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Abstract

The purpose of this study was to explore students’ alternative conceptions of combustibility by using the predict-observe-explain (POE) strategy. The subjects included 96 6th graders, 86 8th graders and 121 11th graders (three classes for each grade, total N=305). And the matter used was hydraulic oil (incombustible). The results indicate that over half students in each grade predicted the hydraulic oil as combustible. The reason offered by each grade that has the highest percentage is, without variance, “by name” which shows that language is a significant source of students’ alternative conceptions. And students have the inclination of confusing the boiling point with burning point. After the observation, over twenty percent of the students in each grade still thought hydraulic oil combustible and about one third of the students considered the occurrence of smoke as burning. At the explanation stage, most of the students could not explain with scientific reasons and some of the students who predicted hydraulic oil combustible thought either the temperature was not high enough or the boiling point of the hydraulic oil was too high to cause combustion.
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Introduction

This study was a part of the project that was designed to explore students’ alternative conceptions of chemistry at elementary and secondary schools in Taiwan. The present study intends, specifically, to investigate students’ alternative conceptions of combustibility.
The science education literature of the past two decades includes numerous studies of young students’ alternative conceptions of combustion (Drive, Child, Gott, Head, Johnson, Worsley & Wylie, 1984; Meheut, Saltiel & Tiberghien, 1985; BouJaoude, 1991; Prieto，Watson & Dillon, 1992; Rahayu & Tytler, 1999). Those studies show the students have noticed their misconceptions or alternative concepts about combustion. Meheut et al. (1985) found that 11-12 year old pupils had not one but a range of different views of burning, influenced by perceptual features of the process. Some combustible were believed to be unable to burn but only to melt or evaporate. The study of Drive et al. (1984) asks a question about the burning of iron wool to English students of two age groups, 11 to 12 and 15. The results indicate nearly half of the students of both groups suggest that the weight would decrease, and the proportion does not change with age nor is it noticeably influenced by whether students have studied chemistry. The study of deBouJaoude (1991) shows the eighth-grade students’ understandings about burning are fragmented, inconsistent, and at variance with scientific knowledge.
The methods used to investigate students’ alternative conceptions include various strategies. The POE technique typically involves “showing the students a situation, asking for a prediction about what will happen when a change is made, getting reasons for the prediction, performing the change and getting observations, and attempting to reconcile any conflict between prediction and observation” (Gunstone, 1990, p.12). White & Gunstone (1992) have promoted the POE procedure as an efficient strategy for eliciting students’ ideas and also promoting student discussion about their ideas. The purpose of this study was to explore cross-age students’ alternative conceptions of combustibility through their interaction with events in a real situation.
Method and Procedures

The subjects included 96 6th graders, 86 8th graders and 121 11th graders (three classes for each grade, total N=305). At the onset, the researcher told the students that the task was not an examination but part of a study with the purpose to know their thoughts about combustion. Each student was given a worksheet with the POE tasks to be performed in class and was guided by the researcher on how to complete the worksheet. Hydraulic oil was used to be the sample for prediction matter. Before having the students predict whether it was combustible or not, the researcher introduced its properties, including name, boiling point, specific weight, and other important properties. Subsequently, the students were independently asked to write down their predictions with reason. At the next stage of the task, the researcher poured the sample (about 2 cc) into a burning spoon and heated it upon alcohol burner. The students were asked to independently write down their observations without any discussion. Finally, the students were asked to compare their observations with their previous predictions and explain any difference that might arise. 

The reason for choosing the hydraulic oil as the target for study was that in the previous study (Hsu, 2003) it has been found the students lack consistent criteria for classifying combustible matter, and language is a potential source for their alternative conceptions. Hydraulic oil is incombustible and its Chinese name is “液壓油” (liquid-pressure-oil) seems to resemble the Chinese name for gasoline “汽油” (gas-oil), which is combustible. If language is a potential source of students’ alternative conceptions, one interesting question to be asked, then, is whether the Chinese character  “油” (oil) would affect students’ judgment of a incombustible matter.

Results and Discussion

The first step to the analysis of the results was to examine the students’ predictions and observations. In Table 1, one observes over half students in each grade predicted the hydraulic oil as combustible (89.8%, 58.1% and 52.1% for Grades 6, 8 and 11, respectively). After the observation, over twenty percent of the students in each grade still thought hydraulic oil combustible (28.6%, 22.1% and 23.2% for Grades 6, 8 and 11, respectively). However, there is a much low percentage of the students in each group who had predicted the hydraulic oil incombustible but changed their minds after the observation (1.0%, 9.3% and 7.2% for Grades 6, 8 and 11, respectively). Totally, after the observation, 32.1% of the students thought the hydraulic oil combustible. The results show the observation did not have a strong effect on the students’ judgment, which seems to correspond with White & Gunstone’s (1992) remarks: “When any person makes an observation in any context, existing ideas and beliefs have some effect both on the phenomenon that are focused on and on what is actually seen” (p.52).

