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 This study explored the nature of scientific explanations of pre-service science teachers’ using an interactive 
teaching and learning approach while applying the predict-observe-explain (POE) model as intervention. It 
adopted an action research approach and quasi-experimental design on purposively sampled intact group of 251 
first year students of the Department of Integrated Science Education, University of Education, Winneba (UEW). 
Data collected with pre- and post-tests items were analyzed using descriptive statistics and the statistical package 
for social sciences version 25.0. Findings revealed that prior to the intervention; about 61.4% of the pre-service 
science teachers’ scientific explanations were mainly descriptive and every day in nature, thus, being informal 
and not reflecting use of formal language of science. However, after the implementation of the model-based 
strategy, their scientific explanations improved, with 86.9% being formal and causal in nature, inculcating 
experts’ language use. The study recommended the adoption of an interactive POE model-based strategy by 
science educators in training pre-service science teachers. 
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INTRODUCTION 

In the science classroom, it is essential for students to 
construct meaningful scientific explanations in order to 
acquire the right scientific knowledge, comprehend scientific 
phenomena and develop the critical thinking skills needed to 
be successful in their study of the subject (Candela, 2024; 
Nawani et al., 2019). Being able to connect scientific 
explanations to conceptual understanding makes scientific 
explanation not only one of the goals of science education, but 
the very purpose of science itself (Alameh et al., 2023; 
McMillan et al., 2018). Hence, a call to construct a scientific 
explanation is a call to exhibit the ability to provide both 
appropriate explanation and the evidence of conceptual 
understanding (Darling-Hammonda et al., 2020; Habiddin et 
al., 2021). Thus, constructing scientific explanations tends to 
enable students study science beyond mere memorisation and 
prepares them for the scientific world. The predict-observe-
explain (POE) model of engaging learners, an inquiry-based 
approach to teaching and learning, has been touted as an 
efficient teaching strategy for eliciting and promoting 
discussion of students’ science conceptions as well as 
explanations (Nari & Purwanti, 2024; Yang, 2023). According 

to Purdhiyah et al. (2022), the application of the POE learning 
model has the potential to improve student learning 
outcomes, nature of their conceptual understanding and the 
acquisition of important process skills. 

Involving the POE model in the classroom requires 
students to carry out tasks in three steps (Aisyah et al., 2024). 
In the first step, students are required to predict the outcome 
of an activity, and by so doing commit themselves to a possible 
reason(s) for their prediction. In the second step, they are 
made to observe, during which they are expected to study, 
interact with or engage in an activity, phenomenon or concept. 
The final or the third step enables them to provide reason‐
seeking or meaningful explanations in their efforts to 
reconcile identified discrepancies between their predictions 
and their observations. While research indicates that the POE 
model has been applied at the various educational levels, and 
with diverse groups of students (Azhari et al., 2023; Gustina et 
al., 2023; Hong et al., 2021; Setiyani et al., 2019), there is 
notable absence of research on its application with respect to 
pre-service science teachers at the university level. This lack 
of research on the application of the POE model poses a 
challenge, concerning the training of pre-service science 
teachers, leaving a gap in understanding how this particular 
group engages with and benefits from interacting with the POE 

OPEN ACCESS 

http://creativecommons.org/licenses/by/4.0/
https://www.aquademia-journal.com/
mailto:maamekuumah@yahoo.com
https://doi.org/10.29333/aquademia/14992
https://orcid.org/0000-0002-9416-7893


2 / 11 Sakyi-Hagan / AQUADEMIA, 8(2), ep24007 

model. Understanding the effectiveness of this model with this 
specific group of teachers can be crucial for curriculum 
development and improvement.  

