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Abstract
The number of tick-borne Lyme disease cases reported in the northeastern United 
States has increased dramatically since 2000. New Hampshire experiences among the 
highest rates of Lyme disease in the United States, with climate change exacerbating 
the threat. This study explores residents’ perceived risk of Lyme disease in a highly 
affected state. The author employs a two-prong approach using survey data collected 
in August  2018. The first model uses logistic regression to test the relationship 
between Lyme disease risk perceptions and sociodemographics including climate 
change knowledge, political identity, news consumption, education, and gender. 
For the second model, qualitative comparative analysis (QCA) explores differently 
composed set relations that produce the same outcome: perceiving Lyme disease as a 
major risk. Results suggest that risk perceptions are gendered and closely associated 
with knowledge of climate change’s impact on vector-borne disease. QCA highlights 
equifinality in a number of conditions including political identity, news media, 
gender, and population density.
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Introduction
Lyme disease emerged only a half-century ago as mysterious symptoms sickened 
children in the town of Lyme, Connecticut. Infected black-legged ticks, commonly 
referred to as deer ticks, carry the bacteria causing Lyme disease and transmit it 
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to hosts through their bite. The disease often presents as a rash encircling the bite 
within days or weeks. However, more serious symptoms can develop that become 
chronic and sometimes debilitating, such as headaches, fatigue, arthritis, facial palsy, 
and heart palpitations (CDC,2 n.d.).

Lyme disease cases have doubled in the United States since tracking began in 1991 
and pose a risk to all ages (CDC, n.d.; EPA,3 n.d.). The medical community has 
recently begun to recognize the serious long-term effects of Lyme disease if not 
diagnosed early on, but the disease is still not well understood. Limitations around 
testing reliability leave many cases undiagnosed while not all of those receiving 
treatment find it effective in relieving symptoms (Kaup et al., 2020). While vector-
borne diseases like malaria have well-established links to the changing climate 
(Beard et al., 2016), Lyme disease poses particular challenges given its emergence 
only half a century ago, growing awareness among the public, and recent testing in 
the medical community (Couper et al., 2021; Kaup et al., 2020).

Rising average temperatures expand the hospitable environment for deer ticks 
that transmit Lyme disease. The United States Environmental Protection Agency 
(EPA, n.d.) identifies expansion of vector-borne diseases as a critical climate change 
indicator among more commonly discussed threats such as sea level rise or wildfires. 
In contrast to the flood and fire risk, the increasing threat of a mosquito- or tick-
derived disease is far more covert. Mice play a crucial role as disease carriers due to 
their proximity to humans. Smaller forest fragments, like those found in suburban 
or ex-urban areas, provide ideal conditions for disease-carrying mammals that serve 
as hosts for ticks. Allan et al. (2003) found an infected tick rate seven times higher 
among the five smallest forests compared to larger forested areas. A smaller insulated 
ecosystem means fewer food sources for ticks so a single carrier can dramatically 
impact the rate of infected ticks in the area. As the site of origin, the northeastern 
United States exhibits the type of urban and suburban sprawl that heightens risk 
of the disease.

The EPA (n.d.) identifies the New England region (comprising the states of Maine, 
Vermont, New Hampshire, Massachusetts, Connecticut, and Rhode Island) as 
among the most impacted areas by Lyme disease. The disease, discovered in Lyme, 
Connecticut, in the 1970s, spread up and down the coast, impacting Maine to 
Virginia and part of the Great Lakes region. The 15 states designated as “high 
incidence” by the CDC account for 10% of the United States’ land mass, an area 
equivalent to France and Spain combined. New Hampshire has among the highest 
rates of Lyme disease in the United States, making it an apt area to study risk 
perceptions. The disease poses a growing public health threat affecting more than 
16,000 people since the year 2000 (CDC, n.d.). Understanding how characteristics 

2  Centers for Disease Control and Prevention, United States Department of Health & Human Services.
3  United States Environmental Protection Agency.
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like gender, political identity, news media consumption, or climate change knowledge 
relate to risk perceptions would help identify groups less likely to take preventative 
measures or seek diagnosis. This study investigates perceived risk of Lyme disease in 
New Hampshire using two complementary methods. Using logistic regression and 
qualitative comparative analysis (QCA), I examine the predictors and conditions 
that shape risk perceptions. QCA produces distinct combinations of conditions that 
result in a given outcome, such as perceiving major risk. By using QCA and logistic 
regression analysis in conjunction, we gain a more comprehensive understanding of 
factors that contribute to greater health concerns linked to the vector-borne disease. 
I begin by highlighting important findings from the literature on environmental 
attitudes to inform this study. I then discuss the data and measurements in detail, 
especially as calibration is a crucial step in QCA. Finally, I present and discuss the 
results from estimating a logistic regression model followed by fuzzy-set analysis, 
a form of QCA.

