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Abstract 

Group Discussion (GD) as a collaborative teaching strategy focuses on the 

teachers and learners to solve problems through multiple engagements. The 

purpose of the study was to determine the effect of GD on pre-service teachers’ 

conceptual understanding and retention compared to the Traditional Approach 

(TA) in teaching osmosis. A quasi-experimental design with pre-and post-tests 

and a case study design were used for the study. Ninety-four pre-service 

teachers (N=47) for the Experimental Group (EG) taught using GD, and 

(N=47) for the Control Group (CG) were taught using the Traditional 

Approach (TA). Results from post-tests show EG performed better than CG, 

as indicated by Analysis of Covariance (ANCOVA), p < .05, suggesting that 

GD improved conceptual understanding. A Mann-Whitney U-test shows no 

significant differences in performance between males and females in EG, 

implying GD favoured both genders. In addition, EG retention was higher than 

CG when tested after an extended period. Thus, the results show that GD 

improves pre-service teachers’ conceptual understanding and retention. The 

implication for educators is that the use of GD in teaching biology improves 

pre-service teachers’ conceptual understanding of Osmosis, and these results 

have far-reaching implications in teacher education. 
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INTRODUCTION 

 

Group Discussion (GD) is collaborative 

teaching where there is a shared focus between the 

teachers and learners to solve a problem (Yulianti et 

al., 2022). Put differently, a classroom discussion is 

“a sustained exchange between and among teachers 

and their students with the purpose of developing 

students’ capabilities or skills and expanding 

students’ understanding – both shared and 

individual – of a specific concept or instructional 

goal” (Witherspoon et al., 2016, p. 6). GD engages 

learners in multiple ways of thinking to solve 

challenges (Jordan, 2022). GD is vital for education 

in the 21st Century to enhance autonomy, 

collaborative and critical thinking, communication, 

and technology use (Bremnar, 2021; Almasco, 

2023). Teaching science involves learners 

experiencing the basic and integrated processes of 

science (Kibirige & Rooyen, 2006). Caplan et al. 

(2016) contend that research on learner engagement 

in science is needed to enhance learners’ interest, 

especially through small group discussions (Jemal, 

2017), as compared to a lecture where the teacher's 

central focus is on the delivery of content to 

learners.  

Typically, a teacher will stand before a class 

to present information for the students to learn. 

Learners participate by answering questions and 

copying notes from the chalkboard. While there is 

an exchange between the teacher and the learners, 

the teacher has control over what is being taught and 

determines the pace regardless of slow or gifted 

learners. In this instance, gifted learners may be 

hampered if the teacher’s pace is slow, and if the 

pace is too fast, the slow learners are disadvantaged.  

GD can minimise poor performance and 

enhance conceptual understanding and confidence 

in enacting group discussions in the classrooms 

(Kademian & Davis, 2018). Pre-service teachers can 

be affianced in group discussions to hone their 

subject content knowledge, which they could use 

during teaching practice and in-service after that. 

The discussion groups require individuals to ask 

questions and get answers, which they write down. 

In the process, group members improve their 

explanations using the Language of Teaching and 

Learning (LoTL) as well as science language 

(Murphy et al., 2022).  

There are perceptions that biology is easier 

than chemistry and physics in STEM subjects 

(Wong et al., 2022). Despite those perceptions, pre-

service teachers have challenges in understanding 

some biology concepts, such as the Osmosis 

process, that are at play (Manning & Kay, 2023) and 

are abstract (Hudha et al., 2023). Consequently, 

learners easily forget what they learned about the 

osmosis process (Vujovic et al., 2018). Learner-

centred methods are suggested to address such 

challenges. Firstly, when learners develop hands-on 

skills, they are likely to improve the nation’s 

economy in the 21st century, and secondly, learner-

centred approaches promise critical and creative 

thinking skills (Sahlberg & Oldroyd, 2010) deeper 

learning based on Vygotsky and Piaget's theories 

(Ginnis, 2002). Thirdly, learner-centred teaching is 

an emancipatory method for learners to work within 

the group, express their views and accept other 

learners’ views to improve conceptual 

understanding. 

Conversely, the Programme for International 

Student Assessment (PISA) shows that the use of 

learner-centred teaching resulted in low conceptual 

understanding (Deng & Gopinathan, 2016). The 

Trends in International Mathematics and Science 

Study (TIMSS) and the Progress for International 

Reading and Literacy Study (PIRLS) show mixed 

results in terms of the relationship between learner-

centred teaching approaches and conceptual 

understanding (Schweisfurth, 2013). The above 

empirical studies used subjects in science and not 

specific topics, which might have compounded their 

findings. Using discussions on energy content with 

everyday life experiences, Weng et al. (2022) found 

that learners scored highly in STEM, suggesting that 

GD can enhance learning. Currently, Learner 

Centred Pedagogy (LCP) is limited and provisional 

since empirical and conclusive evidence is not yet 

established in the literature (Bremner et al., 2022) 

and learning retention is yet another challenge in 

learning osmosis. Retention refers to one’s ability to 

maintain new knowledge for future application 

permanently (Chang et al., 2015) or keeping 

information in long-term memory (Afoan & 

Corebima, 2018). It is fundamental to learning in 

schools and elsewhere because the retained 

knowledge can be retrieved in different 

contexts (Saputri & Corebima, 2020). Tenets like 

paying attention to relevant information are 
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necessary to enhance retention (Gargrish et al., 