Training pre-service science teachers to enhance their 
conceptual understanding, enables them construct 
appropriate scientific explanations and to acquire scientific 
knowledge are key factors that facilitate meaningful science 
teaching and learning experiences for their overall education 
(Badmus & Jita, 2024). Pre-service teachers are expected to 
develop a range of theoretical and practical experiences that 
will enable them explain concepts, as well as develop the skills 
and competencies needed to effectively teach science at 
various levels (Boateng & Tatira, 2023). Generally, a teacher’s 
conceptual understanding, and hence knowledge of the 
subject matter tends to directly affect students’ achievement 
in the subject. However, studies have indicated that pre-
service science teachers have difficulties regarding their own 
understanding of scientific phenomena, and so tend to be 
handicapped in explaining these phenomena (Ozdemir, 2023; 
Takaoglu, 2017; Tanak, 2020). Previous research primarily 
focused on investigating teaching methods that sought to 
enhance students’ conceptual understanding and performance 
in science, but there is limited exploration of the effectiveness 
of these methods in developing students’ abilities to construct 
explanations of the right nature (Joyce & Calhoun, 2024; Kim 
et al., 2018; Ryder, 2015). Resolving this limitation is essential 
for identifying the most impactful methods or strategies useful 
for developing students’ scientific explanations, especially for 
pre-service science teachers. Furthermore, research has 
proven that some studies applied interactive teaching methods 
in the science teaching and learning process of pre-service 
teachers to improve their conceptual understanding of 
scientific concepts (Alemneh et al., 2024; Antwi, 2013; Attard 
et al., 2021; Jantrasee, 2022). However, these studies did not 
focus on exploring the nature of scientific explanations of 
concepts of the pre-service teachers. 

BACKGROUND 

Teaching Strategies 

Teaching strategies or methods that involve lectures and 
other traditional direct approaches have been criticised for 
being rigid, providing little room for adjustment and 
restricting the use of active techniques such as dialogues, 
probing and case studies (Saira & Hafeez, 2021; Tularam & 
Machisella, 2018). As Reeder (2022) propounds, direct 
teaching methods such as lectures are most widely used 
methods of teaching in most classrooms. According to Reeder 
such methods are characterised by clear and systematic 
presentation of knowledge with the goal of helping students to 
develop background knowledge so that they may apply and 
link it to new knowledge. However, these methods stifle 
interactions among students and heavily dwell on 
memorisation of facts. Direct instructions are often performed 
in an authoritarian, manipulative and bureaucratic manner, 
and so have been derogatorily described as ‘dehumanising’ and 
‘robotic’ in some cases (Saira & Hafeez, 2021; Tularam & 
Machisella, 2018). According to Dietrich and Evans (2022), 
even though the traditional lecture method is touted as 

beneficial to teaching and learning because it gives full play to 
teachers’ roles as leaders and enables learners to obtain more 
knowledge, it can make learners lose their learning initiative 
and creativity at the same time. Studies about science teaching 
and learning at second cycle institutions in Ghana found out 
that traditional, didactic and teacher-directed strategies were 
mainly utilised. Again, these strategies emphasised on 
memorisation of scientific facts and replication of scientific 
experiments. Hence, it could be envisaged that many first year 
university students may have been predominantly exposed to 
such approaches in their pre-tertiary science education (Akon-
Yamga et al., 2024; Marcourt et al., 2023).  

Nature of Scientific Explanations of Concepts 

Research proves that science explanations provide a 
window into a person’s thinking, and it is a way to help 
students understand scientific phenomena (Cabello et al., 
2021; Venkadasalam et al., 2024). Students’ explanations of 
natural events have traditionally been used to test how well 
they understand topics and to plan lessons (Balukovic et al., 
2015; Tran et al., 2023; White & Gunstone, 2014). Thus, the 
generation of scientific explanations tends to be an important 
learning goal in the teaching and learning of science. However, 
there seem to be no clear criteria for scientific explanation of 
natural phenomena in science education. Learners’ abilities to 
provide the right scientific explanations to concepts at various 
levels of education has been an issue of concern in this 
discipline (Alameh et al., 2023; Brock & Kampourakis, 2023), 
as there has not been a single or commonly accepted definition 
of scientific explanations in research. 

In this study, the nature of an explanation reflected how 
scientific explanations were constructed using formal 
language of science, that is, scientific explanations aligning to 
those provided by experts of the scientific domain (Kaartinen 
& Kumpulainen, 2002). The study adopted Kaartinen and 
Kumpulainen’s (2002) scale for categorising the nature of 
scientific explanations. The categorisation included formal 
explanation (FE), causal explanation (CE), descriptive 
explanation (DE), and everyday explanation (EE). The authors 
described the category of FE as explanation reflecting formal 
scientific terminology and structure. Further, an explanation 
in this category contained language and structure that was 
consistent with what scientists know. In the CE category, 
informal language was used to describe the cause and/or effect 
of physical phenomena. These explanations were less formal 
than FEs and were not necessarily consistent with the 
explanations of experts. Explanations that merely explained 
the procedure of a physical phenomenon, without establishing 
firm causal connections, fell under the heading of DEs. The 
category of EEs illustrated the emergence of situational or 
practical meanings from informal contexts.  