Literature review
As Lyme disease is a relatively young vector-borne disease, often with latent effects, 
those afflicted with it must advocate for themselves within a medical community 
heavily dependent on uncertain testing and identifiable cause-and-effect for 
diagnosis. In Virginia, dialogue between Lyme disease activists and policy-makers 
focuses on disseminating information about the disease to medical practitioners 
while expanding treatment options (Kaup et al., 2020). Yet individuals’ perceived 
risk could encourage preventative measures shaping their behavior or community 
planning around the human-altered environment to mitigate the threat of 
Lyme disease.

Several important studies explore public perception of other health risks in the state 
up to the nation-state level. Respondents to a poll conducted in New Hampshire 
identified risk to public health as a leading problem caused by climate change, 
second only to extreme weather (Hamilton, 2016). Research by Safford et al. (2017) 
found that residents consider the Zika virus only a minor threat to public health, 
but also that trust in scientists and confidence in agencies like the CDC is linked 
to perceiving a greater threat. That is, individuals trusting in scientific institutions 
were less likely to dismiss the health risks related to the Zika virus. A 2009 study 
by de Zwart et al. examined perceived risks of infectious disease at the international 
level and found European nations reported higher perceived levels of severity of, and 
vulnerability to, severe acute respiratory syndrome (SARS) and influenza compared 
to Asian nations. Risk perceptions varied most notably by country, but results also 
highlighted the influence of demographics and subject knowledge. They found that 
female gender, lower levels of education, and a high knowledge of SARS were also 
significant predictors of perceiving greater severity (de Zwart et al., 2009, p. 34). 
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Similarly, Dillard and Yang’s (2019) Ebola study found age, gender, and ethnicity to 
be significant factors related to risk perception. Risk perceptions differed between 
genders whether measuring environmental concern, health behaviors, or impacts 
of climate change. In DuPuis’s (2000) study examining organic milk, she found 
mothers  actively engaged in risk mitigation through consumption practices. 
In  contrast, conservative white men have emerged as a distinct group expressing 
lower concern for a range of environmental and health risks (Finucane et al., 2000; 
Flynn et al., 1994; McCright & Dunlap, 2011). Fitzgerald (2019) found that 
identifying as liberal was sufficient alone for expressing environmental concern, 
while gender, age, and education were strong factors when considered together.

Educating the public is no longer viewed as a silver bullet among science 
communication experts. Instead, education can further divide beliefs in science 
when the topic is politically contested (Hamilton, 2011; Hamilton & Saito, 2015; 
Hart & Nisbet, 2011). Recent studies have documented a worrisome development 
in science communication: the “boomerang effect.” That is, individuals presented 
with information that conflicts with their views express their original position even 
more strongly rather than weakening or changing their belief (Hart & Nisbet, 2011; 
Zhou, 2016). Conservatives are more likely to exhibit the boomerang effect than 
liberals (Hart & Nisbet, 2011), while higher levels of education can make individuals 
more adept at selecting agreeable information sources (Bolin & Hamilton, 2018; 
Slater, 2007).

Political identity and education exacerbate the distinction in perceived risk, 
especially when the topic is highly politicized such as climate change (Fitzgerald, 
2019; Hamilton, 2011; McCright & Dunlap, 2011). Using a social–psychological 
model, van der Linden (2015) examined climate change risk perceptions related 
to demographics, climate change knowledge, personal experience, and social 
norms. He  found that gender and political party remained significant predictors 
across models, while the influence of education became negligible once the model 
accounted for climate change–related knowledge. While focused on climate change 
risk, his work highlights the complexity of conditions that shape perceptions. 
Political identity and educational attainment are established predictors of climate 
change attitudes; however, Bolin and Hamilton (2018) found that news media 
served as an intervening variable. Their findings highlighted the politicization of 
climate change, with the media playing an important role in shaping perceptions.

Risk perceptions are multifaceted, with links to climate change knowledge (van der 
Linden, 2015), disease knowledge (de Zwart et al., 2009), or political partisanship 
(Fitzgerald, 2019), often accompanied by the influence of gender (Finucane 
et al., 2000; Flynn et al., 1994; McCright & Dunlap, 2011), and educational 
attainment (de  Zwart et al., 2009; Hamilton, 2011; Hamilton & Saito, 2015). 
People’s perceptions of risks that are communicated by government agencies 
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(Safford et al., 2017) or news media (Bolin & Hamilton, 2018; Slater, 2007) are 
also connected to their perceptions of those bodies: Information sources have their 
own polarizing effects on perceptions.