2022). Hence, retention depends on each learner’s 

use of those tenets (Usman et al., 2021). It is 

suggested that more time is spent on teaching to 

enhance learners’ retention (Makinde & Yusuf, 

2017). This study proposes GD as one of the 

strategies to enhance retention, and the extent to 

which GD impacts learners’ conceptual 

understanding and retention remains barely 

understood. It is a knowledge gap this study 

addresses using an empirical study to determine pre-

service teachers’ conceptual understanding and 

retention when taught Osmosis using GD and TA. 

GD are an excellent teaching method when 

used in conjunction with other methods. Instruction 

should be varied from day to day to help reach the 

most students possible. It is a collaborative teaching 

method where each member offers exploration, 

explanations and enacting in discussions (Ajayi & 

Tanko, 2023). The selection of a suitable 

educational method for learning is of special 

importance because, in biology, there are many 

misconceptions about almost every topic. Osmosis 

is one of the difficult topics to understand because of 

its abstract nature and the molecular behaviour of 

solutes and solvents (Manning & Kay, 2023). One of 

the strategies to alleviate learning challenges is the 

use of GD, where learners talk as they perform 

experiments. Teachers need to provide their students 

with note-taking skills before starting discussions. 

Teachers must be good at managing and facilitating 

discussions. Questioning techniques are effective for 

this. Two questioning techniques that teachers 

employ are to increase their waiting time after 

questions are asked and to ask only one question at 

a time.  

The purpose of the study was to determine the 

effect of GD on pre-service teachers’ conceptual 

understanding and retention compared to the 

Traditional Approach (TA) in teaching 

osmosis. Hence, the following research questions 

were raised to guide the study:1) To what extent 

does Group Discussion impact pre-service teachers’ 

conceptual understanding and retention when 

compared to the Traditional Approach? 2)  What is 

the conceptual understanding and content retention 

of EG compared to CG? 3) What is the effect of 

Group Discussion on conceptual understanding and 

retention between the EG and the CG? 3) What is 

the effect of Group Discussion on males and 

females? 4) What are the pre-service teachers’ 

experiences regarding Group Discussion? Three 

hypotheses were used: 1) Group Discussion 

significantly impacted learners’ conceptual 

understanding and retention; 2) EG has higher 

conceptual understanding and content retention 

than CG; 3) GD increased conceptual 

understanding and retention in both genders. It is 

because teaching methods sometimes favour one 

gender over the other (Eddy et al., 2014; Eddy & 

Brownell, 2016). This study benefits teachers in 

improving teaching skills and enhances learners’ 

content retention. 

After independence in 1994, South Africa has 

had three curricula: 1) the Outcomes Based 

Education (OBE, 2005) to harmonise the then 

Native and Bantu education curricula, 2) the 

Revised National Curriculum Statement (RNCS), 

and 3) the Curriculum Assessment Policy Statement 

(CAPS) (Russell et al., 2019). These curricula have 

not improved the learners’ performance because 

Grade 12 matric results show that only 4 out of 100 

learners got 60% and above (Naidoo & Sibanda, 

2020). The author contends that methods used to 

teach pre-service teachers need to include GD to 

enhance pre-service teachers’ understanding and 

retention of content. 

 

METHODS 

 

The study employed quantitative and 

qualitative approaches (Creswell & Creswell, 2018). 

The quantitative approach used a quasi-experiment 

design where two groups were designated: as 

Experimental Group (EG) and the Control Group 

(CG). Both groups were pre-tested to determine the 

level of science content understanding before 

administering the intervention (Appendix 1). The 

scores obtained were scaled to 100% for both pre- 

and post-tests. EG was taught Osmosis through 

authentic experiments for two weeks using GD, 

while CG taught for the same period using the TA 

method, where lectures, ‘talk and chalk’ 

dominated. The qualitative approach used a case 

study design (Creswell & Creswell, 2018) to 

determine pre-service teachers’ experiences 

regarding GD strategy.  