Specifically, in this study, there was the need to determine 
if the students could improve on their explanations to become 
more explanatory or detailed, reflecting cause-effect 
reasoning and formal reasoning, rather than using only their 
everyday understanding of the phenomena. Due to their 
peculiar status as pre-service science teachers, the students’ 
possible transition from informal to FEs and from descriptive 
and/or every day to causal reasoning was especially important 
to investigate. This is because science teaching entails 



 Sakyi-Hagan / AQUADEMIA, 8(2), ep24007 3 / 11 

communicating scientific knowledge to students, whether 
scientists or non-scientists, using formal explanations 
(Agustina et al., 2024; Özer & Sarıbaş, 2023).  

The Predict-Observe-Explain Model Strategy 

The POE model-based strategy of teaching and learning 
adopts an instructional procedure whereby students are 
engaged in making predictions for an event, then observing, 
that is, interacting or studying or demonstrating an activity, 
and are required to compare what they observed to what they 
predicted, in order to monitor or evaluate their own learning 
with the ultimate expectation of enhancing their conceptual 
understanding of scientific knowledge (Nalkiran & 
Karamustafaoglu, 2020).  

Research reveals that applying the POE model enables 
students’ prior knowledge or conceptions about phenomena to 
be identified; their misconceptions addressed, and ideas well 
communicated and justified (Erdem Özcan & Uyanık, 2022; 
Nalkiran & Karamustafaoglu, 2020; Phanphech & 
Tanitteerapan, 2017; Yang, 2023). As propounded by the 
authors, inculcating the POE model in lessons provide 
students with opportunities to incorporate concrete learning 
experiences, and acquire conceptual understanding of science 
phenomena. In this study, due to the participants’ peculiar 
nature as pre-service science teachers, their abilities to link 
prior or existing ideas and understanding about scientific 
concepts to the actual ideas, meanings or imports of those 
concepts are paramount. Hence, it is important to engage 
them in strategies that stimulate their pre-existing knowledge, 
leave dispute resolution to them, and emphasise thorough 
implementation of techniques or procedures without skipping 
phases. The POE strategy has been explored by many studies 
(Erdem Özcan & Uyanık, 2022; Fauziah et al., 2023; Okur & 
Seyhan, 2021; Rini et al., 2019), and found to influence 
students’ exploration of concepts, as well as probe 
investigation into their thinking in various disciplines. 
Engaging students in experiential teaching and learning 
models such as the POE model has been touted as effective for 
developing meaningful scientific explanations, as well as 
enhancing their conceptual understanding in science (Azhari 
et al., 2023; Nari & Purwanti, 2024).  

Prior studies have not investigated the combined effect of 
interactive teaching while applying the POE model on the 
nature of scientific explanations of students to concepts. 
Therefore, this study sought to fill this gap by exploring the 
effect of an interactive POE model-based teaching and 
learning strategy on the nature of scientific explanations of 
first-year pre-service science teachers. The study was guided 
by the following research questions:  

1. What is the nature of pre-service science teachers’ 
explanations to concepts in science before engagement 
in interactive teaching and learning using the POE 
model?  

2. What is the nature of pre-service science teachers’ 
explanations to concepts in science after engagement 
in interactive teaching and learning using the POE 
model? 

MATERIALS AND METHODS 

Research Design 

The study employed an action research with a quasi-
experimental design, which included a pre-intervention phase 
(pre-test), intervention phase (observation), and a post-
intervention phase (post-test). These were appropriate to 
enable the determination of the nature of scientific 
explanations of the pre-service science students’ before and 
after the intervention (Jhangiani et al., 2019). 

Population and Sampling 

The target population was all students of Department of 
Integrated Science Education, UEW. However, the study 
focused on only level 100 students of the Department, with a 
total enrollment of 251. They were purposely selected because 
these students were first year students at the university. This 
group of students had gone through the pre-tertiary level of 
education and had been exposed to different methods of 
science teaching and learning. They were therefore in a good 
position to impact the interactive POE model-based strategy 
better than students in other levels. The sample was also 
among the group of students taught by the author and was 
therefore easily accessible for the purposes of the study. 