Research questions
This work aims to enhance understanding of the diverse factors shaping perceived 
risk of Lyme disease. To explore this topic, I ask the following research questions:

How does knowledge of climate change’s effect on Lyme disease relate to perceived 
risk?

H1. I expect individuals who are aware that climate change increases the prevalence 
of Lyme disease will perceive greater risk than those who are unaware of the link. 
In other words, perceived risk is associated with climate knowledge and potentially 
education level.

Are Lyme disease risk perceptions politicized, in a similar way to general 
environmental concern or acknowledging human-caused climate change?

H2. I anticipate evidence supporting the “conservative white male effect” by their 
absence as high-risk perceivers. That is, registered Democrats will be significantly 
more likely to report Lyme disease as a major risk in their state in the regression 
analysis and appear as a prominent condition in fuzzy-set qualitative comparative 
analysis (fsQCA).

Methods

Data
This study uses survey interviews from the Granite State4 Poll (GSP) conducted in 
August  2018. The Survey Center at University of New Hampshire administered 
the state-wide random-sample telephone survey to 501 adult respondents in New 
Hampshire at the time of data collection. The poll received a 17% response rate, 
which is lower than web-based survey collection typically receives, although it 
captured greater demographic diversity in the state’s population than a web-based 
survey would be expected to capture. Applying probability weights to the data set 
allows for a more representative sample of the state’s population by correcting for 
known design bias and slight demographic differences. For example, individuals with 
lower levels of education are less likely to participate in survey research. Weighting 
cases to align with the state’s demographics helps mitigate the disproportionate 

4  “The Granite State” is the nickname for the state of New Hampshire.
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influence of more educated respondents. While 34% of the sample had completed 
a college degree and 26% had attained postgraduate degrees, applying probability 
weights reduces representation to 20% and 12% respectively. Similarly, weighting 
cases adjusts gender representation by reducing the proportion of male respondents 
from 58% to 49%. Additional variables collected by the GSP include background 
characteristics such as political party affiliation, news media consumption, town 
residence, and age. The GSP does not track respondents’ race or ethnicity, likely 
attributed to a consistent homogenous population with 93% identifying as 
White (United States Census Bureau, n.d.). New Hampshire is among the more 
documented states for public opinion research due to the longstanding work of 
Hamilton and his colleagues (e.g., Hamilton, 2011, 2016, 2018; Hamilton & 
Safford, 2015; Hamilton & Saito, 2015; Safford et al., 2017).

Variables
Table 1 lists the survey questions, categorical responses, and coding for all variables 
included in the models. The outcome measure used in this study, Lyme Risk, is 
the perceived health risk of Lyme disease in New Hampshire, which was presented 
as an ordinal scale of no risk, minor risk, or major risk. The variable was then 
dichotomized as major risk or not, to capture the contrasting positions of major 
concern (71%) with those reporting lesser risk.

A key predictor also pertaining to Lyme disease, Climate–Lyme Link, probes how 
respondents understand the association between a changing climate and risk of 
the vector-borne disease. This variable was dichotomized to contrast knowledge 
of climate change’s impact increasing the risk of Lyme disease compared to other 
response categories. The response “Don’t know” and missing values were included 
for Lyme Risk and Climate–Lyme Link since the dichotomous variable and crisp 
set emphasize one response category compared to all others in the sample. Similarly, 
non-responses were grouped with the lowest level of educational attainment and 
non-listeners of public radio. The decision to include non-responses for these 
measures retains as much of the sample as possible (N = 501), provides substantive 
validity in interpretation, and offers consistency across the two phases of analysis. 
Non-responses were excluded for the other measures (n = 473).

The influence of Political Identity is evident among climate-related knowledge with 
an inverted relationship spanning parties: 72% of Democrats report a link between 
climate change and Lyme disease, while 59% of Independents, 34% of Republicans, 
and 30% of Tea Party Supporters share this view. While small, the gap between 
Republicans and their Tea Party Supporting counterparts supports the decision to 
continue distinguishing between the two conservative groups in New Hampshire 
(Bolin & Hamilton, 2018; Hamilton & Saito, 2015).
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News media consumption is measured by listenership of New Hampshire Public Radio 
(NHPR), which primarily broadcasts news and current affairs reporting. In addition 
to NHPR Listernership, respondents were asked about news consumption from local 
television news, conservative talk radio, and regional newspapers. These other forms 
of news consumption were tested in earlier iterations of the model and omitted due to 
their lack of statistical influence predicting Lyme disease risk perceptions.

Population Density is based on 2018 estimates reported annually by the Office 
of Strategic Initiatives (OSI, 2019) in New Hampshire, including a measure of 
persons per square mile in each township. Population Density better captures the 
surrounding ecosystem as more urban or rural compared to overall population by 
townships which are not uniform in geographic area.

