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Abstract

Background The Centers for Disease Control and
Prevention (CDC) offer behavioral guidance to pre-
vent the spread of infectious diseases like COVID-19.
Cleaning (e.g., cleaning surfaces, washing and sanitizing
hands) and containing (e.g., covering coughs, keeping
distance from others, especially sick people) behaviors
are recommended.

Purpose To develop the Clean and Contain Measure, a
brief measure of compliance with CDC recommenda-
tions for prevention of infectious disease, and validate
the measure in individuals experiencing the COVID-19
pandemic.

Methods Participants were recruited from Amazon
Mechanical Turk and social media.

Results In Study 1 (N = 97), exploratory factor ana-
lysis revealed two scales: (a) five items assessing
cleaning behaviors and (b) four items assessing con-
taining behaviors. Simple structure was obtained and
alpha coefficients for both scales were >.83. In Studies
2 (N =204) and 3 (N = 527), confirmatory factor ana-
lysis verified the identical factor structure found in
Study 1. All loadings were statistically significant at p
<.001. Alpha coefficients for both scales were >.84 for
Studies 2 and 3.
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Conclusions Our measure is a reliable and valid indicator
of compliance with cleaning and containing health be-
haviors that help to prevent the spread of diseases like
COVID-19. Future research should replicate construct
validity in more diverse samples and continue to refine
items, examine construct validity, including predictive
and discriminant validity, and improve the measure
for future use. With continued use and refinement, this
measure could allow health officials and researchers to
accurately assess compliance with important infection
prevention behavior guidelines.
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At the time of this writing, approximately 3.7 million
Americans are infected with COVID-19 and approxi-
mately 140,000 have died [1]. It is likely that these num-
bers are underestimates due to lack of available testing.
COVID-19 is understood to be a dangerous virus with
a mortality rate at least three times that of the common
influenza virus [2]. It is critical to limit infection using all
scientific tools available to us.

Most critically at this point, without an effective treat-
ment or vaccine, healthy behaviors are our best strategy
for prevention, but as of yet, there is no scientifically val-
idated method of assessing infection prevention behaviors
relevant to pandemics such as COVID-19. While much at-
tention has focused on lack of virus testing, we are in fur-
ther short supply of accurate behavioral testing. Risk and
resilience factors for upholding increasingly challenging
guidelines for healthy behavior, even in spite of variability
in national, state, and local regulations, are something
we lack the ability to effectively measure. Our ability to
understand who is most likely to comply with or dismiss
recommendations on infection prevention behaviors is
limited first and foremost by the lack of valid testing.
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Health Behaviors

One of the key tools available to healthcare providers
for fighting disease is promotion of healthy behaviors
[3, 4]. Health promoting behaviors are any behaviors
undertaken by individuals to maintain or improve
health, including preventive and screening behaviors.
We often think of health behaviors as impacting the
long-term development of chronic conditions such as
links between eating and exercising behavior and car-
diovascular disease or diabetes, but health behaviors
are highly relevant though understudied in the area of
infectious disease [4, 5].

Health Behaviors and Communicable Diseases

Health behaviors are particularly important in the con-
text of communicable diseases. Because communicable
diseases, whether viral or bacterial, are passed from one
person to another via various media (e.g., air, surfaces,
and bodily fluids), certain behaviors can limit the trans-
mission of these diseases. Typical recommendations in-
clude behaviors such as covering one’s mouth and nose
when coughing or sneezing, frequent and sustained hand
cleansing, and staying home when experiencing symp-
toms of communicable illness [6].