Research Instruments 

The research instruments used to collect data for the study 
were pre- and post-tests items. The test items used in the 
study were adopted from the revision questions of their 
recommended textbook, Conceptual Physics, 12th edition 
(Hewitt, 2015). All items were selected from the aspects of the 
questions named think and rank (analysis), think and explain 
(synthesis), and think and discuss (evaluation). The pre-tests 
were used to diagnose nature of the scientific explanations of 
the students to concepts before their engagements in 
interactive POE model-based teaching and learning strategy 
(the intervention); while the post-tests helped to determine 
nature of the students’ explanations to the concepts after the 
intervention. There were five pre-tests each made up of three 
open-ended questions and based on given pre-reading 
assignments from the textbook. However, the five post-tests 
were in the form of two-tier questions each made up of three 
multiple-choice questions, followed by an open-ended 
question. The first tier of each item consisted of a multiple-
choice question with answer options from which participants 
were expected to choose their own correct answer, while the 
second tier elicited explanations or justifications for the 
chosen option made in the first part. Scores from both pre- and 
post-tests were collected with the aid of the nature of scientific 
explanation evaluation form developed by the researcher, 
outlined in Table 1. 

In this study, explanations that were considered acceptable 
included FEs and CEs. These categories reflected a higher level 
of conceptual understanding and proficiency in the use of 
formal language of science, with FEs being the most desirable. 
But explanations in the categories of DEs and EEs were rated 
low and unacceptable. These explanations reflected informal 
understanding of concepts, and the use of situational, context-
specific meanings without use of formal language of science.  
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Validity and Reliability 

To ensure good face validity of the instruments, a team 
comprising the researcher, and two other science education 
researchers evaluated the items in the research instruments to 
ensure good face and content validity. The instruments were 
checked for clarity of instructions and items, relevance of the 
items, appropriateness of the items, and absence of obvious 
errors such as spelling or grammatical errors, as well as 
inconsistencies in the wording of items. The items used for 
both pre- and post-tests were selected from the revision 
question items of the recommended textbook, Conceptual 
Physics, 12th edition (Hewitt, 2015) used for the course of the 
study, and hence were considered reliable.  

Data Collection Procedure 

The study involved seven concepts selected from the 
course content of heat and thermodynamics, studied during a 
semester by level 100 students in the department. They 
included heat and temperature, thermal expansion, quantity 
of heat, specific heat capacity, thermal conduction, thermal 
convection, and thermal radiation. Three phases; pre-
intervention, intervention and post-intervention phases were 
involved, and were tailored along the steps of the interactive 
POE model of teaching and learning. 

The pre-intervention phase also deemed the prediction 
stage of the POE model was the first step of the interactive 
engagements and was carried out as a pre-test. This was 
conducted during the first 30 minutes of the interactive 
engagements. At this phase, students would commit 
themselves to a prediction for a particular outcome or 
phenomenon by providing answers to the pre-tests in the form 
of giving explanations to concepts. These exercises were based 
on prior knowledge gained from the given pre-reading 
assignments on the concepts. After this, they were engaged in 
interactive activities (observation).  

The intervention phase became the second (observation) 
phase of the study, where students were actively engaged in 
activities to discover concepts by themselves. It involved the 
use of various interactive materials such as pictures, 
illustrations, texts, simulations, and videos from the 
recommended textbook used for the course. PowerPoint 
presentations, videos, simulations, and group presentations 
were employed to explain the concepts. The students were 
divided into 73 small mixed-gender groups to promote 
cooperative learning and active verbal discourses. They 
engaged in discussions, debates, and other forms of 
interactions to explore scientific principles underlying 
phenomena in order to arrive at conclusions. After the 
interactions, each group provided feedback by explaining any 
discrepancies between their predictions and observations. 
This led to the third and final phase of the engagements. In the 
post-intervention phase, the students reconciled their earlier 
predictions made in the pre-tests with their observations by 
answering post-test questions. The post-test items were 
questions similar to that of the pre-tests, but on the same 

concept studied during the interactions. The post-tests 
assessed the students’ progression from the use of informal to 
FEs after the interactive engagements. After each engagement 
session, scores from both the pre- and post-tests were 
collected to be analysed. 

Data from both pre- and post-tests were analysed using 
descriptive analysis to measure the trends in the nature of 
scientific explanations of the students’ before and after the 
interactive POE engagements. This was done with the 
statistical package for social sciences software version 25.0. 

RESULTS 

The findings of the descriptive analyses conducted on the 
students’ responses to both pre- and post-test items are 
summarised in Tables 2 and 3.  

