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Abstract

The purpose of this study is to develop and apply a two-tier multiple choice diagnostic instrument to explore students' alternative conceptions of the classification of combustible matter. In the present study, we modified the procedure of Treagust (1988, 1995) to four phases for the development of the instrument. The developed instrument was then administered to 246 fourth graders, 275 sixth graders, 207 eighth graders and 251 eleventh graders (total N=879), selected from the schools of the middle area in Taiwan. The results indicate that the students lack consistent criteria for classifying the combustible matter, and language is a potential source for the students’ alternative conceptions.
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Introduction

This study is part of a project that designed to explore 4th to 11th graders’ alternative conceptions of the classification of chemical properties in elementary and secondary schools. The present study intends, specifically, to investigate students’ alternative conceptions of the classification of combustible matter.
The science education literature of the past two decades includes numerous studies of young students’ alternative conceptions of burning (Drive, Child, Gott, Head, Johnson, Worsley & Wylie, 1984; Meheut, Saltiel & Tiberghien, 1985; Andersson, 1986; BouJaoude, 1991; Prieto，Watson & Dillon, 1992; Rahayu & Tytler, 1999). But have no researches focus on students’ alternative conceptions of the classification of combustible matter. However, students have notice misconception or alternative concepts about burning. In the study of Meheut et al, (1985) show 11 to 12-years-old French children. The results suggest that when substances are in contact with a flam, children see one of two types of things happening. The substance may remain the same but change into another form, describing what as ‘melting’ or ‘evaporating’. Alternatively, they see the substance as burning and changing into another substance such as ash, smoke or carbon. The study of Drive et al, (1984) ask a question about the burning of iron wool which has been used with both the group of 11 to 12-year-olds and in a survey of 15-year-olds English students. The results indicate nearly half of the students of all ages suggested that the weight would decrease, and the proportion did not change with age nor was it noticeably influenced by whether students had studied chemistry.

Methods used to investigate students’ alternative conceptions include concept mapping (Novak, 1996), interviews (Nakhleh & Samarapungavan, 1999), Prediction-Observation- Explanation (POE; Liew & Treagust, 1998), and the two-tier multiple choice instrument (Treagust, 1988, 1995). The two-tier multiple choice instrument has been used to investigate students’ understanding of photosynthesis and respiration (Haslam & Treagust, 1987), covalent bonding (Birk & Kurtz, 1999), and inorganic chemistry qualitative analysis (Tan, Goh, Chia & Treagust, 2002). The two-tier test items have been used by the American Chemical Society as recommended examples for conceptual questions (Tan et al., 2002).

Method and Procedures

Treagust (1988, 1995) defined three phases for the development of the two-tier multiple choice diagnostic instrument. In this study, we modified the procedure to four phases. The first phase involves defining the content framework of metals with a concept map and a list of propositional knowledge statement, which were reviewed by five science teachers from elementary schools and five other from colleges and were agreed to be accurate and relevant to 4th to 11th graders. 

The second phase involves a survey with an open-end questionnaire, the results of which serves to be the major source for determining the instances and questions for interviews in the next phase. The questionnaire ask student to classify 15 objects to burning or non-burning groups and write down the reason. A total of 308 students (66 from Grade 4, 75 from Grade 6, 74 from Grade 8 and 93 from Grade 11) were asked to complete the task.
The third phase involves a thorough interview to identify students’ alternative conceptions of burning. A total of 42 interviews (ten from Grades 4, 6, 8 each and twelve from Grade 11) were carried out with each interview lasting 25-30 minutes. The questions for interviews were drawn from the second phase, from which we obtained the students’ understanding of burning (e. g. “Is hydrogen combustible or incombustible? Why?”). The interviews were semistructured and transcribed verbatim, and a list of alternative conceptions was determined from the interviews. The data collected from the first to third phases contribute to the development of the first version of the two-tier multiple choice instrument in the fourth phase. To ensure the test items (5 items for ‘burning’) had properly conducted the content validity that was established by three professors of science education. The revised two-tier test items were administered to 246 4th graders, 275 6th graders, 207 8th graders and 251 11th graders (total N=879), selected from the schools of the middle area in Taiwan. The reliability of the test items is to use the test-retest method (the interval is two weeks) to examine the stability with contingency coefficient (as nominal variance). The results (table 1) indicate the association of each item between the pretest and the posttest has a significant level (P< .01).

