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Abstract 

Students come to formal science instruction with prior ideas or preconceptions concerning 

natural objects and events. Preconceptions serve as a platform from which students interpret 

their world. In most cases, preconceptions differ from scientific notions and if they are not 

confronted in formal instruction, a diverse set of unintended learning outcomes and 

alternative conceptions occur. In this paper, we report on some of our findings on secondary 

one express stream students’ ability to solve problems on speed before intervention, as well 

as students’ performance after intervention. These findings were a part of our 3-year 

PbI1@School study, which is an on-going research project with an autonomous school in 

Singapore, to develop and validate effective inquiry-based classroom materials and 

instruction for secondary one students in the Singapore science classrooms. We attempt to 

answer the following research questions in this paper: 

1. Are the students able to make calculations involving ‘average speed’?  

2. Are students able to represent speed in terms of a strobe diagram? 

Our pre-tests findings revealed that even though most of the students (73%) were able to use 

the formula for speed and perform the calculations involving average speed correctly, their 

level of understanding of speed as “distance per unit time” remain questionable as they had 

problems representing speed in terms of position drawings in a strobe diagram, with only 5% 

success rate. The findings from the pre-tests have guided our research team in coming up 

with a curriculum package that comprise hands-on activities, follow-up sessions, classroom 

activities and homework.  The positive post-test results from the 2011 intervention have 

motivated the research team to share our intervention strategies with more schools in 

Singapore and even educators around the world.   
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PBI1@SCHOOL:  

ON SECONDARY ONE STUDENTS’ UNDERSTANDING OF SPEED 

 

Introduction 

 

It is known to educators that students at all levels have difficulties in understanding 

the concept of speed [1-2]. As stated by Piaget, the concept of speed involves a relationship 

between space and time, which can only be understood after prior ideas of the path travelled 

and of duration (of time) had been completely formed [1]. Even in higher levels of school, 

quantities involving ratio like speed and density are particularly difficult for students to 

understand [3].  

Since students experience movement around them from a very young age, and hear 

the word ‘speed’ being used widely, they are bound to have preconceived ideas on the topic. 

These preconceived ideas shape significantly how students make sense of what they learn in 

school [4], and must thus be considered in the design of curriculum. Furthermore information 

about students’ preconceived ideas must come from research and instructors’ real experience 

and not what instructors imagine them to be. [2].  

In this paper, we report on some of our findings on students’ ability to solve problems 

on speed before intervention, as well as students’ performance after intervention. These 

findings were a part of our 3-year PbI1@School study, which is an on-going research project 

to develop and validate effective inquiry-based classroom materials and instruction for 

secondary one students in the Singapore science classrooms. 

We attempt to answer the following research questions in this paper: 

1. Are the students able to make calculations involving ‘average speed’?  

2. Are students able to represent speed in terms of a strobe diagram? 
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Methodology 

 

The participants for this study were two cohorts of secondary one students from a 

reputable school in Singapore. Their academic abilities were above average, as based on their 

scores (with an average T-score of 240) in the Primary School Leaving Examinations taken at 

the end of primary education. They have been taught previously about ‘speed’ through the 

formula distance/time in their Primary 6 Mathematics lessons. 

Each year, from 2010 to 2011, the secondary one student participants sat for a pre-test 

on speed. The pre-tests were constructed by a team of university professors, research 

associates and curriculum specialists. The 2011 pre-test was revised based on the results of 

the the 2010 pre-test. The students were given about 10 minutes to complete the pre-tests 

before the topic was taught. The numbers of students who sat for the pre-tests were about  

430 in 2010 and 431 in 2011.  Part of these responses were analyzed and reported in this 

paper.  

 

Results 

 

Calculations involving “Average Speed”  

Students were taught how to calculate “average speed” in their primary 6 mathematics 

curriculum. Since the concept of “average speed” is ‘revisited’ in the lower secondary science 

syllabus, we administered pre-tests on the topic to the secondary one cohorts of year 2010 

and 2011 in order to study their current understanding, as well as their ability to solve 

problems on the topic. 
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2010 Pre-Test Results on Average Speed 

 In 2010, we assessed the students’ ability to solve problems on “average speed” and 

tried to find out whether any student would attempt to solve the problem qualitatively (See 

Figure 1).  

 
 
FIGURE 1: 2010 Pre-Test Question on Average Speed 
 

Ling and her brother Lung want to go to Devi’s house. There is a lake between their 
house and Devi’s house. Ling decides to walk along the lake over a distance of 1000 m 
and rested for 1.0 minute. The average speed of Ling’s journey is 6.0 km/h. Lung decides 
to swim straight across the lake, which has a distance of 600 m. Lung’s average 
swimming speed is 3.0 km/h. If both of them leave home at the same time, who will 
reach Devi’s home first? Show clearly how you arrive at your answer.  

