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How Do High School Students Perceive Global Climatic 
Change: What Are Its Manifestations? What Are Its 
Origins? What Corrective Action Can Be Taken? 

Edward Boyes, 1 David Chuckran, 2 and Martin Stanisstreet 1 

High school students' ideas about the greenhouse effect and global warming have been 
sought using a closed-form questionnaire. The students, 702 in all, ranged from grades 5 
to 10 across a spectrum of schools, and the incidence of a number of ideas, and the strength 
with which they are held, have been quantified. Using factor analysis, common themes 
within students' thinking have been identified; from the nature of the questions posed, and 
the way in which these ideas are grouped, it appears possible to key into the 
conceptualization of this phenomenon in the minds of the students. The most general 
conclusion to be drawn from these results is that many students appear to confuse different 
major environmental problems. In particular, logical and apparently consistent models are 
held for the confusion between global warming and ozone-layer depletion. In a similar, but 
less dramatic fashion, there is a linking to radioactive contamination, acid rain, and even 
global biodiversity reduction. Within the minds of students, the origins of one problem are 
confounded with the origins of the others, the repercussions of one are confused with the 
repercussions of the others, and any environmentally friendly action might be said to help 
any environmental problem. 
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INTRODUCTION 

The 1992 summit at Rio de Janeiro on global 
environmental issues (Time, 1992) has further high- 
lighted national and international concern over the en- 
vironment. Both in America and in Europe, so-called 
"green issues" have been high on the political agenda 
as the general public has developed an increasing rec- 
ognition of world environmental problems. Of all such 
problems facing humankind, perhaps the most dam- 
aging in its consequences, and certainly the most 
widely reported in recent times, is what has become 
known as the greenhouse effect (Boyle, 1989; Mitchell, 
1990; Houghton et aL, 1990; Tickell, 1991, Time, 1992). 
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of 

Whether  students currently at school have an 
understanding of the causes of, and solutions to, 
global warming may be crucial to future generations 
as these students become voting citizens. It is they 
who will have to influence politicians and make im- 
portant decisions about their individual life-style in 
the coming decades, and it is these students, cur- 
rently at school, who are at present forming their 
a t t i tudes  towards,  and developing their  under-  
standing of, global issues. 

Attempts are being made to raise the aware- 
ness of high school students to these issues (Spitzer 
and Wilcox, 1991; Steven, 1991), but probably of 
greater importance is the fact that the problem of 
global warming receives high coverage in the popu- 
lar media, and environmental pressure groups are 
active in promulgating their viewpoint. Such mes- 
sages can often be confused and take no cognizance 
of the complexity of the topic, the ideas that students 

541 

1059-0145/9311200-0541507.00/0 © 1993 Plenum Publishing Corporation 



542 Boyes, Chuckran, and Stanisstreet 

already have, or the way in which they learn. Even 
some of the scientists involved cannot agree about 
the extent of the problem or whether there is a 
problem at all (Gribbin, 1990). Moreover, the in- 
crease in global warming is so small that we as in- 
dividuals are unable to detect it, and this contrasts 
with many other forms of pollution. Consequently, 
while it is possible to demonstrate the principle of 
the greenhouse effect in the laboratory (Gates, 
1992), it is essentially impossible for teachers to 
demonstrate the increase in global warming to stu- 
dents; teaching will inevitably be through the use of 
secondary sources, and hence will need a greater de- 
gree of "faith" on the part of the student than if 
they could experience the phenomenon more di- 
rectly (Stanisstreet and Boyes, 1990). 

Many members of the population of the indus- 
trialized world also may feel that they have some un- 
derstanding of the greenhouse effect, but inevitably 
they are confused about a whole array of issues, in- 
cluding other topical forms of atmospheric pollution. 
An important difficulty is that there are many causes 
of the greenhouse effect, many of which are also 
causes of other forms of atmospheric pollution. 

The basic mechanism of global warming by the 
greenhouse effect concerns the inability of the at- 
mosphere to transmit certain wavelengths of the 
electromagnetic spectrum. Sunlight contains a wide 
range of wavelengths of electromagnetic radiation, 
some of which are the colors of the visible spectrum. 
The overall spectrum, i.e., the amount of each color 
or wavelength, is essentially determined by the tem- 
perature of the sun. Most of this energy from the 
sun can pass through the atmosphere unhindered, 
although a small fraction, some particular wave- 
lengths, are not allowed through, which is of little 
consequence in terms of the energy absorption by 
the earth. Due to the transmitted radiation, the 
earth's surface heats up, and it begins to radiate its 
own electromagnetic waves. However, as the earth 
is much cooler than the sun, the wavelengths are 
very different, and a large proportion of these are 
such that they cannot escape through the atmos- 
phere. The earth therefore heats up further, and this 
process continues until equilibrium is established, 
i.e., the earth is able to reemit all the energy which 
falls onto it from the sun. But of course, by this 
stage, the earth is hotter than it would otherwise be, 
and it is estimated that it is warmer by about 33°C 
than it would be without its atmospheric blanket m 
without the greenhouse effect. 

Indeed, this warming is crucial to life on earth. 
What has happened in recent decades, however, is 
that this effect has become more intensified. Atmos- 
pheric pollutants, essentially from the industrialized 
nations, are increasing the greenhouse effect such 
that the earth is believed by many to be between 
0.5 and 1.0°C warmer than it would otherwise be. 
These pollutants (with their estimated relative con- 
tributions to global warming) are believed to be: 
carbon dioxide (50-55%), chlorofluorocarbons (14- 
24%), methane (15-18%), ozone at ground level 
(12%), and nitrous oxide (6%). 

With the increased industrialization of the 
western world has come an increase in the concen- 
tration of carbon dioxide in the atmosphere by 
some 25%, to its present level of about 1 part in 
3000. Over half of this increase has occurred since 
the Second World War. Recent deforestation is be- 
lieved to be a contributing factor to the increase in 
atmospheric carbon dioxide levels, as is the increase 
in the use of fossil fuels, as the thirst for energy of 
the industrialized nations continues. It is believed 
that a further doubling of carbon dioxide levels 
would produce a global rise in temperature of be- 
tween 2 and 5°C. There are, of course, natural sinks 
for this excess carbon dioxide; it is converted in 
plants to produce oxygen, although it is not clear 
whether  this implies a useful negative feedback 
loop: the increase in levels could mean that plants 
will grow more vigorously, thereby reducing carbon 
dioxide levels and slowing down global warming. 
Carbon dioxide is also absorbed by the oceans, 
although once again, it is unclear as to the extent 
to which the oceans will absorb the extra carbon 
dioxide. 