The quantitative study sample comprised 94 

third-year Methods of Science course (MBIO 311) 

pre-service teachers, which were divided into 47 (16 
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female, 31 male) designated as Experimental Group 

(EG) and 47 (17 female, 30 male) as Control Group 

(CG). For the qualitative part, four pre-service 

teachers (2 males and 2 females) from EG were 

coded as PT for pre-service teacher, F for females, 

M for males and numbers 1-4 to represent the 

teachers’ numbers. For example, FPT1 and FPT2 

mean female pre-service teachers number one and 

two; MPT3 and MPT4 mean male pre-service 

teachers number three and four. All participants 

volunteered to take part in the study, which was part 

of the quality teaching and learning under the 

internal Research Chair granted to the author (Grant 

Number R792). Researcher-designed pretest was 

also used for EG and CG post-tests. Two university 

lecturers and two science teachers evaluated the face 

and content validity of the test. Their 

recommendations were considered before the pilot 

study. For reliability, pre-and post-tests were piloted 

on 10 in-service teachers of the Methods of Science 

course (MBIO 311) who were not part of the study. 

A Cronbach Alpha of 0.85 was obtained, suggesting 

the instrument was suitable for the study.  

 Data were collected over four weeks where 

one week was for acclimatisation to the dynamics 

and dictates of discussions, two weeks for teaching 

two separate groups, and one week was to engage 

CG in GD to be at par with EG in GD dynamics. 

Initially, EG and the CG were pre-tested to 

determine their levels of science understanding and, 

for two weeks were taught similar topics regarding 

Osmosis. EG was taught using GD with five to 6 

pre-service teachers per group. According to Corrégé 

and Michinov (2021), these numbers per group were 

sufficient for effective discussions. Six tenets of LCP 

(Bremner, 2022) were used: 1) active participation, 

where active learning was through hands-on 

learning in groups; 2) adapting to needs was based 

on learners’ prior experiences; 3) autonomy was 

evident when learners used GD in deliberating on 

issues as a lifelong learning skill; 4) relevant skills 

were exhibited in the content used for developing 

21st   Century skills; 5) power-sharing was achieved 

through decision-making and accepting peer 

opinions; and 6) formative assessment was the 

affordance of learners to self and peer assessment of 

the interlocutors. In addition, for all discussion 

tasks, pre-service teachers were asked questions 

based on Mehan's (1979) model: Initiate, Response, 

and Evaluate (IRE). Pre-service teachers were 

provided with three of the following: solutions of 

unknown concentrations, potatoes, beakers, and a 

knife. They had to decide which and how solutions 

should be used for an experiment and which one was 

for control. Pre-service teachers used GD in three 

situations: 1) pre-experiment, 2) during the 

experiment, and 3) post-experiment. In pre-

experiment, they had to discuss how to determine 

the concentrations of the solutions. During the 

experiment, they had to agree if they used thin rod-

like potatoes or cup-shaped potatoes. They resolved 

to have three beakers for each solution, and in each 

beaker, they placed 2 similar rods of potatoes, 

making a total of 18 pieces of potatoes. In the post-

experiment, group members had to discuss and 

agree on how to report the findings to the rest of the 

class using graphs or tables.  

 In the case of the CG, the lecturer used TA 

and gave notes on different solutions: hypertonic, 

isotonic, and hypotonic and explained what would 

happen to a piece of potato in each of these 

solutions. He demonstrated how to cut rod-like 

potato pieces and demonstrated how to measure 

their length with a ruler. After that, groups of 

learners followed the lecturer’s demonstration. In 

the authentic experiments, learners were to show 

what happens to the potatoes in three types of 

solutions. CG pre-service teachers measured the size 

of the potatoes once in each solution of the three 

beakers to confirm the changes they expected 

according to the notes the lecturer gave them. So, 

they used three pieces of potatoes, one in each 

solution, and there were no replicas. Learners filled 

in the structured laboratory report. Qualitative data 

were collected from four pre-service teachers using 

interviews to explain their experiences regarding 

GD and how it impacted their conceptual 

understanding of osmosis. At the end of two weeks 

of teaching, EG and CG were post-tested using the 

same questions as those in the pre-test, but their 

order was shuffled to minimise recognition. After 12 

weeks, at the end of the semester, learners were 

tested on similar concepts to determine their 

retention levels. One week was used to engage CG 

in GD to catch up with the EG and for ethical issues. 

 A t-test was used to measure the difference in 

learners’ pre-and post-test conceptual understanding 

for both EG and CG. In addition, means and 

standard deviations were calculated for EG and CG 

scores. A Mann-Whitney U-test was used to test for 
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any differences in conceptual understanding 

between males and females in EG. Analysis of 

covariance (ANCOVA) (Leppink, 2018) was used to 

determine the differences due to the treatment. The 

pre-test scores were used as a covariate to control for 

initial group differences, minimise the error and 

eliminate systemic bias (Dimitrov & Rumril, 2003). 

The effect size was calculated using Cohen’s d 

(Cohen, 1988). All statistics were computed using 

the Statistical Package of Social Sciences (SPSS) 

Version 22. The responses to qualitative interviews 

for EG regarding the use of GD in learning Osmosis 

were thematically analysed (Braun & Clarke, 2006). 

