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Referees’ comments:

Referees’ #1 comments

1. The main question, how can concepts about heat and temperature and their differences be acquired by students, is appropriate and merits study, and the practical works are a good way to help to obtain scientific literacy. However, the text falls short of what is expected. It does  not show what the title intends. It describes some experiments to be performed by teacher and students in order to gain scientific literacy, but neither the description is complete or detailed enough they can be easily repeated without problems, nor the accompanying reasoning and methodology are shown and discussed in order to reply the educational path, besides what is assumed to be known by teachers, nor a proof of benefits is given (time to acquire competences, mean qualifications obtained by students...). A major revision is suggested, i.e., rewriting most of the article, in order to show lessons for other teachers and researchers in the educational field.

2. For instance, the direct observation of the thermal expansion of a liquid (alcohol in fig. 3 right) would suggest “Why not use a parabolic thermal expansion law?” An “easy of use” argument should follow to justify a linear approximation, or an alternative could be to try to find why itmappears as it does. Also, in the thermal expansion of a solid rod, the length is not indicated. If it is steel, with near 0.2 m length, expected expansion for a 40ºC temperature increase would be in the tenths of millimeter, and with an ordinary digital ‘vernier’ caliper, it would be uncertain to try to obtain more than 3 digits for the coefficient of thermal expansion. The egg cracking device experiment is not well described. The use of the watt meter should be clarified, as the measure could be an indication of (specific + latent) heat capacity effect, or of the effect of thermal insulation. Finally, conclusions should be stated following the experience with the proposed experiments.

3. The main question, how can concepts about heat and temperature and their differences be acquired by students, is appropriate and merits study, and the practical works are a good way to help to obtain scientific literacy.  However, the text in the actual form must be improved before being published

Referees’ #2 comments

1. This work presents a series of eight experiences of construction of scientific knowledge in an Indonesian high school with the purpose of developing a scientific culture in their pupils. The investigation topics are heat and temperature, which the students should distinguish and correctly apply in the resolution of daily problems. The conclusions are appropriate at the work presented.

2. The work is interesting by the number of practices carried out and by being made by high schools students. But it doesn’t contribute new ideas or develops aspects of the evaluation of this improvement with respect to other methods of learning.

3. The structure of the article is appropriate. The number of figures and diagrams is correct. However, some of the photographs presented haven’t adequate clarity or enough size, (Fig. 2, 3, 5 and 6). The compression of the above is not self-evident and a clearer explanation of some figures would require.

4. The article is clear, readable and easily understood. The work is based on updated sources of bibliographic references. Perhaps, as negative aspect, the expression "scientific literacy" are in excess used. Rewrite the Introduction text with alternative expressions with the same meaning or to allude to the concept of indirectly is recommended as far as possible.

5. Even I am not a native English speaker, a full revision of English grammar and spelling is recommended. In article, line 259, 262, 267 and 296, it appears the expression "egg-cracking machine", but the equipment described corresponds to an "egg incubator". Similarly, in 270, 284 lines, is expressed as "effect of blanket toward heat received and given" to the "effect of thermal insulation" which is more correct from a thermodynamic point of view.



RESPONSE TO REFEREE #1’S COMMENTS:

Referee’s Comments 1

[bookmark: _GoBack]The main question, how can concepts about heat and temperature and their differences be acquired by students, is appropriate and merits study, and the practical works are a good way to help to obtain scientific literacy. However, the text falls short of what is expected. It does  not show what the title intends. It describes some experiments to be performed by teacher and students in order to gain scientific literacy, but neither the description is complete or detailed enough they can be easily repeated without problems, nor the accompanying reasoning and methodology are shown and discussed in order to reply the educational path, besides what is assumed to be known by teachers, nor a proof of benefits is given (time to acquire competences, mean qualifications obtained by students...). A major revision is suggested, i.e., rewriting most of the article, in order to show lessons for other teachers and researchers in the educational field.

Response to Referee’s Comments 1

Thank refree for giving the helpful suggestion. After carefully review the whole of our article, we now have improved the overall content based on all your suggestions.

“How can concepts about heat and temperature and their differences be acquired by students, is appropriate and merits study, and the practical works are a good way to help to obtain scientific literacy. However, the text falls short of what is expected. It does  not show what the title intends.”

In this case, we have explained the clear significance of this study in the whole of the introduction at lines 19 – 133.

“It describes some experiments to be performed by teacher and students in order to gain scientific literacy, but neither the description is complete or detailed enough they can be easily repeated without problems, nor the accompanying reasoning and methodology are shown and discussed in order to reply the educational path, besides what is assumed to be known by teachers, nor a proof of benefits is given (time to acquire competences, mean qualifications obtained by students...). A major revision is suggested, i.e., rewriting most of the article, in order to show lessons for other teachers and researchers in the educational field.”

In this case, we have explained the complete details of experiments including the problems provided, assumption, and reasonable methods at lines 135 – 242.


