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Abstract: According to numerous studies meaningful learning by students occurs when they are engaged in a lesson 

that requires observation and investigation.  Further, students’ curiosity and level of interests in lesson increase when 

they are involved in handling physical model. Therefore this study attempts to investigate students’ conceptual 

achievement and their attitudes towards the developed learning lesson: Predict-Observe-Explain based Hands on 

Model in breathing mechanism in grade 9 students. A group consisting of 30 grade nine biology students was involved 

in experimental group and a group of 30 students as control group.  The data were gathered via pre-test and post-test, 

students’ worksheets (structured concept map and POE task) and attitude by the 5-point Likert scale questionnaire. 

Interview questions were used to corroborate the data gathered by other tools. The findings show significant 

conceptual achievement in the experimental group with t-test value of 16.9 with pre-test mean (3.7 ± 0.48) and post-

test mean (7.83 ± 0.41), and also show positive learning experience and attitude towards the developed learning lesson 

and the topic. 
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Introduction: In biology education, many students 

find it difficulty in understanding the concepts of 

breathing mechanisms [1] Previous studies revealed 

students’ lack of understanding on the basic 

structures of breathing system [2, 3]. For example, 

students state diaphragm as the only muscles that 

contribute to breathing. Also, students have 

incorrect conceptions about the movement of 

ribcage and intercostals during breathing cycle. 

There are numerous misconceptions related to basic 

breathing mechanics [4, 5].  

According to [1], lack of appropriate educational 

materials are the contributing factors that cause 

difficulty in understanding breathing mechanics in 

high school students [6]. The structured curriculum, 

traditional teaching methods and conventional lung 

model could be limiting effective ways of teaching-

learning in breathing mechanisms.  

Especially in science, students build immature 

understanding or erroneous concepts from 

scientifically accepted ones. So there is a need for 

effective pedagogical instructional methods and 

tactile physical model to make abstract concepts 

concrete to achieve correct concepts [6, 2, 7]. Many 

researchers have constructed numerous models to 

teach breathing mechanics at various grade levels. 

Different models served to provide hands-on 

experience and simple to use, however, it omits 

some of the basic physiological concepts. For 

instance, none of the models represent ribcage and 

intercostals which are basic structures of breathing 

process.   

The developed model is an improved version of the 

traditional bell-jar model. The developed physical 

model presents the basic structures of breathing like 

ribcage and intercostals portraying correct 

movements while missing in the former models. The 

developed physical model has an additional 
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advantage of providing the concept of function and 

positions of ribcage during breathing process.  

Scientifically, breathing action is brought by 

contraction and expansion of intercostals muscles of 

ribs and diaphragm, and thence lungs and the alveoli 

are expanded or collapsed. Many basic physiology 

textbooks have drawings of respiratory organs 

including parts like diaphragm, ribcage (ribs) and 

lungs. Their movements and functions during 

inhalation and exhalation are explained verbally or 

shown diagrammatically.  

From our experience of teaching these concepts, 

many students had a notion that only diaphragm 

causes breathing (inspiration and expiration) due to 

non-inclusion of ribcage in the bell-jar model or any 

other models. Transmission of such misconceptions 

may persist with students if not clarified with 

innovated physical model with POE instructional 

strategy.  

None has attempted Hands-on-model with POE-

based instructional approach before, and will be 

implemented and investigated for the effectiveness 

and development of positive attitude towards the 

developed learning lesson as a pedagogical 

innovation. Likewise, in Bhutan, grade 9 Biology 

students are taught breathing mechanism by using 

textbook diagram or a traditional bell-jar model 

without conceptual change instructional strategy. 

Therefore, there is a need to study on the 

effectiveness of POE instructional strategy-based 

with improved existing physical bell-jar model. 