RESULTS AND DISCUSSION 

The post-test results show that EG scored 

higher than EG and there were no gender differences 

among pre-service teachers in the EG.  
The summary of pre-and post-post for EG 

and CG results are stated below (Table 1). 

 

Table 1: Pre- and post-post for Experimental and Control Groups. 

Test Group N M SD t P d 

Pretest EG        47 7,30 5,65 .26 .30 5.93 

CG        47 8,66 6,70    

Post-test EG        47 44,11 19,98 -11,69 .00 6.20 

CG     47 8,72 6,32    

 

Table 1 indicates no differences in EG pre-test 

(T-test: t(92) = -11,69; p = .00) and a Cohen d = 6.20. 

At the beginning of the study, EG and CG were pre-

tested, and their content knowledge did not differ, 

suggesting that the two groups had a similar 

conceptual understanding regarding osmosis. 

However, EG post-test results were statistically 

different from the pre-test, whereas no differences 

were observed in CG (p<.05) (Table 1), implying 

that GD used had a positive impact on conceptual 

understanding in the EG compared to CG taught 

using TA. 

ANCOVA was used to determine the effect of 

the intervention with pre-test as a covariate (Table 

2). 

 

Table 3. ANCOVA report on the post-tests EG where CG pre-tests was the covariate. 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Partial Eta 

Squared (η) 

Corrected 

Model 

12365.53a 1 6182.76 17.61 .00 .28 

Intercept 108695.51 1 108695.51 309.63 .00 .77 

PREPOSTC 2.93 1 2.93 0.018 .94 .00 

Group 12253.84 1 12253.84 34.91 .00 .28 

Error 31945.45 92 351.05      

Total 334632.00 94        

Corrected 

Total 

44310.98 93        

R Squared = .28 (Adjusted R Squared = .26) 
 

 

 

Analysis of co-variance (ANCOVA) shows 

that the difference was indeed due to treatment 

F(2.92) = 34.91, p< .00, η = .28 and the pre- test 

scores were used as a covariate to reduce the error 

variance and eliminate bias (Dimitrov & Rumril, 

2003). Results show that GD has a significantly 

positive effect on learners’ conceptual understanding 

of Osmosis ANCOVA (p<0.05) (Table 2).  

In the CG, TA resulted in poor pre-service 

teachers’ conceptual understanding of Osmosis 

(Table 2). These results concur with Kose et al. 

(2006), who found that learners taught using the 

discussion method performed better than those 
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taught using TA. These results are not surprising 

because pre-service teachers from CG were not 

active when compared to EG. These findings agree 

with Teshager et al. (2021), who contend that 

context-based teaching that includes active learning 

produced better learning outcomes than TA. Also, 

the authentic practical work missed in CG denied 

learners thrilling and discovery moments, and as 

such, they could not retain much because they did 

not own the content through notes taking. These 

results agree with Cullinane et al. (2023), who 

contend that learning without authentic work does 

not improve conceptual understanding. The 

outcome of this is that learners do not see a need to 

look for alternative answers to the challenges as it is 

in the life of a scientist. 

A Mann Whitney U-test to distinguish 

conceptual understanding in EG is shown (Table 3) 

 

Table 3. A Mann Whitney U-test with male and female medians. 

Test Statisticsa   

Mann-Whitney U 210.00 Male Female 

Wilcoxon W 346.00   

Z -.85   

Asymp. Sig. (2-tailed) .39   

a. Grouping Variable: POST EG 

males and females 

   

Median  73.00 61.50 

 

In Table 3, a Mann-Whitney test shows U = 

[210.00] [-0.85], p = .39. After the intervention, 

males and females improved in their conceptual 

understanding but no significant differences in 

performance between them. Males’ performance 

was higher (Mdn = 73.00) than females’ (Mdn = 

61.50), U= 210.00, p = .39, but these differences 

were not significantly different (Mann Whitney U-

test, p = .39). Thus, these results suggest the two 

genders performed equally well in EG taught using 

GD. The results suggest that the differences were 

due to the treatment and not any other variables. 

Therefore, we accept hypothesis 1, that GD impacts 

learners’ conceptual understanding and retention. 

Also, the benefit of using GD in science classes is 

gender neutral. It means GD does not segregate 

gender because the performance of males and 

females in EG did not differ significantly (Table 3). 

So, we accept hypothesis 3, stating that GD equally 

increases the conceptual understanding and 

retention of males and females in EG. These results 

concur with Kazeni and Onwu (2013), who found 

that GD produced better learning outcomes than 

TA. It is no wonder Bussey and Bandura (1999) 

show that both genders succeed in science, provided 

the contexts are similar.    

The qualitative findings show that pre-service 

teachers enjoyed the lesson using GD. Three themes 

were identified from qualitative responses: 1) 

searching for information, 2) recalling and critical 

thinking, and 3) reflecting on failures and successes. 

