
Insulation

Introduction

Although laboratory activities may form part of the most eighth

graders' science instruction, there is little chance for experimen-

tation. The purpose of most laboratory work is to confirm results

or to provide experiences for concepts introduced previously.

Seldom do students have a chance to plan and carry out a real

experiment that has no clear "right" answer.

Insulation gave them this chance. It set forth an interesting

question in a practical context. No special materials or laboratory

equipment were involved. There was nothing to signal that this

was a science test. Yet, both scientific concepts and procedures

were evaluated as students investigated the relative heat loss of

different hot drink containers.

Description

•Students were asked to evaluate the insulating

capacity of three hot drink cups and to come to

a decision based on their findings. They were

provided with the materials necessary to carry

out and record such an investigation. The role^

of the administrators was limited to observing

students' procedures although, at the con-

clusion of the experiment, they discussed the

students' decisions with them.

Materials: an insulated plastic cup

a plastic mug
a styrofoam cup

3 thermometers

rulers

1 large container filled with hot water

a stopwatch

plain paper

250 ml beakers

a graduated cylinder
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Basically, students were asked tocompare the relationship

between time and loss of heat for each of the three cups.

In order to do this they had to identify thevariables—what

was to be manipulated (the independent variable), what

was to be kept the same (the controlled variable) and what

was to be compared (the dependent variable). They also

had to consider the degree of standardization needed in

order to get reliable results for the three cups.

Reads thermometer before putting into

cups (both at 30 degrees)

Starts timer—adds more water after 50

seconds

Checks temperature after 1 minute.

Insulated cup temperature Is higher.

The Controlled Variable: Quantity of

Water

Seventy percent of students controlled for the quantity of

water by measuring the same amount for each container.

Another 7 percent appeared to recognize the need for

identical quantities but used the level of the water in each

container as the measurement, without accounting for the

fact that each container had a different shape and, conse-

quently, would hold different amounts of water at the

same level. The rest (23 percent) did not seem to under-

stand that the quarttity ofwater would affect results.

In the example below, the students use a ruler to measure

the amount ofwater in each cup. This casts doubt on their

understanding of heat loss, as well as their understanding

ofvolume and conservation. Did they notice that the cups

differed in circumference? Do they realize that this dif-

ference would affect the quantity of water at different

levels? If so, did they realize that a large quantity ofwater

will retain heat much longer than a smaller quantity?

Without these basic conceptual understandings, the ex-

perimental procedures themselves are meaningless.

Pours water into each cup-no measuring

Thermometers into cups

Sets timer for 1 minute

Checks temperature in each cup after 1 minute

Starts another temperature check. Puts more water

In each cup after 40 seconds

Stop again (1 minute) -plastic cup worst

Styrofoam and Insulated the same—checks these

two. Measures amount of water In each using ruler.

The Independent Variable:

Time Elapsed

Although 67 percent of students used the same

elapsed time for each of the three cups, the

length chosen appeared to be arbitrary. Stu-

dents did not seem to recognize that the prob-

lem was posed in a practical context, implying

such considerations as: "For how long would I

want the coffee to stay warm?" Had they con-

sidered such a question, they might have timed

the temperature loss for more than the one or

two minutes that many students appeared to

believe would suffice. Only 27 percent of the

students took the temperature over a time

period of 4 minutes or longer.

Given the nature of the material used in the

cups, this is of particular concern. It appears

that the rate of heat loss for the individual cups

varied over time. Whereas the insulated cup

showed a drop in initial temperature as heat was

absorbed by the material, it retained heat longer

than the others. Only slightly more than a

quarter of the students waited long enough to

be able to record the different rates of heat loss

for the various cups.

The students described below are more typical.

They placed the thermometer in the

styrofoam cup and filled it. Took
temperature-42 degrees, then started

timer. After 1 minute It went to 41 degrees.

Then they did the plastic cup using the

same thermometer. Poured water in, set

the timer, waited a second for

thermometer to adjust, took a reading at



40 degrees. After 1 minute it stayed at 40 degrees.

Did the same with the insulated cup, but it showed

a reading of 41 degrees initially. After 1 minute the

reading was the same.

They decided that two cups were good insulators.

The Dependent Variable: Heat Loss

Establishingthe initialtemperature. Because water coming

from different levels in the source container could have

different temperatures even if all the cups were filled at

the same time, it could not be taken for granted that the

initial water temperature was identical in each. Conse-

quently, in order to establish the relative heat loss of the

three cups, an initial baseline had to be established for

each. Many students did not recognize this. Although 46

percent took the temperature of the water immediately

after pouring it into the cups, another 42 percent took it

only after some time had passed. These students merely

assumed that the initial water temperature would be iden-

tical in all cups.