Literature Review: Students find difficulty in 

understanding mechanism of breathing and basic 

structures of breathing system thereby leading to 

weak foundations for higher level studies According 

to [1], some of the reasons for overlooking 

physiology concepts in high school curricula are due 

to the lack of appropriate educational materials, 

need of expensive laboratory materials and 

experiments. The importance of foundations of 

physiological concepts is felt at graduate and 

postgraduate level, and is imperative to focus on 

instructions at high school level to engage students 

meaningfully in the learning. [5] claims that many 

medical and graduate students face difficulty in the 

topic of mechanics of breathing. According to him, 

children grew up with electronic devices and with 

little idea of its function, engage students mostly and 

less emphasis is given to physiology concepts in 

lower grades. Most often students of physiology 

have been introduced by a drawing in a textbook or 

on lantern slide without actual model for 

demonstration in the laboratory [4, 7]. Similarly, in 

Bhutan, Biology teachers use traditional lung model 

or textbook diagrams to deliver concepts of 

breathing mechanism [7]. Students need to be 

provided with possibilities to engage and explore 

them in fruitful learning situations within or outside 

classroom. Several studies have found out POE 

instructional       strategy as effective approach in 

content achievement [8, 9, 10]. In addition, physical 

model have enabled to simplify concepts and 

provided students tactile means to learn. Therefore, 

the learning lesson-POE based Hands-On-Model 

was developed. 

Physical hands-on-model learning: The use of 

models to present complex materials has been 

shown to be an effective medium for science 

learning [1, 11]. Models have been shown to change 

the focus and organization of scientific thinking [12, 

13]. Use of physical hands-on-models encourage 

learning and help students understand complex ideas 

[11, 14]. According to [15], physical models are 

effective teaching tools because they provide the 

student with a familiar frame of reference that is 

similar to the new concept being taught.  

The Predict-Observe-Explain (POE) Instructional 

Strategy [16] proposed effective instructional 

strategy predict-observe-explain (POE) procedure 

and often use to promote students’ science 

conception. The instructional approach requires 

students’ prediction of the result of a problem or 

experiment, next observation of the situation of the 

problem or experiment, and then finally analyze and 

clarify any discrepancies between their prediction 

and observation. POE strategy can help students 

clarify their own individual ideas and effective in 

promoting a durable conceptual change [17].  
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Methodology: In order to evaluate the effectiveness 

of the developed learning lesson, pre-test post-test 

control group research design was employed. The 

learning lesson of 120 minutes was implemented. 

Pre-test was administered just before intervention 

and post-test right after the intervention. 

Experimental group was administered to 5-point 

Likert-scale questionnaire (LEPQ) to gather attitude 

towards the learning lesson and responded to semi-

structured interview. Additionally, students’ 

worksheet (structured concept map) was collected to 

investigate students’ conceptual achievement on 

breathing mechanism. The scheme of research 

design used in this study is shown below.  

 

                      Fig.1. Research process  

The study employed mixed method to collect data. 

Both qualitative and quantitative data collection 

tools were used to gather information. Gathered data 

were analyzed descriptively.  

Results and Analysis: The results in Table 1 

present the experimental and control group mean 

scores of pretest and posttest on breathing 

mechanism. The independent sample t-test score of 

16.9 demonstrating highly significant in the use of 

the learning lesson.  The mean gain percent of 

experimental group (40.3%) was also significantly 

higher than those of control group (22%).   

Before learning breathing mechanism, the students 

had some knowledge as detected by pretest scores in 

both the groups. In experimental group, after 

participating in the developed learning lesson, the 

students’ knowledge improved significantly from 37 

% to 77.3 %.  On the other hand, in control group 

students’ knowledge improved from 35% to 57% 

comparatively less than the experimental group.    

Table 1 Pre-test and post-test mean scores of 

experimental group and control group of grade 9 

students on breathing mechanism. 

Grou
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± SD % 
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0.41 
77.3 40.3 

16.9 
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Group 

30 
3.5 ± 

0.48 
35 

5.70 ± 

0.51 
57 22 

The Table 2 below presents the structured concept 

map worksheet on breathing mechanism to 

investigate their understanding and to support the 

pre-test and post-test data. Both the experimental 

group and control group were divided into 7 groups 

and administered structured concept map to 

complete individually in their groups. The result 

indicated significant difference scores in 

experimental group and control group with mean 

(5.22 ± 0.71) and (3.65 ± 1.08) respectively.  