The second important  contr ibutor  to the 
greenhouse effect is chlorofluorocarbons (CFCs). 
Although these are present in the atmosphere at 
much lower concentrations (1 part in 1000 million), 
they have a very strong effect as greenhouse gases. 
It would appear that levels of CFCs are increasing 
at about 4% per year, despite the existence of a for- 
mal multinational agreement to limit their use, origi- 
nally established because CFCs also damage the 
ozone-layer. Other greenhouse gases are methane 
(from landfill rubbish, livestock, leaks of natural 
gas), ozone near the ground (from the action of sun- 
light on atmospheric pollution) and nitric oxide 
(probably, among other things, from the use of ag- 
ricultural fertilizers). 
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Given such complex issues, it will prove diffi- 
cult for teachers to design effective educational 
strategies. Moreover, little is known about students' 
ideas about the greenhouse effect, and yet without 
such information, it is difficult to evaluate current 
teaching material or design new and effective ap- 
proaches for teaching programs. 

This work attempts to start to deal with this 
problem. In what follows, we have endeavored to 
detail aspects of students' thinking in this area and 
probe some of the features that might underlie their 
thinking, thereby identifying some of the causes for 
student misconceptions. 

PROCEDURE 

In order to explore students' understanding of 
the greenhouse effect, we have surveyed students in 
high school concerning three aspects of their beliefs 
about global warming: 

1. The consequences for the planet and its 
biota, 

2. The factors which might exacerbate it, 
3. Those personal  and communal actions 

which might ameliorate it. 

In particular, we wished to quantify the ex- 
tent to which certain viewpoints were held or de- 
nied or not known, and hence identify the strongly 
held views and possible ignorance of students on 
this topic. Fur thermore ,  we have at tempted to 
probe the underlying order and rationale behind 
students'  thinking and conceptualization of this 
issue, in the belief that such an appreciation will 
be beneficial in producing more effective class- 
room materials. 

In order to produce a "closed" questionnaire 
for distribution to a large cohort of high school stu- 
dents, an open-form questionnaire was first issued 
to about 60 British students in the 13- to 14-year-old 
group. These questions centered around the follow- 
ing important ideas: what the greenhouse effect is, 
what causes it, whether it is good or bad, what would 
happen if it got bigger or smaller, and how could it 
be made smaller. 

From the examination of the responses to this 
exercise, a number of likely misconceptions and 
confusions about the greenhouse effect were iden- 
tified. Using these, and the generally accepted sci- 
entific understanding, we were able to devise the 

closed questionnaire. It comprised 36 questions in 
all, in three sections of 12. The first section con- 
tained questions about what might happen if the 
greenhouse effect increased, the second about the 
ways in which the greenhouse effect is made bigger, 
and the third about what action might be taken to 
reduce the greenhouse effect. The 12 questions in 
each section were designed such that six of them 
concerned the more popular incorrect responses 
given by students in the open questionnaire, and 
the other six were concerned with what might be 
termed the presently accepted scientific thinking on 
the matter. 

The 36 questions were in the form of state- 
ments about the greenhouse effect, each of which 
was followed by five boxes, and students were asked 
to check the appropriate box. The boxes were la- 
beled: I am sure this is right, I think this is right, I 
don't know about this, I think this is wrong, and I 
am sure this is wrong. The order of the correct and 
incorrect statements was randomized within each of 
the three groups. The 36 statements are shown, in 
the order in which they appeared, in Tables I, II and 
III. The cover sheet contained an explanation and 
example of the response procedure and also re- 
quested that the students record their gender, grade, 
and date of birth. 

After initial piloting with a small group of stu- 
dents, this closed-form questionnaire was adminis- 
tered to a large cohort of students from high schools 
in the Boston area. Students were asked to answer 
the questionnaire individually, but were assured that 
they were not being tested and that no information 
about individuals' responses would be revealed. No 
time limit was set. Data was encoded and trans- 
ferred to a computer file for analysis using SPSSX 
(Statistical Package for the Social Sciences) on a 
mainframe computer. 

RESULTS AND DISCUSSION 

In all, 702 students (49.7% females, 50.3% 
males) spread across grades 5-10 from five high 
schools completed the final questionnaire. As the 
questionnaire contained 36 statements, this pro- 
vided 25,272 responses, of which only 80 (0.3%) 
could not be coded, either because the students 
failed to reply or because they gave an illegitimate 
response. 
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Table I. Distribution of Responses of High School Students to Statements Concerning the Consequences of an Increase in the 
Greenhouse Effect 

Sure Think Don't Think Sure 
Responses right right know wrong wrong 

Statement Grade (n) (%) (%) (%) (%) (%) 

1. If the greenhouse effect gets 5/6 258 54 30 8 5 2 
bigger ,  the  ear th  will get 7/8 117 74 24 2 1 0 
hotter 9/10 326 63 28 5 3 2 

Total 701 61 28 6 3 2 

2. If the greenhouse effect gets 
bigger, more people will get 
food poisoning 

3. If the greenhouse effect gets 
bigger, there will be more 
flooding 

4. If the greenhouse effect gets 
b igger ,  more  fish will be 
poisoned in the rivers 

5. If the greenhouse effect gets 
bigger, more people will get 
skin cancer 

6. If the greenhouse effect gets 
bigger, some of our tap water 
will become unsafe to drink 

7. If the greenhouse effect gets 
bigger, there will be more 
"bugs" and "pests" on crops 

8. If the greenhouse effect gets 
bigger, there will be changes 
in the world's weather 

If the greenhouse effect gets 
bigger, more people will die 
of heart attacks 

5/6 258 3 11 27 34 25 
7/8 118 3 12 30 33 23 
9/10 326 3 13 37 33 14 

Total 702 3 12 32 33 19 

5/6 256 13 11 22 27 28 
7/8 117 28 15 18 20 19 
9/10 326 29 20 22 20 9 

Total 699 23 16 21 23 18 

5/6 258 8 23 34 24 12 
7/8 118 9 20 29 26 17 
9/10 326 4 20 46 24 7 

Total 702 6 21 39 24 11 

5/6 258 48 35 7 4 7 
7/8 118 52 34 6 5 3 
9/10 324 51 33 10 4 2 

Total 700 50 34 8 4 4 

5/6 256 13 31 38 13 7 
7/8 118 9 28 37 20 6 
9/10 326 8 34 41 14 3 

Total 700 10 32 39 14 5 

5/6 256 11 30 35 15 9 
7/8 118 14 26 29 22 9 
9/10 326 7 21 51 18 4 

Total 700 10 25 41 17 7 

5/6 256 70 18 7 3 1 
7/8 117 75 19 2 3 1 
9/10 326 77 17 3 2 1 

Total 699 74 18 4 3 1 

5/6 256 4 10 34 24 28 
7/8 118 2 15 32 24 27 
3/10 326 2 6 41 34 17 

Total 700 2 9 37 29 22 

(Continued) 
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Table I. Continued 