Charting the heat loss. Thirty-five percent of the students

took only one temperature reading and 4 percent made

their decisions on the basis of no readings at all. Some
merely felt the outside of the cups. At the other extreme,

20 percent of the students took five or more readings in

order to chart the relative heat loss of the various cups.

The students described below took no initial temperature,

making their decision on the basis of a single reading.

Although they used the timer, the length that they waited

(20 seconds) was unrelated to the practical considerations

presented in the problem. According to the administrator,

they were concerned about the water cooling in the buck-

et, but this did not affect their decision to fill and measure

each cup separately.

Measured 1 00 ml of water starting with styrofoam cup

(felt outside of cup). Timed for 20 seconds. 45

degrees.

Measured 100 ml into plastic mug. Checked

temperature after 20 seconds and felt outside of cup.

43 degrees.

Repeated procedure with insulated

cup—47 degrees.

Decided insulated cup.

Administrator's comment: They showed
concern that the water was cooling in the

bucket while testwas going on. They also

had great concern for how hot the cups

felt with hot water inside. They said that

the water in the styrofoam and plastic

cups were losing heat to the cups and that

did not happen in the insulated cup.

Recording of Data

The basic "stuff" of an experiment is the data

collected. In order to observe a relationship it

is necessary to collect and record the changes

that occur when one variable is related to

another. Although approximately half the stu-

dents recorded some data, this consisted mainly

of the final results only. Few saw the necessity

ofkeeping track of interim data. As a result, few

noted the different rate of heat loss in the dif-

ferent cups. The charts below illustrate the

work ofsome students who did keep a record of

their results.
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Laboratory Procedures

In addition to recognizing the need for keeping the time

and quantity variables constant, students had to establish

a set of procedures that were precise and standardized for

all the cups. Their difficulties in doing this stemmed, in

part, from a lack of experience with using the instruments.

For example, many did not realize that the temperature

shown on the thermometer had to stabilize before an

accurate reading could be made. Others did not realize

that constantly taking the thermometer in and out of the

water affected the accuracy of the reading.

Most students hurried through their work, intent only at

arriving at a solution. The students described below are

typical of many who did not seem to understand the need

for precise measurement and careful recording. Not only

did they assume that all the cups would have the same

temperature, but they did not appear to identify that rising

temperature was an anomaly that suggested an error in

their procedure.

Measured out 150 ml, poured Into Insulated cup

Measured out 150 ml, poured Into styrofoam. Put

thermometer Into Insulated cup—temp = 38

Assumed temperature same In each.

Allowed 2.5 minutes

Checked thermometers to make sure they

were the same. Wanted to get all same
(but one was touching thermometer near

bulb, saying that they should be careful

not to touch the bulb)

Insulated cup = 40

Styrofoam = 42

Plastic mug = 38

Administrator's note: No comment on the

fact that temperature went up instead of

down.

Although students who were taking algebra

(our only measure of general school perfor-

mance) tended to perform better than others,

this was not necessarily the case. For example,

the following pair ofstudents were academically

advanced but showed little understanding of the

requirements of an experiment.

Poured some water into each beaker, put

thermometers in, watched thermometers

rise.

Poured water out of insulated cup. When
I asked "Why?," they said, "Because it was
too low (temperature)' already."

Kept watching the remaining two cups

and thermometers.

Poured more water into both cups, read

both thermometers and said it was
definitely the styrofoam cup.

The administrator commented: I don't

know how they threwthe insulated cup out

so fast. They took temperatures of

different cups at random. They guessed

as to degree readings, rounded off to

nearest temperature. The number of

readings per cup varied. They did no

recording of data. Amount of water was
different in each cup. Although

enthusiastic and engaged throughout,

there was little apparent concern for

accuracy.

J



Factors Associated with Success

Those who did well on the task:

• showed confidence

• remained engaged throughout until completion

• were careful about checking results

• were enthusiastic

• had done something like this before

Partner admonishes selected student to

keep thermometer In water. Added
3-mlnute and 4-mlnute readings.

Decided they should repeat to verify

results (as per their teacher).

Insulated cup best, styrofoam next, mug
worst

Second trial- insulated and styrofoam

tied. Mug still worst.

Approximately 29 percent of the students said that they

had participated in an experiment like this before. This

experience did effect the performance of many. For ex-

ample, the following pairs of students accomplished the

task with efficiency. In both cases, the administrators

noted that the students had previous experience with this

kind of experiment. They noted that the students were

confident and enthusiastic and were careful in checking

results.

Example 1:

They filled beakers to 150 ml, placed thermometers

in cups, make chart and then simultaneously poured

the water into each container. Took first reading at

43 degrees once stabilized. Took another reading

within seconds but did not refer to the stop watch.