 

Although the 2010 Pre-Test Question on Average Speed appears like a typical school 

examination question, it was designed, by a careful choice of numerical values, to test student 

understanding of average speed and whether they are able to arrive at the answer through 

sound argument without having to carry out detailed standard calculations. For example: 

Ling’s average speed is twice of her brother, but the distance she needs to cover is less than 

twice of his, so she will take a shorter time to cover the distance. Since they started their 

journey at the same time and place, she will arrive at Devi’s home first. While no calculation 

was necessary to arrive at the conclusion, yet the majority of the students performed 

calculations to arrive at the answer. This could be due to the habit cultivated in their primary 

school mathematics lessons where they practiced solving problems on speed quantitatively. 

Table 1 shows the results of the students’ performance in the Pre-Test Question on 

Average Speed. 

 

TABLE 1 : Calculation of arrival times (N=156) 
Calculation of arrival time Correct Percentage  

Lung’s (swimming) 131 84% 
Ling’s  (walking) 20 13% 
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Most of the students (84%) used the formula time = distance/average speed to 

calculate the arrival time for Lung with success. However, they have problems dealing with 

the resting time in Ling’s journey. Only 13% of the students obtained Ling’s arrival time of 

10 minutes correctly. The most common mistake made was the addition of the 1 minute of 

resting time to Ling’s 10 minutes which the students obtained correctly from Ling’s average 

speed and the distance of 1km, yielding erroneously a total of 11 minutes for Ling’s arrival 

time.  The students failed to realize that the addition of the resting time to the time taken by 

Ling to arrive at her destination is redundant because in the definition of the average speed of 

a journey, the resting time was already included as part of the total time elapsed. 

Only 3 students attempted to solve the problem qualitatively. They were able to 

conclude correctly but were weak in their explanation.  

 

2011 Pre-Test Results on Average Speed 

In the pre-test given to the secondary one cohort of students in 2011, we decided to 

present the students with a similar problem on average speed, but accompanied by a table of 

values. The purpose of this pre-test question is to find out if the students have the ability to 

(1) interpret data presented in the form of a table and (2) identify and manage resting time. 

Resting time was included in the table implicitly (without the word “rest” being mentioned in 

the question) via zero speed lasting an hour.  Figure 2 showed the 2011 Pre-Test Question.   

The table below shows the average speed of a car at different times from the time the car 
leaves its start point to the time it reaches its destination (end point).  
 
Based on the information in the table, calculate the average speed of the car for the entire 
journey (start to end point).  
 
 
 
FIGURE 2: 2011 Pre-Test Question on Average Speed 

Time Interval 12 pm to 2 pm 2 pm to 3 pm 3 pm to 6 pm 

Average speed 75 km/h 0 km/h 70 km/h 
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73% of the students obtained the correct answer, with perfect calculations of the total 

distance for each interval of time and summing it up to get the total distance travelled by the 

car in the entire journey. They then divided the total distance by the total time of 6 hours to 

get the average speed of 60 km/h. 27% of the students obtained the incorrect final answer. It 

is worth noting that 37 % of these students (or 10% of the total) calculated average speed by a 

“superficial average”, meaning by a procedure involving some kind of adding up the speeds 

to obtain some kind of “total speed” and dividing it by the number of speeds they added up or 

by the total time taken for the journey. Specifically, 1% of the students summed up the three 

speeds and divided the sum by the number of speeds they summed up (i.e. [75+0+70km/h]/3) 

and another 1% summed up the two non-zero speeds and divided the sum by 2 (i.e. [75+70 

km/h]/2), leaving out the speed of 0 km/h. A more common mistake (committed by 6 % of 

the students) is summing up the speeds (75km/h + 70km/h) and dividing the sum by the total 

time of 6 hours. Another 2% of the students also summed up the speeds but divided it by a 

total time of only 5 hours, leaving out the 1 hour of rest time.  

Other mistakes include carelessness in calculations, such as miscalculation of total 

time (e.g. 12pm to 6pm taken as 7, 8 or 9 hours instead of 6 hours), miscalculation of total 

distance (2%) or a combination of both mistakes (2%). 15 out of the 431 students (3%) 

divided the total distance by 5 hours (instead of 6 hours) because they did not want to include 

resting time in their calculation of average speed. There were also a variety of other mistakes 

such as 1% of them getting the formula mixed up (i.e. total time/total distance). 

 

Students’ ability to represent and compare speed  

We used the strobe diagram as an instrument to find out about the students’ ability to 

1. represent constant speed by drawing the position of a moving object at regular time 

intervals, and 2. compare the motion of two moving objects. Figure 3 showed the question 
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used in the Pre-Test given to the secondary one cohort of the year 2011. The same question 

was given in the Post-Test after the PbI1@School curriculum intervention to study the 

effectiveness of the intervention in helping students represent speed as the distance travelled 

in a unit of time.   