 

Table 2 Structured concept map scores with mean 

(N=7 groups) 

Groups 

Experimental 

Group Control Group 

Mean ± SD Mean ± SD 

1 5.4 ± 0.89 3.2 ± 0.84 

2 5.4 ± 0.55 3.6 ± 0.55 

3 5.5 ± 0.58 4.0 ± 0.82 

4 4.5 ± 0.58 4.0 ± 1.41 

5 5.5 ± 0.58 3.75 ± 0.96 

6 5.2 ± 0.96 3.25 ± 1.26 

7 5.0 ± 0.82 3.75 ± 1.71 

Max 

Score (6 

points) 

5.22 ± 0.71 3.65 ± 1.08 

*Significant different at P<0.05 

 

2
 S

ec
ti

o
n

s 
o

f 
G

ra
d

e 
9

 b
io

lo
g

y
 s

tu
d

en
ts

 

 

A class 

of 

students  

(Section 

A) P
re

-t
es

t 

 

Usual teaching 

format 

P
o

st
-t

es
t 

 

 Structured 

concept 

maps 

 

A class 

of 

students 

 (Section 

B) 

P
re

-t
es

t Intervention 

Developed 

Learning Unit  

(A POE-based 

strategy hands-

on-model) 

P
o

st
-t

es
t  Structured 

concept 

maps 

 LEPQ 

 Semi-

structured 

interview 

(6 stds. 

random 

selection) 



 
Drakpa R & Zangmo S., Ind. J. Sci. Res. 2025, 5(2), 46-53 

 
Indian Journal of Science and Research. Vol.5 Issue-2           - 49 -                                                               [ISSN 2583-2913] 

 
 

Research Article 

                                                                    

 

 Students’ worksheet (POE Task): The main 

activity was to perform POE task. The students 

performed this task with physical model. For all the 

activities, students predicted what would happen and 

explain reasons for prediction before observation. 

Then observed the activity and explained whether 

predictions and observations are in agreement or 

disagreement. The analysis of POE worksheet 

indicates students’ understanding of concepts of 

breathing mechanism. The following are the 

excerpts to support.  

“Volume of lungs will decrease when the 

diaphragm relaxes or thoracic cavity decreases 

because lung air pressure increases forcing air 

to move out”  

“Air moves in when ribcage raised because lung 

volume increases making low pressure” 

“When intercostal muscles contract, it creates low 

air pressure inside the lungs making outside air 

to move in” 

“When diaphragm contracts/flattened, lung 

volume increases decreasing air pressure inside 

the lungs, it forces outside air to move in” 

Analysis of Interview questions: To triangulate 

other data, semi-structured interview questions were 

used to gather more data. Six students volunteered 

to take part from experimental group (3 boys and 3 

girls). They responded to interview questions right 

after the learning lesson for 15-20 minutes. The 

interview respondents liked that way the lesson was 

presented. They expressed that the lesson style was 

new, interesting and full of activities to keep them 

engaged. The following are some of the responses 

from the students.   

“I liked the lesson style; it was full of activities- my 

thoughts are stimulated through prediction and 

explanation in the task” 

“Use of physical model together with POE strategy 

was interesting tasks”  

Interview respondents had also shown 

understanding on some concepts of breathing 

mechanism. The following responses support the 

earlier data on conceptual understanding.   

“Diaphragm, ribcage and intercostal muscles are 

the main respiratory structures that contribute to 

breathing” 

“Inhalation occurs when diaphragm is lowered; 

ribcage elevated contracting intercostals and 

opposite happens when conditions reverse” 

Students’ Perceptions towards the learning 

lesson: Students in experimental group were 

administered to assess their perceptions towards the 

developed learning lesson as detected by LEPQ. The 

mean of the 5-point Likert scales score ranging from 

1 (strongly disagree) to 5 (strongly agree) is shown 

in Table 3 ranging from 3.14 to 4.18 indicating 

generally students were positive towards the 

learning lesson. 

Table 3 Construct wise mean scores of experimental 

group grade 9 students’ response on LEPQ   

Scale on LEPQ Mean ± SD 

1. Perceptions towards topic 3.57 ± 0.87 

2. Involvement in activities 3.14 ± 0.81 

3. Perceptions towards 

learning activities 3.39 ± 0.72 

4. Teacher support 4.18 ± 0.80 

Overall 3.57 ± 0.79 

In details, the students' perceptions on each scale are 

presented below. 

Table 4 shows the results of students’ responses on 

LEPQ in the perceptions towards the topic, which 

consisted of 5 items. The mean scores for all items 

in this construct range from 3.43 to 4.70, indicating 

that the students perceived science as important and 

can be part of their life. More importantly, students 

liked the topic of breathing mechanism, felt 

importance and learnt better via such learning 

format. More than 50 % of students indicated that 

the lesson was not difficult to understand. 
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Table 4: The frequency of respondents and mean scores of students’ responses on perceptions towards the 

topic. 