In Table 2, the results on the nature of the students’ 
explanations to concepts in all five pre-tests are presented. In 
pre-test 1, thirteen participants representing 17.8% gave their 
explanations to the concepts using EEs. More than half of the 
participants, 41 (56.2%) also gave DEs, with 18 (24.7%) of them 
offering CE. One participant (1.4%) was able to give FE to those 
concepts in pre-test 1. Thus, over 75% of total answers were in 
the everyday and DEs, leaving just about a quarter of answers 
in the causal and FEs.  

A similar trend was observed in pre-test 2 concepts where 
majority of the students continued to provide answers largely 
falling in the everyday and DEs than in the causal and FEs. 
Fourteen participants representing 19.2% and 28 (38.4%) 
presented their answers in the form of everyday and DEs, 
respectively, while 23 (31.5%) and 8 (11.0%) gave causal and 
FEs to the concepts, respectively. Again, for the concepts in 
pre-test 2, majority of the responses were in the DE category. 
Concepts in pre-test 3 had the highest number of responses in 
the form of EEs among all the five tests with 21 (28.8%) 
responses. Thirty-one explanations representing 42.5% were 
found to be descriptive in nature, with 18 (24.7%) and 3 (4.1%) 
explanations being causal and formal in nature, respectively. 

The trend of responses from the participants slightly 
changed in the pre-test 4. CEs recorded the highest number of 
responses with 35 (47.9%) falling into the category. Twenty-
one explanations being 28.8% were descriptive in nature, while 
11 (15.1%) responses were categorised as EEs. FE recorded the 
least number of responses in pre-test 4 with only 6 (8.2%) 
answers. In pre-test 5, there were 12 (16.4%) responses in the 
everyday category, 32 (43.8%) in the descriptive category, 24 
(32.9%) in the causal category, and only 5 responses being 
6.8% recorded in the formal category. 

For a more visual representation of the results in Table 2, 
the responses from all five pre-tests were plotted in a graph, as 
shown in Figure 1. 

Figure 1 revealed that during the pre-tests, the category of 
explanations with the highest average number of responses 
was DE with 30.6 responses (41.9%). This was followed by CE 

Table 1. Nature of explanation evaluation form 
Student ID Nature of explanation Pre-/post-test 1 Pre-/post-test 2 Pre-/post-test 3 Pre-/post-test 4 Pre-/post-test 5 
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indicating an average of 23.6 (32.3%) and EE with 14.2 (19.5%). 
The category of FE had the lowest number 4.6 average 
responses indicating 6.3%. 
 

Table 3 presents the students’ results with regard to the 
nature of the students’ explanations to concepts in the post-
tests. For post-test 1, majority of the responses, 40 (54.8%) 
gave CE to concepts and only 1 (1.4%) responded using EE. 
There were 19 (26.0%) participants who answered using DE 
and 13 participants representing 17.8% explained concepts 
using FE.  

In post-test 2, only 1 participant representing 1.4% of the 
respondents used EE to give meaning to concepts, just as in 
post-test 1. Responses that were of CE came from 35 (47.9%) 
of participants, while FEs increased to 21 (28.8%) from the 13 
recorded in post-test 1. Sixteen explanations indicating 21.9% 
of the participants explained concepts using DEs. Data from 
post-test 3 showed that none of the participants responded 
using EE and quite a few (3) representing 4.1% gave DEs to 
concepts. Almost half of the responses from the participants 
(49.3%) fell in the category of FE and 46.6% of them gave their 
answers using CE. The results from post-test 4 clearly show 
that there was no answer given using EE and only 4 (5.5%) 
explanations were in the descriptive category. A chunk of the 
participants 46 (63.0%) used FE to give meaning to concepts. 
Again, 21 participants, making 31.5% explained concepts by 
applying CE. In the last post-test there were only two 
categories of explanations given by the participants, and they 
were 26 (35.6%) and 47 (64.4%) for causal and FEs, 

respectively. None of the explanations from the students fell 
into the categories of everyday and descriptive. 

To further provide details on the nature of the participants’ 
explanations to concepts in the post-tests, the average value 
for each category of explanation as well as its corresponding 
percentage was determined using data from Table 3. The 
result of the analysis is shown in Figure 2. 

