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The Interplay Between Knowledge, Perceived Efficacy,
and Concern About Global Warming and Climate Change:
A One-Year Longitudinal Study

Taciano L. Milfont∗

If the long-term goal of limiting warming to less than 2◦C is to be achieved, rapid and sus-
tained reductions of greenhouse gas emissions are required. These reductions will demand
political leadership and widespread public support for action on global warming and cli-
mate change. Public knowledge, level of concern, and perceived personal efficacy, in posi-
tively affecting these issues are key variables in understanding public support for mitigation
action. Previous research has documented some contradictory associations between knowl-
edge, personal efficacy, and concern about global warming and climate change, but these
cross-sectional findings limit inferences about temporal stability and direction of influence.
This study examines the relationships between these three variables over a one-year period
and three waves with national data from New Zealand. Results showed a positive association
between the variables, and the pattern of findings was stable and consistent across the three
data points. More importantly, results indicate that concern mediates the influence of knowl-
edge on personal efficacy. Knowing more about global warming and climate change increases
overall concern about the risks of these issues, and this increased concern leads to greater per-
ceived efficacy and responsibility to help solving them. Implications for risk communication
are discussed.
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1. INTRODUCTION

A large body of scientific evidence points to
the current existence and future worsening of global
warming and climate change. Besides the prevalence
of independent lines of evidence and scientific con-
sensus on the causes and consequences of global
warming and climate change,(1−6) there are also other
important social markers that indicate that nonsci-
entists have begun to listen and take the message
seriously. To illustrate: more than 100 Nobel laure-
ates have mentioned global warming as a danger to
world peace in the coming years,(7) and more recently
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Prince Charles hosted a symposium with 20 Nobel
laureates to discuss a path towards a low-carbon
economy;(8) almost all member states of the United
Nations have now agreed that the long-term goal of
climate policies should be limiting warming to 2◦C
or below;(9) in September 2009 the U.N. Secretary
General, Ban Ki-Moon, stated that climate change
is the greatest issue of the 21st century; U.S. Pres-
ident Barack Obama, addressed the 2009 Copen-
hagen Climate Change Conference by stating that his
country recognizes its responsibility to address cli-
mate change as the world’s largest economy and the
world’s second largest emitter; survey results indicate
that global warming and/or climate change (here-
after referred to GWCC) are frequently in people’s
minds;(10−12) and many civic society movements and
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demonstrations have taken place in recent years, in-
cluding the 350.org and the Earth Hour movements.1

Social markers, survey results, and social demon-
strations regarding the significance of GWCC should
not be taken lightly. It is remarkable to have such
global consensus and willingness to tackle (at least at
a discourse level) a particular issue when addressing
it is likely to have negative short-term effects on the
modus vivendi of the most powerful groups world-
wide. Indeed, if the long-term goal of limiting warm-
ing to less than 2◦C is to be achieved, rapid and sus-
tained reductions of greenhouse gas emissions are
required. These reductions would require stringent
policy interventions, which in democratic societies
would only be possible by widespread public support
for at least the broad and long-term goals of such
interventions.(13)

Understanding the level, motivators, and limits
of public support for action on GWCC is, therefore,
a crucial prerequisite for successful policy interven-
tions. The research reported here contributes to this
task by investigating the interplay between knowl-
edge, perceived personal efficacy, and level of con-
cern. The importance of these variables comes from
studies showing that each of them predict environ-
mental intention and engagement,(14−21) which sug-
gests they are key variables in understanding public
support for action on GWCC. Given this, it is rele-
vant to examine their associations further. By using
a one-year longitudinal design, this study provides a
more robust examination of their associations by al-
lowing a better test of the strength and direction of
the relationships.

2. ASSOCIATIONS BETWEEN KNOWLEDGE,
EFFICACY, AND CONCERN

The issue of the relationship between knowl-
edge, efficacy, and concern has received increasing
scholarly interest in recent years. The extant litera-
ture suggests that individuals are concerned and feel
personal efficacy to solve environmental issues to
the extent that they are informed about these issues.
This is in line with the knowledge-deficit approach

1 Another sociomarker indicator of the relevance of these is-
sues in people’s minds is how often they appear in Google.
Searching Google for [“global warming” OR “climate change”]
yields 756,000,000 web hits that represent about 7% and 18%
of the number of the hits for [“love”] and [“sex”], respectively,
10,960,000,000 and 4,240,000,000, which arguably are among the
most popular searched words on the Internet (search conducted
February 28, 2012).

in which mass media campaigns are used with the ex-
pectation that the dissemination of appropriate infor-
mation will lead to greater awareness and concern for
GWCC, and that this increased awareness and con-
cern will in turn lead to meaningful action.(22,23)

There are also other reasons to believe infor-
mation is important in influencing concern and effi-
cacy. First, it can help bypass “environmental numb-
ness,”(24) or the idea that “most people, most of the
time, simply are not thinking at all about climate
change. Instead, they are (understandably) thinking
about their work, their friends and family, or the
big game” (p. 277). Similarly, risks associated with
GWCC are examples of “hidden hazards,” or risks
that are unnoticed or unattended until they reach dis-
aster proportions, despite their serious consequences
for society.(25) Information can thus help people be-
gin to think about GWCC and make the risks salient.

Another reason why information is important is
because it taps into the human need for understand-
ing.(26) Individuals have a fundamental need to com-
prehend their physical and social environments, and
uncertainty rises when understanding is inaccessible
or constrained. Information can be used in interven-
tions designed to reduce environmental and social
uncertainty related to GWCC by tapping into this
core human motive. And it follows that increased
information would not only lead to reduced uncer-
tainty and increased understanding but would also
lead to higher levels of concern and greater demand
for remedial action.

Information is also important because there is
now a recognition that effective climate policies
should use a combination of top-down approaches
(regulatory approaches that force or motivate emis-
sions reductions) and bottom-up approaches (foster-
ing voluntary action to increase pro-environmental
behavior) to facilitate public acceptance of action
on climate change as well as to stimulate grass-
roots action.(27) This view suggests that, in order
to tackle GWCC effectively, we cannot rely only
on individuals to take collective action; it will be
necessary to make action normative and subject to
social sanctions through incentives and regulations.
Clearly, information has a crucial role in both types
of interventions.

2.1. Specific Empirical Examinations of
the Associations

Studies examining the associations between
knowledge, efficacy, and concern can be grouped
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according to the relationships they have focused on:
knowledge-concern, knowledge-efficacy, or efficacy-
concern relationships. Studies exploring the
knowledge-concern relationship have shown that
greater knowledge of environmental issues is associ-
ated with higher concern and willingness to act.(14−20)

Exploring this relationship in the climate change
domain, studies have examined whether respon-
dents who report being more knowledgeable about
GWCC are also more concerned about these issues.
Although studies vary in their conceptualization
and measurement of knowledge and concern, self-
report knowledge has been found to be positively
correlated with concern.(28−33) A person who has
more knowledge about GWCC is more likely to feel
concerned about the harmful effects of these issues.