    Frequency of respondents   

Items    SD (1) D (2) N (3) A (4) SA (5) Mean ± SD 

1. Now I like to learn the topic of 

breathing mechanism.  
2 0 1 11 16 4.30 ± 1.06 

2. This class made me learn how 

science can be part of my life  
0 0 1 7 22 4.70 ± 0.53 

3. I understood well about 

breathing mechanism from this 

model-based learning unit.  

0 0 4 15 11 4.23 ± 0.68 

4.  The topic is important for us to 

learn 
1 0 1 5 23 4.63 ± 0.85 

5.  The lesson was difficult to 

understand*  
8 5 11 4 2 3.43 ± 1.22 

 Overall            3.57 ± 0.87 

*Negative item with reverse coding   

Table 5 shows the students’ involvement in 

developed learning unit. The result depicted that 

students participated in the activities and kept them 

engaged in the lesson. Maximum students felt that 

they got chance to discuss and participate in the 

lesson. However, minimum score was observed in 

students’ free expression in the lesson.  Overall, 

students had positive towards the learning activities.  

Table 5 The frequency of respondents and mean scores on involvement in activities 

Items  

 

Frequency of respondents 

Mean ±SD 

 S
D

 

(1
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D
 (

2
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N
(3
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A
 (

4
) 

S
A

 

(5
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1.  I felt free to express my 

opinion in this lesson. 

0 

 

0 

 

12 

 

11 

 

7 

 3.83± 0.79 

2.  I participated in this class 

more than I do in other science 

lessons.  

0 

 

 

3 

 

 

16 

 

 

5 

 

 

6 

 

 

3.47± 0.94 

 

3.  I got more chance to discuss 

with mates in this lesson. 

0 

 

 

0 

 

 

5 

 

 

9 

 

 

16 

 

 

4.37± 0.76 

 

4.  I did not get chance to 

participate in the activities* 

19 

 

 

8 

 

 

2 

 

 

1 

 

 

0 

 

 

4.50 ± 0.78 

 

5.  I actively participated and 

contributed in the group 

activities 

0 

 

 

0 

 

 

8 

 

 

13 

 

 

9 

 

 

4.05± 0.76 

 

 Overall         3.14 ± 0.81 

*Negative item with reverse coding 
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 The Table 6 below presents results of students’ 

perceptions towards the developed learning lesson. 

Students expressed their positive perceptions 

towards the learning activities. Majority of the 

students felt motivated working in groups and look 

forward to similar kind of session with mean scores 

4.33 and 4.27. The result also shows students felt 

interested by the learning activities. 

Table 6 The frequency of respondents and mean scores in perceptions towards learning activities 

Items 

Frequency of respondents 

Mean ± SD 

 SD (1) D (2) N (3) A (4) SA (5) 

1.  I look forward to similar type of 

learning activities in science 

lessons.  

0 

 

1 

 

3 

 

13 

 

13 

 4.27± 0.78 

2. The learning activities in this 

class were interesting.  

0 

 

0 

 

2 

 

13 

 

15 

 

4.43±0.63 

 

3. The learning activities in this 

class is a waste of time*  

21 

 

7 

 

2 

 

0 

 

0 

 

4.63±0.61 

 

4. The learning activities 

challenged my thoughts 

0 

 

2 

 

5 

 

17 

 

6 

 

3.90±0.80 

 

5.  Working in the group motivated 

me to learn in this class 

0 

 

0 

 

5 

 

10 

 

15 

 4.33± 0.76 

 Overall            3.39 ±0.72 

*Negative item with reverse 

Table 7 shows the students’ responses on teacher 

support during the lesson activities. Majority of 

students (24 students) liked the way teacher deliver 

the lesson. 24 students felt that the teacher was 

approachable and supportive to ask questions. 

Maximum mean score (4.50±0.63) was in the item 

“I liked the lesson the way teacher directs and 

control” and minimum mean score (3.97±0.72) in 

the item “I look forward to the way   teacher teach 

the lesson”. The overall mean score depicts students 

had positive experiences in terms of teacher support.  