Table 1. Questions from the Granite State Poll collected August 2018, including 
definitions and measurement

Interview question with 
response categories

Variable coding schema for 
regression analysis

Calibration with degrees of 
membership in set for QCA

Lyme Risk: How much of a health risk does tick-borne Lyme disease pose in New 
Hampshire? (Outcome measure)

Don’t knowa (4%)
No risk at all (1%)
Minor risk (24%)
Major risk (71%)

coded 0
coded 0
coded 0
coded 1

0.0
0.0
0.0
1.0

Full non-member
Full non-member
Full non-member
Full member

Climate–Lyme Link: What best describes the relationship between climate change and tick-
borne Lyme disease in New Hampshire?

Don’t knowa (30%)
Decrease risk (1%)

No effect (16%)
Increase risk (53%)

coded 0
coded 0
coded 0
coded 1

0.0
0.0
0.0
1.0

Full non-member
Full non-member
Full non-member
Full member

Political Identity: Are you registered as a Democrat, Independent, Republican, or something 
else? Would you say you lean towards supporting or opposing the Tea Party movement?

Tea Party (supporter) (16%)
Republican (26%)

Independent (17%)
Democrat (42%)

coded 1
coded 2
coded 3
coded 4

0.0
0.0
0.25
1.0

Full non-member
Full non-member
More-out partial member
Full member

NHPR Listenership: How often, if ever, do you listen to New Hampshire Public Radio?b

Nevera (44%)
Occasionally (31%)

Several times per week (11%)
Every day (14%)

coded 0
coded 1
coded 2
coded 3

0.0
0.33
0.67
1.0

Full non-member
More-out partial member
More-in partial member
Full member

Education: What is the level of education that you’ve completed and got credit?

High school or lessa (28%)
Tech/some college (40%)

College graduate (20%)
Postgraduate (12%)

coded 0
coded 1
coded 2
coded 3

0.0
0.33
0.67
1.0

Full non-member
More-out partial member
More-in partial member
Full member
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Interview question with 
response categories

Variable coding schema for 
regression analysis

Calibration with degrees of 
membership in set for QCA

Women (yes/no):

Male (no) (49%)
Female (yes) (51%)

coded 0
coded 1

0.0
1.0

Full non-member
Full member

Age (years):

Mean
Range

54
18–95

– Standardized 0.0–1.0

Population Density: Number of persons living per square mile within a town boundary

Mean
Range

784.72
7.75–

3,354.65

– Standardized 0.0–1.0

Note. N = 501. This table details interview question wording with response options and their 
probability-weighted proportions or means. Interviewers rotated the order of response choices. 
QCA = qualitative comparative analysis.
a Includes missing data in reported proportion. b New Hampshire Public Radio is primarily 
a broadcaster of news and current affairs reporting.
Source: Author’s summary.

Analyses
I begin by examining individual-level variables using logistic regression in the first 
model. There is a wealth of reproducible research (Hamilton, 2011, 2016; Hamilton 
& Saito, 2015) utilizing this quantitative method to analyze survey data similar to 
that used here. Second, I explore how particular set relations, or combinations of 
different conditions, result in perceiving Lyme disease as a major risk. Qualitative 
comparative analysis (QCA) explores the diversity of demographic and attitudinal 
configurations rather than a single “ideal type” deduced from a regression model.

While logistic regression assumes independent effects of each variable with the 
exception of interaction terms, QCA stresses the interdependency of various 
conditions that exhibit asymmetrical relationships in unique combinations 
(Lee, 2014). Using QCA and regression analysis in conjunction allows for robustness 
checks across models while providing a more nuanced understanding of high-risk 
perceivers (Fitzgerald, 2019; Ragin, 2008). Furthermore, QCA can reduce the set 
configurations to those sufficient to reach a given outcome, therefore simplifying 
interpretation of causal complexity.

Using QCA entails certain data preparation, which deserves mention in detail. First, 
the variables require calibration into “fuzzy sets” indicating the level of membership 
each respondent has in a given group or set of relations. Defining set membership 
relies more on theoretical reasoning than a variable’s categorical measurement 
(Gabriel et al., 2018; Lee, 2014). QCA can take two forms: crisp-set or fuzzy-set. 
Crisp-set QCA contains only binary variables representing the presence or absence 
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of full membership. On the other hand, fuzzy-set QCA (fsQCA) captures gradation 
by considering the degree of membership in a set. Calibration is the process of 
assigning membership to cases that can either be full/non-membership (crisp-set) 
or theoretically determined levels of membership (fuzzy-set).