Table 1. Percentage of the predictions and observations on the combustibility of hydraulic oil 
	Predict
	Combustible
	Incombustible
	Other

	Observe
	Combustible
	Incombustible
	Combustible
	Incombustible
	Combustible
	Incombustible

	Grade 6 (N=98)
	28(28.6%)
	60(61.2%)
	1(1.0%)
	6(6.1%)
	
	3(3.1%)

	Grade 8 (N=86)
	19(22.1%)
	31(36.0%)
	8(9.3%)
	28(32.6%)
	
	

	Grade 11 (N=121)
	29(24.0%)
	34(28.1%)
	9(7.4%)
	37(30.6%)
	4(3.3%)
	8(6.6%)

	Total (N=305)
	76(24.9%)
	125(41.0%)
	18(5.9%)
	71(23.3%)
	4(1.3%)
	11(3.6%)


Table 2. Percentage of the reasons for predictions on the combustibility of hydraulic oil
	Reason
	Grade 6(N=98)
	Grade 8(N=86)
	Grade 11(N=121)

	
	Combustible
	Incombustible
	Combustible
	Incombustible
	Combustible
	Incombustible

	By name
	59(60.2%)
	2(2.0%)
	37(42.0%)
	 4( 4.7%)
	40(33.1%)
	 4( 3.3%)

	Boiling point
	 3( 3.1%)
	2(2.0%)
	 6( 7.0%)
	 9(10.5%)
	13(10.7%)
	16(13.2%)

	Apparent properties (color, smell)
	13(13.3%)
	2(2.0%)
	13(15.1%)
	15(17.4%)
	 7( 5.8%)
	 5( 4.1%)

	Everyday experience 
	23(23.5%)
	--
	12(14.0%)
	 7( 8.1%)
	17(14.0%)
	 7( 5.8%)

	Conjecture
	20(20.4%)
	1(1.0%)
	 1( 1.2%)
	 4( 4.7%)
	 5( 4.1%)
	 9( 7.4%)

	Others
	 1( 1.0%)
	0(0.0%)
	 2( 2.4%)
	 1( 1.2%)
	 3( 2.5%)
	 5( 4.1%)


The reason offered by each grade that has the most percentage for predicting hydraulic oil to be combustible is, without variance, “by name” (Table 2) (60.2%, 42.0% and 33.1% for Grades 6, 8 and 11, respectively). The results show that language is indeed a significant source of students’ alternative conceptions. The students indicated: (the first 2 codes refer to Grade)

0642:Llike gasoline, it would burn when heated.

0805: By the name, because gasoline is also combustible and hydraulic oil is a chemical matter.

1112: Like other kinds of oil, hydraulic oil has the same components to make it combustible.

The results in Table 2 also show the inclination of confusing the boiling point with burning point and the inclination increases with grades. There is a percentage of 5.1%, 17.5% and 23.9% for Grades 6, 8 and 11, respectively, that made predictions by boiling point.

0668: I knew most matter of oil had low boiling points and was combustible. 

0866: It would be a kind of water; its boiling point is high and it is not easily burned. If it’s burning, it would just sublimate to a gas. (predict: incombustible)

1107: Hydraulic oil has a high boiling point, it would need high temperature to destroy the bond. In chemical lessons I learned volatile matter were combustible, and their chemical bonds were easily destroyed. (predict: incombustible)

There is a percentage of 15.3%, 32.5% and 9.9% for Grades 6, 8 and 11, respectively, that made predictions by “apparent properties (smell or color)”. Most of those students thought hydraulic oil combustible because it smells like alcohol or gasoline.

0669: It smells like alcohol.

0832: It smells like resin, perhaps it has the component of gasoline.

1159: It seems like volatile matter, the smell is like that of gasoline.

On the other hand, the use of ”everyday experience” as a factor of prediction decreases with grade (23.5%, 22.1% and 19.8% for Grades 6, 8 and 11, respectively). The major sources of such experience come from parents, TV programs or newspapers.

At the observation stage, totally, over ninety percent of the students described the occurrence of smoke when hydraulic oil is heated. Although most students did not consider the occurrence of smoke as a necessary phenomenon of burning, but there is a percentage of 27.9%, 26.7% and 32.3% for Grades 6, 8 and 11, respectively, that seemed to believe so. Interestingly, there are some students who reported the occurrence of flames when hydraulic oil is heated (6.1%, 11.6% and 12.4% for Grades 6, 8 and 11, respectively). Most of those students predicted hydraulic oil combustible at the prediction stage, except for two students in Grade 8 (2.3%) and five in Grade 11 (4.1%).

0617: A little flames and smoke occur when hydraulic oil is heated.

0805: When heated for three or four minutes, hydraulic oil is burning. The flames are about 0.5 centimeter high I think its burning point is higher than gasoline. 

1170: White smoke, flames and a strange smell occur when hydraulic is heated.

One important function of POE is having students reconcile the discrepancies between what they predicted and what they observed. Most of the students in the study could not explain with scientific reasons. The students who predicted hydraulic oil combustible proposed various explanations for the discrepancies. Some of them thought the temperature was not high enough or the boiling point of hydraulic oil was too high. 

0818: The alcohol burner makes the temperature no more than 100℃ and the boiling point of the hydraulic oil was too high to cause combustion.

1121: The temperature was not high enough for hydraulic oil to burn. It actually is combustible.

Some of the students modified their prior conception of “all of oil is combustible”.

0619: Not all kinds of oil are combustible, and hydraulic oil is the incombustible kind.

0827: The matter’s name, which implies its inclusion of oil, is not an indication of combustibility.

This study has shown that despite the inclusion of combustion in early science education, there appears to be misconceptions from various sources that are prevalent in students’ reasoning. And students tend not to use taught ideas for judgment; instead they seem inclined to use their intuitive ideas based on individual reasons and experiences. However, it seems likely that if teachers and curriculum designers are aware of the commonly held alternative conceptions and factors that may contribute to their formation the situation may be quickly and greatly improved. The teaching should give students the opportunity to test and change their misunderstanding and formulate more scientific ones.
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