Table 7 The frequency of respondents and mean scores on teacher support 

Items  

 

Frequency of respondents 

 

SD (1) D (2) N (3) A (4) SA (5) 

Mean ±SD 

 

1. I look forward to the way 

teacher teach the lesson  

0 

 

1 

 

5 

 

18 

 

6 

 

3.97±0.72 

 

2. The teacher was 

approachable and 

encouraging me to ask 

questions 

1 

 

2 

 

3 

 

12 

 

12 

 

4.07±1.05 

 

3. I liked the lesson the way 

teacher directs and controls   

0 

 

0 

 

2 

 

11 

 

17 

 

4.50±0.63 

 

 Overall           4.18±0.80 

Students’ reflections: At the end of the 

questionnaire, students were given to reflect on their 

perceptions towards the learning lesson as a whole.  

The analysis of their reflections reveals students’ 

satisfaction and development of positive attitude by 

the lesson. The following are the excerpts from the 

students.  
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“I liked the model learning unit. It is less 

confusing”. 

“It challenged my thoughts and knowledge”. 

“I look forward to such learning activities in 

future”. 

“Model was simple and understandable”.  

“no change needed”  

“Simple model based learning activity” 

“Model based POE activity was challenging and 

stimulating”  

“Learnt about respiration with models” 

“All activities were new and interesting” 

“Group activities because we discuss and share 

views” 

“Ribcage movement can be developed further” 

“Adequate models could have developed”  

Discussion and Conclusions: The findings from the 

study demonstrated that participants had acquired 

body of knowledge on breathing mechanism. The 

findings reveal that grade 9 students in experimental 

group had significant mean gain percentage 

compared to the control group as indicated in pre-

test and post-test results.    

From the pre-test and post-test result, the 

experimental group had significant content 

achievement of mean gain (40.3%) than the counter 

group of mean gain (22 %). Similarly, the result 

from structured concept map shows experimental 

group (POE strategy model based learning) had 

performed better than control group with mean 

scores of 5.43 and 4.0 respectively. This finding is 

in congruence to the findings of [17] that POE 

strategy, and physical model promote better 

understanding of concepts [6].  

The POE task in experimental group provided main 

activities to students. Student’s excerpts indicated 

understanding of concepts while working with 

models in the step by step process. This worksheet 

data was to investigate and support the earlier data.  

Interview questions were posed to further delve into 

the students’ concept understanding and their 

perceptions toward the topic and developed learning 

unit. Participants responded that physical model and 

POE strategy was interesting to them. POE strategy 

based physical model enabled them to touch, 

investigate and observe building curiosity. Such 

findings were similar to the findings of [8, 9, 10].  

Findings from the students’ perception 

questionnaires revealed they were generally satisfied 

with the developed learning unit. In all the four 

scale, they expressed positive perceptions from the 

POE strategy based physical model learning. The 

findings were in accordance to the findings of [18, 

19, 20]. 

Besides, students’ reflections indicated used of 

physical model in learning were simple, concrete 

and less confusing. However, some stated that 

further development of model could be looked into, 

as ribcage could be assumed it moves. Also some 

felt that the number of models was inadequate. The 

study is also limited to one school setting with small 

sample size. Future studies can be done by 

improving limitations of the model described, and 

increasing the sample size and adopting better 

research design.   

 In summary, the POE strategy based hand-on 

physical model has significantly helped improve 

conceptual achievement as indicated by pre-test and 

post-test results. Additionally, results of students’ 

reflections and worksheets (concept map and POE 

task) imply the developed learning lesson had 

enhanced content achievement in the topic of 

breathing mechanism.    

Further, the developed learning lesson has also 

developed positive perceptions toward the lesson 

topic. The results revealed majority of students are 

satisfied with the developed learning lesson.     

Acknowledgement: We would like to acknowledge 

the support of Teacher Professional and Support 

Division (TPSD), Ministry of Education, Bhutan, 

for helping us to carry out this research. And to the 

management, staff and students of Samste Higher 

Secondary School for their cooperation and support.  

Conflict of interest: The authors declare that they 

have no conflict of interest for the current work.  

Author contribution: Rinchen Drakpa contributed 

in writing –original draft, conceptualization, data 

curation, experimentation, formal analysis, 

methodology. Sonam Zanmo contributed in 

calculation, editing and review of the manuscript.  



 
Drakpa R & Zangmo S., Ind. J. Sci. Res. 2025, 5(2), 46-53 

 
Indian Journal of Science and Research. Vol.5 Issue-2           - 53 -                                                               [ISSN 2583-2913] 

 
 

Research Article 

                                                                    

 

 References: 

[1] Chan, V., Pisegna, J., Rosian, R., & DiCarlo, S. E. 