Other studies have examined the knowledge-
efficacy relationship. Self-efficacy refers to a person’s
evaluation of whether he or she has the necessary
resources and/or skills to attain a goal or perform a
particular behavior.(34,35) Studies have shown a pos-
itive association between environmental knowledge
and self-efficacy,(19) and also an association between
self-efficacy and environmental engagement and will-
ingness to help tackle climate change.(15,21) Tack-
ling GWCC requires human agency and significant
changes in beliefs and behavior, so people’s evalua-
tion that they have the ability to positively influence
these issues is paramount. Hence, it is reasonable to
expect that an increase in knowledge would also lead
to a related increase in perceived efficacy.

Other studies have focused on the efficacy-
concern relationship, showing that greater perceived
personal efficacy is associated with higher concern
for GWCC.(30,36) People’s evaluation of their ability
to positively influence GWCC issues should increase
their concern for these issues.

Overall, a positive association between knowl-
edge, efficacy, and concern has been shown, such that
greater self-reported knowledge about GWCC is as-
sociated with both higher concern about the harm-
ful effects of these issues and feelings of personal
efficacy to help solve these issues. Despite the em-
pirical support for these associations, there is also ev-
idence that the association, between knowledge, effi-
cacy, and concern can be moderated by other factors.

For example, Kellstedt et al. conducted a na-
tional telephone survey of randomly selected adults
in the United States (n = 1,093) and found the ex-
pected positive association between knowledge and
concern (footnote 7, p. 120).(37) But when concern
was regressed on knowledge after controlling for a

number of variables (demographics, party identifi-
cation, conservative ideological identification, gen-
eral pro-environmental orientation, feelings of effi-
cacy related to GWCC, trust in media and climate
change experts, and confidence in scientists), they ob-
served a small and negative partial association be-
tween knowledge and concern. This negative partial
association indicates that being more informed about
GWCC is associated with lower levels of concern for
these issues. Besides assessing the associations be-
tween knowledge and concern, Kellstedt et al. also
explored the knowledge-efficacy relationship. They
found a negative partial association between self-
reported knowledge and efficacy, indicating that be-
ing more informed about GWCC is associated with
lower levels of perceived ability to influence GWCC
outcomes. These findings sharply contrast with ex-
pectations from the knowledge-deficit model and
also go against related findings reviewed above.

In another related study, Malka et al. explored
whether the knowledge-concern relationship could
be moderated by political party affiliation and trust
in scientists in the United States.(38) In a first cross-
sectional study, results from two surveys (both with
n = 1,002) showed that the positive relationship be-
tween knowledge and concern was only evident for
people who trusted scientists and among those who
identify themselves to be a Democrat or an Inde-
pendent; knowledge and concern were uncorrelated
for those who were skeptical of scientists and were
Republicans. The panel data in the second study
(n = 497) confirmed a pattern of higher knowl-
edge being associated with greater concern for global
warming, but this relationship was again moderated
by party identification. The causal impact of knowl-
edge on concern was only evident for people who
identified themselves to be a Democrat.

Despite the fact that the associations between
knowledge, efficacy, and concern can be moderated
by other factors, the extant literature assumes that
the association flows from knowledge to efficacy and
then to concern. But this assumed direction of in-
fluence could be erroneous. It is possible that inter-
ested and/or concerned individuals are more likely to
look for information and as a result feel more able
to change their behavior. It is also possible that the
influence flows from concern to efficacy, indicating
that as the overall concern about the risks of GWCC
increases, the perceived ability to affect GWCC out-
comes also increases.(21) Because most past research
has used cross-sectional data, the direction of the
influence in the associations between knowledge,
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efficacy, and concern could not be specifically exam-
ined. To fill this important gap, this study examines
these associations longitudinally.

3. THE PRESENT STUDY

Considering that knowledge, efficacy, and con-
cern are important in the environmental domain, that
not many studies have systematically assessed their
associations and the flow of influence between them,
and that the literature in this area is still young, this
study contributes to the field by examining their as-
sociations over time. It contributes to the literature
in two considerable ways.

First, this study uses one-year panel data to
provide a more robust examination of the associa-
tions between the variables. Also, there is no cur-
rent evidence about the stability or instability of at-
titudes towards GWCC over a period of time. By
assessing the specific direction of the associations be-
tween knowledge, efficacy, and concern and their sta-
bility over time, the findings will provide a stronger
case for the interplay between them. Based on the
literature reviewed above, three models defining the
flow of influence in the associations can be identified.
The first model posits that greater knowledge is asso-
ciated with higher concern; the second model posits
that greater knowledge is associated with higher
perceived efficacy; and the third model posits that
greater perceived efficacy is associated with higher
concern. Besides these models, there exists other
possible directions, of influence that will also be ex-
plored in this study. For instance, it is possible that
the influence of self-reported knowledge on per-
ceived efficacy is mediated by concern about GWCC.

Second, studies outside the United States that
have examined these associations in the GWCC do-
main are scarce. By relying on New Zealand data,
this study also expands the cultural validity of the
interplay between knowledge, efficacy, and concern.
A brief overview of the New Zealand context and
the methodological framework used are presented
below.

3.1. The New Zealand Context

The data for this study were gathered in 2008 and
2009 when New Zealand experienced a transition
from a government led by the Labor Party (a center-
left party), which had three terms and nine years in
power, to a government led by the National Party

(a center-right party). The then Labor-led govern-
ment had a vision to have New Zealand championing
the world on environmental sustainability,(39) and
had introduced a carbon emissions trading scheme.
The now National-led government focuses more on
economic rather than environmental interests. Al-
though the current government has announced a
commitment to a 50% reduction in greenhouse gas
emission from 1990 levels by 2050,(40) it has weak-
ened the emissions trading scheme and other climate
policies.(41)

New Zealand research has also shown that sup-
port for climate change actions is positively and mod-
erately related to support for the Labor Party and
the Green Party, which is a strongly environmentally-
oriented party and currently is the third main party
in the country, while it is negatively related to sup-
port for the National Party.(42,43) These findings are
in line with findings from the United States, where
Democrats are more likely to be concerned about cli-
mate change than Republicans.(32,37,38,44)

More broadly, New Zealand surveys on public
attitudes to GWCC show similarities with public sur-
veys in other countries. One nationally representa-
tive survey (n = 1,003) found that 33% of the New
Zealand general public strongly believes that climate
change is happening, and a higher proportion (38%)
strongly believes that humans or animals have a di-
rect impact on this issue.(43) Nearly 31% of respon-
dents of another national survey (n = 752) identified
“global warming/climate change/ozone layer” as the
single biggest issue facing the world.(45) Another na-
tional survey (n = 500) found that 80% of the re-
spondents agreed that the world is experiencing cli-
mate change and that it is a problem, of which 44%
agreed that there seems to be clear proof that climate
change is caused by human activity.(46) The same sur-
vey also found a positive and strong correlation be-
tween respondents’ feelings of the seriousness of cli-
mate change and human impact, with those who rate
climate change as extremely serious also rating hu-
man behavior as having a very direct impact on cli-
mate change. Finally, respondents in another large
national survey (n = 2,851) believed climate change
is a problem (76%) and that its effects have already
begun to happen (65%).(47)

3.2. The Methodological Framework

Panel data from a national survey of New
Zealand adults conducted at three time-points from
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2008 and 2009 are used to address the research ques-
tions. Four main sets of analyses are reported. In
the first set, ordinary least squares (OLS) regres-
sions were computed to assess the three models out-
lined above. The baseline model includes the demo-
graphic variables, the political-related variables, and
the New Environmental Paradigm (NEP) Scale in
predicting concern for GWCC.2 The second model
includes these variables, plus the effects of knowl-
edge, personal efficacy, trust, and confidence in sci-
entists. These regression models followed procedure
used by Kellstedt et al.,(37) and demographic and
other variables were included in the models to ex-
amine the association between knowledge and con-
cern after controlling for those variables. After these
initial analyses at time 1, the analyses are repeated
for time 2 and time 3 to examine the stability of the
findings.