Referee’s Comments 2

For instance, the direct observation of the thermal expansion of a liquid (alcohol in fig. 3 right) would suggest “Why not use a parabolic thermal expansion law?” An “easy of use” argument should follow to justify a linear approximation, or an alternative could be to try to find why itmappears as it does. Also, in the thermal expansion of a solid rod, the length is not indicated. If it is steel, with near 0.2 m length, expected expansion for a 40ºC temperature increase would be in the tenths of millimeter, and with an ordinary digital ‘vernier’ caliper, it would be uncertain to try to obtain more than 3 digits for the coefficient of thermal expansion. The egg cracking device experiment is not well described. The use of the watt meter should be clarified, as the measure could be an indication of (specific + latent) heat capacity effect, or of the effect of thermal insulation. Finally, conclusions should be stated following the experience with the proposed experiments.


Response to Referee’s Comments 2

The comments are accepted, we have revised the explanation based on your suggestion.

“For instance, the direct observation of the thermal expansion of a liquid (alcohol in fig. 3 right) would suggest “Why not use a parabolic thermal expansion law?” An “easy of use” argument should follow to justify a linear approximation, or an alternative could be to try to find why itmappears as it does.”

In our revision, to ease data collection and show more accurate data, the measurement is performed using a digital thermometer while the length expansion of alcohol is recorded using a video recorder. This strategy is very helpful to investigate temperature change during volume expansion. The graph is also taken from data of volume expansion in liquids. It can be concluded that this experiment can facilitate students to test the prediction of the nature of thermal expansion. Students propose the hypotheses that the graph is predicted as the linear expansion. This property is important to set the good quality of thermometer. The assumptions is addressed to this result, the increase of themperature in alcohol inside test tube should be the same as the increase of themperature in water detected by a digital thermometer. If the fact does not follow the assumption, the result tend to show the small error. As a result, the alcohol linear expansion tends to show the proportional function to the 96.84% linear expansion with the function of ΔL=0.2326 ΔL - 0.37102 and 3.16% error. The error can be found due to the difficulties of placing the digital thermometer in the water. It is previously assumed that the temperature indicated by the thermometer is the same as the temperature inside the alcohol-cylinder thermometer. Furthermore, the effect of heat received by the glass is also neglected in this investigation. The hand-made thermometer calibration can be conducted after obtaining this data. Students are able to make lines in this small cylinder to indicate certain temperatures. Finally, the hand-made thermometer can be used in another case for exercising the student’s creativity as a goal of nature of science. Students understand the basic principle of the thermometer, plan the thermal expansion experiment, and make a product as required in a conception on nature of science.

“in the thermal expansion of a solid rod, the length is not indicated. If it is steel, with near 0.2 m length, expected expansion for a 40ºC temperature increase would be in the tenths of millimeter, and with an ordinary digital ‘vernier’ caliper, it would be uncertain to try to obtain more than 3 digits for the coefficient of thermal expansion.”

In our revision, To use this equipment, the metal rod (30 cm length, 6.5 mm diameter) is placed on the Musschenbroek apparatus, students use materials from copper, zinc, brass, steel, and stainless steel for this experiment....
	No
	Materials
	Linear Temperature Expansion Coefficient
αmeasured (K-1)
	Reference 
αstandard (K-1)
	Percentage Error (%)

	1
	Copper
	1.74 × 10-5
	1.70 × 10-5
	2.29

	2
	Zinc
	2.94 × 10-5
	3.00 × 10-5
	1.93

	3
	Brass
	1.96 × 10-5
	1.90 × 10-5
	3.05

	4
	Steel
	1.11 × 10-5
	1.18 × 10-5
	5.93

	5
	Stainless Steel
	1.77 × 10-5
	1.73 × 10-5
	2.08


Table 2. Experiment result of linear temperature expansion coefficient based on equipment design in Figure 6

“The egg cracking device experiment is not well described. The use of the watt meter should be clarified, as the measure could be an indication of (specific + latent) heat capacity effect, or of the effect of thermal insulation. Finally, conclusions should be stated following the experience with the proposed experiments.”

In our revision, For the industrial purposes, the utilization of bimetal is also applied to the egg incubator electronically. In thermostat, there is a bimetal that actually moves as the temperature changes and this movement causes the electrical connection to open or close. As they expand and contract differently, they move closer together or farther apart.  This is what causes the electrical connection to open or close. In this work, a digital thermostat will include a thermometer as part of the device so the students can set the incubator thermostat to the desired set-point and then just walk away. A room (40 x 30 x 30 cm) made of plastics can be set to construct the egg incubator. In this design, the environmental temperatures can be maintained and controlled by an electrical thermostat. Heat is given by a lamp placed in the container while eggs are placed in the same container. The thermostat will monitor heat produced by the lamp, and the lamp will turn on and turn off based on the temperature set by ourselves. Although the results should be further optimized, students can really apply the concept of bimetal in manufacturing egg incubator.

The experiment detail of egg incubator was also described in Table 2 Point (7).


Referee’s Comments 3

The main question, how can concepts about heat and temperature and their differences be acquired by students, is appropriate and merits study, and the practical works are a good way to help to obtain scientific literacy.  However, the text in the actual form must be improved before being published

Response to Referee’s Comments 3

In this case, we have explained the complete details of experiments including the problems provided, assumption, and reasonable methods at lines 135 – 242.