Table 2. Analysis of test-retest

	
	Grade 4

%     C
	Grade 6

%     C
	Grade 8

%     C
	Grade 11

%     C

	1.Is hydrogen combustible?
	31.1  .509**
	44.3  .621**
	66.3  .656**
	86.4  .755**

	2.Is iron combustible?
	33.3  .690**
	50.2  .751**
	50.0  .705**
	46.6  .625**

	3.Is polyfoam combustible?
	45.6  .619**
	51.3  .650**
	45.6  .725**
	49.2  .772**

	4.Is gas combustible?
	55.6  .578**
	68.6  .567**
	61.5  .595**
	73.3  .646**

	5.Is glass combustible?
	50.2  .630**
	61.5  .681**
	55.5  .605**
	66.9  .673**


1. **P< .01    2. The percentage is the ratio of same answer in pretest and posttest.

Results and Discussion

Table 2. Alternative conceptions determined by the two-tier multiple choice diagnostic instrument

	Item
	Percentage of Students’ Correct Answering

	
	Grade 4
	Grade 6
	Grade 8
	Grade 11

	
	First Part
	Both Parts
	First Part
	Both Parts
	First Part
	Both Parts
	First Part
	Both Parts

	1.Is hydrogen combustible?
	35.8
	18.3
	49.5
	35.7
	72.9
	69.2
	88.7
	86.4

	2.Is iron combustible?
	36.8
	7.5
	35.1
	5.1
	52.4
	15.0
	54.1
	17.0

	3.Is polyfoam combustible?
	59.9
	27.4
	60.3
	29.2
	47.7
	23.4
	65.2
	18.6

	4.Is gasoline combustible?
	87.1
	52.0
	93.1
	61.0
	95.9
	60.3
	95.8
	73.1

	5.Is glass combustible?
	71.9
	50.0
	72.6
	61.4
	76.6
	62.1
	80.3
	59.8


Table 2 show the percentage of correct answer in first part and both part of two-tier test item. It revealed students have some alternative conceptions about the classifying combustible matter. Also, table 2 show a complex change of the percentage of each grade students’ correct answer. The percentage of correct answer in first part that’s increase with grade. But the percentage of correct answer in both part have different change. In item1 and item 2, it’s increase with grade. Another item have no regularity change with grade. However, it’s notable low percentage in item 2 and item 3. The analysis of students’ alternative conceptions is as below.

1. Is hydrogen combustible?

In figure 1, the percentage of the students who chose the correct reason “hydrogen could lead to explosive, it’s a phenomena of burning” increase with grade (18.3%, 35.7%, 69.2%, 86.4% for Grades 4, 6, 8 and 11 respectively). Also, the younger students seem inclined to hold an alternative conception of hydrogen is incombustible because “hydrogen is so light” (30.6%, 20.9%, 8.4%, 1.9% for Grades 4, 6, 8 and 11 respectively). And considerate hydrogen is incombustible because “explosive isn’t burning” is 17.5%, 11.2%, 7%, 4.5% for Grades 4, 6, 8 and 11 respectively.

 2. Is iron combustible?

In figure 2, each grade has over 42.4% students considering iron in incombustible (59.9%, 63.5%、46.3%, 42.4% for Grades 4, 6, 8 and 11 respectively). And chose the correct reason “iron could violent react with oxygen” in each grader is below twenty percent (7.5%, 5.1%, 15.0%, 17.0% for Grades 4, 6, 8 and 11 respectively). The most reason of considering iron is incombustible that because “iron could melt, not burning” (26.2%, 45.5%, 36%, 35.2% for Grades 4, 6, 8 and 11 respectively). Also there is a percentage of 13.5%, 19.9%, 17.3% and 15.5% for Grades 4, 6, 8 and 11 respectively think iron is combustible because ‘iron would become hot-red liquid when heating’. The results indicate students confuse the burning and melting.

3. Is polyfoam combustible?

Each grade has near half of students considering polyfoam is combustible (59.9%, 60.3%, 47.7%, 65.2% for Grades 4, 6, 8 and 11 respectively). But the percentage of the students who chose the reason “polyfoam is combustible matter” is as high as 27.4%, 29.2%, 23.4% and 18.6% for Grades 4, 6, 8 and 11 respectively (Figure 3). The percentage of correct answer, secondary students lower than primary, perhaps the distract item present in questionnaire only for grade 8 and 11 ‘all of organic compound is combustible, polyfoam is organic compound’ (4.7% for Grade 8 and 29.9% for Grade 11). However, the younger students seem inclined to hold an alternative conception of polyfoam is incombustible because “polyfoam produce poison gas when heating” (27.8%, 27.1%, 24.8% and 4.5% for Grades 4, 6, 8 and 11 respectively). On the other hand, secondary students seem inclined confuse ‘melting’ and ‘burning’, 15.4% for Grade 8 and 22.7% for Grade 11, considering polyfoam is incombustible because ‘when heating polyfoam, it become soft and melting only’.