Responses 
Statement Grade (n) 

Sure 
right 
(~) 

Think 
right 
(~) 

Don't  
know 
(%) 

Think 
wrong 
(~) 

S u r e  

wrong 
(%) 

10. If the greenhouse  effect gets 
bigger, the re  will be more  
deserts in the world 

5/6 256 17 33 21 17 12 
7/8 118 20 34 20 15 10 
9/10 325 19 39 24 13 6 

Total 599 19 36 22 15 9 

I1. If the greenhouse  effect gets 5/6 256 
bigger, some of the ice at the 7/8 117 
North and South poles will 9/10 325 
melt 

Total 698 

12. If the greenhouse  effect gets 
bigger, the re  will be more  
earthquakes 

46 
57 
60 

54 

33 
23 
24 

27 

12 
13 
11 

12 

5/6 256 4 8 45 31 13 
7/8 118 2 7 41 31 20 
9/10 325 1 7 47 29 17 

Total 699 2 7 45 30 16 

1 Earth hotter 

"1 
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2 Food poisoning 
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9 Heart attacks 
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Fig. 1. Graphs showing the percentages of student responses to statements concerning the consequences of an increase in the 
Greenhouse Effect 

The ordinate represents the percentages of students showing particular responses, and runs from 0 to 100% in all cases; the 
abscissa represents the grade group 5/6, 7/8, and 9/10. The solid line depicts the percentage of students who agree with the statement 
('sure right' plus 'think right' responses); the individual points depict the percentage of students who disagree with the statement 
('sure wrong' plus 'think wrong' responses). 

The terms "global warming" and "greenhouse 
effect" are commonly used to describe an undesir- 
able consequence of atmospheric pollution. In fact, 
as discussed above, the retention by the atmosphere 

of energy reradiated from the earth's surface is a 
normal phenomenon, essential to the maintenance 
of life; it is the exacerbation of this effect that is the 
problem. However, for brevity and to avoid con- 



546 Boyes, Chuckran, and Stanisstreet 

torted syntax, we employ the terms "global warm- 
ing" and "greenhouse effect" here as commonly 
used, to describe an increase in global temperature 
due to an intensification of the normal greenhouse 
effect. 

In the discussion that follows, the results are 
considered with the students in three groups, those 
in grades 5/6, those in grades 7/8, and those in 
grades 9/10. The data for the responses to state- 
ments in the three sections of the questionnaire, 
concerning the manifestations of an increase in the 
greenhouse effect, its origins, and what actions 
might be taken to reduce it, are shown in Tables I -  
III, and are represented graphically in Figs. 1-3. In 
these figures, a graph is plotted for each of the state- 
ments of the questionnaire. The line on each graph 
shows the combined percentages of students in each 
age group who checked boxes indicating that they 
were sure or thought that the statement was correct. 
The unconnected points on the graphs show the 
combined percentages of students in each group 
who thought or were sure that the statement was 
incorrect. To facilitate comparisons, the ordinate of 
each graph runs from 0% to 100%. In the text be- 
low, the percentages given are the overall percent- 
ages for all age groups, unless otherwise stated. 

Students' Understanding of the Manifestations 
of the Greenhouse Effect 

The data for the responses to statements in the 
first section of the questionnaire, which concerned 
manifestations of the greenhouse effect, are given 
in Table I, and represented graphically in Fig. 1. 
The majority of students in all grades appreciated 
that an increase in the greenhouse effect will cause 
the earth to get hotter (89%, statement 1), will in- 
duce changes in global weather patterns (92%, state- 
ment 8), and will cause some of the polar ice cap 
to melt (82%, statement 11). The high incidence of 
the idea that the greenhouse effect causes wanning 
of the earth is unsurprising; the terms "greenhouse 
effect" and "global warming" are used as synonyms, 
and presumably the term "greenhouse effect" was 
introduced precisely because many people will have 
had the experience of entering a greenhouse and 
sensing the increased temperature. In view of this, 
it is perhaps more unexpected that fewer of the stu- 
dents (55%) realized that an increase in the green- 
house effect will lead to greater desertification 

(statement 10), since there would seem, at least at 
the superficial level, to be an obvious and logical 
link here. However, the proportion of students hold- 
ing this idea did increase slightly in the older age 
groups. An increase in understanding of the older 
students was also seen in responses to the statement 
concerning flooding (statement 3). The converse ap- 
peared to be true for the statement concerning the 
possible increase in crop pests (statement 7); here, 
there was a slight fall in the number of pupils hold- 
ing this idea in the highest grade. Apparently, stu- 
dents  did not  apprec ia te  that  an increase in 
temperature might widen the habitual range of some 
temperature-limited species. 

Relatively few of the students held the more 
unusual misconceptions about the consequences of 
global warming, despite the fact that the ideas for 
these statements had been generated by responses 
to a preliminary open-response questionnaire con- 
ducted with British school students aged 13-14 
years. Thus, relatively few students thought that an 
increase in the greenhouse effect would be followed 
by an increase in the incidence of earthquakes (9%, 
statement 12), heart attacks (12%, statement 9), 
food poisoning (15%, statement 2), or river pollu- 
tion (27%, s tatement  4). More students (41%) 
thought that an increase in global warming would 
endanger the quality of domestic water supplies 
(statement 6). However, the most common miscon- 
ception revealed by this section of the questionnaire, 
shown by 84% of the students, was that a rise in 
global warming would produce an increase in skin 
cancer (statement 5), in reality a consequence of 
ozone-layer depletion. Furthermore, this misconcep- 
tion appeared to persist at a high level; the propor- 
tions of students holding this idea was similar in the 
different age groups. 