In the second set of analyses, the moderation hy-
pothesis proposed by Malka et al. is tested.(38) They
found that the knowledge-concern relationship was
moderated by party identification and trust in scien-
tists, with knowledge and concern being positively
related only for people who trusted scientists and
among those who identify themselves to be a Demo-
crat or an Independent. The moderation hypothesis
was tested in this study using the available variables.
Specifically, the knowledge-concern relationship was
tested for moderation by support for the National
Party and confidence in scientists for each data point.

Although important for assessing the stability of
the relationships between the variables over time, the
regression analyses do not allow for a proper inves-
tigation of possible change over time. Mass politi-
cal attitudes are famously unstable,(48) and to date
there is no evidence about the stability or instabil-
ity of attitudes towards GWCC over time. Moreover,
the increase in awareness of GWCC in recent years
suggests it is a result of increased information avail-
able to the general public, which also suggests that
change may be observed over time. In the third set of
analyses, latent growth curve (LGC) modeling was

2 Malka et al. have criticized the inclusion of the NEP Scale in the
regression models reported by Kellstedt et al. because of content
overlap between the items of this scale and the measure of con-
cern about GWCC.(38) The NEP Scale was kept in the regression
models reported in this study for both theoretical and method-
ological reasons. First, broad environmental values measured by
scales such as the NEP Scale are likely to cause concern about
more specific matters like GWCC so its inclusion is theoretically
motivated. Second, the NEP Scale is well established in the liter-
ature and its exclusion could thus lead to omitted-variable bias.

performed to explore whether the levels of knowl-
edge, efficacy, and concern related to GWCC
changed over the one-year period. In brief, LGC is a
method of longitudinal data analysis that focuses on
both initial levels and rate of change over time by es-
timating individual regression parameters and mod-
eling individual variation in growth of the measured
variable; a second goal of LGC is to identify potential
factors that explain this variation.(49−51)

Two types of LGC models can be estimated. Un-
conditional growth models assess the respondents’
average initial level of the variable of interest at time
1 (the “intercept”) and how the respondents’ average
level of the variable changed over the time period
(the “slope”). Detailed descriptions of the uncondi-
tional LGC models tested in this study is given in the
Appendix. The unconditional growth models only
model the initial levels and any rate of change ob-
served, excluding any predictions of variables caus-
ing the initial levels and rate of change. It is also
possible to add one or more variables that could ex-
plain the change observed. In this conditional growth
model, it is possible to examine whether one partic-
ular variable is responsible for changes in respon-
dents’ average levels of the variable of interest. Ex-
amples of conditional growth models can be obtained
elsewhere.(52,53)

Finally, structural equation modeling (SEM) was
used to estimate latent path models on the associ-
ations between the variables. In these models, the
observed indicators for the latent variables were the
averaged scores at the three time-points. The la-
tent path models were used to test the three specific
models detailed above that imply that the influence
flows from information to efficacy and then to con-
cern. Alternative and mediational models were also
examined.

4. METHOD

4.1. Sample and Measures

A total of 3,000 names were collected at random
from the 2007 New Zealand Electoral Roll held in
hard copy at public libraries. The Electoral Roll is
split across 69 electorates, and each roll-book has a
different number of pages. To increase proportion-
ality, the sample was split across 69 electorates and
each subsample was proportional to the size of the
electorate. A random number generator was used to
select page numbers in each electoral roll. The list
of numbers was sorted in ascending order and the
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second name on the page matched by the random
number was recorded. From the original 3,000 names
recorded, five addresses were invalid, resulting in an
initial sample of 2,995 households. The survey was
mailed with a consent form and covering letter de-
scribing the aims of the survey, and invited the named
person or another member of the household to par-
ticipate. A postage-paid return envelope and an en-
try form for a draw to win $NZ500 worth of grocery
vouchers were included to encourage participation.

Five hundred eighty-one questionnaires were re-
turned in time 1, with a total of 551 valid sur-
veys, giving a response rate 1 of 18% according
to the American Association for Public Research
(AAPOR). The questionnaire was mailed again to
respondents who agreed to participate in the panel
study six months after the first survey (November
2008) and then again one year after the first sur-
vey (June 2009). The group of 269 respondents who
took part in all three surveys comprised the panel
for the present analysis, which represents a response
rate 1 of 9% from the initial total of surveys mailed.
Table I displays distributions of unweighted demo-
graphics for the panel sample alongside national de-
mographics based on the 2006 Census from Statistics
New Zealand. The panel data overrepresented re-
spondents from the majority ethnic group, females,
older adults, and people with relatively higher edu-
cation and income, which is common in survey re-
search.(37,38) The study was approved by the School
of Psychology Human Ethics Committee under de-
ligated authority of the Human Ethics Commit-
tee of the Victoria University of Wellington. The
questionnaire included the same set of measures
used by Kellstedt et al.,(37) which are described in
Table II. The measures were included in all three sur-
veys (excepted when noted), and higher numbers in-
dicate more of the construct measured.

5. RESULTS

5.1. Regression Analyses

5.1.1. Concern

Examining the baseline model in time 1 first
(Column 1 of Table III), the only variables sig-
nificantly related to concern for GWCC were age
and the NEP Scale. The associations for these vari-
ables were in the direction predicted by the litera-
ture. Younger respondents and those who endorse
environmental values exhibit significantly greater
concern for GWCC than their counterparts. After

controlling for the new variables in the model (Col-
umn 2 of Table III), age and the NEP Scale remained
statistically significant, and attendance at religious
service became significant, with those who attended a
religious service showing higher concern for GWCC.

Despite the change observed for religious-
service attendance, the inclusion of the new variables
did not substantially alter the initial findings. The
stronger effect was observed for perceived efficacy.
Respondents who feel they have the ability to influ-
ence GWCC outcomes show greater concern for the
effects of these environmental issues. Importantly,
both information level and confidence in scientists
were positively and marginally significantly related to
concern. This suggests a trend for respondents with
perceived higher knowledge volume about GWCC
and with greater confidence in scientists’ understand-
ing of these issues to show more concern than those
who have lower knowledge volume and lower confi-
dence in scientists.

To access the stability of these findings across
time, the models were also examined at time 2 and
time 3. Because some questions were only included
in the first survey, the same time 1 scores for these
questions were added in these additional models.3

The results in Columns 2 and 3 of Table III show that
the NEP Scale and perceived efficacy remained sig-
nificant predictors, while the significant effect of age
was diminished. Another difference was observed for
the variable assessing support for the National Party,
which became significantly related to concern, indi-
cating that those who place higher support for this
center-right party are considerably less concerned
about GWCC. This result is similar to previous find-
ings,(37) and the change across time might indicate
the modification of the political environment in New
Zealand between the survey points (see discussion
below). Also noteworthy is the effect of information
level on concern, which is consistently positive across
time (albeit nonsignificantly) and also similar in size
to the effect of −0.018 reported by Kellstedt et al.