The verbatim statements depicting pre-service 

teachers’ sentiments regarding GD are stated below. 

 
Theme 1: Searching for information. 

Pre-service teachers expressed that searching for 

information was useful.   

“I checked for academic papers regarding the content on 

osmosis, how to determine concentrations and the use 

various laboratory equipment. We debated on some of the 

materials and how to address any shortcomings” [MPT3]. 

 

Another teacher added:  

“After the experiment, my peers and I reflected on the 

process from searching for information to how to report the 

results. We came to a consensus on areas where we had 

disagreements. We downloaded papers from the Internet to 

assist us in resolving some of our dilemmas. Lastly, we 

consulted the lecturer on how to interpret some difficult 

language and concepts in some articles.” 

  
Theme 2: Recalling and critical thinking. 

The role of recalling and critical thinking was 

highlighted.  

“In doing the experiments, we had to recall what we read 

and think critically about what was happening and why 
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in the case of osmosis. We also had to consider chemistry 

knowledge to kick in to resolve the dilemma we had. For 

instance, we had to ask the lecturer if the three solutions 

were volatile. When we established that they were not 

volatile, we used a Bunsen burner to heat 10 ml of each to 

retain the solutes” [MPT4].  

 

Furthermore, there was this surprising comment 

from one teacher. 

“To our surprise, one solution had no 

solutes deposited. We used a white 

copper sulphate test, which established 

that, indeed, it was water. The remain-

ing two had varying deposits of salt. 

The one with the highest amount was 

labelled hypertonic, while the one with 

low salt deposits was labelled hypo-

tonic.” (FPT1] 
 

Theme 3: Reflecting on failures and successes. 

 Pre-service teachers were excited on their findings 

as stated by these two teachers. 

“At first it looked like a nightmare to find out the 

concentrations of the three solutions, but through our 

discussion in the group, it was getting better as different 

ideas were presented and debated. Again, our chemistry 

knowledge was evoked, you know!” [MPT3]. 

 

“One group member proposed replicas. For me I had not 

heard about replica, but when he explained, I was 

convinced, and we calculated the averages. To crown it all, 

the lecturer gave us useful comments on our procedures. 

This was a soul soothing moment. The lesson was 

involving and exciting. We learnt a lot about osmosis.” 

[FPT2] 

 

Also, the explanation they arrived at 

regarding the force that moves water through the 

semi-permeable membrane. One teacher explained: 

“We debated how water could go through but not water 

molecules. Was it the size of solutes and solvents or the 

pressure they exert? The solute particles move around and 

collide with the semi-permeable membrane. We concluded 

that the solute pushed back by the semi-permeable 

membrane result in water molecules’ movements. Also, 

osmosis is not a chemical reaction, but a physical 

reaction.” [FPT1] 

 

Like the quantitative results, the qualitative 

results show that GD had a significant positive 

impact on the pre-service teachers' understanding of 

osmosis and their retention. GD is viewed positively 

by learners because it encourages them to share 

ideas through interlocutors. Consequently, through 

GD, pre-service teachers developed interpersonal 

skills. In question seven, pre-service teachers 

explained that water molecules moving through a 

semi-permeable membrane are not diffusion only, 

but solute particles put pressure on the semi-

permeable membrane, causing water to pass 

through. Also, they were able to explain that it is not 

a chemical reaction but a physical one. These 

explanations resonate with the physical model 

where solute molecules are repulsed from entering 

the semi-permeable membrane (Debye, 1923).  

A similar concept has been echoed that there 

are two forces Pf (water flux) and Pd (diffusion 

permeability coefficient). The latter is for water, and 

the former is for diffusion. Debye (1923) 

demonstrated that Pf > Pd, suggesting that diffusion 

cannot take place in the semipermeable membrane. 

Again, this is supported by White et al. (2022), who 

contend that water molecules do not diffuse into the 

frog’s skin because the Pf is greater than Pd. Twelve 

weeks after the intervention, the EG had a clear 

explanation, which was based on the force generated 

when a semi-permeable membrane repulses solute 

molecules, suggesting that GD enhanced retention.  

Conversely, the CG stated that there was a 

link between osmosis and diffusion. Pre-service 

teachers in the CG explained that the number of 

water molecules was high and caused osmotic 

pressure that pushed water through the semi-

permeable membrane, which is a misconception 

(Lodish et al., 2021). The movement of water 

molecules from its high concentration through a 

semi-permeable membrane is osmosis is also a 

misconception. Although osmosis and diffusion are 

different, pre-service teachers in CG could not 

provide a clear explanation. They could not imagine 

solutes hitting the semi-permeable membrane to 

cause osmosis. CG had misconceptions regarding 

osmosis. It is no wonder that after 12 weeks, 

preservice teachers in CG showed low retention of 

content. Therefore, GD is more effective than TA in 

enhancing conceptual understanding and retention. 