Gender, although imperfect, lends itself to crisp-set calibration following 
conventional data collection methods used in survey research. Select multi-
categorical variables are also calibrated as crisp sets to emphasize membership in a 
specific group. Next, I describe these specific calibration decisions for the conditions 
included in fuzzy-set analysis.

The outcome variable used in this study—perceiving Lyme disease risk—transforms 
the three categorical responses into a crisp set, or binary, in the regression model. 
Crisp-set calibration reflects those perceiving the disease as a major risk as full 
members (calibrated as 1.0) while those perceiving minor or no risk are considered 
full non-members (calibrated as 0). The theoretical basis for a crisp set reflecting 
full membership or absence aims to isolate the group most concerned about Lyme 
disease rather than differentiating between levels of concern. With almost three-
quarters of the sample identifying Lyme disease as a major risk, QCA is an apt 
technique to explore the diverse combinations of conditions that result in this 
outcome. The regression analysis in Model 1 examines symmetrical influence on 
the dichotomous outcome measure therefore mirroring the calibration and coding 
schema across the two techniques.

In contrast to crisp sets, calibrating Political Identity as a fuzzy set poses a theoretical 
challenge. To most closely align the two models for comparison, I calibrate 
Democratic Party affiliation as full membership (1.0), Independents as more-out 
partial members (0.25), and Republicans or Tea Party supporters considered full 
non-members (0). Inclusion of Independents with partial membership acknowledges 
the overlap with ideology as a spectrum (the majority of Independents in the sample 
identify as Moderate) while also existing in a two-party dominant system (29% 
voted for Trump and 30% voted for Clinton in 2016). In his study using survey 
data to examine environmental concern, Fitzgerald (2019) uses political ideology to 
reflect the spectrum of membership, while my use of party affiliation highlights the 
lived application of ideological values.

NHPR Listenership is also calibrated as a fuzzy set to capture the frequency in 
news consumption. Self-reported non-listeners and missing responses are grouped 
as full non-members (0). Occasional listeners (0.33) have a small degree of partial 
membership while those listening several times a week (0.67) are more in the group 
than out. Daily NHPR listeners comprise full membership (1.0) resulting in a range 
of set relations that mirror the ordinal measurement employed in regression analysis. 
Education exhibits similar fuzzy calibration, with the highest level of education, 
postgraduate, representing full membership (1.0). College graduates are more-in 
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partial members (0.67), while tech/some college (0.33) represents more-out partial 
membership, and those with a high school diploma or less are calibrated as non-
members (0). Age maintains the original level of detail of one-year increments in 
the standardization process to a 0–1 scale. Incorporating both crisp and fuzzy set 
calibration allows for consistent theoretical measurement across the fsQCA and 
logistic regression models.

Results
This study’s examined outcome—New Hampshire residents’ perceptions of Lyme 
disease risk—contrasts major risk perceivers with those reporting minor or no 
risk of Lyme disease. Table 2 presents the logistic regression model estimating the 
effect of seven independent variables that include climate-related knowledge, news 
consumption, political identity, and demographics like gender, education, age, and 
population density. The results of Model 1 (n = 473) are reported as odds ratios 
with their corresponding significance levels indicated by asterisks. Perceiving Lyme 
disease as a major risk is associated with climate-related knowledge of the impact on 
risk, public radio news listenership, gender, and living in less dense areas.

Table 2. Results predicting “major risk” using weighted logistic regression

Predictor MODEL 1
(n = 473)

Climate–Lyme Link
Political Identity

NHPR Listenership
Education

Age
Women

Population Density

2.31 (0.68)**
0.89 (0.11)
1.46 (0.23)*
0.83 (0.08)
1.01 (0.01)
2.75 (0.82)***
0.99 (0.00)***

Constant 1.32 (0.29)

Note. Model entries are unstandardized logit regression odds ratios with standard errors 
in parentheses.
*p < 0.05, **p < 0.01, ***p < 0.001.
Source: Author’s summary.

Gender exhibits the strongest association with perceiving major risk, followed by 
climate-related knowledge (Climate–Lyme Link) and regular listenership to NHPR. 
Women have 175% higher odds than men (β = 2.75, p < 0.001) of perceiving Lyme 
disease as a major health concern, while respondents identifying an increased risk 
linked to climate change have 131% higher odds (β = 2.31, p < 0.01) of viewing the 
disease as a major risk compared to those reporting decreased risk, no relationship, 
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or who were uncertain. NHPR Listenership exhibits a moderate, statistically 
significant relationship with Lyme disease perceptions with each incremental 
increase of frequency (i.e., occasional, several times a week, and daily listeners) 
resulting in 46% higher odds of perceiving the vector-borne disease as a major risk 
(β = 1.46, p < 0.05). Population density also emerges as a consistent and statistically 
significant influence (β = 0.99, p < 0.001) with residents in less densely populated 
towns more likely to report higher risk than those living in urban areas. The small 
difference reported in Table  2 represents individual-level changes in density, but 
when aggregated to 100 or fewer people per square mile I find respondents have 
4.51% higher odds of reporting Lyme disease as a major risk. Lastly, the regression 
analysis in Model 1 finds no statistical support that risk perceptions are explained by 
political identity, educational attainment, or age.