Students' Understanding of the Origins 
of the Greenhouse Effect 

The data for the responses to statements in the 
second section of the questionnaire, which concerned 
possible origins of the greenhouse effect, are shown 
in Table II, and are represented graphically in Fig. 2. 
More than half of the students (64%) appreciated 
the basic mechanism of global warming, the in- 
creased entrapment of reradiated energy by pollut- 
ants in the earth's atmosphere (statement 24), and 
the proportion of students with this idea remained 
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approximately constant over the age groups studied. 
However, this result must be seen in light of the fact 
that a similar proportion of students (67%) also gave 
positive responses to the statement that global warm- 
ing was caused by increased penetration of solar ra- 
diation (statement 14, discussed further below), 
although the prevalence of the latter idea appeared 
to decline in students in the older groups. More than 
half of the students recognized two of the atmos- 
pheric pollutants that exacerbate global warming, gas 
from rotting waste (in reality, methane, 61%, state- 
ment 18) and carbon dioxide (60%, statement 15). 
Nearly half of the students (47%) also realized that 
gas from fertilizers (in reality, the oxides of nitrogen, 
statement 22) also contributed to the greenhouse ef- 
fect, and the incidence of this idea appeared to rise 
in the oldest group. 

Fewer students (23%) appreciated that ground- 
level ozone contributes to global warming (statement 
16). We suspect that the idea of ozone as a pollutant 
is a difficult one for students, in view of the wide- 
spread publicity about the undesirable consequences 
of ozone depletion; in the case of ozone-layer dam- 
age, ozone is seen as desirable and a victim of pol- 
lutants, not as a pollutant itself. Perhaps connected 
to this confusion of two global environmental prob- 
lems, the greenhouse effect and ozone-layer deple- 
tion, many students (83%) were sure or thought that 
chlorofluorocarbon gases (CFCs) contributed to 
global warming (statement 21). While this is true, we 
suspect that a double misconception is occurring in 
the minds of students here. CFCs are strongly linked 
to ozone-layer damage, and responses to other state- 
ments suggest that global warming and ozone-layer 
depletion are not well discriminated in the minds of 
students. For example, the greenhouse effect was 
thought by many students to cause skin cancer (state- 
ment 5, discussed above), in reality a consequence of 
ozone-layer depletion. In addition, holes in the ozone- 
layer are thought to exacerbate global warming (state- 
ment 23, discussed below). We consider, therefore, 
that it is the well-known role of CFCs in ozone-layer 
damage, coupled with the fusion of the ideas of global 
warming and ozone depletion, that leads students to 
link CFCs with the greenhouse effect. 

Relatively few of the students (19%) thought 
that street litter contributed to the greenhouse ef- 
fect (statement 17), although more students (31%) 
thought that rubbish in rivers did increase global 
warming (statement 13). There was also apparently 
some confusion between acid precipitation and 

global warming, since some 43% of the students 
thought that acid rain made the greenhouse effect 
worse (statement 20). A similar confusion was un- 
covered by responses to the statement concerning 
the possible effects of nuclear waste (statement 19); 
here, more than half of the students (59%) thought 
that this form of pollution increased global warm- 
ing. However, the most common misconception re- 
vealed by this section of the questionnaire, shown 
by some 84% of the students, was the idea that 
holes in the ozone-layer increase the greenhouse ef- 
fect (statement 23). We suspect that an erroneous 
logic is operating in the minds of some pupils here; 
holes in a protective layer of the atmosphere allow 
increased penetrat ion of solar radiation, which 
warms the earth. 

Thus, the results from this section of the ques- 
tionnaire support the general notion that ideas 
about several different large-scale environmental 
problems m global warming, ozone-layer damage, 
acid rain, and radioactive contaminat ion--become 
somewhat fused in the minds of students, both in 
terms of the consequences (section 1 of the ques- 
tionnaire, statements 1-12) and causes (section 2, 
statements 13-24). 

Students' Understanding of Actions that 
Ameliorate the Greenhouse Effect 

The data for the responses to statements in the 
final section of the questionnaire, which concerned 
actions that might ameliorate the greenhouse effect, 
are shown in Table III, and are represented graphi- 
cally in Fig. 3. Most of the students (87%) appreci- 
ated that tree planting programs could help to 
reduce the greenhouse effect (statement 30). Fewer 
students (68%) appeared to recognize the value of 
the complementary action, using recycled paper 
more to conserve trees (statement 32), although the 
preponderance of this idea did appear to increase 
in older students. 

Students seemed to appreciate that energy 
generation, and therefore energy use, was linked 
with global warming. Some 68% of the students re- 
alized the advantages of generating electricity from 
renewable sources (statement 31), and nearly half 
(47%) appreciated the contribution that economy 
with electrical energy could make in this context 
(statement 34). In contrast, fewer of the students 
(31%) understood the role that generation of elec- 



548 Boyes, Chuckran, and Stanisstreet 

Table II. Distribution of Responses of High School Students to Statements Concerning Causes of an Increase in the Greenhouse Effect 

Sure Think Don't Think Sure 
Responses right right know wrong wrong 

Statement Grade (n) (%) (%) (%) (%) (%) 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

The greenhouse effect is made 
worse by rubbish dumped in 
rivers and streams 

The greenhouse effect is made 
worse because too many of 
the sun's rays get to the earth 

The greenhouse effect is made 
worse by too much carbon 
dioxide in the air 

The greenhouse effect is made 
worse by too much ozone 
near the ground 

The greenhouse effect is made 
worse by too much litter in 
the streets 

The greenhouse effect is made 
worse by gas from rotting 
waste 

The greenhouse effect is made 
worse by radioactive waste 
from nuclear power stations 

The greenhouse effect is made 
worse by acid in the rain 

The greenhouse effect is made 
worse by CFC gas from spray 
cans 

5/6 257 15 23 19 21 22 
7/8 117 12 15 22 22 29 
9/10 326 9 18 22 33 18 

Total 700 12 20 21 27 21 

5/6 257 44 28 14 6 9 
7/8 117 39 32 13 10 7 
9/10 325 34 28 15 15 8 

Total 699 38 29 14 11 8 

5/6 257 28 25 30 11 7 
7/8 116 41 25 27 3 3 
9/10 325 42 21 23 10 4 

Total 698 37 23 26 10 5 

5/6 257 7 13 35 23 22 
7/8 117 9 20 28 23 20 
9/10 326 7 16 32 24 22 

Total 700 7 15 32 23 22 

5/6 257 8 16 22 23 30 
7/8 117 8 8 21 28 36 
9/10 326 4 12 25 33 26 

Total 700 6 13 23 29 29 

5/6 258 23 38 25 12 2 
7/8 116 22 35 28 9 5 
9/10 325 19 44 27 7 3 

Total 699 21 40 26 9 3 

5/6 258 25 33 28 11 3 
7/8 116 29 32 23 12 3 
9/10 325 20 38 25 11 7 

Total 699 24 35 26 11 5 

5/6 258 16 31 26 19 7 
7/8 116 14 28 27 21 11 
9/10 326 15 24 34 20 6 

Total 700 15 27 30 20 7 

5/6 257 52 28 16 4 1 
7/8 111 68 20 8 3 2 
9/10 325 64 20 11 3 2 

Total 699 60 23 12 3 2 

(Continued) 
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Table lI. Continued 

Responses 
Statement Grade (n) 

Sure 
right 
(~) 

Think 
right 
(~) 

Don't  
know 
(%) 

Think 
wrong 
(%) 

Sure 
wrong 
(%) 

22. 