COVID-19 Health Behavior Recommendations

As cases of COVID-19 began to appear and increase
in a staggering fashion, US agencies and municipalities
scrambled to make recommendations on how citizens
could protect themselves from infection. The Centers
for Disease Control and Prevention (CDC) released
guidance on health behaviors that individuals should
adopt to prevent the spread of the disease with the main
goal of avoiding exposure to the novel coronavirus [7].
In March 2020, the CDC recommended the following
types of health behaviors in relation to COVID-19: (a)
clean your hands; (b) avoid touching your face with un-
washed hands; (c) avoid close contact with people who
are sick; (d) distance yourself from others if COVID-19
is spreading in your community; (e) stay home if you are
sick; (f) cover your mouth and nose with a tissue when
you cough or sneeze; (g) throw used tissues in the trash;
(h) wash your hands, or clean them with hand sanitizer,
after coughing or sneezing; (i) wear a face mask if you
are sick; and (j) clean and disinfect frequently touched
surfaces daily. Importantly, these recommendations are
nothing new to infectious disease prevention. Advice
to clean hands, avoid touching one’s face with unclean
hands, maintain social distance, etc. has been offered
for some time; even as recently as 2019 the CDC made

some of these same recommendations for preventing the
common cold [8].

Monitoring Health Behaviors as a Tool to Limit
Infectious Disease Spread

Health behaviors are our most important tools for
preventing individual infections and limiting the
spread of communicable diseases such as COVID-
19 because often there is no immediate vaccine and
limited treatment [9]. Even when vaccines and/or cures
become available, it remains paramount to contain the
growth of the disease to a manageable rate to ensure
an adequate healthcare response. As such, it is crucial
for public health officials and researchers to be able
to quickly assess engagement with these health behav-
iors. Understanding who is complying with behavioral
recommendations and characteristics that predict this
compliance is key to directing educational efforts and
identifying communities at risk for greater spread. The
importance of monitoring notwithstanding, few, if
any, monitoring tools of infection prevention behav-
iors have been rigorously developed and evaluated,
rather most assessment is by single items or check-
list counts for which reliability and validity are often
unknown.

Present Study

Our first line of defense against epidemics and pan-
demics is a behavioral response that affords medical,
biological, and policy responses the necessary time to
catch up and offer an effective vaccine and/or cure.
Monitoring, understanding, and predicting human be-
havior in the face of these types of threats is a crucial
component of an effective response, yet often less is
known about these aspects of epidemics and pandemics
than the biological/genetic aspects of the disease. The
current COVID-19 pandemic offers an opportunity to
develop a brief measure of infection prevention be-
haviors for widespread use in research and practice.
Exploratory and confirmatory factor analyses and
known-groups validity coefficients were used to deter-
mine the construct validity of the measure. Regarding
known-groups validity, research shows that multiple
health behaviors are associated with demographic vari-
ables [10, 11]. The literature is smaller and somewhat
mixed on relations between demographic variables and
infectious-disease-prevention per se [12]. Nonetheless,
it appears that older, female, higher socioeconomic
status (higher education and income) and non-White
respondents tend to engage in infection prevention be-
haviors more consistently [12]. Married respondents
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likewise appear to engage in more prevention, but the
number of studies is quite low, so it is included for ex-
ploratory purposes in this study.

Methods
Measure Development

To develop our brief measure, we created nine items
based broadly on the health behavior recommendations
made by the CDC in March of 2020 and we adminis-
tered these items between March 24, 2020 and April 12,
2020. Responses were on a five-point scale with choices
1 = Never, 2 = Sometimes, 3 = About half the time,
4 = Most of the time, and 5 = Always (see Appendix for
complete instrument). Our items reference COVID-19,
but items can be easily modified for use with other infec-
tious diseases. All studies were approved by an institu-
tional review board and respondents provided informed
consent.

Participants

Study 1, 2, and 3 samples were 97, 204, and 527 individ-
uals who completed an online survey on health behaviors
and demographics. Study 1 and 3 samples were Amazon
Mechanical Turk workers. The Study 2 sample was 97
Amazon Mechanical Turk workers and 107 participants
recruited via Facebook and LinkedIn. Sample character-
istics are presented in Table 1.