4. Is gasoline comdustible?

Over eighty percent students in each grade think the gasoline is combustible, and over fifty percent students in each grade choice correct reason ‘gasoline would violent react with oxygen’    (52.0%, 61.0%, 60.3%, 73.1% for Grades 4, 6, 8 and 11 respectively, figure 3). However, the effect of language on alternative conceptions is more apparent for Grades 4 and 6. In Chinese word of gasoline is ‘汽油’ (gas-oil), over thirty percent of the 4th and 6th graders think ‘all kind of oil is combustible’. On the other hand, have some students of Grades 8 and 11 confuse burning-point and boiling-point. About 17% of the 4th and 6th graders think gasoline is combustible “because gasoline have low boiling-point” .

5. Is glass combustible? 

In figure 5, over half students in each grade chose correct reason ‘no, glass would melt when heating’ (50.0%, 61.4%, 62.1%, 59.8% for Grades 4, 6, 8 and 11 respectively). But the 4th and 6th graders have no item of ‘no, if matter’s component including the element of oxygen, it’s incombustible. Glass is SiO2’. Have 11.7% 8th graders and 19.7% 11th graders chose this distract item. The most chose reason of glass is incombustible that is ‘glass become hot-red liquid when it’s heating’ (11.1%, 15.2%, 13.1% and 9.1% for Grades 4, 6, 8 and 11 respectively).  

The results indicate students lack consistent criteria for classifying combustible matter. These results actually coincide with the findings from the science education literature that students lack consistent alternative conceptions. Taber (1999) found in his study using a diagnostic instrument on ionization energy that “apparently related items do not always receive a consistent level of support from the students” (p.103). Voska & Heikkinen (2000) found only a small proportion of students showed consistency in their thinking when solving the problem of chemical equilibrium. The study by Tan et al. (2002) on students’ understanding of inorganic chemistry qualitative analysis also revealed that only 11% of the subjects (915 Grade 10 students) consistently indicated that a more reactive ion displaces a less reactive ion in a double decomposition reaction. However, it seems likely that if teachers and curriculum designers are aware of commonly held alternative conceptions and factors which may contribute to their formation, it should be possible to improve students’ understanding of chemistry concepts.
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Figure 1. Percentage of each grade students’ answer to the question of “Is hydrogen combustible?”  
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Figure 2. Percentage of each grade students’ answer to the question of “Is iron combustible?”  
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Figure 3. Percentage of each grade students’ answer to the question of “Is polyfoam combustible?”  
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Figure 4. Percentage of each grade students’ answer to the question of “Is gasoline combustible?” 
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Figure 5. Percentage of each grade students’ answer to the question of “Is glass combustible?”  
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																		因為丙酮有極性(O)		19.60%		26.10%

																		因為丙酮和水的密度不同		27.60%		8.30%

																		因為丙酮只溶解油類		23.80%		47.70%						Grade 4		Grade 6		Grade 8		Grade 11

																小四		小六		國二		高二				yse, iron could vilonet react with oxygen		7.50%		5.10%		15.00%		17.00%

														因為氫氣容易爆炸，爆炸也是燃燒的一種現象(O)		18.30%		35.70%		69.20%		86.40%				yes, iron become hot-red liquid when heating		13.50%		19.90%		17.30%		15.50%

														因為只有氧氣可以燃燒		13.10%		17.30%		4.70%		1.10%				yes, if temperature arrive burnig point, immediate cause the combustion		7.50%		5.80%		17.80%		17.40%

														因為氫氣會爆炸，不會燃燒		17.50%		11.20%		7.00%		4.50%				no, iron could melt, not burning		26.20%		45.50%		36.00%		35.20%

														因為氫氣很輕，逸散很快		30.60%		20.90%		8.40%		1.90%				no, metals is incombustible		16.70%		10.80%		6.10%		3.40%
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yse, iron could vilonet react with oxygen

yes, iron become hot-red liquid when heating

yes, if temperature arrive burnig point, immediate cause the combustion

no, iron could melt, not burning

no, metals is incombustible
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yes, glass become hot-red liquid when heating

no, any matters is  incombustible if it's too hard

no, glass would melting when it's heating

no, if matter's  component including the element of oxygene, it's incombustible. Glass is SiO2
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Sheet1