23. 

24. 

The greenhouse effect is made 
worse by gas which comes 
from artificial fertilizers 

The greenhouse effect is made 
worse by holes in the ozone 
layer 

The greenhouse effect is made 
worse because the sun's rays 
cannot escape from the earth 

5/6 257 11 31 35 18 5 
7/8 117 14 24 39 18 6 
9/10 326 19 34 36 9 2 

Total 700 15 31 36 14 4 

5/6 257 62 23 9 5 1 
7/8 117 64 20 8 5 3 
9/10 326 63 20 8 6 3 

Total 700 63 21 8 5 2 

5/6 257 39 22 23 10 7 
7/8 117 51 20 18 7 4 
9/10 326 44 21 25 7 4 

Total 700 43 21 23 8 5 
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Fig. 2. Graphs showing the percentages of student responses to statements concerning the causes of the Greenhouse Effect. 

The ordinate represents the percentages of students showing particular responses, and runs from 0 to 100% in all cases; the abscissa 
represents the grade group 5/6, 7/8, and 9/10. The solid line depicts the percentage of students who agree with the statement ('sure 
right' plus ' think right' responses); the individual points depict the percentage of students who disagree with the statement ('sure wrong' 
plus 'think wrong' responses). 

tricity using nuclear energy could play in reducing 
the greenhouse effect (statement 25), perhaps be- 
cause of the rather general negative ideas associated 
with matters nuclear (statement 19, discussed 
above). More than half of  the younger students 

(52%) even thought that reduction of the global nu- 
clear arsenal would help to decrease the greenhouse 
effect (statement 29), although the preponderance 
of this misconception had diminished (to 33%) in 
the oldest group. 
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Few of the students thought that global star- 
vation (8%, statement 35) or a healthy personal diet 
(9%, statement 26) were connected with the green- 
house effect, although such ideas had been raised 
in the preliminary, open-form questionnaire. About 
one third of the students (32%) thought that keep- 
ing beaches clean would reduce global warming 
(statement 27). 

Perhaps surprisingly, some 41% of the students 
thought that improved protection of rare species 
would reduce global warming (statement 33); fur- 
thermore, this misconception persisted at about the 
same level in the older students. This may reveal a 
wider confusion in the minds of some students. Not 
only are various environmental problems themselves 
confused, as discussed in the previous section, but 
here a consequence (a decrease in global biodiver- 
sity) is perhaps envisaged almost as a cause. The 
logic is inverted; correct the consequence (by pro- 
tecting endangered species) to correct the cause 
(general degradation of the species' environment by 
the greenhouse effect). 

Students did appreciate the link between 
automobile usage and global warming; most stu- 
dents (83%) realized that a reduction in automobile 
usage would help to reduce the greenhouse effect 
(statement 36). However, the most widespread mis- 
conception revealed by this section of the question- 
naire was also connected with automobile use, the 
idea that use of lead-free gasoline, introduced in re- 
ality to diminish atmospheric lead pollution, would 
reduce global warming. More than half of the stu- 
dents (52%) held this idea (statement 28). Further- 
more, the preponderance of this idea was higher in 
older students. Thus, here we have a misconception 
that is not only persisting, but also increasing. We 
detect dangers here, in that such beliefs may mean 
that even motorists with environmentally responsi- 
ble attitudes may feel that automobile use should 
not be restricted, provided lead-free gasoline is be- 
ing used. 

Factor Analysis 

It is possible that the ideas of students about 
the greenhouse effect, in terms of manifestations, 
origins, and corrective actions to be taken, as re- 
vealed by their responses to individual statements 
within the questionnaire, may be expressions of 
underlying conceptual frameworks. Such frame- 

works can be explored by seeking themes common 
to several individual ideas. In order to search for 
such themes, the data obtained from the responses 
to the questionnaire were submitted to a varimax 
rotated factor analysis. Factor analysis of this type 
indicates connect ions between different  state- 
ments, based on the distribution of the students' 
responses. 

The results of this analysis are shown in 
Table IV. As is conventional, the values are shown 
multiplied by 1000, for clarity and economy of space. 
The analysis produced five clear factors and five 
more marginal factors, and the extracted variance 
was 54.5% of the maximum possible. The matrix of 
Table IV is interpreted by seeking the high values 
of loadings in each column (factor). Here, we have 
considered values above 0.4 (Child, 1979), and these 
are shown in bold. The statements with which the 
high loadings are associated are then scrutinized to 
attempt to identify common conceptual themes for 
each factor, and each factor is labeled to express its 
theme. 

Factor 1: Personal Responsibility 

Factor 1 appears to indicate a common theme 
between the following ideas: the greenhouse effect 
is exacerbated by rubbish in rivers and streams 
(statement 13) and by litter in streets (statement 17), 
and the greenhouse effect can be reduced by ensur- 
ing that beaches are kept clean (statement 27). Also 
embraced by this factor are the ideas that a healthy 
diet (statement 26), protection of rare species (state- 
ment 33), and reduction of global starvation (state- 
ment 35) can reduce global wanning. We suggest 
that the link between these initially apparently 
disparate ideas is that of personal responsibility. The 
local forms of pollution by garbage are, to some 
extent, under personal control; for example, students 
may be exhorted not to drop litter. Similarly, in a 
health-conscious society students may be encour- 
aged to eat healthy or sensible food. The other two 
statements in this factor, concerning the reduction 
of global starvation and protection of rare species, 
are not under such direct, personal control. How- 
ever, they are popular and high-profile good causes, 
and are the subject of frequent appeals from chari- 
table organizations for donations. We wonder,  
therefore, whether a complementary idea of respon- 
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sibility for personal contribution might link these 
statements to this factor. 

that  this fac tor  be labeled "env i ronmen ta l ly  
friendly actions." 