Analyses

Analyses in Study 1 focused on exploratory factor ana-
lysis with principal axis extraction (eigenvalues >1) and
promax rotation to establish a factor structure of the
nine health behavior items. Confirmatory factor analysis
was used in Studies 2 and 3 to confirm the Study 1 factor
structure in independent samples. Following common
guidelines, we considered confirmatory models with Root
Mean Square Error of Approximation (RMSEA) <.08,
Standardardized Root Mean Residual (SRMR) <.08, and

Table 1. Demographic characteristics of Study 1, 2, and 3 samples
Variable Study 1 Study 2 Study 3
Age [M, Mdn, (SD)] 36,33 (11.4) 37,32 (13.3) 38, 34 (13.8)
Male 63 50 48
Female 37 50 52
Marital status
Married 54 44 53
Never married 42 48 33
Widowed 1 4
Divorced 3 7
Education
High school 13 8 9
Some college 14 13 18
Associate degree 12 7 9
Bachelor degree 43 43 45
Master degree 14 19 14
Doctoral degree 2 9 4
Race
Asian 8
Black or African American 13
Native Hawaiian or Pacific Islander 1 1 2
White 79 91 76
Mixed-Race 3 1 2
Median income category $40,000-$49,000 $50,000-$59,000 $50,000-$59,000
Ethnicity
Hispanic 15 10 13
Non-Hispanic 85 90 87

Note. Values represent percentages within each study, except for age where mean (M), median (Mdn), and standard deviation (SD) are

provided and income where the median category is provided.
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CFI >.90 as acceptable fitting models [13]. There were no
missing data. Although the endorsement of these behav-
iors was quite high, minimal univariate skew/kurtosis was
identified. However, multivariate kurtosis was present
in Study 3 and robust bootstrap-adjusted fit indices (7,
RMSEA, SRMR, and CFI) were used in this instance.
In addition, we conducted tests of known-groups validity
by examining correlations of demographic character-
istics with the scale scores [14]. Known-groups validity
is the extent to which a measure distinguishes between
groups known to differ on the construct of interest [14].
Statistical significance was set a p < .05.

Results
Factor Analyses

Power and sample size

Item-to-case ratios in Studies 1, 2, and 3 were 11, 23, and
59. Power to reject ill-fitting models in Studies 2 and 3
was .93 and .99, respectively.

Study 1

Exploratory factor analysis of Study 1 data showed com-
munalities of .43-.73 with two factors extracted with
eigenvalues of 4.26 and 3.64. Five items loaded on a
cleanliness factor (e.g., sanitizing surfaces, washing and
sanitizing hands) with loadings ranging from .64 to .90.
Four items loaded on containment factor (e.g., covering
coughs and social distancing) with loadings ranging
from .60 to .86. Alpha coefficients were >.83. All factor
matrices are included in Table 2.

Study 2

Confirmatory factor analysis of Study 2 data, where two
factors identical to the Study 1 factors were specified,

showed acceptable fit to the data: x2 = 36.20, p = .04,
CFI = .98, SRMR = .05, and RMSEA = .05. Cleanliness
factor standardized loadings ranged from .61 to .78 (ps <
.001). Containment factor standardized loadings ranged
from .55 to .73 (ps < .001). Alpha coefficients were >.84.

Study 3

Confirmatory factor analysis of Study 3 data, where two
factors identical to the Study 1 and 2 factors were speci-
fied, showed acceptable fit to the data: X2 =44.18, p <.005,
CFI = .99, SRMR = .04, and RMSEA = .04. Cleanliness
factor standardized loadings ranged from .78 to .83 (ps <
.001). Containment factor standardized loadings ranged
from .68 to .81 (p < .001). Alpha coefficients were >.87.

Descriptive Statistics

Descriptive statistics for the nine items in Studies 1, 2,
and 3 are included in Supplementary Table S1. The clean
health behaviors that showed the most compliance were
avoiding touching one’s face (Study 1) and using appro-
priate (i.e., 60% or more alcohol) hand sanitizer (Studies
2 and 3). The contain health behavior that showed the
most compliance was throwing used tissues away. In gen-
eral, participants reported being more likely to comply
with containing behaviors than with cleaning behaviors.

