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This paper describes the efficacy of premise-reasoning-outcome (PRO)—an instructional strategy to help students 

in scientific explanations. Students generally find it hard to answer open-ended “explain” type questions and it 

difficult to give a complete answer because of missing components or links in their answers. We used PRO as a 

structure for Grades 9 and 10 students in National Junior College (NJC) in Singapore, to answer open-ended 

questions. PRO stands for “premise” (the known facts, such as scientific laws, principles, and information related to 

the given scenario), “reasoning” (sequential chain of reasoning that links the “premise” to the “outcome”), and 

“outcome” (phenomenon to be explained). The effectiveness of the PRO approach was evaluated by using a survey 

of students’ perception on the usefulness of PRO and a performance quiz on the efficacy of the PRO approach as a 

tool for students to provide complete answers to open-ended questions. In the implementation, 70% of the students 

have used the PRO structure in their explanations during a revision quiz at the end of the study with 94% of the 

students being able to identify the right premise(s) for the question. Students also responded positively to the use of 

PRO in helping them to structure their answers and they felt that the PRO structure is helpful for them.  
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Introduction 

A main goal of science education is for students to develop a scientific understanding of the world through 

the use of the scientific method and reasoning, and not just a mastery of scientific concepts (Bricker & Bell, 2009). 

The ability to engage in scientific argumentation, the explanation is as a core epistemic practice of science, and 

students have to learn to interpret context, analyze data, and question assumptions to come up with scientifically 

accepted explanations for any physical phenomenon (National Research Council [NRC], 1996, p. 113).  

We have found that National Junior College (NJC) students generally find it hard to answer open-ended 

“explain” type questions with missing components or links in their explanations. We chanced upon the use of 

premise-reasoning-outcome (PRO) as an answering structure (Tang, 2015) and decided to utilize PRO as a 

structure to guide students in answering open-ended “explain” type questions. Using the PRO approach to 

explain a phenomenon, students will first state the principle or premise that is based on the scientific theory, 

follow up with a reasoning to explain why the phenomenon is happening based on the premise, and then give 

its outcome. We conducted a both a survey and a quiz to help us evaluate whether the students found the PRO 

structure was helpful in answering open-ended questions. 
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Methodology 

The physics team started the process by teaching the Junior High 3 (JH 3 or Grade 9 equivalent) and 

Junior High 4 (JH 4 or Grade 10 equivalent) students, the PRO structure to answering open-ended questions 

that involves explanation. Specific topics were chosen for students to practice by using the PRO structure to 

answer questions in their tutorials. For JH 3, the topic is “Moments and stability (Please refer to Annex A),” 

while for JH 4, the topic is “Pressure (Please refer to Annex B).” 

At the end of the academic year, the physics team came up with a quiz comprising three open-ended 

questions that require explanations, selected from different topics taught at the JH 3 level as part of students’ 

revision. The three questions were chosen such that they come from different topics: “Newton’s laws of motion, 

moments and stability, and work energy power.”  

Students answered the three questions on a Google Form (Please refer to Annex C) to aid in the collation 

of their answers. The students’ answers were sorted and analyzed to find out whether the use of PRO has 

helped students give a more complete answer. The students also did a survey (Please refer to Annex D) on the 

effectiveness of the use of PRO to structure their answers.  

Results 

Analysis on Students’ Answers to Revision Quiz 

One hundred and eighty-four students from JH 3 and JH 4 levels completed a short revision quiz 

comprising of three questions involving concepts taught in the module PH 301 “The moving world,” which 

covers mainly the mechanics portion of physics.  

Teachers decided to zoom in on Question 3 (see Table 1) to analyze students’ responses, because it is a 

relatively “standard” examination question commonly asked in the “O” level examination and this question 

involves a concept that was recently taught to the JH 3 students. Hence, the JH 3 students would be familiar to 

the concept tested in this question.  
 

Table 1   

PRO Marking Scheme for Grade 9 Question on Work Energy Power 
Question 3: A woman holds on to a bowling ball tied to the ceiling. She releases the ball just below her chin. Would she be hit by 
the ball when it swings back towards her? Explain your answer.  
Marking scheme 

Mark for each reasoning point  Elaboration of each reasoning point 

Total energy of system 

1. By conservation of energy, final gravitational potential energy (GPE) must be 
equal to the initial GPE.  
2. Due to friction or air resistance, some energy is lost as thermal energy as the ball 
swings. Hence, the total mechanical energy of the ball decreases.  