 

 

 

 

 
 

FIGURE 3: 2011 Pre-Test Question on Representation of Speed (Strobe Diagram)   

 

To get a full score of 2 marks for the correct drawing, students must meet two criteria: 

(1) to draw each subsequent position of Ball 1 at equal distance apart (to show that the ball is 

moving at constant speed on the smooth horizontal track) and (2) to do the same as (1) for 

Ball 2, but with a larger distance between two adjacent positions of the ball (to show that Ball 

2 is moving at a higher constant speed than Ball 1).  Only 5% of the students (N = 236) met 

the two criteria and obtained a full score of two marks. It turned out that about 1/3 (34%) of 
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the students’ drawing did not meet criteria (1) and (2) because the distance between position 

at 0-second and at 1-second was different from the subsequent distances between adjacent 

positions. In this case, the drawing will be awarded a partial credit of one mark. Figure 4 

shows an example of such a drawing. It appeared that the students had ignored the position of 

the ball at 0-second. 

FIGURE 4: Example of drawing that was awarded 1 mark 

 

Within this group, about 15% of the students drew the distance between the positions 

of Ball 1 to be shorter than that of Ball 2. However, the remaining 85% drew the distance 

between the positions of Ball 1 to be equal to that of Ball 2 with the consequence that Ball 2 

was ahead of Ball 1 only because the first position of Ball 2 was ahead of Ball 1. Figure 5 

shows an example of this common mistake.    

 

FIGURE 5: Example of common mistake in students’ drawing 

 

10% of the students drew the ball positions at random and 16% of them did not draw 

anything. Table 2 illustrates the results.  

 

 

0-second 

0-second 

Identical 
ramps Identical horizontal tracks  

Ball 1 

Ball 2 

 
 

  
 

 

0-second 

0-second 

 

Identical 
ramps Identical horizontal tracks  

Ball 1 

Ball 2 
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TABLE 2: Students’ representation of speed by drawing of ball positions 

N=236 

Drawing of students indicated: 

constant 

speed 

constant speed but 

ignored first position 

of ball given 

decreasing 

speed 

increasing 

speed 

random 

positions 

no 

drawing 

Number of 

students 
11 80 68 15 24 38 

Percentage 

of students 
5% 34% 29% 6% 10% 16% 

 

Even though the majority of them drew the ball positions incorrectly, 80% of the 

students drew one ball’s position consistently ahead of the other. This is in line with the 

findings of Piaget (1970) and Trowbridge & McDermott (1980), that students normally 

perceive an object ahead of the other (or overtaken another) to be faster than the other [2, 4-

5].  

Another common mistake made by the students were drawing the subsequent 

separations of the balls to be decreasing, to represent the balls’ motion of decreasing speed, 

despite the question stating that the tracks are smooth (to imply negligible friction). This is 

also a common finding in literature. Several different researchers [6-7] have found (that, in 

some situations, novice physics students expect motion to die away in the absence of outside 

forces. Students have spent most of their lives observing motion in high friction situations, so 

it may not be surprising that students would maintain such an expectation and find it difficult 

to accept information that suggests frictionless surface.  

 

Comparing Pre-Test and Post-Test Results for position drawing (strobe diagram) 

In Term one of 2011, as the project moves into the third year, the adapted 

PbI1@School instructional materials for speed were implemented over 6 hours of curriculum 

time for 11 secondary one classes of about 40 students each.  Pre-tests and post-tests were 
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administered, and the results were analyzed to measure the effectiveness of the intervention.  

In this session, we share the results of the position drawings in the strobe diagrams for 6 

classes’ of data.  

As can be seen from the negative values of -38% and -13% in the “difference” 

column in Table 3, the percentage of students who scored lower marks of 0 or 1 have 

declined in the post-test, while the percentage of students who got the drawing correct and 

thus scored the full marks of 2 has increased by almost 50%. 

TABLE 3: A comparison of Pre and Post-test scores (N=236) 

MARKS Pre-test Post-Test Difference 

0 62% 25% -38% 

1 34% 21% -13% 

2 5% 54% 49% 

 

When the pre-test and post-test average results for the strobe diagram drawing were 

compared for each of the class, every class showed improved scores, the highest being that of 

Class 3, improving by 68%. On average, there was an improved score of 44% across the 

classes. Figure 6 shows an illustration of the results.  

 

FIGURE 6: Pre vs Post-Test marks for each of the 6 classes  

44% 34% 68% 50% 24% 44% 44% Improvement 
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We also calculated the normalized gain for each class, using the following formula by 

Hake [8] where < > means average:  

scoretest -prescoretest -post possible maximum

scoretest -prescoretest -post

−
−

=g  

According to [8], the random guessing score is 20% for a five-alternative multiple-

choice test. Since our pre-test question (See Figure 3) is not a multiple-choice test, we expect 

students to score way below the random guessing level of 0.20 if they perform without 

understanding as there is no guide towards any correct answer. The normalized gain for each 

class is presented in Table 4 and saw all classes having a normalized gain of more than 0.20. 

