in astrophysics. 

Drawing on the results of this research, it has been noted that learners from the selected 

schools benefit more from using VBM as an instructional tool than using UTS. The results 

of this study revealed that learners exposed to VBM benefit more in terms of learning, 

understanding, achievement, and retention. Moreover, the results of this study showed 

that the VBM reduces girls' backlash, improves gender sensitivity, and encourages girls 

to pursue STEM education. However, the results of this study showed a very big gap 

between urban and rural students in terms of achievement and retention of astrophysics 

when VBM is used as an instructional tool. Thus, it follows that VBM is an effective 

instructional tool that can be used by physics teachers and other STEM teachers to 

nurture and promote learners’ retention in abstract disciplines such as astrophysics. 

However, special attention could be given to rural students. 

 

6.1 Recommendation 

STEM teachers, especially physics teachers, are recommended to use VBM as an 

instructional tool. This will help learners interact and get engaged in knowledge 

construction by using modern and innovative methodology that is likely to improve 

teaching and learning, increasing learners’ performance and promoting learners’ 

retention of the concepts. Although some topics in physics have been considered isolated 

and abstract disciplines, which led to learners’ misconceptions, the incorporation of VBM 

in the classroom setting might solve this problem. Moreover, adopting VBM as an 

instructional tool will decrease the dependence on UTS, which does not guarantee the 

students’ retention in STEM subjects such as physics. This study provides a reference and 

adds value to the existing literature on the usefulness of VBM in promoting learners’ 

retention in astrophysics. Even if the results of this study do not considerably differ from 

what has been reported in other countries, this study provides a benchmark on what is 

going on in less developed countries like Rwanda in terms of integrating ICT in 

education. For that purpose, further research should explore the teachers’ beliefs about 

the use of VBM because teachers are the agents of change in education. Further research 

could also examine the barriers to effectively incorporating VBM in the classroom setting. 

 

6.2 Limitations  

Some limitations, such as environmental conditions, data collection, data analysis, and 

diverse teaching experiences, make it difficult to generalize the study findings to other 

learner populations, especially those not in STEM education. Moreover, the study has 

looked explicitly at the upper secondary school level (senior five). At the same time, ICT 

and technology are integrated at various levels of schooling, including primary and 

university levels. Therefore, the limitations are that the study focused only on one level 
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(senior five) of the upper secondary level and on one topic (astrophysics), while senior 

five has many topics. 
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