				小四		小六		國二		高二

		因為兩者都是液體		15.90%		12.30%		9.80%		1.90%

		因為有氣泡產生就是互溶		10.70%		9.40%		15.40%		14.40%

		因為洗碗精不含「油」		18.30%		18.40%		27.10%		7.20%

		因為兩者可以互相吸引(O)		20.20%		37.90%		22.00%		61.70%

		因為有泡沫浮在水面上		15.50%		6.90%		9.80%		4.20%

						小四		小六		國二		高二

				因為兩者都可以吃，所以互溶		11.90%		5.80%		1.40%		0.80%

				因為水有稀釋的作用		11.50%		34.30%		56.10%		58.30%

				因為完全混和後，澄清而透明(O)		13.90%		7.60%		14.00%		16.30%

				因為酸性的都可以溶於水		23.00%		15.20%		8.90%		6.80%

				因為醋酸和水會發生化學反應		12.70%		10.50%		2.30%		1.50%

				因為醋酸和水的密度不同		7.90%		14.40%		7.50%		3.00%

				因為醋酸是酸性的物質		16.30%		11.60%		1.40%		1.10%

																				國二		高二

																		因為丙酮有極性(O)		19.60%		26.10%

						小四		小六		國二		高二						因為丙酮和水的密度不同		27.60%		8.30%

				因為又輕又軟的物體都可燃燒		11.50%		4.70%		1.40%		0.40%						因為丙酮只溶解油類		23.80%		47.70%						小四		小六		國二		高二

				因為保麗龍是可燃物(O)		27.40%		29.20%		23.40%		18.60%				小四		小六		國二		高二				因為鐵也可以和氧起激烈反應(O)		7.50%		5.10%		15.00%		17.00%

				因為保麗龍加熱會產生黑煙，有黑煙產生就是燃燒		21.00%		26.40%		18.20%		16.30%		因為氫氣容易爆炸，爆炸也是燃燒的一種現象(O)		18.30%		35.70%		69.20%		86.40%				因為溫度很高時，鐵會變為紅色的液態		13.50%		19.90%		17.30%		15.50%

				因為保麗龍遇熱會產生毒氣		27.80%		27.10%		24.80%		4.50%		因為只有氧氣可以燃燒		13.10%		17.30%		4.70%		1.10%				因為只要溫度到達燃點，就立刻燃燒		7.50%		5.80%		17.80%		17.40%

				因為保麗龍加熱只會變軟熔化						15.40%		22.70%		因為氫氣會爆炸，不會燃燒		17.50%		11.20%		7.00%		4.50%				因為鐵遇熱只會熔化不會燃		26.20%		45.50%		36.00%		35.20%

														因為氫氣很輕，逸散很快		30.60%		20.90%		8.40%		1.90%				因為金屬不能燃燒		16.70%		10.80%		6.10%		3.40%

								Grade 4		Grade 6		Grade 8		Grade 11

						yes, glass become hot-red liquid when heating		11.10%		15.20%		13.10%		9.10%								小四		小六		國二		高二

						no, any matters is  incombustible if it's too hard		17.10%		8.30%		2.80%		0.40%						因為油類的都會燃燒		32.50%		30.30%		18.70%		5.70%

						no, glass would melting when it's heating		50.00%		61.40%		62.10%		59.80%						因為汽油會和氧起劇烈反應(O)		52.00%		61.00%		60.30%		73.10%

						no, if matter's  component including the element of oxygene, it's incombustible. Glass is SiO2						11.70%		19.70%						因為汽油的沸點低						16.40%		17.00%
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yes, glass become hot-red liquid when heating

yes, glass become black when heating

no, any matters is  incombustible if it's too hard

no, glass would melting when it's heating

no, if matter's  component including the element of oxygene, it's incombustible. Glass is SiO2
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yes, hydrogen could lead to explosive, explosive is a kind of burning

no, only oxygen is combustible

no, hydrogen would explosive is'nt combustion

no, hydrogen is so light
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Sheet1