In Figure 2, the average number of responses for all the 
categories of nature of explanation for the five post-tests was 
displayed. The category of FE had the highest number of 32.6 
responses indicating 44.7%. This was followed by CE with 31.6 
(43.3%) responses and DEs with 8.4 (11.5%) responses. The 
average responses for EE were the least with 0.4 responses 
indicating 0.5%. 

DISCUSSIONS 

 Findings from Table 2 and Figure 1 revealed that the pre-
service science teachers’ explanations were mainly descriptive 
and ordinary or every day in nature before the intervention. 
That is, about 61.4% of the pre-service science teachers 
approached the learning of the science concepts largely on the 
basis of their everyday understanding of the phenomena. 
Majority could not use appropriate scientific language or 
formal language to explain the concepts. For instance, in pre-
test 5 which was on the concept of heat transfer, sample 
question 1 was asked. 

 
Figure 1. Distribution of average number of responses for 
nature of explanations in the pre-tests (Source: Author’s own 
elaboration) 

Table 2. Distribution of nature of participants’ explanations to concepts in the pre-tests 
Nature of explanation Pre-test 1 n (%) Pre-test 2 n (%) Pre-test 3 n (%) Pre-test 4 n (%) Pre-test 5 n (%) 
Everyday explanation 13 (17.8) 14(19.2) 21 (28.8) 11 (15.1) 12 (16.4) 
Descriptive explanation 41 (56.2) 28 (38.4) 31 (42.5) 21 (28.8) 32 (43.8) 
Causal explanation 18 (24.7) 23 (31.5) 18 (24.7) 35 (47.9) 24 (32.9) 
Formal explanation 1 (1.4) 8 (11.0) 3 (4.1) 6 (8.2) 5 (6.8) 
Total 73 (100) 73 (100) 73 (100) 73 (100) 73 (100) 

 

 
Figure 2. Distribution of average number of responses for 
nature of explanations in the post-tests (Source: Author’s own 
elaboration) 

Table 3. Distribution of nature of participants’ explanations to concepts in the post-tests 
Nature of explanation Post-test 1 n (%) Post-test 2 n (%) Post-test 3 n (%) Post-test 4 n (%) Post-test 5 n (%) 
Everyday explanation 1 (1.4) 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 
Descriptive explanation 19 (26.0) 16 (21.9) 3 (4.1) 4 (5.5) 0 (0.0) 
Causal explanation 40 (54.8) 35 (47.9) 34 (46.6) 23 (31.5) 26 (35.6) 
Formal explanation 13 (17.8) 21 (28.8) 36 (49.3) 46 (63.0) 47 (64.4) 
Total 73 (100) 73 (100) 73 (100) 73 (100) 73 (100) 
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Sample question 1. In a still small room, smoke from a 
candle will sometimes rise only so far, not reaching the 
ceiling. Explain why.  

Excerpt of a response to the question is presented in 
example 1 in Figure 3. 

Example 1 in Figure 3 depicts the trend of the use of only 
suggestive practical knowledge of phenomena of the concept 
of convection currents. The question tested students’ abilities 
to explain how convection currents are set up due to 
temperature differences in a system, as well as how thermal 
equilibrium in the same system causes the convection currents 
to cease. However, a greater percentage of the responses 
(60.2%) were given using every day and descriptive language 
of science. 

Similarly, in pre-test 4, on the concept of heat transfer 
(conduction), a question posed and excerpts of responses from 
students are indicated below. 

Sample question 2. If you hold one end of a piece of 
metal against a piece of ice, the end in your hand soon 
becomes cold. Does this mean that cold flows from the 
ice to your hand? Explain your answer. 

Sample response 1. No, because heat transfer from the 
hot metal to the ice, because it takes a long time for 
heat to get to the end of the hand. 

Sample response 2. If we hold one end of the metal nail 
against a piece of ice the end in your hand will soon 
become cold. 

The concept centered around metals being good 
conductors of heat and being able to transfer heat from bodies 
of higher temperature to bodies of colder temperature easily. 
Hence, students were expected to establish the fact that the 
high thermal conducting ability of the metal was the reason for 
the conduction of heat away from the warm hand causing the 
hand to lose thermal energy, and as a result feel cold. However, 
in the sample response 1 and response 2 above, and in most 
responses recorded, the pre-service teachers could not use the 
formal language of science to describe the phenomenon. 
Majority (71.3%) used descriptive and everyday languages to 
explain the concepts.  