This study contributes to the literature regarding GD 

that enhances conceptual understanding and 

retention. The use of GD can benefit practising 

teachers and authors of books, which teachers can 
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use to enhance conceptual understanding and 

retention. Also, GD benefits pre-service teachers as 

future science teachers who can debate issues in a 

bigger forum other than the university training 

environment. 

This study's limitations are a small sample 

with pre-service teachers registered for Biology 

Method course from one institution. The effective 

time was two weeks after acclimatisation, which 

needed to be more to deal with more GD dynamics 

in the classroom. Studies using larger samples from 

different institutions are recommended. Also, the 

study can explore whether females’ and males’ 

preferences differ as far as GD is concerned.  

CONCLUSION 

This study established that GD is an excellent 

teaching method for improving learners’ conceptual 

understanding and retention compared to TA. Using 

interlocutors before, during, and after authentic 

experiments enhanced EG pre-service teachers’ 

conceptual understanding and resulted in high 

content retention. Therefore, teachers should allow 

learners to enact discussions in their groups to 

enhance understanding and retention. In addition, 

this study contributes to narrowing the knowledge 

gap regarding pre-service teachers’ conceptual 

understanding and retention in science using GD 

and TA. Therefore, it is recommended that teachers 

should include GD in their teaching methods to 

improve learner’s understanding and retention of 

science concepts.  

ACKNOWLEDGEMENT  

The researcher acknowledges the funding 

from the internal Research Chair in Quality 

Teaching and Learning (QTL) (Grant Number 

R792).  Also, pre-service teachers’ invaluable 

information is acknowledged.  

REFERENCES 

Afoan, M. Y., & Corebima, A. D. (2018). The 

Correlation of Metacognitive Skills and 

Learning Results Toward Students’ 

Retention of Biology Learning: Students 

Learning Only to Pass Examinations. 

Educational Process: International Journal, 7(3), 

171-179. 

Ajayi, V.O., & Tanko, C. A. (2023). Adopting and 

Implementing Collaborative Invitation, 

Exploration, ProposingExplanation and 

Takingaction (CIEPT) Instructional 

Approach and Students’ Academic 

Performance in Chemistry. Journal of 

Educational Technology and Instruction, 2(2), 

93-107. 

Almasco, M. A. A. (2023). 21st century skills: 

Teachers’ integration in face-to-face 

instruction. World Journal of Advanced Research 

and Reviews, 19(01),315-333.     

doi:10.30574/wjarr.2023.19.1.1316 

Braun, V., & Clarke, V. (2006). Using thematic 

analysis in psychology. Qualitative Research 

in Psychology, 3(2), 77-101. 

https://doi.org/10.1191/1478088706qp063

oa 

Bremner, N., Sakata, N., & Cameron, L. (2022). 

The outcomes of learner-centred pedagogy: A 

systematic review. International Journal of 

Educational Development, 94, 102649. 

Caplan, S., Baxendale, H., & Le Feuvre, P. (2016). 

Making STEM a primary priority. Retrieved 

from 

https://www.pwc.com.au/pdf/making-

stem-a-primary-priority.pdf 

Chang, Y.L., Hou, H.T., Pan, C.Y., Sung, Y.T. & 

Chang, K.E. Apply an Augmented Reality in 

a Mobile Guidance to Increase Sense of Place 

for Heritage Places. Journal of Educational 

Technology & Society, 18(2), 166-

178. Retrieved January 2, 2024 

from https://www 

.learntechlib.org/p/158888/ 

Chin, C., & Osborne, J. (2010). Students’ questions 

and discursive interaction: Their impact on 

argumentation during collaborative group 

discussions in science. Journal of Research in 

Science Teaching, 47(7), 883–908. 

Cohen, J. (1988). Statistical power and analysis for 

behavioural sciences (2nd Ed) Hillsdale New 

Jersey: Lawrence Erlbaum Associates. 

Corrégé, J-B., & Michinov, N. (2021). Group size 

and peer learning: peer discussions in 

different group size Influence learning in a 

biology exercise performed on a tablet with stylus. 

Frontiers in Education, 6: 1-23, 733663. doi: 

10.3389/feduc.2021.733663  



Israel Kibirige / Journal of Innovative Science Education 12 (3) (2023): 269-279 

277 

Correia, R. C. (2023). Assessment from within–

understanding the knock-on effect of 

teachers’ practices on classroom speaking 

assessments. In Education and New 

Developments, Carmo, M. (Eds.) 142-148. 

InScience Press, Rua Tomas Ribeiro, Lisboa: 

Portugal. 

Creswell, J.W. & Creswell, J.D. (2018). Research 

Design: Qualitative, Quantitative, and Mixed 

Methods Approaches. Sage, Los Angeles. 

Cullinane, A., Hillier, J., Childs, A., & Erduran, S. 