5.1.2. Efficacy

Because of the strong effect of efficacy on con-
cern, another set of models was tested at each

3 Variables included in the model based on time 1 response were:
ethnicity, gender, education, income, age, religious-service atten-
dance, ideology, and the NEP Scale. Some small variability across
time can be expected for these variables, but here they are as-
sumed to be stable across the surveys and thus treated as time-
invariant covariates.
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Table I. Comparison of Survey
Respondents’ Demographic

Characteristics with the New Zealand
Population

Characteristic Panel Data (%) 2006 Census (%)

Ethnicity (New Zealanders of European descent) 85.9 59.0
Sex (male) 33.8 48.8
Personal income ($NZ)

∗

<$10,000 18.6 15.8
$10,001–$20,000 16.4 21.7
$20,001–$40,000 18.6 29.5
$40,001–$100,000 28.3 23.5
>$100,001 8.6 3.7

Age (median) 54.0 35.9
Respondents from Auckland (biggest city) 23.0 32.4
Education (post high school) 55.0 40.0

Note: The panel data included 269 respondents and the 2006 Census data are based on a
population of 4,143,279. (∗) The way personal income was measured in the panel study
differs from the standard New Zealand Census question, but the brackets are relatively
similar. New brackets were created based on the panel data and the 2006 Census and
are presented here to aid comparison. Median personal income in the 2006 Census was
$NZ24,400.

time-point assessing the predictors of efficacy follow-
ing the study by Kellstedt et al. Taken in conjunction,
there is some consistency in the pattern of findings
(see Columns 1–3 of Table IV). Age is a negative pre-
dictor of efficacy, indicating that older respondents
feel less personally efficacious on issues related to
GWCC than younger respondents. The other consis-
tent significant predictors were the NEP Scale, trust
in experts, and confidence in scientists, with respon-
dents who endorse environmental values, trust ex-
perts and are confident in scientists feeling they have
the ability to influence GWCC outcomes. There is
also some consistency in the pattern of findings for
nonsignificant variables. Younger respondents, those
who tend to oppose a mainstream center-right party,
and those who trust the media feel they have the abil-
ity to influence GWCC outcomes. Some of these find-
ings are in contrast to those observed by Kellstedt
et al., for example, the negative effect observed for
age and the positive effects for trust and confidence
in scientists. Perhaps more importantly was the ef-
fect of information level on perceived efficacy, which
in the Kellstedt et al. study was negative, while in this
study had a positive (albeit nonsignificant) pattern.

5.1.3. Moderation by Confidence in Scientists and
Support for National Party

To test the moderation hypothesis, the variables
for information level, National Party support, and
confidence in scientists were first mean centered and
then product terms were created by multiplying the
centered scores.(57) Thus, two moderating variables

were added to the regression models presented in
Table II for each of the data points: knowledge ×
National Party support, and knowledge × confidence
in scientists. If the moderating variables significantly
predict additional variation in concern for GWCC
not explained by the sum of the separate effects of
all other variables then this would support the mod-
eration hypothesis.

The only moderating variable achieving
marginal significance level was the interaction
between information level and National Party
support in time 2 (Beta = −0.015, p = 0.11).4 This
result indicates a trend for National Party support to
moderate the knowledge-concern relationship in the
wave of December 2008. The positive correlation be-
tween knowledge and concern is strongest in the case
of low support for the National Party and weakest in
the case of high support for this political party. That
is, greater self-perceived knowledge about GWCC
is associated with higher concern, but only for those
with low support for the National Party, which is in
line with the results reported by Malka et al. for those
who identified as Democrats or Independents.(38)

That this moderation trend only appeared in time
2 is also relevant as the survey was conducted only
weeks after the general election that resulted in
the transition from a Labor-led government to a
National-led government. It can be speculated that
the marginally significant moderation emerged in
this time-point because support or opposition to the

4 Results from the moderated multiple regressions are not re-
ported in text but are available upon request.
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Table II. Description of the Measures

Variable Measure Description and Reliability

Level of information/self-reported knowledge A single question asked respondents to indicate on a 11-point scale “how
well-informed do you consider yourself to be on global warming and climate
change?” anchored by 0 = not at all informed, to 5 = somewhat informed and
10 = very well informed. This information-level question was taken as a measure
of respondents’ knowledge volume about GWCC.(38)

Perceived efficacy Personal efficacy for GWCC was measured with three items that asked
respondents to indicate their level of agreement with statements referring to the
respondent’s perceived ability to influence GWCC outcomes, whether the
actions of the respondent will influence others to behave in ways that mitigate
the effects of global warming, and whether the respondents accept climate
change as a human responsibility. Respondents indicated their level of
agreement on a 4-point scale, anchored by 1 = strongly disagree and 4 = strongly
agree (Cronbach’s alphas: time 1 = 0.703, time 2 = 0.729, and time 3 = 0.778).

Public concern for global warming and climate
change

Respondents indicated their level of agreement with items on future negative
effects of GWCC on their own health, financial, and environmental welfare
(anchored by 1 = strongly disagree and 4 = strongly agree), as well as their level
of perceived risks on negative effects to public health, ecomony, and
environmental integrity (anchored by 1 = no risk and 4 = extreme risk). The
average of the six items was used (Cronbach’s alphas were: time 1 = 0.856, time
2 = 0.873, and time 3 = 0.885). This 6-item measure of future negative effects of
GWCC is taken as a proxy of public concern regarding these environmental
issues.(38)

Environmental values The New Environmental Paradigm (NEP) Scale was used as an indicator of
environmental values.(54) Kellstedt et al. used an abbreviated version of the NEP
Scale, which included only pro-environmental items. This could have made the
scale biased in terms of wording-effect and research has also shown that
abbreviated versions of the NEP Scale often lead to unreliable findings.(55) For
these reasons, the full 15 items were included. The NEP Scale was only included
in time 1 (Cronbach’s alpha = 0.844).

Trust in media and experts Trust in media was measured with a 3-item index asking respondents to evaluate
the trustworthiness of information on GWCC provided by newspapers,
television news, and radio (Cronbach’s alphas: time 1 = 0.934, time 2 = 0.936,
and time 3 = 0.949). Trust in experts was measured with a 4-item index asking
respondents to evaluate the trustworthiness of information provided by
government agencies, nonprofit organizations, environmental interest groups,
and other interest groups (Cronbach’s alphas: time 1 = 0.877, time 2 = 0.867, and
time 3 = 0.864). Respondents indicated their level of trust on an 11-point scale,
ranging from 0 (not at all trustworthy) to 10 (very trustworthy).

Confidence in scientists A single item asked respondents to indicate “how clearly do you think scientists
understand global warming and climate change?” on a 4-point scale, ranging
from 1 = very unclear understanding to 4 = very unclear understanding.