Regression analyses can accommodate seven or more variables without sacrificing 
statistical stability, while specifying a large number of conditions in QCA sharply 
reduces the empirical instances available to represent diverse configurations 
(Schneider & Wagemann, 2010, p. 402). QCA is an iterative process that carefully 
considers calibration decisions and inclusion of conditions, checking for sensitivity 
along the way (Fitzgerald, 2019; Ragin, 2008; Schneider & Wagemann, 2010). For 
these reasons, the researcher exercises greater authority through theoretic reasoning 
than is common practice in regression analyses.

Initially, I consider all seven independent variables from Model  1 having been 
calibrated as crisp or fuzzy sets representing membership in a group. I follow the 
steps outlined by Ragin (2008) and implemented by Fitzgerald (2019) and Longest 
and Vaisey (2008). I begin by constructing a truth table of the crisp and fuzzy 
sets in various configurations followed by necessity and sufficiency analysis. Truth 
table construction considers all potential set combinations before identifying any 
necessary conditions followed by set relations that are sufficient in producing the 
outcome. I include Education and Age as conditions to assess their potential for 
equifinality, or asymmetrical relations in reaching the same outcome. These two 
variables, along with Political Identity, lacked statistical support in the regression 
model, but could emerge as sufficient conditions with causal complexity in QCA. 
However, reducing the number of conditions can be a valuable technique to address 
the exponential increase in possible combinations. In these earlier iterations, 
configurations significantly greater than 0.80 consistency that included Age or 
Education had fewer than 10 cases, the threshold of empirical instances suggested 
for gauging sensitivity in the model. The final iteration presented in Tables 3 and 4 
exclude Age and Education as conditions to balance robustness of results and 
substantive interpretation of causal complexities. Similar configurations emerged 
when tested for sensitivity to changes in calibration or the presence of a set.
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Table 3. Truth table of set configurations using qualitative comparative analysis

Climate–Lyme 
Link

Democrat NHPR 
listener

Women Population 
density

Consistency Number 
of cases

1 0 0 1 0 0.948 15

1 1 1 1 1 0.915 16

1 1 1 0 0 0.872 23

0 1 1 1 1 0.909 7

Note. Set configurations listed are significantly greater than the 0.80 consistency score 
threshold. 1 indicates the presence of membership using ‘and’ logic for the set configuration; 
0 indicates lower degrees of membership in fuzzy sets or exclusion in crisp sets.
Source: Author’s summary.

None of the conditions alone nor in combination are considered necessary (0.80 
threshold) for perceiving major risk from Lyme. The truth table presented in Table 3 
reflects the iterative process focusing on five rather than seven sets in combination 
with a consistency score significantly greater than 0.80, as recommended by 
Ragin (2008). This means the returned set configurations meet a high standard of 
consistency to produce the same outcome of perceiving major risk at least 80% of 
the time. Four configurations meet these parameters for sufficiency with varying 
numbers of cases.

Table 4. Reduced configurations with coverage statistics and consistency scores 
for complex solutions

Model 2 Coverage Solution 
consistency

Number 
of casesSet configurations Raw Unique

CC-LINK * dem * nhpr * WOMEN * density 0.042 0.038 0.948 15

DEM * NHPR * WOMEN * DENSITY 0.092 0.087 0.914 23

CC-LINK * DEM * NHPR * women * density 0.068 0.068 0.872 23

Note. Total coverage = 0.197; Total consistency = 0.904. CC-LINK = Climate–Lyme Link. DEM/
dem = Democrat (party affiliation). Conditions written in capital letters represent higher degrees 
of membership or full inclusion in a set, and lower-case conditions represent lower degrees of 
membership or full exclusion from a set.
Source: Author’s summary.