Therefore the probability that the students’ gain was a result of guessing or performance 

without understanding was very low.  

 

TABLE 4: Normalized gain for the 6 classes 

Class Normalized Gain (out of 1) 

1 0.59 

2 0.39 

3 0.82 

4 0.62 

5 0.35 

6 0.54 
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Discussion & Conclusion 

 

Although a significant number of previous studies have investigated student 

understanding of speed, there has been no comprehensive study of Singapore students’ ability 

to represent speed “physically”.  In order to begin to address this issue, we developed Pre-

Tests that required students to draw positions of balls as they moved along tracks, to study 

their ability to physically represent speed in terms of distance with respect to time.  As 

expected, students struggled with the drawings and were unable to correctly represent 

constant speed, even though most of the students know the formula for speed and were able 

to make correct calculations of speed using the formula. 

According to Walsh et. al. (1993), it is questionable whether students have developed 

an adequate understanding of physics if they were unable to interpret the solution in physical 

terms [9]. Earlier investigations [10] showed that students who are adept at using 

mathematical equations in the solution of physics problems are not necessarily able to 

demonstrate understanding of the underlying physics concepts, nor provide a physical 

interpretation of the solution.  

A reason for this behavior could be that students’ pre-conceived ideas developed 

through everyday experiences about speed were not being addressed when they were learning 

the formula for speed. This is consistent with the finding that when preconceptions are not 

addressed directly, students tend to just memorize formulas and rely on their experienced-

based preconceptions to act in the world instead of applying what they have been taught [4]. 

Based on these findings, we find the need for a curriculum where questions like this are given 

to the students for group and classroom discussions. When teachers facilitate students’ 

discussions and question their use of the various terms for speeds, alternative conceptions 
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could be elicited and addressed. It is through reasoning and explanation that the students are 

able to understand the concept of speed more deeply.   

Results of the 2010 Pre-Test on Average Speed revealed several interesting findings. 

First, most of the students used calculations to arrive at their answers instead of using 

qualitative reasoning. While most students were able to calculate the time for travel using the 

formula, time = distance/average speed, they encountered much difficulty when resting time 

was involved. Most of them added the resting time to the total time for the journey, unaware 

that in the definition of average speed, the resting time would already have been taken into 

account. A question similar to this was administered to the 2011 cohort of students, but the 

data is presented in the form of a table instead of a problem story.  When the resting time is 

given in as 0 km/h in a table, more students were able to get the answer correct.  

Understanding students’ preconceptions of speed has important implications for 

instructional design. While the tests used in our study are simple, they have been able to 

surface some of the students’ preconceptions of ‘speed’. The results are useful in coming up 

with probing questions during facilitation of practical work and activities.   

The findings from the pre-tests have guided the refinement of the PbI1@School 

curriculum materials. When our pre-test results showed that students struggled with the 

physical representation of speed, we provided opportunities for them to carry out activities 

relating to the movements of ball on track and translate them into position drawings with 

respect to time. According to Borghi et. al (1993), when pupils perceive inconsistency 

between their beliefs and what they observe, they seek ways to solve the conflict [11]. During 

our intervention, students experienced guided inquiry in both the laboratory and classroom in 

a climate of debate and discussion. In the laboratory, students get to carry out hands-on 

activities using guided inquiry worksheets and in the classrooms, they get to study their own 

data as well as given data and reflect on their laboratory experiences to come up with 



Redesigning Pedagogy 2011     15 

 

scientific conclusions and conceptual ideas in teams of four, with teacher playing the role of 

facilitator.   

PbI curriculum through guided inquiry is suitable for all students, some more than the 

others as can be seen by the different normalized gains by each class. Teachers should be able 

to modify the curriculum materials according to the ability of the class. Though it takes a 

slightly longer time, the school benefits from having young students with strong fundamental 

conceptual ideas of speed since basic concepts of speed need not be re-visited at upper 

secondary, allowing the teacher to soon build further concepts upon the foundation that the 

students already has. For example if students’ understanding of speed as distance per unit 

time is established and their concepts of constant speed and average speed is strong, it is 

easier to build upon these foundations to broader concepts like acceleration.  

Field notes collected during class observations before and after intervention also saw 

the students being more independent learners, especially when carrying out hands-on 

experiments in the laboratories, more engaged in lessons, and asking higher level thinking 

questions beyond the curriculum.    

The positive post-test results from the 2011 intervention have motivated the research 

team to share our intervention strategies with more schools in Singapore and even educators 

around the world.  We plan to hold workshops for the local teachers and publish more of our 

research findings in journals by the end of the year.  
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