Political ideology and political party support Political ideology was measured in time 1 on a 7-point scale ranging from 1 =
extremely liberal to 7 = extremely conservative. Because partisan identity is less
strong in the New Zealand context than in the United States, political party
support was measured and taken as a proxy of party identification.(46,56)

Respondents were asked to indicate how strongly they support/oppose the main
New Zealand political parties. In order to aid comparison with the Kellstedt
et al. study, only support/opposition to the National Party (a right-centre party)
was included in the models. Respondents indicated how strongly they
support/oppose this political party on a 7-point scale (anchored by 1 = strongly
oppose and 7 = strongly support). For respondents in time 1 this question asked
them to indicate their party support/opposition for the upcoming New Zealand
election (November 2008). Respondents in time 2 answered the questionnaire

(Continued)
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Table II. (Continued)

Variable Measure description and reliability

soon after the general election, so they were asked to indicate how strongly they
supported/opposed the National Party in the past election. The question on
party support was not included in time 3, so answers for this question in time 1
and time 2 were averaged for each respondent and used in the analyses as the
time 3 answer.

Demographic variables Ethnicity was measured nominally, with those identifying themselves as New
Zealanders of European decent (the majority group) receiving a score of 1, and
non-New Zealand Europeans receiving a score of 0. Gender was also included as
a dichotomous variable, with 0 for female and 1 for male. Education was
measured on a 7-point scale, ranging from 1 (secondary school incomplete) to 7
(doctorate). Personal annual income was measure on a 9-point scale, ranging
from 1 (under $NZ10,000) to 9 (more than $NZ141,000). Age was measured in
years. A single question measured religious-service attendance by asking
respondents to indicate whether they attended a religious service (not including
funeral, wedding) in the last week (1) or not (0). These demographic questions
were only included in time 1.

Note: These measures are based on the study by Kellstedt et al.,(37) and were used here for replication purpose. Limitations associated with
these measures are discussed in text.

Table III. Sources of Public Concern for Global Warming and Climate Change

Time 1 (Jun’08) Time 2 (Nov’09) Time 3 (Jun’09)

Predictor Baseline Expanded Baseline Expanded Baseline Expanded

Ethnicity (New Zealand European) 0.027 −0.107 0.004 −0.195† 0.014 −0.019
Gender (male) −0.075 −0.036 −0.138 −0.131 −0.209∗ −0.097
Education 0.018 0.011 0.021 −0.003 0.030 0.022
Income 0.000 −0.009 0.023 0.037† 0.011 0.011
Age −0.008∗∗ −0.006∗ −0.007† −0.004 −0.002 −0.000
Religious-service attendance 0.126 0.171∗ 0.217∗ 0.161 0.179† 0.145
Support for National −0.018 −0.003 −0.044∗ −0.031 −0.068∗∗ −0.061∗
Ideology (liberal) 0.014 0.017 0.025 0.032 0.017 0.056†
Environmental values 0.425∗∗∗ 0.314∗∗∗ 0.402∗∗∗ 0.256∗∗ 0.312∗∗∗ 0.205∗∗
Information level 0.034† 0.005 0.017
Perceived efficacy 0.332∗∗∗ 0.302∗∗∗ 0.238∗∗
Trust media 0.005 0.007 0.035
Trust experts 0.003 0.053 0.037
Confidence in scientists 0.092† 0.053 0.102

Constant 1.359∗∗ .379 1.430∗∗ 0.716 1.676∗∗∗ 0.382
R2 0.303 0.517 0.259 0.464 0.231 0.425
Adj. R2 0.272 0.481 0.226 0.418 0.199 0.382
N 216 203 212 175 221 203

∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001; †p < 0.10.
Note: The cell entries are unstandardised OLS regression coefficients. The dependent variable is concern for global warming and climate
change. All variables are coded so that higher values indicate more of the construct.

political parties was more salient in the minds of the
respondents.

5.2. Linear LGC Modeling

The regression results reported earlier provide
evidence for the associations between knowledge,

concern, and efficacy. LGC modeling was performed
to better assess these variables and possible change
over time. The LGC results are reported in Table V.

There are some consistent results. First, the in-
tercept means were significant for all three concepts
and represent the predicted initial mean level of
knowledge (6.06, on a 10-point scale described in
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Table IV. Sources of Perceived Efficacy Regarding Global
Warming and Climate Change

Time 1 Time 2 Time 3
Predictor (Jun’08) (Nov’09) (Jun’09)

Ethnicity (New Zealand
European)

0.012 0.077 −0.154

Gender (male) −0.135 −0.036 −0.276∗
Education 0.003 0.030 0.015
Income 0.015 −0.003 0.034∗∗
Age −0.007∗∗∗ −0.008∗∗∗ −0.002
Religious-service

attendance
0.023 0.182∗∗ 0.048

Support for National −0.019 −0.028 −0.033
Ideology (liberal) −0.038 0.038 −0.048
Environmental values 0.219∗ 0.284† 0.152∗∗
Information level 0.007 0.021 −0.001
Trust media 0.038 0.031 0.082∗
Trust experts 0.080 0.160† 0.108†
Confidence in scientists 0.120∗∗∗ 0.005 0.125∗∗∗

Constant 1.491∗ 0.706 1.328∗
R2 0.386 0.507 0.511
Adj. R2 0.344 0.467 0.477
N 203 175 203

∗p < 0.001; ∗∗p < 0.05; ∗∗∗p < 0.010; †p < 0.01.
Note: The cell entries are unstandardized OLS regression coeffi-
cients. The dependent variable is perceived personal efficacy for
global warming and climate change. All variables are coded so
that higher values indicate more of the construct.

Table II), efficacy (2.64, on a 4-point scale), and con-
cern (2.53, also on a 4-point scale). These predicted
initial levels are somewhat lower, but comparable to
those observed by Kellstedt et al. for information
(M = 6.32, SD = 0.68), efficacy (M = 2.72, SD =
0.53), and concern (M = 2.73, SD = 0.68).5 This indi-
cates that the levels of self-reported knowledge, effi-
cacy, and concern for the New Zealand respondents
are similar to those observed in the United States.

Second, there was significant variance in the in-
tercepts, indicating that although the initial levels
were on average similar to those found in a previous
study, there was significant individual variability for
all three variables in the initial level. This indicates
that individual respondents had differing initial lev-
els of self-reported knowledge, efficacy, and concern,
and that the sample was not homogeneous regarding
these variables, which was expected.

Third, the slope means were not significant. The
slope means represent the estimated linear rate of

5 The author thanks Paul M. Kellstedt for providing these descrip-
tive statistics.

change in the measured variables over time. That the
slope means were not significant indicates that there
was no significant average increase or decrease either
in self-reported knowledge, concern, or efficacy dur-
ing the one-year period. Note that the mean slope
was positive for information level and concern, while
negative for efficacy. This indicates a trend of pos-
itive (increase) rate of change for information and
concern, and a negative (decrease) rate of change for
efficacy, so that there is a trend for both informa-
tion and concern to increase linearly over time (from
6.086 to 6.219 and from 2.529 to 2.533, respectively),
while there is a trend for efficacy to decrease linearly
(from 2.653 to 2.631).