(2023). “Teachers’ Perceptions of Brandon’s 

Matrix as a Framework for the Teaching and 

Assessment of Scientific Methods in School 

Science.” Research in Science Education, 53(1): 

193–212. https://doi.org/10.1007/ s11165-

022-10044-y 

Debye, P. (1923). Theorie Cin ´ etique des Lois de la 

Pression Osmotique des ´ Electrolytes Forts. 

´ Recueil des Travaux Chimiques des Pays-

Bas, 42:597–604. https://doi 

.org/10.1002/recl.19230420711 

Deng, Z., Gopinathan, S., (2016). PISA and high-

performing education systems: explaining 

Singapore’s education success. Computer and 

Education, 52 (4), 449–472. https://doi.org/ 

10.1080/03050068.2016.1219535. 

Dimitrov, D. & Rumril, P. D. (2003). Pre-test – post-

test designs and measurement of change IOS 

Press, 20:159 – 165. 

Eddy SL, Brownell SE, Wenderoth MP. (2014). 

Gender gaps in achievement and 

participation in multiple introductory biology 

classrooms. CBE Life Sci Educ. 2014; 

13(3):478–92. Epub 2014/09/04. 

https://doi.org/ 10.1187/cbe.13-10-0204 

PMID: 25185231 75.  

Eddy, SL, Brownell, S. E.  (2016). Beneath the 

numbers: A review of gender disparities in 

undergraduate education across science, 

technology, engineering, and math 

disciplines. Physical Review Physics 

Education Research. 2016; 12(2). 

https://doi.org/10.1103/PhysRevPhysEduc

Res.12.020106 74.  

Eidin, E.; Shwartz, Y. From Ideal to Practical—A 

Design of Teacher Professional Development 

on Socioscientific Issues. Sustainability 2023, 

15, 11394. https://doi.org/ 

10.3390/su151411394 

Gargrish, S, Mantri., A, & Kaur,D. P. (2022). 

Evaluation of memory retention among 

students using augmented reality based 

geometry learning assistant. Education and 

Information Technologies, 1−22. 

doi:10.1007/s10639-022-11147-9 

Ginnis, P., (2002). The Teacher’s Toolkit: Raise 

classroom achievement with Strategies for 

Every Learner. Crown House Publishing 

Limited. 

Guillem, F., & Mograss, M. (2005). Gender 

differences in memory processing: evidence 

from event-related pot.entials to faces. Brain 

and Cognition, 57(1):84-92. doi: 

10.1016/j.bandc.2004.08.026. PMID: 

15629219 

Hudha, A. M., Ullah, K., & Darmayanti, R. (2023). 

Osmosis: Chewy naked egg, in or 

out?. Journal of Advanced Sciences and 

Mathematics Education, 3(1), 1-14. 

Jemal, A. (2017). Critical consciousness: A critique 

and critical analysis of the literature. The 

Urban Review, 49(4), 602–626. 

https://doi.org/10.1007/s11256-017-0411-3 

Jordan, M. E. (2022). Answerability and 

communicative virtuosity in making 

democratic worlds: An exploration of one 

fifth-grade teachers’ engineering 

communication in service of dialogic 

citizenship. In A. WilsonLopez, E. Tucker-

Raymond, A. Esquinca, & J. A. Meji (Eds.), 

The literacies of design: Studies of equity and 

imagination in engineering and making (pp. 120–

136). Purdue University Press. 

Kademian, S. M., & Davis, E. A. (2018). Supporting 

beginning teacher planning of investigation-

based science discussions. Journal of Science 

Teacher Education, 29(8), 712–740. https:// 

doi. org/ 10. 1080/ 10465 60X. 2018. 

Kazeni, M., & Onwu, G. (2013). Comparative 

Effectiveness of context-based and 

Traditional Approaches in teaching Genetics: 

Students views and Achievement. African 

Journal of research in Mathematics, Science and 

Technology Education, 17 (1-2), 50-62. 

Kessler, M. (2023). Written corrective feedback in 

an online community: A typology of English 

language learners’ requests and interlocutors’ 

responses. Computers and Composition, 67, 

102752. 

https://doi.org/10.1080/1046560X.2018.1504266
https://doi.org/10.1080/1046560X.2018.1504266


Israel Kibirige / Journal of Innovative Science Education 12 (3) (2023): 269-279 

278 

https://doi.org/10.1016/j.compcom.2023.1

02752 

Kose, S. (2006). Determination of perspective 

Science teacher’s misconceptions. 

International Journal of Environmental and 

Science Education, 1(1), 25-52 

Kriewaldt, J., Robertson, L., Ziebell, N., Di Biase, 

R., & Clarke, D. (2021). Examining the 

nature of teacher interactions in a 

collaborative inquiry-based classroom setting 

using a Kikan-Shido lens. International 

Journal of Educational Research, 108, 

101776. 

https://doi.org/10.1016/j.ijer.2021.101776. 