Results from fsQCA indicate that no condition alone is sufficient to consistently 
produce the outcome. Model 2 identifies three set configurations with at least 10 cases 
producing perceived major risk (listed by highest consistency in Table 4). The most 
consistent configuration contains 15  empirical instances, which I will refer to as 
the first identified group, or what Ragin calls a “recipe” (2008). This configuration 
of conditions reflects women living in less densely populated towns who neither 
identify as Democrat nor regularly listen to public radio yet do link climate change 
to increased risk of Lyme disease. Almost 95% of the 15 cases consistently report 
Lyme disease as a major risk, as indicated by the 0.948 consistency score. The raw 
coverage score suggests that this combination covers 4.2% of the total cases that 
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perceive major risk. The second group of high-risk perceivers are women living in 
urban areas (“DENSITY” in Table 4), who are registered as Democrat and regularly 
listen to NHPR; notably, linking climate change to increased Lyme disease risk 
was not a sufficient condition in this configuration based on reduction procedures 
applied in Stata 15. The solution consistency score is 0.914 for the 23 cases: 7 who 
are unaware of climate change’s impact on Lyme disease and 16 who identify the 
link. A raw coverage score of 0.092 indicates this second group comprises 9.2% of 
all cases producing the outcome. The third group, comprising 23  cases, reflects 
men living in rural areas (“density” in Table 4) who link climate change to Lyme 
disease risk; however, these men identify as Democrats and are frequent listeners to 
NHPR. This group has the lowest consistency score among the three (0.872), with 
the second most coverage (6.8% of the total cases) reporting Lyme disease as a major 
risk. Taken together, all three solutions cover almost 20% of the sample, reporting 
major risk with consistency averaging 90%  of the select cases. Next, I interpret 
Models 1 and 2 together to examine evidence of causal complexity.

Discussion
There are several patterns that emerge upon reflection of QCA’s three diverse 
configurations and explanatory factors in the regression analysis. First, the influence 
of gender on Lyme disease risk perceptions proves more nuanced following QCA; 
women comprised two of the three solutions among a diversity of other conditions. 
In more rural areas, both men and women perceive major risk from Lyme disease, 
suggesting that contextual risk overcomes the gender divide, apparent in less rural 
groups and seen in previous studies on risk (de Zwart et al., 2009: DuPuis, 2000). 
Rural women and men also align in linking climate change to increased risk, which 
is not a sufficient condition in the third group of urban women. The two groups 
with rural residence among their sufficient set configuration (the first and third 
configurations in Table 4) also differ in identifying as Democrat and regular listeners 
to NHPR. That is, more rural residents linking climate change to Lyme disease 
risk contrast one another in political identity, news consumption, and gender, yet 
both consistently perceive major risk. Model  1’s regression analysis lends strong 
support to the Climate–Lyme Link and perceived risk; the emergence as a sufficient 
condition for those in rural areas identified by QCA in Model 2 points to place-
based knowledge rather than the role of education, which lacks notable influence in 
both models. Furthermore, the diversity of other present conditions suggests that 
climate-related Lyme disease knowledge may be more closely associated with lived 
experience than political partisanship or news consumption.

Continuing with this distinction, Democratic Party affiliation and NHPR 
consumption appear correlated as conditions across all three solutions. Consuming 
public radio news is unique in its effect in the regression analysis and is not explained 
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by other news media, including conservative talk radio and a local TV news station. 
NHPR Listenership demonstrates a strong relationship with perceiving Lyme 
disease as a major risk, more so than Political Identity or Education, in the regression 
analysis. However, NHPR Listenership as a condition in fsQCA exhibits equifinality 
and relational importance to Democratic Political Identity. Referring to Model 2, 
we can see consistent alignment between membership of NHPR listeners and 
Democrats. That is, the two sets exhibit equifinality with both high and low degrees 
of membership sufficient with other factors to produce the outcome, but relate 
further in that the presence of one appears as a sufficient condition with the other 
at similar degrees of membership. Reflecting on the regression results in Model 1, 
NHPR Listenership can predict high-risk perceivers, yet Political Identity offered 
little explanatory power. Alone, the regression analysis would suggest perceived Lyme 
disease risk is not politicized; however, the results from fsQCA indicate Political 
Identity is an important part to understanding the causal complexities tied to risk. 
NHPR Listenership and Democrat Political Identity spanned all three solutions and 
corresponded with one another, as mentioned above, supporting previous research 
on fragmentation and polarization of news sources (Bolin & Hamilton, 2018; 
Slater, 2007).