Finally, that the slope variance for information
level is significant suggests variability across respon-
dents in the rate of change over time. Moreover, the
significant and negative covariance between the in-
tercept and slope factors for information level indi-
cates that there was an inverse relationship between
initial information level and change over time. A sim-
ilar trend is also observed for concern, with an in-
verse relationship between initial level and change
over time, while for efficacy the relationship was pos-
itive. This indicates that, as a whole, the sample is
characterized by increasing levels of knowledge and
concern, and by decreasing levels of efficacy, over the
three time-points; and that there was large variability
in the individual rates of change over time. However,
because the overall rate of change was not significant
these results should be interpreted with caution.

5.3. Latent Path Models

The LGC results show that there was no statisti-
cally significant increase or decrease in the levels of
knowledge, efficacy, and concern over the one-year
period. Considering this absence of change over time,
the test of conditional LGC models in which vari-
ables are added in the models to explain the rate of
change cannot be performed. However, it is possible
to examine the associations between knowledge, ef-
ficacy, and concern more broadly. Table VI presents
the bivariate correlations between the three variables
in each of the time-points. Information level was pos-
itively (albeit nonsignificantly) related to both con-
cern and efficacy. Perceived efficacy was positively
and strongly related to concern. Results from latent
path models also show a strong and positive corre-
lation between efficacy and concern, and that infor-
mation is positively associated with concern but not
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Table V. Parameter Estimates for the Unconditional Latent Growth Models for Knowledge, Perceived Efficacy, and Concern About
Global Warming and Climate Change

Knowledge Efficacy Concern

Growth Parameters Coefficient t-value Coefficient t-value Coefficient t-value

Mean intercept 6.06 56.10 2.64 65.65 2.53 72.27
Mean slope 0.12 1.30 −0.02 −0.46 0.00 0.15
Intercept variance 2.59 7.85 0.29 6.21 0.25 6.64
Slope variance 1.01 2.07 0.02 0.18 0.06 0.92
Intercept-slope covariance −0.46 −2.41 0.44 0.66 −0.15 −0.49
Estimated mean (Time 1) 6.086 — 2.653 — 2.529 —
Estimated mean (Time 2) 6.037 — 2.606 — 2.532 —
Estimated mean (Time 3) 6.219 — 2.631 — 2.533 —

Note: Coefficients are standardized regression parameters and t-values are the ratio of the parameters to standard errors. T-values above
1.96 are significant at p < 0.05 and are presented in bold. Model fit: Information model = chi-square (1, N = 269) = 2.83, p = 0.092,
RMSEA = 0.083, SRMR = 0.00, CFI = 0.99. Efficacy model = chi-square (1, N = 269) = 1.524, p = 0.217, RMSEA = 0.044, SRMR = 0.00,
CFI = 0.99. Concern model = chi-square (1, N = 269) = 0.003, p = 0.960, RMSEA = 0.00, SRMR = 0.00, CFI = 1.00.

Table VI. Correlations Between Measures of Knowledge, Efficacy, and Concern at Time 1, 2, and 3

Time 1 with Time 2 Time 1 with Time 3 Time 2 with Time 3

1. 2. 3. 1. 2. 3. 1. 2. 3.

1. Knowledge 0.706 0.017 0.093 0.601 0.109† 0.130∗ 0.656 0.051 0.074
2. Efficacy 0.073 0.619 0.441 0.035 0.667 0.449 −0.006 0.704 0.492
3. Concern 0.071 0.492 0.659 0.041 0.451 0.648 0.103† 0.437 0.638

Note: Test-retest correlations appear on the diagonal in each of the time-point correlations. Sample size varied from 260 to 269. Correlations
above 0.40 are significant at p < 0.001.
∗p < 0.05; †p < 0.10.

Table VII. Parameter Estimates and Fit
Indices of Latent Path Models

Model Parameters χ2 (df) χ2/df RMSEA SRMR CFI

Bivariate
Knowledge ↔ Concern 0.17∗ 17.14 (8) 2.14 0.067 0.028 0.99
Knowledge ↔ Efficacy 0.10 23.04 (8) 2.88 0.085 0.028 0.98
Efficacy ↔ Concern 0.74∗ 27.94 (8) 3.49 0.098 0.029 0.98

Mediated
Know→ Con → Eff 0.17∗ / 0.74∗ 66.30 (24) 2.76 0.083 0.034 0.97
Eff → Con → Know 0.20 / 0.74∗ 66.30 (24) 2.76 0.083 0.034 0.97

Note: Parameter estimates are standardized values. Starred estimates are statistically signifi-
cant (t > 1.96, p < 0.05).

significantly associated with efficacy (see Column 1 in
Table VII).

Given these patterns, of associations a med-
itational model was tested in which information
influences efficacy via concern, which was supported
by the data (see mediated models in Table VII). Im-
portantly, when an alternative model was tested with
efficacy influencing information via concern, the
association between concern and information be-
came nonsignificant. These findings suggest a flow
of causation from information to concern and then

from concern to efficacy, and sharply contrast studies
assuming that the influence flows from efficacy to
concern.(37) Being more informed about GWCC
leads to greater concern about these issues, which
in turn leads to higher perceived ability to influence
GWCC outcomes.

6. DISCUSSION

The findings from these one-year panel data
provide further evidence for the interplay between
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self-reported knowledge about GWCC, level of con-
cern, and perceived efficacy associated with these is-
sues. Results showed positive associations between
knowledge, efficacy, and concern, and this pattern of
findings was stable and consistent across the three
data points.

The model on the knowledge-concern relation-
ship was supported. That greater knowledge is
positively associated with higher concern and will-
ingness to act is in accordance with the existing lit-
erature.(14−20) The dissemination of appropriate in-
formation can create greater awareness and concern
for GWCC, and this increased awareness and con-
cern might lead to meaningful action. Given the con-
tinued attention to and increased politicization of
GWCC in recent years, it is possible that the dif-
ferences between the present findings and those re-
ported by Kellstedt et al.(37) are due to a change in
the salience of GWCC in the intervening years since
their data collection in 2004. Taking into account the
evidence for the positive association between knowl-
edge and concern, however, it seems safe to conclude
that greater knowledge regarding GWCC leads to
higher concern about these issues.

There is also evidence that the knowledge-
concern relationship can be moderated by other fac-
tors. In line with the Malka et al. findings,(38) this
study showed a trend for political party support to
moderate the association between the knowledge
and concern, with a weaker knowledge-concern rela-
tionship for those who support a center-right party.
Besides party identification, there is evidence that
other variables can also predispose individuals to
take GWCC seriously, such as parental status and en-
vironmental values.(42,58) This is congruent with the
psychological principle of confirmation or assimila-
tion bias wherein people tend to favor evidence that
supports their preconceptions, and to interpret dis-
confirming evidence in a biased manner that supports
their own beliefs or agenda.(59,60)

For a person who already trusts scientific infor-
mation on the causal connection between observed
changes in the global climate and human-induced
emissions of greenhouse gases, more knowledge may
lead to more concern. Similarly, information is more
likely to be accepted and internalized if it comes from
someone who shares similar political leanings.(38)

Further research should explore confirmation or as-
similation biases underpinning the lack of awareness
and mitigation efforts regarding GWCC.