An observation of majority of responses revealed how the 
pre-service teachers responded to the questions using only 
everyday practical language instead of formal or expert-like 
language incorporating the right scientific words. Many of the 

responses did not express any scientific ideas and lacked the 
formal nature in which scientific concepts are to be explained. 
A striking feature that was observed in all the pre-tests was the 
proportion of participants that provided FEs, which remained 
consistently low throughout all the study. This could have 
been due to the fact that EEs are often rooted in informal 
language and contexts that individuals encounter in their daily 
lives. Participants might have been more comfortable and 
familiar with using everyday language to explain scientific 
phenomena, as it reflected their personal experiences and 
observations. 

Hence, this study found out and concluded that prior to the 
use of the POE model-based teaching strategy; the pre-service 
science students’ explanations to concepts were mainly 
descriptive and every day in nature, expressed using 
situational, common-context and informal practical language. 
This could be explained by the fact that although the concepts 
on heat and thermodynamics were quite familiar to them, 
because they might have encountered them in their pre-
tertiary studies, they could have been engaged in the teaching 
and learning of these concepts through teaching strategies 
other than the POE model-based teaching and learning 
strategy. These findings were congruent with those by Akon-
Yamga et al. (2024) and Marcourt et al. (2023) who found in 
their studies that the common approach to teaching at the 
various pre-tertiary institutions in Ghana emphasised 
memorisation of scientific facts and the replication of 
scientific experiments. These tend to stifle students’ abilities 
to provide scientific explanations using formal language or 
terminologies as expected. Thus, instead of using the 
knowledge gained from the recommended textbook and from 
observation (the intervention) to explain the concepts, which 
could have enabled them to acquire and use formal texts, the 
students fell on the use of their own everyday experiences 
associated with the concepts. Perhaps, if the students had been 
engaged in more interactive teaching and learning methods 
aside the common traditional methods mostly employed at 
pre-tertiary levels, they would have elaborated more on their 
use of scientific language. These findings are also in agreement 
with a studies by Saira and Hafeez (2021) as well as Tularam 
and Machisella (2018) in which the authors described the 
direct mode of teaching and learning as being very rigid and 
providing little room for adjustment. Furthermore, the authors 
revealed how such teaching strategies tended to restrict the 
use of active problem-solving learning strategies such as 
workshops, dialogues, and collaborative studies.  

 
Figure 3. Example 1: Sample response to sample pre-test question (Source: Field study) 
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Dietrich and Evans (2022) also supported the findings of 
this study by indicating that even though traditional teaching 
methods such as the lecture teaching method had been touted 
as beneficial to teaching and learning; because it gave full play 
to teachers’ roles as leaders, and enabled learners to obtain 
more knowledge, it had the tendency to make learners lose 
their learning initiative and creativity. Again, the findings also 
confirm Reeder’s (2022) claim that in lectures, active 
interaction with learners is limited, with less emphasis on 
practice, and dwelling on recitation. Therefore, inferring from 
literature that the students’ previous engagements in science 
teaching and learning might have been mainly through direct 
and other traditional teaching methods, the study concluded 
that these seem to have inhibited their abilities to provide 
explanations to science concepts using the formal language of 
science. 

After the intervention, samples of students’ responses to 
the post-tests as shown in example 2 in Figure 4 and example 
3 in Figure 5 revealed the nature of scientific explanations of 
the pre-service science teachers. 

A careful examination of the responses to all the post-test 
questions revealed that they were in sharp contrast to most of 
the responses they gave for the pre-test questions. This is an 
indication that the pre-service science teachers had made 
improved transitions from giving mainly informal (EEs which 
lacked the correct scientific language used in explaining 
concepts) to FEs. This suggests that through the use of the 
interactive POE model-based teaching strategy, about 86.9% 
of the pre-service science teachers were able to elaborate and 
expand on their conceptual understanding of the science 
concepts; and thus, were able to extend their explanations 
from simple every day to detailed formal ones.  

