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ABSTRACT

Citizen science is a unique data collection method in
which non-scientists gather and interpret data in col-
laboration with professional scientists. The purpose of
this study was to identify thermometer usage behaviors
through a different process for data collection. Most
thermometeer usage studies happen through self-report-
ed, quantitative studies. Recently, some studies have
used qualitative data such as videos, picture quantitative
data has been used to supplement it. A food safety lesson
on minimum internal temperature and correct thermo-
meter usage was conducted with high school biology
classes in Pennsylvania and family and consumer sciences
classes in both North Carolina and Pennsylvania prior to
the schools’ Thanksgiving break of 2016. As homework,
students inputted data into a web-based form on ther-
mometer usage and endpoint cooking temperatures for
whole turkeys. Students were asked for picture evidence
of how/where the temperature of the turkey was taken.
If a photo was provided, students were asked how they
knew the turkey was “done.” Four types of

thermometers were used: dial (n = 22), pop-up (n = 13),
digital (n = 11), and liquid (n = 1); two thermometers
were of an undetermined type. Of respondents, 31.5%
(18 of 57) reported an internal endpoint temperature of
165°F, and 7.01% (4 of 57) reported endpoint tempera-
tures of less than 165°F. Respondents submitted photos
showing different thermometer placements, with 53.1%
(17 of 32) placing the thermometer in the breast, 35.3%
(12 of 34) in the thigh, and 14.7% (5 of 34) undeter-
mined. Our data confirms that citizen science is a viable
method of collecting unbiased data obtained by provid-
ing participants with tools to collect information from

a primary and a photographically substantiated source
of information rather than relying on self-reported data
alone.

INTRODUCTION

Foodborne illness is a global public health problem. In the
U.S,, it is estimated that 31 major pathogens are responsible
for 9.4 million foodborne illnesses, 55,961 hospitalizations,
and 1,351 deaths annually (34). The economic burden of

*Author for correspondence: Phone: +1 571.215.2128; Fax: +1 819.515.7124; Email: minhd16@vt.edu

September/October Food Protection Trends 387




foodborne illness in the U.S. is estimated at $77.7 billion
annually (35). Of the possible pathogen-food combinations,
undercooked and/or poorly handled poultry ranks first for
estimated annual disease burden because of its association
with Campylobacter spp. and Salmonella spp. (3). In

an investigation of poultry-linked outbreaks, Chai and
colleagues identified food handling errors and inadequate
cooking as the most common behaviors leading to poultry-
associated foodborne illness (12). According to the United
States’ Foodborne Disease Outbreak System data from 1998
to 2012, 25% of outbreaks (279 of 1,114) were associated
with poultry (12).

Many high-profile multistate outbreaks have been linked
to undercooked poultry products, especially around U.S.
holiday events such as Thanksgiving, highlighting the
importance of addressing food handling practices (8,9,
11,26, 29). Turkey remains a significant public health
problem, being associated with numerous outbreaks. A 1963
outbreak of Salmonella infection in Kentucky was traced to
undercooking of creamed turkey, resulting in 229 of 441
convention attendees becoming ill (21). Bryan et al. (7) also
identified preparation practices as a factor in a turkey-linked
outbreak of multiple illnesses at a school event. Historic
and anecdotal data on consumer preparation of holiday
meals in the U.S. have resulted in seasonal-specific messages
from the U.S. Centers for Disease Control and Prevention
targeting turkey handling and cooking, as well as promoting
thermometer use to determine doneness (10). The National
Turkey Federation (N'TF) estimates that 88% of Americans
consume turkey at Thanksgiving, accounting for some 46
million turkeys (27).

Campylobacter is commonly present in poultry products.
A study conducted at two turkey processing plants over a
one-year period found that Campylobacter spp. were highly
prevalent in carcasses, at 34.9% (841 of 2,412), while a
survey by the Minnesota Dept. of Health found that 88%
(80 0f 91) of retail chicken products harbored Campylobacter
spp- (24, 40). Another study reported a Campylobacter jejuni
recovery rate of 98% (49 of 50) in retail broiler carcasses
(41). Zhao and colleagues (47) assessed the prevalence of
Campylobacter spp. and Salmonella serovars in retail meat and
poultry products and recovered Campylobacter from 91%
(84 of 92) of the samples, while Salmonella was present in
3% (3 of 92) of retail samples. Mazengia and colleagues (25)
conducted a year-long market survey in Seattle, Washington
and found that 11.3% (150 of 1,322) of chicken and turkey
products were contaminated with Salmonella serovars.