The third group identified through causal complexities in QCA are Democrat-
registered women living in urban settings. Lyme risk perceptions are gendered, 
with women expressing major concern at higher rates than men in the regression 
model and as a consistent condition present in two of the three set configurations 
from QCA. The strong relationship between gender and risk perception supports 
previous survey research on environmental protections (Fitzgerald, 2019), climate 
change impacts (van der Linden, 2015), and infectious disease (de Zwart et al., 
2009; Dillard & Yang, 2019). Among groups perceiving high risk, conservative men 
living in both rural and urban settings are notably absent. The “conservative white 
male effect” is partially supported by the results. The regression model highlighted 
the strong explanatory power of gender without a notable effect from political 
identity, while the only configuration pertaining to males in QCA also identified as 
Democrat. Together these results suggest conservative men are not among the groups 
perceiving major risk of Lyme disease (Finucane et al., 2000; Flynn et al., 1994; 
McCright & Dunlap, 2011). The GSP does not collect demographics pertaining 
to race; however, the state’s racially homogenous population would indicate general 
support for the intersection of race, gender, and political identity. This third group 
most aligns with the findings on environmental concern by Fitzgerald (2019), 
who also utilized regression analysis and QCA. His study found that being liberal 
and female were prominent predictors and conditions of environmental concern; 
however, the role of education and age were also distinct factors that lack influence 
in this research on perceived Lyme disease risk.
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Reflecting on the results from regression analysis and QCA, the diversity of 
high-risk perceivers in regards to Lyme disease emerges as an important aspect to 
the story. Gender, climate change–related knowledge, and contextual risk (rural or 
urban residence) are prominent predictors of risk perceptions in Model 1, while the 
results in Model 2 highlight variation within these demographic groups. The first 
hypothesis finds partial support, with risk-sensitive groups identifying the climate–
Lyme disease link, yet differences in education offered little insight. Of  the  set 
configurations in Model 2, rural residents identify the link more than those in urban 
areas, indicating place-based knowledge that spans gender and political identity. 
Examining the politicization of risk, results from fsQCA support the second 
hypothesis of a “conservative white male effect” in perceiving environmental threats 
like Lyme disease. The unique group of men residing in rural areas with more liberal 
leanings and media preferences highlights the stark contrast to more conservative 
men, both rural and urban. Paired with regression, QCA is able to account for 
the complexities surrounding demographics, attitudes, and preferences, providing 
a more comprehensive view of high-risk perceivers.

Limitations
The survey data collected are based on self-reported attitudes, perceptions, and 
characteristics—self-reporting methods inherently present certain limitations. 
Collecting survey data from a representative sample of the New Hampshire population 
is an additional challenge that this study attempts to mitigate with probability 
weights. Furthermore, QCA was originally posed as an analytical technique for 
small sample sizes but has been employed to analyze data sets in the thousands 
(Ragin, 2008). The most comparable study applying QCA to survey data examining 
environmental concern uses the General Social Survey (GSS) measures containing 
more than 3,000  survey responses (Fitzgerald, 2019). The smaller representative 
sample of New Hampshire adults, at 501 interviews, requires greater caution with 
sensitivity analyses. As the researcher exercising authority, I aimed to align the two 
models theoretically while maintaining rigor in interpretation. The original seven 
variables included in regression analysis were reduced to five sets through iteration 
that balanced causal complexity with consistency of combinations in producing the 
outcome. These decisions ensured configurations had at least 10 empirical instances 
while also meeting a specified threshold of 0.80  consistency, as recommended 
by Ragin (2008). Future work with a larger sample could examine the minority 
perceptions, or those who perceive minor or no risk from Lyme disease. This study 
attempts to provide a foundation for such research by enhancing understanding of 
high-risk perceivers.
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Conclusion
Reported cases of Lyme disease have surged in New Hampshire to be among the 
highest rates in the United States (CDC, n.d.). Advancing the public health narrative 
puts individual, lived experience and legitimation by the medical community as 
the focus. Yet Lyme disease is closely tied to climatic (Couper et al., 2021) and 
local environmental changes, whether by direct human action through development 
(Allan  et al., 2003), or small changes in ecosystem conditions like precipitation 
or acorn production (Schauber et al., 2005). Those already struggling with the 
disease are forced to advocate for themselves amid the uncertainty of test validity 
and diagnosis by the medical community (Kaup et al., 2020). Access to news media 
emerged as a core part of the story of how the risk is perceived, demonstrating 
a dynamic relationship with political identity across regression and QCA models. 
Future work can refine our understanding of the role of media in the recent 
American context with extreme fragmentation and politicization of news sources. 
The results of this study highlight the media’s important role in perceiving risk with 
focus on New Hampshire Public Radio. Similar approaches could advance this work 
by exploring how selective news consumption relates to risk perceptions such as 
attitudes toward COVID-19.

Others have successfully bridged logistic regression and QCA (Fitzgerald, 2019; 
Grant et al., 2018), but the results of this study highlight the weight of researcher 
decisions in ensuring robust results. Future research can benefit from the nuance 
QCA  offers for analyzing causal complexity. QCA offers a valuable bridging 
technique both for its process and outcome by requiring thoughtful consideration 
of  how to best represent membership in sets through calibration. The result is 
a  model that can identify equifinality, indicating important nuances within the 
data. In the case of raising awareness of Lyme disease risk and its relationship 
with climate change, such nuances can mean more effective outreach to the most 
critical populations.
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