				小四		小六		國二		高二

		因為兩者都是液體		15.90%		12.30%		9.80%		1.90%

		因為有氣泡產生就是互溶		10.70%		9.40%		15.40%		14.40%

		因為洗碗精不含「油」		18.30%		18.40%		27.10%		7.20%

		因為兩者可以互相吸引(O)		20.20%		37.90%		22.00%		61.70%

		因為有泡沫浮在水面上		15.50%		6.90%		9.80%		4.20%

						小四		小六		國二		高二

				因為兩者都可以吃，所以互溶		11.90%		5.80%		1.40%		0.80%

				因為水有稀釋的作用		11.50%		34.30%		56.10%		58.30%

				因為完全混和後，澄清而透明(O)		13.90%		7.60%		14.00%		16.30%

				因為酸性的都可以溶於水		23.00%		15.20%		8.90%		6.80%

				因為醋酸和水會發生化學反應		12.70%		10.50%		2.30%		1.50%

				因為醋酸和水的密度不同		7.90%		14.40%		7.50%		3.00%

				因為醋酸是酸性的物質		16.30%		11.60%		1.40%		1.10%

																				國二		高二

																		因為丙酮有極性(O)		19.60%		26.10%

																		因為丙酮和水的密度不同		27.60%		8.30%

																		因為丙酮只溶解油類		23.80%		47.70%

																Grade 4		Grade 6		Grade 8		Grade 8

														yes, hydrogen could lead to explosive, explosive is a kind of burning		18.30%		35.70%		69.20%		86.40%

														no, only oxygen is combustible		13.10%		17.30%		4.70%		1.10%

														no, hydrogen would explosive is'nt combustion		17.50%		11.20%		7.00%		4.50%

														no, hydrogen is so light		30.60%		20.90%		8.40%		1.90%
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yes, hydrogen could lead to explosive, explosive is a kind of burning

no, only oxygen is combustible

no, hydrogen would explosive is'nt combustion

no, hydrogen is so light
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yes, all kind of oil is combustible

yes, gasoline would vilonet react with oxygen

yes, because gasoline have low boling-point
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Sheet1

				小四		小六		國二		高二

		因為兩者都是液體		15.90%		12.30%		9.80%		1.90%

		因為有氣泡產生就是互溶		10.70%		9.40%		15.40%		14.40%

		因為洗碗精不含「油」		18.30%		18.40%		27.10%		7.20%

		因為兩者可以互相吸引(O)		20.20%		37.90%		22.00%		61.70%

		因為有泡沫浮在水面上		15.50%		6.90%		9.80%		4.20%

						小四		小六		國二		高二

				因為兩者都可以吃，所以互溶		11.90%		5.80%		1.40%		0.80%

				因為水有稀釋的作用		11.50%		34.30%		56.10%		58.30%

				因為完全混和後，澄清而透明(O)		13.90%		7.60%		14.00%		16.30%

				因為酸性的都可以溶於水		23.00%		15.20%		8.90%		6.80%

				因為醋酸和水會發生化學反應		12.70%		10.50%		2.30%		1.50%

				因為醋酸和水的密度不同		7.90%		14.40%		7.50%		3.00%

				因為醋酸是酸性的物質		16.30%		11.60%		1.40%		1.10%

																				國二		高二

																		因為丙酮有極性(O)		19.60%		26.10%

						小四		小六		國二		高二						因為丙酮和水的密度不同		27.60%		8.30%

				因為又輕又軟的物體都可燃燒		11.50%		4.70%		1.40%		0.40%						因為丙酮只溶解油類		23.80%		47.70%						小四		小六		國二		高二

				因為保麗龍是可燃物(O)		27.40%		29.20%		23.40%		18.60%				小四		小六		國二		高二				因為鐵也可以和氧起激烈反應(O)		7.50%		5.10%		15.00%		17.00%

				因為保麗龍加熱會產生黑煙，有黑煙產生就是燃燒		21.00%		26.40%		18.20%		16.30%		因為氫氣容易爆炸，爆炸也是燃燒的一種現象(O)		18.30%		35.70%		69.20%		86.40%				因為溫度很高時，鐵會變為紅色的液態		13.50%		19.90%		17.30%		15.50%

				因為保麗龍遇熱會產生毒氣		27.80%		27.10%		24.80%		4.50%		因為只有氧氣可以燃燒		13.10%		17.30%		4.70%		1.10%				因為只要溫度到達燃點，就立刻燃燒		7.50%		5.80%		17.80%		17.40%

				因為保麗龍加熱只會變軟熔化						15.40%		22.70%		因為氫氣會爆炸，不會燃燒		17.50%		11.20%		7.00%		4.50%				因為鐵遇熱只會熔化不會燃		26.20%		45.50%		36.00%		35.20%

														因為氫氣很輕，逸散很快		30.60%		20.90%		8.40%		1.90%				因為金屬不能燃燒		16.70%		10.80%		6.10%		3.40%

																						Grade 4		Grade 6		Grade 8		Grade 11

																				yes, all kind of oil is combustible		32.50%		30.30%		18.70%		5.70%

																				yes, gasoline would vilonet react with oxygen		52.00%		61.00%		60.30%		73.10%

																				yes, because gasoline have low boling-point						16.40%		17.00%
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因為油類的都會燃燒

因為汽油會和氧起劇烈反應(O)

因為汽油的沸點低
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