Known-Groups Validity

Known-groups validity was evaluated by examining cor-
relations of the Clean and Contain scales with several
demographic variables. Older age was associated with
more cleaning and containing behaviors in Studies 2
and 3. Being female was associated with more cleaning
in Studies 1 and 3 and more containing in Studies 2 and
3. Income showed the largest associations with cleaning

Table 2. Exploratory and confirmatory factor analysis standardized loadings for distance and disinfect measure

Ttem Exploratory factor Confirmatory factor Confirmatory factor
analysis (Study 1) analysis (Study 2) analysis (Study 3)
Clean Contain Clean Contain Clean Contain

Surfaces .90 -.08 74 78

Sanitize after cough/sneeze .82 -.07 75 .82

Hand sanitizer 19 -.01 .61 .81

Don’t touch face .76 .10 .67 .79

Wash after cough/sneeze .64 13 18 .83

Cover cough -.11 .86 12 19

Distance from others 13 1 73 .81

Throw tissues —-.08 .70 55 .68

Avoid close contact 25 .60 .65 .81

Note. All Study 2 and 3 loadings significant at p < .001. The box highlights the loadings that readers should pay most attention to.
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and containing but only in Study 1. Hispanic ethnicity
was associated with more containing behaviors in all
studies. Married respondents showed fewer containing
behaviors but only in Study 3. Race and education were
unrelated to either variable in any study. Correlations are
provided in Supplementary Table S2.

Discussion

Using items based on CDC recommendations, we de-
veloped and validated a brief measure of infectious-
disease-prevention-related health behaviors and tested
its construct validity in samples of individuals currently
experiencing the COVID-19 pandemic. A series of three
studies support Clean and Contain subscales of the
overall measure. Study 1 identified these two subscales
and in Studies 2 and 3, these subscales were replicated.
In general, participants were more likely to comply with
containing behaviors than with cleaning behaviors in all
studies. The most highly complied with cleaning health
behaviors were avoiding touching one’s face and using
effective hand sanitizer. The most highly complied with
containing health behavior was throwing used tissues
away. In terms of known validity coefficients for cleaning
and containing scales, we found small to moderate as-
sociations across both scales for age and sex. Income
showed the strongest validity coefficient but only in
Study 1. Hispanic ethnicity was related to greater com-
pliance with containing across all three studies. Other
demographics characteristics showed little to no correl-
ations with the scales.

Use of the Clean and Contain Measure

Preventive health behaviors help to slow the spread of
infectious diseases, allow time to develop effective vac-
cines and/or treatments, and keep rates of infection at
manageable levels for the healthcare system [4, 5]. The
Clean and Contain Measure could offer public health of-
ficials and researchers the ability to quickly assess com-
pliance with infectious disease (e.g., COVID-19) related
health behaviors. Knowing which individuals are or are
not complying will allow other mitigation efforts to be
efficiently targeted. Furthermore, utilizing the Clean and
Contain Measure in large-scale assessment will allow re-
searchers to characterize those who are and are not com-
plying with behavioral recommendations. Identifying
related demographic and psychological characteristics
will further allow efforts to reduce or mitigate disease
spread to be effectively targeted. Having an adequate
measurement tool will allow behavioral epidemiologists
to proceed to test theories of health behavior and better
understand the implications of health behavior for the

development of the infectious disease pandemics like
COVID-19 [6, 15, 16].

Limitations

This study has important limitations. The sample lacks
diversity being comprised of mostly white, educated,
and middle income respondents. This likely limits tests
of known-groups validity as attenuation of variability
reduces correlations. Using more diverse and represen-
tative samples may provide improved tests of known
and construct validity. Compliance with health behav-
iors was rated quite high potentially suggesting a need
to evaluate social desirability. This is an initial attempt at
scale development that demonstrates reliability and fac-
torial validity but minimal content and construct validity
(both convergent and discriminant).