 
Figure 4. Example 2: Sample response 1 to sample post-test question (Source: Field study) 

 
Figure 5. Example 3: Sample response 2 to sample post-test question (Source: Field study) 
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The study therefore concluded that the use of the 
interactive POE model-based strategy afforded the pre-service 
teachers the opportunity to observe phenomena, interact with 
peers to arrive at conclusions and helped eliminate wrong 
conceptions on the concepts studied. The study observed that 
even though the students were expected to answer the pre-
tests based on their knowledge gained from the pre-reading 
assignments in the textbook, majority approached the 
questions based on their own ideas about these concepts, and 
so used every day practical situations to explain the concepts. 
However, after the intervention, due to the interactive nature 
of the lessons, majority acquired the formal scientific language 
needed to provide the explanations to the concepts. This 
agrees with the study by Nari and Purwanti (2024) as well as 
Purdhiyah et al. (2022) in which the authors concluded that 
using interactive strategies along with the application of the 
POE model had a positive impact on the nature of science 
teachers’ explanations to concepts. That is, the strategies 
elaborated the pre-service teachers’ explanations, and 
reflected cause-effect reasoning and formal reasoning. The 
study also tends to agree with research by Yang (2023) who 
also found the POE as a helpful strategy in promoting student 
discussions in the learning process, thereby increasing their 
conceptual understanding and reduce their wrong use of 
terminologies. Moreover, the study confirmed findings from 
previous studies such as those of Erdem Özcan and Uyanık 
(2022) as well as Rini et al. (2019), in which they found that the 
distinct stages of the POE strategy provided a rich discussion 
or learning environment for students, and gave them an 
advantage in exploring, generating or probing ideas or 
concepts. These are further reiterated by Phanphech and 
Tanitteerapan (2017) who asserted in their study that active 
engagements in the interactive POE model-based processes 
enabled students to express their understanding by 
explanations which were written down in the form of tests. 
Thus, the interactive engagements coupled with the POE 
strategy was found to have increased probing among the 
students and led them to express ideas or concepts effortlessly. 
By extension, justifying and articulating ideas increased the 
acquisition of formal reasoning and use of formal language in 
science among the pre-service science teachers. In this study, 
due to the intervention of the interactive POE model-based 
teaching strategy, the pre-service science students had to 
convince each other in their various groups before presenting 
ideas to the whole class. In so doing, they were able to go 
beyond using situational meanings based on descriptive 
everyday reasoning to generating well-articulated, formal, 
conceptual explanations of the phenomena being 
investigated.  

CONCLUSIONS 

This study explored the nature of scientific explanations of 
pre-service science teachers using an interactive POE strategy 
as an intervention in their study of heat and thermodynamics 
concepts. The findings suggested that, before the intervention, 
the students relied on everyday language and informal 
practical knowledge in their scientific explanations. However, 
after the intervention there was a notable shift, leading to an 
improvement in the nature of explanations towards formal use 

of scientific language. Thus, reflecting the transformative 
impact of interactive and collaborative teaching and learning 
strategies in enhancing students’ conceptual understanding 
and language use. The findings of the study tend to emphasise 
the importance of the POE model-based strategy in fostering 
conceptual understanding and encouraging the use of formal 
scientific language. Hence, it aligns with the growing 
recognition of the limitations of traditional teaching methods, 
emphasising on the need for more engaging teaching and 
learning approaches in science education. 

The study’s observed transition of students’ explanations 
from informal everyday ones to formal ones supports existing 
theories that favour the idea that active engagement, 
collaboration and hands-on experiences play pivotal roles in 
students’ conceptual understanding, other than rote 
memorisation and traditional lectures. Therefore, the study 
prompts a re-examination of existing theories related to 
science teaching and learning to incorporate the significance 
of interactive strategies like the POE model in bridging the gap 
between every day and formal use of scientific language. 

Based on the findings and conclusions, the study 
recommends the followings: 

1. Science teacher educators, especially in the 
Department of Integrated Science Education of the 
University of Education, Winneba where this study was 
conducted should adopt and integrate the POE model-
based teaching and learning strategy in their teaching 
of pre-service science teachers. 

2. Teacher training institutions such as teacher training 
universities and colleges of education may adopt more 
interactive learning strategies like the POE model-
based strategy, to promote a deeper understanding of 
scientific concepts and improve the nature of scientific 
explanations given by pre-service science teachers. 

Further research may consider the following areas of study: 

1. Investigate further the effectiveness of the POE model-
based teaching and learning strategy on the conceptual 
understanding and, nature of scientific explanations of 
students in other science concepts apart from heat and 
thermodynamics. 

2. Conduct similar studies with a larger sample size and 
different demographic groups to investigate the 
generalisability of the findings. 

3. Further studies should investigate factors that could 
affect the implementation and effectiveness of the POE 
model-based teaching and learning strategy in science 
education; such as the availability of resources, teacher 
and student factors, and institutional factors. 
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