Factor 2: 
Commonly Perceived Consequences 

All of the statements with high loadings in fac- 
tor 2 are from the first section of the questionnaire, 
and so refer to real or possible outcomes of an in- 
crease in the greenhouse effect. Thus, the state- 
ments are to the effect that an increase in the 
greenhouse effect will cause an increase in global 
t empera tu re  ( s ta tement  1), changes in global 
weather patterns (statement 8), polar ice cap melt- 
ing (statement 11), and increased desertification 
(statement 10). All of these statements, with the 
possible partial exception of the last, are shown by 
the analysis above to be well-known consequences 
of the greenhouse effect, with relatively few re- 
sponses in either of the "wrong" or the "don't know" 
categories (Table I). Also included in this factor is 
statement 5, that an increase the greenhouse effect 
will cause a rise in the incidence in skin cancer. Al- 
though this is not, in fact, a consequence of global 
wanning, it is commonly perceived as such. Thus, 
we suggest that this factor be labeled "commonly 
perceived consequences." We also note that all but 
one (weather changes, statement 8) of the global 
changes might be associated with the notion of heat. 
Similarly, it is possible that the cause of skin cancer 
is also conceived in terms of heat, since burns from 
exposure to radiation increase the risk of cancer. 

Factor 3: Environmentally Friendly Actions 

In contrast to the previous factor, all of the 
statements associated with factor 3 are from the 
final section of the questionnaire, and so all refer 
to real or possible actions to ameliorate global 
warming. Thus, this factor included the ideas that 
tree-planting programs (statement 30), generating 
electricity from renewable sources (statement 31), 
increased use of recycled paper (statement 32), 
economy of use of electricity (statement 34), and 
reduction in use of automobiles (statement 36) 
can all reduce the greenhouse effect. All of these 
s tatements  are correct ,  describing actions that 
would indeed reduce global warming, and all are 
popular "green"  actions. We therefore  suggest 

Factor 4: 
Pollution by Slow, Imperceptible Leakage 

Four statements appear to be associated in 
factor 4. They are the ideas that the greenhouse ef- 
fect is exacerbated by gas from rotting waste (state- 
ment 18), by radioactive waste from nuclear power 
stations (statement 19), and by gas from artificial 
fertilizers (statement 22). Also included is the state- 
ment that use of unleaded gasoline will reduce 
global warming (statement 28). All of these ideas 
seem to include notions of gradual, regular pollu- 
tion, as opposed to catastrophic events. This is 
linked with the idea of unintentional leakage into 
the atmosphere (of radioactive waste from power 
stations, of lead fumes from automobile emissions, 
etc.). Furthermore, the pollutants involved are un- 
perceivable, in many cases invisible gases. Thus we 
have named this factor "pollution by slow, imper- 
ceptible leakage." 

Factor 5: Poisoning 

Factor 5 contains just three statements with 
high loadings, all from the first section of the ques- 
tionnaire, and thus concerning consequences of an 
increase in global warming. One clear link between 
the statements is the idea that the greenhouse ef- 
fect "poisons." Thus, an increase in global warming 
is seen as causing food poisoning (statement 2), 
river pollution that will poison fish (statement 4), 
and an increased danger of unsafe tap water (state- 
ment  6), which presumably  might poison the 
drinker. 

Factors 6-10 

The statements with high loadings within each 
of the last five factors were less clearly linked, and so 
these factors will be discussed but not formally 
named. Three of the four statements associated with 
factor 6 are concerned with nuclear p o w e r -  radio- 
active waste (s ta tement  19), nuclear weaponry 
(statement 29), and nuclear power itself (statement 
25). The latter, having a negative loading, indicates 
that students think in a consistent way about things 
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Table III. Distribution of Responses of High School Students to Statements Concerning Actions to Reduce the Greenhouse Effect 

Sure Think Don't Think Sure 
Responses right right know wrong wrong 

Statement Grade (n) (%) (%) (%) (%) (%) 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

The greenhouse effect can be 5/6 258 8 20 42 14 17 
m a d e  sma l l e r  by having  7/8 117 14 15 37 16 18 
n u c l e a r  p o w e r  s t a t i ons  9/10 326 14 22 43 13 9 
instead of coal power stations 

Total 701 12 20 41 14 14 

33. 

The greenhouse effect can be 5/6 258 3 7 12 23 55 
made  smal l e r  by ea t ing  7/8 118 1 7 19 23 51 
healthy foods 9/10 326 6 6 26 26 40 

Total 702 3 6 19 25 47 

The greenhouse effect can be 
made  smal ler  by keeping  
beaches clean 

5/6 258 12 21 23 24 19 
7/8 118 8 20 30 25 19 
9/10 326 10 23 33 20 15 

Total 702 10 22 29 22 17 

The greenhouse effect can be 5/6 
made  smal l e r  by using 7/8 
unleaded gasoline 9/10 

Total 

The greenhouse effect can be 5/6 
made smaller by reducing the 7/8 
number of nuclear bombs in the 9/10 
world 

Total 

The greenhouse effect can be 5/6 
made smaller by planting more 7/8 
trees in the world 9/10 

Total 

The greenhouse effect can be 5/6 
made smaller by making our 7/8 
electricity from wind, waves, and 9/10 
tides 

The greenhouse effect can be 
made smaller by using recycled 
paper more 

Total 

258 15 30 43 7 5 
118 16 36 39 7 3 
325 23 34 38 3 3 

701 19 33 40 5 4 

258 27 24 24 13 11 
118 21 22 33 11 13 
326 16 18 35 15 16 

702 21 21 31 14 14 

255 51 32 10 6 2 
118 63 25 9 2 1 
326 58 31 7 2 1 

699 56 31 9 3 1 

255 30 32 25 9 5 
118 34 41 14 9 3 
326 37 33 25 3 2 

699 34 34 23 6 3 

5/6 255 35 29 20 7 9 
7/8 118 42 26 14 9 9 
9/10 325 42 30 lg 9 3 

Total 698 39 29 18 8 6 

The greenhouse effect can be 5/6 
made smaller by protecting rare 7/8 
plants and animals 9/10 

Total 

255 21 20 20 23 16 
118 19 23 23 14 21 
326 19 23 30 14 14 

699 20 22 26 18 16 

(Continued) 
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Table IlL Continued 

Responses 
Statement Grade (n) 

Sure 
right 
(%) 

Think 
right 
(%) 

Don't  
know 
(%) 

Think 
wrong 
(%) 

Sure 
wrong 
(%) 

34. The greenhouse effect can be 
made smaller by not wasting 
electricity 

35. The greenhouse effect can be 
made  smal ler  by reducing  
starvation in the world 

36. The greenhouse effect can be 
made smaller by not  using 
cars so much 

5/6 255 19 24 29 18 11 
7/8 118 25 21 27 14 14 
9/10 326 27 23 30 13 6 

Total 699 24 23 29 15 9 

5/6 255 4 6 20 20 50 
7/8 118 2 9 23 20 46 
9/10 326 3 3 31 28 36 

Total 699 3 5 26 24 43 

5/6 255 52 26 12 6 5 
7/8 118 59 26 8 4 3 
9/10 325 59 28 9 3 2 

Total 698 56 27 10 4 3 

25 Nuclear power 26 Healthy foods 27 Clean beaches 

28 Unleaded gasoline 

i[ j 
ii. 