Yang and colleagues (45) reported that the prevalence of
Salmonella in raw poultry at the retail level in six provinces
and two cities in China was 52.2% for 1,152 total chicken
carcass samples.

A survey published in 2008 reported that 47% of the
number of consumers polled believed the food they eat is
very safe (5). However, only 36.9% of 4,000 consumers
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surveyed around 2016 cooked foods to a temperature
sufficient to kill harmful pathogens (41). A U.S. national
survey by Kosa and colleagues (22) found that 62% of 1,504
consumers reported owning a food thermometer and that
participants were more likely to use a thermometer on larger
cuts of meat, like whole turkeys, rather than in foods such
as ground turkey. Moreover, preparers of poultry reportedly
believe that they are unlikely to become sick from eating
chicken prepared within their home, believing instead that
they are more likely to get sick from eating at a restaurant
(6). A self-reported survey conducted by Redmond and
Griffith asked consumers how much control they think they
have over food safety during food preparation, compared
with other consumers. Respondents believed they had more
control than others (30, 31). Consumers also underestimate
the likelihood that the unsafe food-handling behaviors are
associated with microbial risk (30, 31). Fewer than 5% of 120
poultry preparers surveyed used a thermometer to record the
temperature of their chicken, and of the ones that do, 40%
use a thermometer but cook poultry products to less than
the minimum recommended internal temperature of 165°F
(6). The 2016 IFIC survey on “Food and Health” provided
self-reported consumer data on food thermometer usage and
safe endpoint cooking temperatures for meat and poultry
products. The survey showed an increase from 49% (494 of
1,007) to 66% (662 of 1,003) between 2015 and 2016 in
consumers cooking food to safe endpoint temperature (19).
Much of what is known about food handling in the home
relies on self-reported data (2, 6, 20). Self-reported data can
be unreliable because of social desirability bias, which is the
tendency of respondents to answer with what they perceive
to be socially desirable or acceptable behavior/responses
instead of socially undesirable ones (22, 42, 49). Consumers’
self-reported practices differ from their observed behavior
(2, 20). Anderson and colleagues (2) observed participants
in their homes preparing an entrée and salad, followed by
completing a food handling survey, and discovered that
although many consumers demonstrated knowledge of food
safety, this knowledge did not correspond to their behaviors
in preparing food. Jay and colleagues (20) investigated
practices in home kitchens in Melbourne, Australia, in which
participants’ food handling practices were monitored and
compared to their responses on a food safety questionnaire
they completed prior to being observed: significant variations
were noted between stated and observed food handling
practices. Because of the limitations of self-reported data,
food researchers have increasingly sought alternative data
collection methods, including ethnography and observation,
to provide a more accurate and robust data set (13, 14, 16).
Over the past decade, with the rise of internet connectivity
and increased use of smart phones, researchers have exploited
electronic modalities for data collection and crowd sourc-
ing to generate more accurate, less biased raw data through
citizen science. Citizen science involves the use of volunteers



to collect and/or analyze data as part of a scientific inquiry
(36). Although not trained as scientists, citizen scientists can
quickly and efficiently gather data that cannot otherwise be
obtained, particularly if resources are limited (4). Citizen
science provides a platform for collecting data that can be ex-
panded on a large geographic scale and over a long duration,
while conserving resources (4). Citizen science overcomes
the potential biases associated with self-reporting of data by
using pictures as a verification method for self-reported data.
This method also provides ways for non-scientists to become
involved in the process of knowledge generation. To build
transparent and trustworthy relationships between a scientist
and a data collector, citizen science empowers data collectors
and engages them in a deliberative process to support and
acknowledge their actions, decisions, and achievements
(32). The methodology has been used widely in ecology and
environmental science, in which over 600 Web of Science
categories exist for these two fields (23). This approach has
not, however, been employed by many food safety researchers,
appearing in the literature only as a method to track fish toxins
(18). As data are collected by volunteers who have no (or
little) experience in, and scant background about, the subject
matter being researched, concerns have been raised about the
reliability as well as the quality of the data collected and ana-

lyzed by these individuals (39). However, despite the concerns
about reliability, a recent review article provides a foundation
for how the methodological strategy can be used in agricultural
and food research to gather data that can supplement data
collected by other approaches (33). The goal of this study was
to investigate the applicability of a citizen science approach

to data collection for consumer food safety practices. Study
objectives included pilot testing a data collection instrument,
recruiting citizen scientists through high school biology and
family and consumer sciences classes in Pennsylvania and
North Carolina and biology classes in Pennsylvania, and
evaluating the usability of the resulting data.