Type of energy at the highest point 
At the highest point, total energy of the ball = GPE of the ball. The ball has only 
GPE, since the velocity of ball = zero momentarily. 

Comparison of final height and initial 
height 

Hence, the final height of the ball is equal to the initial height of the ball.  
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awarded to the students is dependent on their ability to link the reasoning logically and sequentially from the 

premise to the outcome. Some students skipped links in their reasoning, while others failed to mention 

important keywords or revealed reasoning errors in their answers.  

Analysis on Students’ Survey 

One hundred and fifty-three students completed the survey on the effectiveness of the use of PRO in 

answering questions. Students scored the survey questions on a 4-point Likert scale, from 1 (“Strongly 

disagree”) to 4 (“Strongly agree”). 

Survey questions:  

1. I find PRO useful in helping me phrase written answers; 

2. PRO helps me organize my thoughts and spot the gaps in my reasoning steps; 

3. With PRO, I am confident that my answer is complete; 

4. I understand the need to identify the right premise; 

5. PRO helps me figure out the reasoning(s) and premise(s) that lead to the outcome; 

6. PRO helps me make sense of new scenarios I encounter in physics; 

7. I will consider using PRO as a thinking structure to better understand and explain phenomenon outside 

the physics classroom. 

Most students consistently answered “Agree” and “Strongly agree” (70% to 90% of the survey 

respondents) for all the questions.  

Responses were sorted by levels and the average scores for the different questions reported by the JH 3 

and JH 4 students were very similar. This suggests that the questions were well-phrased and the interpretation is 

unambiguous to the students surveyed both of the JH 3 and JH 4 levels.  
 

Table 2 

Likert Scale Rating (1 = “Strongly disagree” and 4 = “Strongly agree”) for Students’ Perception of PRO 

 Question 1 Question 2 Question 3 Question 4 Question 5 Question 6 Question 7 

All  3.02 3.05 2.84 3.27 3.03 2.80 2.89 

JH 3 3.02 3.07 2.88 3.25 3.04 2.82 2.92 

JH 4 3.03 3.04 2.83 3.29 3.03 2.80 2.88 
 

Questions 3, 6, and 7 have an average that falls below a rating of “3” (see Table 2). Further discussion 

with the students suggests that students are still not confident that their explanations are complete even with the 

use of PRO, and hence, they are unable to use PRO to make sense of new scenarios in physics, or to apply PRO 

outside of the physics classroom. Students’ lack confidence and motivation in using and applying PRO might 

be due to a possible lack of practice in using the template. We observed that some students were still not able to 

correctly differentiate between the premise and reasoning during class discussion. Even with the understanding 

of PRO, some students faced difficulties in identifying related premises in explaining the context, or have 

trouble identifying the relevant concept(s) for the given scenario. Students also struggle when faced with 

complex problems involving more than one premise or links in reasoning.  

Key Results for Revision Quiz 

Out of the 70% of the students who used the PRO structure to answer questions and 94% are able to use 

identify the right premise for the question. 
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However, there was no significant difference in terms of the quality of reasoning for students who used 

PRO and those who did not. 

Key Results for Students Survey 

1. Students responded positively to the use of PRO in helping them to structure their answers. They feel 

that the PRO structure is helpful for them; 

2. Students however need to develop greater confidence in applying the PRO to answer questions.  

Conclusion and Reflection 

Though the results of the revision quiz showed that students are able to get full marks even without 

following the PRO structure, the teachers feel that there is value in teaching students a systematic way in 

answering questions. While some students did not use the PRO explicitly in answering questions, there might 

be benefits in familiarizing students with the PRO structure to help remind them to include the premise in their 

explanation. Depending on the mark scheme, some questions might award students a mark for simply stating 

the correct premise. However, we are unable to know if students are more likely to include a premise after 

being taught PRO, because we did not do a pre-assessment or post-assessment for comparison. 

One of the challenges of teaching and learning the PRO structure is the uncertainty in determining what 

counts as a gapless explanation, especially for the students. As mentioned in the analysis, students did not score 

full marks for reasoning mainly, because there were missing links, which means missing reasoning points when 

compared to the mark scheme. However, not all science/physics teachers might even agree on the mark scheme 

—some might require less reasoning or marking points while others might demand more. A pragmatic 

approach to this is often based on number of marks awarded for the question, but this is only applicable in 

exam conditions as we rarely give breakdown of marks for tutorial or practice questions.  

Future work for investigation might include matching students’ response to their quiz score to see whether 

having the PRO structure might benefit any specific groups of students (e.g., the higher or lower ability 

students).  
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