29 Nunle~r disarmament 30 More trees 

31 Renewable sources 32 Recycled paper 33 Protect rare species 

34 Not  waste electricity 35 Reduce starvation 36 Use ears less 

Fig. 3. Graphs showing the percentages of pupil responses to statements concerning actions which reduce the Greenhouse Effect. 

The ordinate represents the percentages of students showing particular responses, and runs from 0 to 100% in all cases; the abscissa 
represents the grade group 5/6, 7/8, and 9/10. The solid line depicts the percentage of students who agree with the statement ('sure 
right' plus ' think right' responses); the individual points depict the percentage of students who disagree with the statement ('sure wrong' 
plus 'think wrong' responses). 

nuclear. These statements clearly point to "nuclear" 
as a common idea. However, also appearing in this 
factor is the idea, also with a negative loading, that 
an increase in the greenhouse effect will result in 
flooding (statement 3), and it is not clear how this 

concept fits with those of the other statements in 
this factor. 

Factor 7 contains three statements with high 
loadings, all from the first section of the ques- 
tionnaire, which dealt with real and possible con- 
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Table IV. Varimax Rotated Factor Matrix for the Responses to Statements Concerning the Greenhouse Effect Shown in Tables I-III a 

Rotated factor loadings 

Questions 1 2 3 4 5 6 7 8 9 10 h 2 

If the 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

greenhouse effect gets bigger 

the earth will get hotter -127 664 128 041 013 070 003 243 055 -070 548 

more people will get food poisoning 210 121 014 004 646 013 072 -124 010 093 508 

there will be more flooding 077 264 005 206 067 -629 -130 -218 051 -155 610 

more fish will be poisoned in the rivers 121 074 033 033 829 -029 023 098 051 -017 724 

more people will get skin cancer -091 500 076 081 073 080 195 382 069 -152 495 

some tap water will become unsafe to drink* 071 -048 033 121 734 -013 163 013 -064 -021 594 

there will be more crop "bugs" and "pests"* 069 -113 035 216 014 -103 663 034 061 054 485 

there will he changes in world's weather* -217 597 214 066 063 022 -090 056 -035 042 473 

more people will die of heart attacks 166 154 016 -038 257 140 569 044 017 030 466 

there will be more deserts in the world 113 489 -043 -093 -015 133 337 -001 284 121 489 

some of the ice at the poles will melt* -102 747 164 114 -075 -087 -078 --003 119 028 643 

there will be more earthquakes 197 -008 009 -006 -090 -086 653 -069 -220 -014 534 

The greenhouse effect is made worse 

13. by rubbish dumped in rivers and streams 597 -169 127 144 109 054 117 123 -345 036 587 

14. because too many sun's rays get to earth* 104 173 -038 023 -095 -041 055 697 -100 134 570 

15. by too much carbon dioxide in the air -041 157 181 040 001 -139 -066 150 595 --005 461 

16. by too much ozone near the ground 058 -134 -037 065 056 189 157 174 -108 707 633 

17. by too much litter in the streets 651 -082 098 205 037 106 071 066 -292 --007 590 

18. by gas from rotting waste 183 083 086 664 079 096 -004 !05 020 -053 518 

19. by radioactive waste from nuclear power* 120 070 081 575 104 465 026 113 -059 -109 613 

20. by acid in the rain 379 -232 058 338 164 101 118 279 014 093 453 

21. by CFC gas from spray cans -187 247 259 371 -037 -019 103 340 095 -211 482 

22. by gas from artificial fertilizers* 012 041 123 631 078 -127 147 -029 044 273 536 

23. by holes in the ozone layer 006 103 039 105 080 147 -125 678 212 021 572 

24. because sun's rays cannot escape earth* -066 322 132 027 -010 -182 -151 -078 314 511 548 

The greenhouse effect can be made smaller 

25. by nuclear instead of coal power stations* --012 -080 156 --088 054 --596 063 102 284 -140 511 

26. by eating healthy foods 684 -077 -034 018 104 014 154 --065 171 -025 543 

27. by keeping beaches clean 714 001 180 165 158 095 -018 073 -078 -087 623 

28. by using unleaded gasoline 000 115 189 421 006 048 -023 -030 464 019 446 

29. by reducing number of nuclear bombs* 259 027 071 194 043 673 073 041 140 -124 607 

30. by planting more trees in the world 043 215 662 058 018 -030 -086 019 003 191 535 

31. by electricity from wind, waves, tides* 056 133 651 150 -010 -045 -074 -028 085 -058 486 

32. by using recycled paper more 324 110 693 140 061 -051 -036 048 -112 -012 640 

33. by protecting rare plants and animals 501 -111 359 -013 132 003 091 019 -036 187 454 

34. by not wasting electricity 252 -105 551 --040 014 -026 185 054 279 -076 501 

35. by reducing starvation in the world 727 -122 -030 -147 065 -006 171 -4)99 196 041 649 

36. by not using cars so much -149 222 550 097 029 129 -048 007 260 -059 475 

Percentage variance 13.6 11.3 5.7 4.7 3.9 3.3 3.2 3.1 3.0 2.8 54.5 

a Statements with an asterisk are abbreviated versions of those given in the questionnaire. Full statements are given in Tables I 
to III. The factor loadings in the table and communality (h 2) are shown ×1000. The values of loadings above 0.4 (400) are indicated 
in bold. 
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Table V. Matrix for Spearman Correlation of Gende r  and Grade  Group with the Ten Factors Shown in Table IV a 

Factors 

1 2 3 4 5 6 7 8 9 10 

Gende r  0.11 --0.11 0.12 

Year  group --0.15 0.22 --0.13 

a Only those correlations significant with p < 0.01 are shown. 

sequences of an increase in the greenhouse effect. 
Two of the statements are incorrect, since global 
warming is not directly connected with the frequency 
of heart attacks (statement 9) or earthquakes (state- 
ment 12). Most of the students appreciated this. 
The third statement in this factor, that global warm- 
ing will increase the frequency of crop pests (state- 
ment 7), was, in contrast, correct. However, rela 
tively few of the students realized this. Thus the 
link in factor 7 seems to be between suggested 
consequences of global warming that are thought 
to be untrue. 