Leppink, J. (2018). Analysis of Covariance 

(ANCOVA) vs. Moderated Regression 

(MODREG): Why the Interaction Matters. 

Health Professions Education, 4(3). 

https://doi.org/10.1016/j. hpe.2018.04.001 

Lodish, H., A. Berk, C.A. Kaiser, M. Krieger, A. 

Bretscher, and H. Ploegh. K.C. Martin, M. 

Yaffe,  & Amon, A (2021). Molecular Cell 

Biology. Ninth edition. W.H. Freeman. New 

York NY. 1264 pp. 

Makinde, S., & Yusuf, M. O. (2017). “The flipped 

classroom: Its effects on students’ 

performance and retention in secondary 

school mathematics classroom,” International 

Journal of innovation. Technology. Integrated 

Education 1(1), 117–126, 2017, [Online]. 

Available: 

https://ijitie.aitie.org.ng/index.php/ijitie/ar

ticle/view/43 

Manning, G. S., & Kay, A. R. (2023). The physical 

basis of osmosis. Journal of General 

Physiology, 155(10), 1-12. 

https://doi.org/10.1085/jgp.202313332 

Manning, G. S., & Kay, A. R. (2023). The physical 

basis of osmosis. Journal of General 

Physiology, 155(10), e202313332. 

https://doi.org/10.1085/jgp.202313332 

Mehan, H. (1979). Learning lessons: Social 

organization in the classroom. Harvard 

University Press 

Murphy, P. K., Croninger, R. M. V., Baszczewski, 

S. S., & Tondreau, C. L. (2022). Enacting 

Quality Talk discussions about text: From 

knowing the model to navigating the 

dynamics of dialogic classroom culture. The 

Reading Teacher, 75(6), 717–731. 

Naidoo, J. & Sibanda, D. (2020). Examining science 

performance of South African grade 9 

learners in TIMSS 2015 through a gender 

lens. South African Journal of Education, 

40(2), S1-S10. 

https://doi.org/10.15700/saje.v40ns2a1717 

Russell, S. G., Sirota, S. L., & Ahmed, A. K. (2019). 

Human rights education in South Africa: 

ideological shifts and curricular reforms. 

Comparative Education Review, 63(1), 1-27. 

https://doi.org/10.1086/701100 

Sahlberg, P., Oldroyd, D., (2010). Pedagogy for 

economic competitiveness and sustainable 

development. European Journal of Education, 

45 (2), 280–299. 

https://doi.org/10.1111/J.1465- 

3435.2010.01429.X. 

Saputri, W., & Corebima, A. D. (2020). The 

correlation between metacognitive skills and 

cognitive learning results of biology pre-

service teachers on different learnings. Journal 

of Turkish Science Education, 17(4), 487–503. 

doi:10.36681 /tused.2020.40 

Schweisfurth, M., (2013). Learner-Centred 

Education in international perspective: 

Whose pedagogy for whose development? 

Routledge. 

Usman, A., Susilo, H., Suwono, H., & Corebima, 

A. D. (2021). The Contributions of 

Metacognitive Skills Towards The Retention 

of Different Academic Ability Students For 

The Implementation of Several Learning 

Models. International Journal of Education 

and Practice, 9(3), 550-567. 

https://doi.org/10.18488/journal.61.2021.9

3.550.567 

Vujovic, P., Chirillo, M., & Silverthorn, D. U. 

(2018). Learning (by) osmosis: An approach 

to teaching osmolarity and tonicity. Advances 

in Physiology Education, 42(4), 1-14. 

https://doi.org/10.1152/advan.00094.2018 

White, S.H., G. von Heijne, and D.M. Engelman. 

2022. Cell Boundaries: How Membranes and 

Their Proteins Work. Garland Science, New 

York, NY. 

Witherspoon, M., Sykes, G., & Bell, C. (2016). 

Leading a classroom discussion: Definition, 

supportive evidence, and measurement of the 

ETS national observational teaching 



Israel Kibirige / Journal of Innovative Science Education 12 (3) (2023): 269-279 

279 

Examination (NOTE) assessment series. 

Educational Testing Service. 

Wong, B., Chiu, Y-L. T., Murray, O. M., 

Horsburgh, J., & Copsey-Blake, M. (2022). 

‘Biology is easy, physics is hard’: Student 

perceptions of the ideal and the typical 

student across STEM higher education, 

International Studies in Sociology of 

Education, DOI: 

10.1080/09620214.2022.2122532 

Yulianti, D., Sugianto, S., & Ngafidin, K. M. 

(2022). Scratch assisted physics learning with 

a STEM approach in the pandemic era to 

develop 21st century learning skills. Jurnal 

Pendidikan IPA Indonesia [Journal of 

Indonesian Science Education], 11(1), 185- 

194. 

https://doi.org/10.15294/jpii.v11i1.32607 

 