Future Research Using the Clean and Contain Measure

Future studies should replicate the present findings due
to the limitations of the sample, method, and types of
validity demonstrated. All forms of construct validity
need to be examined. For instance, might the measure
predict virus and/or antibody testing or uptake of a vac-
cine? Research has shown that those who engage in one
health promoting behavior are likely to engage in others
[10, 11]. Thus, we might predict that high scores on the
Clean and Contain Measure would correlate with com-
pliance with further recommendations regarding illness
prevention behaviors. Face mask wearing is now a crucial
health behavior. To be content valid, perhaps an item on
face mask wearing compliance is a necessary inclusion.
Both clean and contain scales show higher average scores
in Study 3 as compared with Studies 1 and 2. Perhaps this
reflects the sensitivity of the measure to detect change, a
key component of construct validity [17], in health be-
haviors resulting from sociocultural forces emphasizing
the importance of cleaning, and to a lesser extent con-
taining, as the pandemic progressed during its early
stages. Increased adherence would not be surprising given
a nearly five times increase in cases from Study 1 to 3 and
associated increasing calls and legal mandates from state
and local leaders for heightened vigilance and caution.
No doubt the measure will need to continue to evolve as
recommendations change. It is vitally important to test
the measure with more diverse populations, to improve
items that may show problems, and to place the items in
the context of what current local, state, and federal regu-
lations might be so it can be administered as regulations
change. We hope this scale provides a starting point for
measuring infection prevention behaviors and others will
use and improve this scale in their research on COVID-19
and other communicable diseases.
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Conclusion

Measuring health behaviorsis a critical toolin limiting the
spread of infectious diseases like COVID-19. The Clean
and Contain Measure is a brief scale that has shown ini-
tial construct validity in US adults. With continued use
and refinement, it could prove useful for healthcare pro-
viders and public health officials to target intervention as
well as by researchers to increase our understanding of
which behaviors are especially important and for whom.
Ultimately, the Clean and Contain Measure may help
to mitigate the growth of public health threats such as
COVID-19.

Supplementary Material

Supplementary material is available at Annals of Behavioral
Medicine online.
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Appendix
Clean and Contain Scale

There are currently several recommendations on how to prevent the spread of the novel coronavirus (COVID-19).
Please place an "X" in the appropriate box to the right of each item to indicate how often you do each of the following.

I: Never 2:Sometimes 3: About half 4: Most of 5: Always

the time the time
1.Use a hand sanitizer that contains at least ] ] ] ] ]
60% alcohol, if soap and water are not readily
available. (Hand sanitizer)
2.Avoid touching your eyes, nose, and mouth [] ] [] [] ]
with unwashed hands. (Don’t touch face)
3.Avoid close contact with people who are sick. ] ] ] ] ]
(Avoid close contact)
4.Put distance between yourself and other ] ] ] ] ]

people if COVID-19 is spreading in your

community. (Distance from others)

5.Cover your mouth and nose with a tissue [] ] [] [] ]
when you cough or sneeze or use the inside of

your elbow. (Cover cough/sneeze)

6.Throw used tissues in the trash. ] ] L] ] ]
(Throw tissues)
7.After coughing or sneezing, immediately ] ] L] L] ]

wash your hands with soap and water for at
least 20 s. (Wash after cough/sneeze)

8.After coughing or sneezing, if soap and water [] ] [] [] ]
are not readily available, clean your hands with

a hand sanitizer that contains at least 60%

alcohol. (Sanitize after cough/sneeze)

9.Clean AND disinfect frequently touched ] ] ] ] ]
surfaces (tables, doorknobs, light switches,

countertops, handles, desks, phones, keyboards,

toilets, faucets, and sinks). (Surfaces)

Note. Ttem labels from Table 2 in parentheses.