The two statements with high loadings in fac- 
tor 8 contain the ideas that the greenhouse effect is 
caused by too many of the sun's rays getting to the 
earth (statement 14), and by holes in the ozone-layer 
(statement 23). As discussed previously, it seems 
probable that these ideas are linked, in the minds 
of students, in a logical sequence; that is, it is the 
holes in the ozone-layer that allow increased solar 
penetration. In fact, of course, these holes allow 
more ultraviolet through to the earth and, as a re- 
suit, increase the possibility of skin cancer. It is in- 
teresting to note, therefore, that within this factor 
the statement concerning the relationship between 
the greenhouse effect and skin cancer (statement 5) 
has a fairly high loading (0.382). Thus, this factor 
appears to identify the confusion between the causes 
and consequences of two environmental problems of 
global dimension, the greenhouse effect and ozone 
layer depletion. Factor 10 also contained high load- 
ing statements that appeared to be connected to the 
confusion of these concepts. Statement 16 proposed 
that the greenhouse effect is made worse by ground- 
level ozone, which, although true, might be linked 
in the minds of students with atmospheric ozone de- 
pletion; statement 24 describes the correct mecha- 
nism of global warming, the retention of energy 
reradiated by the earth. 

Factor 9 contained two statements with high 
loadings. Statement 28 concerned the possible bene- 
ficial effect of the use of lead-free gasoline; state- 
ment 15 concerned the detrimental effects of carbon 
dioxide, a major greenhouse gas. Both of these ideas 
might be linked to automobiles, unleaded gasoline 
as a fuel, carbon dioxide as an emission. However, 
the statement specifically concerned with automo- 
bile usage, statement 36, did not produce a high 
loading in this factor. 

Gender and Age Differences 

It was noted on occasions that there appeared 
to be changes in students' thinking over the years 
studied. In order to investigate the significance of 
this, and of any differences in thinking between the 
sexes, it was decided, rather than look at the rela- 
tionship between grade and gender with each of the 
36 questions, it might be more profitable to look 
at the correlation between these two variables and 
each of the 10 factors. These are, after all, the 10 
orthogonal and independent ideas contained within 
the questionnaire. 

Table V shows the Spearman correlation co- 
efficients of gender and grade grouping with the 10 
factors. Only those correlations with a statistical sig- 
nificance of p < 0.01 are shown and, of these only 
one has a value of greater than 0.2. This would in- 
dicate that there is a slight effect of age on factor 
6, the nuclear factor. The direction of the correla- 
tion is such that older students might be said to have 
a more positive attitude to things nuclear, at least 
in the way in which they relate to the greenhouse 
effect. The other effects indicated in Table V while 
being statistically significant, are considered to be so 
small that the relationships are unimportant. 
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CONCLUSIONS 

Educational strategies and resources are best 
designed based on an appreciation of the precon- 
ceptions and misconceptions of those to be taught. 
Despite the importance of education about major 
environmental issues, there is little formal informa- 
tion about students' ideas in this area. The aim of 
this study was to start to provide educators with such 
information. 

The ideas of students about the greenhouse ef- 
fect appear to fall into a number of categories, ac- 
cording to their prevalence. Rather few students 
held the more unusual misconceptions about global 
warming, despite the fact that these ideas were gen- 
erated from responses to a preliminary open-form 
questionnaire.  Thus, for example, few students 
thought that an increase in the greenhouse effect 
would result in a rise in the number of earthquakes. 
In a complementary manner, most of the students 
understood some of the real manifestations and 
causes of global warming, and some of the actions 
that might reduce it. Here, for example, most students 
realized that limiting automobile use would make a 
contribution. 

In contrast, the questionnaire also revealed 
several misconceptions, in both a negative and 
positive sense. As an example of the former, few 
of the s tudents  apprec ia ted  that ground-level 
ozone is a greenhouse gas, and less than half un- 
derstood the role that electricity generation from 
nuclear  energy could play in reducing global 
warming. On the other  hand, an example of a 
positive misconception was that many students 
thought that an increase in the greenhouse effect 
would raise the incidence of skin cancer, perhaps 
because of a mental link with the ideas of radia- 
tion burns and sunburn, and/or because of a con- 
fusion between the causes of global warming and 
ozone-layer depletion. 

Some misconceptions, such as the notion that 
the extent of the global nuclear arsenal somehow 
influences the degree of global warming, appear to 
be partially corrected by, or at least during the pe- 
riod of, high school education. However, the pre- 
ponderance of most of the ideas, including many of 
the misconceptions, was similar in the different age 
groups. Thus, some misconceptions persisted in 
many students of the oldest group and perhaps 
would continue even into adulthood. This may be 
because,  rather  than being individual, isolated 

ideas, these notions are embedded in a conceptual 
framework, apparently with its own logic but, in re- 
ality, erroneous (Ausubel, 1968). Factor analysis of 
the responses gave clues to the possible nature of 
some of these frameworks. One concept, for exam- 
ple, seemed to embrace various ideas that it is grad- 
ual and unintentional leakage of pollutants that 
contributes to the increase of the greenhouse effect. 
While true for some greenhouse pollutants, this 
general concept may have misled some students to 
the idea that leakage of radioactive waste increases 
global warming. 

Furthermore, one erroneous idea, that use of 
lead-free gasoline reduces the impact of automobile 
use on global warming, not only persisted, but actu- 
ally increased in older students. We wonder whether 
persistence of this idea, even if only subconsciously, 
into the automobile-using adult population might 
have a practical deleterious effect. Perhaps even en- 
vironmentally sympathetic motorists might fail to 
limit automobile use in the mistaken belief that little 
harm is being done provided lead-free gasoline is 
being used. 

Perhaps the most general conclusion to be 
drawn from our results is that some students seem 
to confuse different major environmental problems 

global warming and ozone-layer depletion in par- 
ticular, but perhaps also radioactive contamination, 
acid precipitation, and even global biodiversity reduc- 
tion. The origins of one problem are confounded with 
the origins of the others; the manifestations of one are 
confused with the manifestations of the others. One 
task of educators will be to disentangle these various 
issues, without adopting a completely nonholistic ap- 
proach, which is seen by many as a contributing cause 
of environmental insensitivity. This task will not be eas- 
ily accomplished, in view of the fact that the miscon- 
ceptions are embedded in an alternative framework of 
high conceptual inertia. However, in view of the po- 
tential global consequences of inaction wrought by 
misunderstanding, and the subsequent effect on the 
structures of society (Tickell, 1991), it is a task for 
which we, for the sake of our children, are responsible. 
Our hope is that studies such as this will support edu- 
cators in this task. 
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