RESPONSE TO REFEREE #2’S COMMENTS:

Referee’s Comments 1

This work presents a series of eight experiences of construction of scientific knowledge in an Indonesian high school with the purpose of developing a scientific culture in their pupils. The investigation topics are heat and temperature, which the students should distinguish and correctly apply in the resolution of daily problems. The conclusions are appropriate at the work presented.

Response to Referee’s Comments 1

Thank refree for giving the helpful suggestion.


Referee’s Comments 2

The work is interesting by the number of practices carried out and by being made by high schools students. But it doesn’t contribute new ideas or develops aspects of the evaluation of this improvement with respect to other methods of learning.

Response to Referee’s Comments 2

Thank refree for giving the helpful suggestion. After carefully review the whole of our article, we now have improved the overall content based on all your suggestions as seen in Lines 154-242.


Referee’s Comments 3

The structure of the article is appropriate. The number of figures and diagrams is correct. However, some of the photographs presented haven’t adequate clarity or enough size, (Fig. 2, 3, 5 and 6). The compression of the above is not self-evident and a clearer explanation of some figures would require.

Response to Referee’s Comments 3

The comment is accepted, we have revised that figures. The detail explanation of the experiment has been described in Table 2.


Referee’s Comments 4

The article is clear, readable and easily understood. The work is based on updated sources of bibliographic references. Perhaps, as negative aspect, the expression "scientific literacy" are in excess used. Rewrite the Introduction text with alternative expressions with the same meaning or to allude to the concept of indirectly is recommended as far as possible.

Response to Referee’s Comments 4

The comment is accepted and very helpful. We now have revised the whole of introduction as seen in Lines 19-133.


Referee’s Comments 5

Even I am not a native English speaker, a full revision of English grammar and spelling is recommended. In article, line 259, 262, 267 and 296, it appears the expression "egg-cracking machine", but the equipment described corresponds to an "egg incubator". Similarly, in 270, 284 lines, is expressed as "effect of blanket toward heat received and given" to the "effect of thermal insulation" which is more correct from a thermodynamic point of view.

Response to Referee’s Comments 5

The comment is accepted. We now have revised the terms based on your suggestions.

For the industrial purposes, the utilization of bimetal is also applied to the egg incubator electronically. In thermostat, there is a bimetal that actually moves as the temperature changes and this movement causes the electrical connection to open or close. As they expand and contract differently, they move closer together or farther apart.  This is what causes the electrical connection to open or close. In this work, a digital thermostat will include a thermometer as part of the device so the students can set the incubator thermostat to the desired set-point and then just walk away. A room (40 x 30 x 30 cm) made of plastics can be set to construct the egg incubator. In this design, the environmental temperatures can be maintained and controlled by an electrical thermostat. Heat is given by a lamp placed in the container while eggs are placed in the same container. The thermostat will monitor heat produced by the lamp, and the lamp will turn on and turn off based on the temperature set by ourselves. Although the results should be further optimized, students can really apply the concept of bimetal in manufacturing egg incubator.
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Figure 8. Experiment design on investigating the effect of thermal insulation

As the PISA 2015 deliver the simulation of heat transfer, the students are asked to investigate the conditions that will produce the most effective cooling effects (4oC) for keeping food fresh in the Zeer pot by altering the thickness of the sand layer and the moisture conditions. The same as PISA’s study, in this work, the students will be challenged to set the effective set in order to maintain temperature (75oC) of hot coffee or milk tea. Figure 8 shows the experimental design to investigate the effect of thermal insulation. As the understanding of Black’s principle, to identify the effect of heat given towards temperature change of an object including its phase, this phenomenon can be demonstrated easily. We can use the water heaters available in markets. The water heater should be equipped with a watt meter plug to provide information about the amount of constant electrical energy supplied (heat given) to the system although there is energy loss released to the environment. By using the watt meter as seen in Figure 8, the heat supplied to the system can be monitored real time.  The thermometer is also contacted to the water in this container. The temperature increment can be seen by turning on and improve the power of this machine supplying the heat to the system. By applying Black’s principle stating that “By mixing the two substances, the amount of heat that is released substances higher temperature equal to the number of heat received by a lower temperature substance”. This experiment uses a calorimeter to investigate temperature change. The students are asked to develop the project in order to investigate the efficiency of heat received by the system by inserting thermal insulation materials such as styrofoam (1.3 J.g-1K-1), sawdust (1.2 J.g-1K-1) and dacron (1.1 J.g-1K-1). The engineering process is also included in this work. Students will be able to design the appropriate thermal insulation materials based on its type or thermal insulation thickness. The result implied that specific heat capacity plays significant role in insulating the heat and maintain the temperature of hot coffee.



Tel. / Fax. 62 22-2001108, email: ekacahyaprima@upi.edu

image4.jpeg




image1.png
AL = 0.2326 AT — 3.7102




image2.jpeg




image3.emf

image5.png