Continued to take readings. I discovered that

Heather was taking 30 second reading. (Position of

stop watch prevented my seeing this part of their

work.) Continued to take readings at 30 second

intervals for 5 minutes. Insulated cup held heat

longest, chart made.

Example 2:

Thermometer in each cup -paper set up as data

table.

150 ml of water in each beaker were transferred to

cups, stopwatch for 30 seconds as initial reading.

Read again at 1 minute, 2 minutes.

On the other hand, many of those who were not

successful appeared to enjoy the task. One ad-

ministrator quotes a student as saying, "I liked

this. It was fun to be chpsen. I usually get left

out." The administrator goes on to comment:

"They had never been given a problem to figure

out without being told what to do before. They
have done experiments in science but not like

this. They continued to discuss which cup they

would buy as I write this."

Another wrote:

These boys loved what they were doing!!

At the end, they said they wished they

could always take tests this way. When I

asked them why, the selected student

said, "Because it's more interesting and
you actually learn stuff while you are being

tested. It's more fun when it's not so im-

portant that you get one special answer."

The administrator goes on to comment:
"...strange, since selected student didn't

conclude anything but what his initial

guess was..even though he did waver

slightly in the face of the data."

On the other hand, not all were so enthusiastic.

Administrators rated approximately 30 percent

of the students as neutral about the activity.

Approximately the same percentage were seen

to be uncertain about how to go about the

problem. Although we did qot look at the cor-

relation between the two, anecdotal evidence

suggests that the open-ended nature of the task

exacerbated any anxiety that students may have

felt when faced with an unfamiliar type of

problems. In general, fewer students showed

enthusiasm for Insulation than they did toward



Cubes and Circuits, both ofwhich were more structured.

An administrator's note about one pair ofstudents further

confirms this conjecture.

"Students seemed afraid to use equipment, had no

idea how to set up the experiment and wanted to be

done as quickly as possible. Students really did not

want to touch any equipment."

• a lack of recognition that the purpose of

the task was to record and interpret a

relationship, not just produce an answer.

• a lack ofunderstanding ofthe role ofdata

in any investigation.

• some misconceptions about the transfer

of heat and the conservation of volume.

Summary of Results

Few students had a clear idea of what the task involved.

Many took the instruction to "find out the cup that holds

the heat the best" at face value and started to pour and

measure without much consideration of the factors that

might affect their results. Perhaps they did not even recog-

nize the task as a "scientific experiment" for which certain

procedures applied. In any case, few took the time to

organize a plan or to identify the dependent and inde-

pendent variables. It is doubtful that they even recognized

their relevance.

Many students appeared to be concerned only with

producing an answer. They did not recognize that how
they went about the task was relevant or affected the

validity of their answer. Administrators noted that only 35

percent of the students appeared to be concerned with

accurate procedures, carefully checking their results. Al-

though about half the students made some record of the

results, there was very little attempt to use the data. Few
made any attempts to examining it for patterns or

anomalies, such as the different rates of heat loss of the

various cups. In other words, theprocess of experimenta-

tion was of little concern to most students. Perhaps they

did not see how a scientific approach could be applied to

anything as prosaic as evaluating the efficiency of hot drink

cups.

Students exhibited a variety of problems on this task.

Briefly, they were:

• little clarification of the problem, planning of the

experiment, or evaluation of the results.

• some inability to recognize the requirements of the

problem, i.c, that it called for experimental controls

and standardized procedures.

• little apparent understanding of the different types

of variables involved.

Extension for Classroom

Instruction

This is a change from the usual laboratory situa-

tion in which procedures are followed in order

to produce the "right" result. Insulation asks

students to investigate a real situation that is of

some potential interest to them. Since we have

no data on how these students would have per-

formed in a more "text-book" type of experi-

ment, we cannot compare. However, it does

seem evident that, even if they are capable of

using a scientific approach in their science clas-

ses, they do not recognize its applicability in

other contexts. Although these students may

have performed more "scientifically" in a situa-

tion that was clearly labelled as such, basic ap-

proaches to investigation should not be limited

to the laboratory.

Educators contend that students perform poor-

ly in science because science instruction is over-

loaded with terminology and factual knowledge

to the exclusion of the practice of science. The

usual response to such charges is a demand for

more laboratory work. However, following

text-book procedures to establish known out-

comes (the most common form of lab work) is

not really practicing science either. When stu-

dents have been observed and questioned on

what they are doing and why, they often show

little understanding of the factors involved.

Their main concern is getting the "right" answer

(which, in many cases, they already know). Al-

though they may be learning laboratory techni-

ques, they are not necessarily learning to

practice science, lb practice science well re-

quires a willingness to analyze problems, as well

as the ability to follow certain procedures.