(1996). Model demonstrating respiratory mechanics 

for high school students. American Journal of 

Physiology, 270, S1–S18. 

[2] Janelle, A., Chris, G., Lynn, M., Kristen, S., Malini, 

S., Andrew, L., Kevin, S., & Naomi, C. (2007). 

Human respiratory mechanics demonstration 

model. Advances in Physiology Education. 

[3] Kanthakumar, P., & Oommen, V. (2012). A simple 

model     to demonstrate the balance of forces at 

functional residual capacity. Advances in 

Physiology Education, 36(2), 170–171. 

https://doi.org/10.1152/advan.00030.2012 

[4] Sherman, T. F. (1993). A simple analogue of lung     

mechanics. American Journal of Physiology, 265, 

32–32. 

[5] West, J. B. (2008). Challenges in teaching the 

mechanics of breathing to medical and graduate 

students. Advances in Physiology Education, 32(3), 

177–184. https://doi.org/10.1152/advan.90146.2008 

[6] Hussain, M., & Akhtar, M. (2013). Impact of 

hands-on activities on students’ achievement in 

science: An experimental evidence from Pakistan. 

Middle-East Journal of Scientific Research, 16(5), 

626–632. 

[7] Tenzin, W., & Lepcha, S. (2012). A study report: 

Relevancy of integrated science for classes VII and 

VIII in Bhutan. Department of Curriculum 

Research and Development. 

[8] Berek, F. X., Sutopo, & Munzil. (2016). Concept 

enhancement of junior high school students in 

hydrostatic pressure and Archimedes’ law by 

predict-observe-explain strategy. Jurnal Pendidikan 

Indonesia, 5(2), 230–238. 

[9] Costu, B., Ayas, A., & Niaz, M. (2011). 

Investigating the effectiveness of a POE-based 

teaching activity on students’ understanding of 

condensation. Instructional Science, 40, 47–67. 

https://doi.org/10.1007/s11251-011-9169-2 

[10] Ozdemir, H., Bag, H., & Bilen, K. (2011). Effect 

of laboratory activities designed based on 

prediction-observation-explanation (POE) strategy 

on pre-service science teachers’ understanding of 

the acid-base subject. Western Anatolia Journal of 

Educational Science, 169–174. 

[11] Duit, R. (1991). On the role of analogies and 

metaphors in learning science. Science Education, 

75, 649–672. 

[12] DiCarlo, S. E. (2008). Teaching alveolar 

ventilation with simple, inexpensive models. 

Advances in Physiology Education, 32(3), 185–191. 

https://doi.org/10.1152/advan.90156.2008 

[13] Triona, L. M., & Klahr, D. (2007). Hands-on 

science: Does it matter what students’ hands are 

on? The Science Education Review, 6(4). 

[14] Duit, R., Roth, W.-M., Komorek, M., & Wilbers, 

J. (2001). Fostering conceptual change by analogies 

– between Scylla and Charybdis. Learning and 

Instruction, 11(4), 283–303. 

[15] Giuliodori, M. J., Lujan, H. L., Briggs, W. S., 

Palani, G., & DiCarlo, S. E. (2009). Hooke’s law: 

Applications of a recurring principle. Advances in 

Physiology Education, 33, 293–296. 

https://doi.org/10.1152/advan.00045.2009 

[16] White, R., & Gunstone, R. F. (1992). Prediction-

observation-explanation. Probing Understanding 

(pp. 44–46). The Falmer Press. 

[17] Kuçukozer, H. (2013). Designing a powerful 

learning environment to promote durable 

conceptual change. Computers & Education, 68, 

482–491. 

[18] Kearney, M., Treagust, D. F., Yeo, S., & Zadnik, 

M. G. (2001). Student and teacher perceptions of 

the use of multimedia-supported predict-observe-

explain tasks to probe understanding. Research in 

Science Education, 31, 589–615. 

[19] Ipek, H., Kala, N., Yaman, F., & Ayas, A. (2010). 

Using POE strategy to investigate student teachers’ 

understanding about the effect of substance type on 

solubility. Procedia - Social and Behavioral 

Sciences, 2, 648–653. 

[20] Yang, K. H., Chen, H. H., & Lu, B. C. (2017). A 

POE strategy-based gaming approach for 

mathematics learning. Proceedings of the 25th 

International Conference on Computers in 

Education. Asia-Pacific Society for Computers in 

Education. 

 