According to the model on the knowledge-
efficacy relationship, dissemination of appropriate

information should increase knowledge about
GWCC and induce a sense of self-efficacy and
feelings that one’s actions can influence others to
behave in ways to mitigate the effects of GWCC.
Supporting this view, there was a trend for a positive
association between knowledge and efficacy. But
when all three variables are examined together it
seems that knowledge does not influence personal
efficacy directly, but does so via concern. In line
with this, path models indicate that the influence
flows from concern to efficacy and not the other way
round. This is a novel and important finding.

Previous studies have assumed that the influence
flows from knowledge to efficacy and from efficacy
to concern. The current longitudinal data suggest a
major flow of causation from knowledge to concern
to efficacy, such that the strongest effect is between
knowledge and concern and then between concern
and efficacy, with concern mediating the knowledge-
efficacy relationship. That concern mediates this rela-
tionship implies that perceived knowledge leads one
to feel concerned, and subsequently being concerned
leads one to feel self-efficacious. Specifically, knowl-
edge increases concern about GWCC, and it is this
increased concern that induces the feeling of per-
sonal efficacy and responsibility to behave in ways to
mitigate the effects of GWCC. Concern is, thus, the
route by which someone who is knowledgeable be-
comes someone who feels personally efficacious and
responsible for these issues.

This mediational model can be linked to the
idea of “scaffolding” processes, which posits that in-
coming information is integrated with extant knowl-
edge structures and that sociocognitive metaphors
are constrained by associations between social and
bodily experiences.(61,62) Extrapolating from this the-
orizing, the present findings suggest that perceived
personal efficacy in dealing with GWCC is grounded
onto one’s overall concern about these issues, which
in turn is grounded onto perceived knowledge.
Namely, informedness serves as the foundation for
the development of concern, and this contextualized
concern is then scaffolded onto perceived personal
efficacy in positively affecting these issues. Future re-
search can continue to empirically delineate this me-
diational model and the scaffolding process.

This study was also the first to explore varia-
tion in the levels of knowledge, efficacy, and con-
cern over time. Although change over time could
be expected given the instability of mass attitude
over time and increased politicization and aware-
ness of GWCC issues in recent years, the results
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show no over-time variation. That is, the levels of
self-reported knowledge, efficacy and concern did
not significantly change over the one-year period.
However, there was a trend for both information and
concern to increase over time, while there was a trend
for efficacy to decrease.

The trend for reduced efficacy over time is wor-
rying given research showing that when faced with
the environmental crisis of water shortage people
made more efforts to conserve water when they be-
lieved their own contribution made a difference in
alleviating the crisis.(63) Reduced perceived efficacy
can also reflect a sense of powerlessness regarding
GWCC.(28) Because the rates of change were not
statistically significant, these trends should be in-
terpreted with caution. Moreover, this longitudinal
study is only one of a few of its kind, and there is a
possibility that one year is simply not long enough
to expect to see statistically significant changes in
the levels of knowledge, efficacy, and concern re-
garding GWCC. Future longitudinal studies should
be extended over longer time horizons, where these
variables will arguably change much more signifi-
cantly and will affect each other in much stronger
ways.

On the other hand, the stability shown by the
over-time results might indicate that the revealed at-
titudes about GWCC are indeed real, and not socially
desirable, made-up, random responses. Perhaps this
is an indication that the general public has already
formed a somewhat strong belief system regarding
GWCC and that it now examines these issues more
ideologically.(48) Future studies should consider this
possibility.

Although the influence of knowledge on concern
is important, there is strong evidence that interven-
tions aimed to tackle GWCC cannot rely solely on in-
formation campaigns.(13,64−68) The existing research
indicates that people’s knowledge increases after re-
ceiving information about a particular environmen-
tal issue, and that those more knowledgeable are
more likely to act. However, an increase in knowl-
edge does not usually lead to behavioral change.
For example, Canada created a national program to
reduce greenhouse-gases emission in the residential
sector by encouraging citizens to use less energy and
fewer resources in their daily activities, named the
One-Tonne Challenge. An evaluation of the program
showed that the program achieved public awareness,
as shown by 51% of respondents indicating they un-
derstood it as a program designed to reduce emis-
sions and/or energy use, and by their support for the

program and overall willingness to take personal ac-
tion to reduce emissions. However, this awareness
did not result in behavior change.(69)

Notwithstanding the fact that public education
programs are unlikely by themselves to be effec-
tive in changing behavior, the present findings have
implications for communicating risk associated with
GWCC. There is evidence that some groups make
deliberate efforts to challenge scientific consensus
on anthropogenic climate change, and that there
has been an active disinformation campaign against
climate science.(70,71) This widespread campaign of
doubt, coupled with the journalistic norm to present
“balanced” reporting,(72,73) has increased confusion
and uncertainty among the public regarding the
risks of GWCC, and has led to “wait-and-see” or
“go slow” policies to emissions reductions in many
countries.(74) However, such policies are problematic
given the time-dependency and magnitude of the is-
sue. There is a need for urgent and immediate soci-
etal decision making, and the dissemination of ap-
propriate mitigation-relevant information seems to
be an important step to foster human agency and
changes in social structure.(27)

There is also a need to explore which type of
knowledge is more appropriate to target in rela-
tionship to GWCC. The literature has distinguished
three forms of environmental knowledge.(18,75) Sys-
tem knowledge refers to the understanding of the nat-
ural states of ecosystems and their processes, and the
understanding of environmental problems (knowing
what). Action-related knowledge refers to the under-
standing of what can be done to tackle environmen-
tal problems (knowing how). Effectiveness knowl-
edge refers to the understanding of the benefits of
environmentally responsible actions (knowing how
to get the greatest environmental benefit). Climate
change communication has so far focused on system
knowledge, that is, the science of climate and pub-
lic understanding of the causes and consequences of
the changing climate. Perhaps it is now time to shift
the focus of climate change communication from sys-
tem knowledge to action-related and effectiveness
knowledge by communicating the mitigation actions
most effective in tackling the pressing issues. Even
with some remaining scientific uncertainties regard-
ing the processes and pace of change, there is over-
all scientific consensus on GWCC. Thus, it is now
more important that the public is informed about the
actions that will advance the greatest environmen-
tal benefits, than knowing the evidence from climate
science.
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Similarly, climate change communication can
also explore different framing and tailoring strate-
gies that can more effectively foster mitigation ac-
tions. These strategies might include: framing the
message in terms of gain or loss outcomes, local or
distant impacts, and according to whether mitigation
actions serve intrinsic or extrinsic goals; tailoring the
message according to specific psychological processes
underlying behavior change; and improving com-
munication of uncertainty related to GWCC.(76−80)

Clearly, social sciences should be taken on board
in developing risk management frameworks and
knowledge-based campaigns aimed to move climate
change communication in this direction.(24,81)

A focus on climate communication seems war-
ranted. But it is worth emphasizing again that while
greater knowledge is necessary and valuable in its
own right, knowledge by itself is not enough to
engender meaningful action. As noted by Owens,
“barriers to action do not lie primarily in a lack
of information or understanding. More important
mediating factors are the framing of problems, so-
cial and political context, and personal and institu-
tional constraints” (p. 1143).(23) There is, therefore,
a need to identify interventions that, along with in-
formation campaigns, will prompt collective action
and political leadership, and at the same time rec-
ognize specific psychological barriers and contextual
constraints.(82,83)

One avenue for further enquiry is the use of
normative information to promote mitigation ac-
tions.(84,85) Social-norms marketing campaigns that
disseminate information about mitigation behavior
already conducted by others and socially approved—
such as voluntary carbon offsetting schemes, car
pooling and the “Transition Town” movement—can
influence the public to act in the same way. Instead
of emphasizing the mitigation actions people are not
doing, social-norms marketing campaigns can focus
on positive and successful stories of those already
making a difference.