In addition, a scientific approach can be the subject for

instruction—not in the abstract, as a bit of factual

knowledge, but through activities. For example, the steps

in text-book lab experiments can be cut out, scrambled,

and given to students to order. Can they reconstruct the

original order? What is the rationale? Could the experi-

ment be done another way? This may lead to discussion

and more thoughtful consideration of certain procedure.

The knowledge gained may generalize beyond the class

when students better understand the reasons forwhy their

experiments are structured the way they are.

Other booklets in this series offer specific suggestions for

investigations that can be used as the starting points for

experiments. For example, Popcorn Estimation provides

a series of group investigations involving weighing and

measuring. Circuits list some tasks involving electricity.

Beyond this, there are commercially produced books that

give investigative, in contrast to confirmatory, experi-

ments related to the concepts involved in Insulation. 1

Such investigations, particularlywhen they are carried out

by different small groups, can provide vehicles for practice

in scientific thinking. Students can create their own ques-

tions, observe and record interesting phenomenon, make
hypotheses and test them. The advantage ofgroup work,

aside from the obvious requirement that students must

communicate with each other within the group, is that

groups mayvary in their results and interpretations. Ifsuch

differences occur, they provide the opportunity for groups

to defend their methods and justify their conclusions

before discriminating peers. In such cases, not only do

students begin to act like scientists, but they learn the

necessity of recording accurately and communicating

clearly. They also learn that their work has to be defen-

sible, that a "right" answer is not necessarily right.

known to what might be, and attempting

to test the hypotheses. This Is the scien-

tific process, and It can be broadly ap-

plied.2

In evaluatingstudents' ability to apply the scien-

tific process to problems, the correct answer is

far less important than how students go about

the task. Students' approach to the task also

gives insight into their understanding of the

concepts involved. For example, in Insulation

it was evident from their actions that most stu-

dents had little appreciation of the role of con-

trolling variables in the experiment.

Those who have attempted to classify the kinds

of behavior that should be assessed in science

have suggested four distinct categories.

Planning:

raising and clarifying problems

designing investigations

Performing

observing

manipulating

data gathering

Interpreting

data handling

making inferences and evaluations

predicting and explaining

Communicating

reporting

justifying results

Adaptation for Evaluation

In discussing the aims of schools science, Rosalyn Yalow,

a Nobel Laureate for her work in physics, stated:

Science is not simply a collection of facts; it is a

discipline of thinking about rational solutions to

problems after establishing the basic facts derived

from observations. It is hypothesizing from what Is

The evaluation checklist on the next page

generally follows this format. It is similar to that

used in thestate-wide administration of the test.

It primarily concerns the experimental process,

how well students adapt what they know of the

scientific approach to an actual problem. How-
ever, it also addresses how well students under-

stand the problem itself and the concepts

involved. In order to explore this, we asked the

performance test administrators to discuss the

task with the students after they had reached

See Schools Council. Change: Stage 3. Milwaukee, WI: Macdonald-Raintree. 1973.

"Industry and Science in the Early Grades." The Wingspread Journal, vol. 10, 2, 1988.



Checklist for Student Evaluation

Planning:

asks for clarification when appropriate _
use of equipment

— waits for thermometer to stabilize

willing to evaluate different approaches _

identified dependent/independent variables _

— reads thermometer correctly

— measures liquid precisely

Execution:

methodical approach __ Interpretation:

attempts to verify results — recognizes trends

notes anomalies

variable 1 : water accounts for outcomes
controls for quantity

measures level of water

Communication:

variable 2: temperature

baseline established for each cup _
number of thermometer readings

gives clear description of outcome

— reports systematically

displays appropriately

variable 3: time

establishes initial reading for each cup Attitude:

duration between initial and final readings
willing to cooperate

gathering of data

records all readings

listens to others' ideas and responds

confident about task

confident about use of equipment

remains engaged

their conclusions. We also asked administrators to keep

any written records that students had made. These various

sources of information complement each other and in-

creased our understanding of student achievement

Although the evaluation of students' performance ability

requires actives experimentation, other aspects of the

ability to engage in science can be measured in other ways.

For example:

raw data from an experiment can be presented and
students can be asked to reduce, find patterns and

make inferences (Interpreting):

the steps of an experiment can be outlined

and students can be asked to describe the

initial problem, including the important

variables (Planning);

an experiment can be described and stu-

dents can be asked for a critique of the

methods used and/or the conclusions

derived (Planning/Interpretation).

The most important requirement is that evalua-

tion tasks allow latitude for different methods,

ideas and solutions and that they challenge stu-

dents in ways that have some meaning to their

lives.
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