The results also suggest that contextual fac-
tors, such as the period the data are collected, can
substantially affect the associations between vari-
ables related to GWCC. The time 2 data were col-
lected weeks after the 2008 national election in New
Zealand, which made support for political parties
more salient. As a result, support for a center-right
party marginally moderated the knowledge-concern
relationship only for this survey wave. Other con-
textual factors, such as the global financial crisis of
the late 2000s and competing perceived risks (e.g.,

earthquake and tsunami), can influence survey re-
sults. Fluctuating survey results regarding concern
for GWCC can be argued to reflect the influence of
contextual factors rather than a decrease in net con-
cern. To argue that the fluctuation of concern indi-
cates decrease in net concern is like arguing that be-
cause few years have been cooler the net warming of
the climate is not happening.

A possible limitation of this study is sampling
bias. Members of the public who already identify
themselves as environmentally conscious could have
decided to take part in this panel study because
it covered environmental issues. Although feasible,
sampling bias is challenged by the fact that the aver-
age scores for information, efficacy, and concern ob-
tained in this panel data were comparable to those
obtained in another study.(37) Consequently, respon-
dents in this study do not in general appear to be
more or less environmentally conscious than the
wider public.

Another limitation refers to the measures used.
The same questions originally used by Kellstedt et al.
were employed in this study to aid replicability. How-
ever, this does not mean that the measures are with-
out problems. The information measure is a single-
item question on perceived knowledge and not on
actual knowledge. People most dismissive of GWCC
might self-report relatively high levels of knowledge,
but have low levels of actual knowledge. There is also
evidence that actual knowledge regarding GWCC
varies across social groups,(33) and might equally dif-
fer in its association with other variables. The effi-
cacy measure has an item (human beings are respon-
sible for global warming and climate change) that
measures perceived responsibility regarding GWCC
rather than perceived personal efficacy. Lastly, the
concern measure is only a proxy measure of public
concern, asking respondents about their perceived
risks and effect of GWCC and not directly asking
how concerned they are about these issues.(38) Ques-
tions, wording should thus be considered when inter-
preting survey results on these issues.

Notwithstanding these limitations, the present
research provides further support for the key role
of knowledge, efficacy, and concern in understand-
ing public support for action on GWCC. Political
leadership is essential to achieve the necessary emis-
sion reductions, and it relies on widespread pub-
lic support. Whether policy interventions addressing
GWCC are successful will depend in part on the in-
formation available to the public and on resulting
levels of concern and perceived ability to change the
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situation. Understanding the interplay between lev-
els of information, efficacy, and concern is necessary
to foster collective action and political leadership re-
garding GWCC.

Integrating the interrelationships between the
variables based upon results from a panel study
across a one-year period, this article posits a me-
diational model in which the influence flows from
knowledge to concern and then to efficacy. Knowl-
edge is associated with higher concern about GWCC,
and increased concern leads in turn to a greater sense
of efficacy and responsibility to deal with these is-
sues. Panel research such as that reported here can
better inform us about the causal influence of peo-
ple’s knowledge on their concern and willingness to
engage in mitigation actions.
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APPENDIX: ADDITIONAL INFORMATION
REGARDING THE UNCONDITIONAL
LATENT GROWTH CURVE (LGC) MODELS

Fig. A.1 illustrates the unconditional LGC model
performed to examine the initial level and rate of
change for concern for global warming and climate
change over time. By convention, the squares rep-
resent measured variables and circles represent la-
tent variables. The squares in Fig. A.1 represent
concern measured at three time-points. The circles
represent two factors, an “intercept” and a “slope”
latent factor. The intercept factor measures the re-
spondents’ average initial level of concern, whereas
the slope factor measures whether the respondents’
average level of concern increases or decreases over
the time period (from time 1 to time 3). Double-
headed arrows connecting the intercepts and the
slopes indicate covariance among the latent factors.
Positive covariance would indicate that respondents

with higher/lower initial level for the variable would
also have higher/lower levels of change (compared
to the group’s average). For example, a positive co-
variance between the intercept and slope of con-
cern would indicate that a respondent who started
out with a high (or low) initial level of concern will
become increasingly more concerned (or less con-
cerned) over time than others.

The loadings for the intercept factor are all fixed
to 1.0 to represent the starting point of the growth
curve at time 1. The loadings for the slope factor are
fixed at the known values of each time-point. This
pattern of loading implies that the slope (or change
over time) has an increasing effect on the successive
measures of the measured variable, from the start
of the survey (time 1 = 0), to the second wave (six
months after the first wave; time 2 = 0.5), to the final
time-point (one year after the first wave; time 3 = 1).
A linear trend was estimated in this study because
four or more time-points are necessary to estimate
quadratic trends. Arrows without origin linked to the
measured variables represent measurement error.

In addition, there are two parameters represent-
ing the means and the variances of the intercept and
slopes. The means represent the group growth pa-
rameters. The mean of the intercept gives the ini-
tial level of the variable for the group, and the mean
of the slope gives the rate of change. For example,
the intercept mean indicates the average level of con-
cern for global warming and climate change at time
1, and the slope mean indicates whether concern

 Time 1 
Concern

 Time 2 
Concern

 Time 3 
Concern

0.5 1 11 1 0

Initial Level of 
Concern 
 (Intercept) 

Mean and Variance

Rate of Change 
in Concern 

 (Slope) 
Mean and Variance

 Time 1 
Concern

 Time 2 
Concern

 Time 3 
Concern

Fig. A.1. Example of unconditional two-factor latent growth
model for concern for global warming and climate change.
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increased over time (if positive) or decreased over
time (if negative). The variances of the intercept and
slope reflects the variance of each individual respon-
dent around the overall group growth parameters,
indicating how much individuals in the group vary.
The variance of the intercept indicates whether the
initial level of the measured variables varies signifi-
cantly from respondent to respondent, and the vari-
ance of the slope indicates whether the rate of change
varies significantly from respondent to respondent.
For example, smaller values for the intercept and
slope variances would indicate that the group is ho-
mogeneous regarding starting levels of concern for
global warming and climate change, and that changes
in concern happen at the same rate. Three uncondi-
tional LGC models were estimated, one for each of
the discussed variables. Table V presents the model
fit and parameter estimates, which are discussed in
text.
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39. Harré N, Atkinson Q. (eds). Carbon Neutral by 2020. Nelson:
Craig Potton Publishing, 2007.

40. Ministry for the Environment. Gazetting New Zealand’s 2050
emissions target, 2011. Available at: http://www.mfe.govt.
nz/publications/climate/nz-2050-emissions-target/gazetting-
nz-2050-emissions-target.pdf, Accessed on April 6, 2011.

41. Wilson N, Chapman R, Howden-Chapman P. New Zealand
Government response to climate change: Largely fogged up?
New Zealand Medical Journal, 2009; 122:111–113.
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