MATERIALS AND METHODS

This study was pilot tested with thermometer usage
for whole turkeys as a more reliable and accurate way to
collect data related to endpoint cooking temperatures and
thermometer placement practiced by consumers. Citizen
scientists for this study were high school students in grades
9-12 in Pennsylvania and North Carolina.

Data collection instrument development
The survey questions (Fig. 1) were developed on the basis
of information and recommendations in the USDA-FSIS’

FIGURE 1. Thermometer usage data collection instrument for citizen scientists in home kitchens.

September/October Food Protection Trends 389




390

FIGURE 2. Food safety curriculum template for teaching
thermometer usage during cooking in home kitchens.
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Food Safety Information Sheet on Kitchen Thermome-
ters (42). The resulting web-based survey was designed
to be used over Thanksgiving break as a way for students
to collect data on behalf of their families and the primary
meal-preparers in their homes. Data was collected through
the end of December 2016. Through their biology or family
and consumer sciences classes, students were provided
basic instructions on how to submit a picture of what their
Thanksgiving turkey looked like and were asked to provide a
view that showed the thermometer. No additional informa-
tion related to intervening in practices was provided, so as
to keep the approach open ended and without specific direct-
ion, in the hope that this would provide a real-world look at
turkeys and thermometer usage in cooking turkeys.
Fifty-seven high school students volunteered to com-
plete the survey over Thanksgiving break. Volunteers
were recruited through biology and family and consumer
sciences classes at Souderton Area High School, Souderton,
Pennsylvania, and through family and consumer sciences
(FCS) classes in North Carolina. Classes in North Carolina
were emailed the curriculum outlined in Fig 2. contain-
ing the survey through the family and consumer sciences
listserv, an application that allows for distribution of messages
to subscribers on a mailing list. Souderton Area High
School was recruited through partnerships and connections
through previous collaborative work. The 57 participants of
this study constitute a convenience sample. A five-question
survey was created using SurveyMonkey (San Mateo, CA)
focusing on the food safety topics of thermometer usage,
minimal internal endpoint cooking temperature, and indi-
cators of doneness for whole turkeys (Fig. 1). Teachers were
provided the survey as part of the lesson plan. The survey
was distributed to students as a homework assignment to be
done over Thanksgiving break as a way for them to reflect
on what they had learned from the classroom lesson.

Recruiting citizen scientists through a high school food
safety lesson

A food safety class lesson was developed using North
Carolina State University’s family and consumer sciences lesson
template that focused on cross-contamination, minimum
safe internal temperature to which to cook meats, and correct
thermometer use. The template consisted of the following
components: the topic, the goals and objectives, the materials
needed, the grade level of the target student volunteers, the
time by which the lesson needed to be completed, and the
activities to be completed during the lesson (Fig. 1). The
objectives of the lesson were for students to (i) apply previous
knowledge on sanitation to new food safety principles such as
cross-contamination and cooking, (ii) understand how and
why cross-contamination can lead to foodborne illness, (iii)
practice safe handling of foods as the result of learning about
the importance of thorough cooking, and (iv) differentiate
between safely and unsafely cooked foods. The anticipatory



FIGURE 3. Sample of pictures provided by data
collectors in home kitchens to validate self-reported data.

section, or “warm-up activity,” consisted of YouTube video of

a Food Network chef; students were asked to list and describe

all occurrences of cross-contamination portrayed in the video.
Teachers and students discussed the instances of cross-
contamination and temperature abuse, as well as the surfaces
that needed to be sanitized by the chef in the video. Emphasis
was placed on washing of hands after touching raw meat, the
concept of avoiding cross-contamination and proper use of a
thermometer.

After the warm-up activity, students performed a writing
exercise in which they answered the question, “Have you ever
been affected by foodborne illness?” and shared their answers
with their classmates and teacher as part of a discussion
on foodborne illness. Probing questions about the type of
symptoms experienced, the possible origin of the foodborne
illness, and the future prevention of the foodborne illness were
provided to teachers to promote further discussion in class. A

lecture was developed with content from USDA-FSIS’ food
safety information on kitchen thermometers (42). Concepts
taught to students were cooking throughout to a minimum
internal temperature to kill bacteria, color as a poor indicator
of doneness, and how to correctly use a thermometer.

Analyses and evaluation of data

Data collected on thermometer use through Survey
Monkey were obtained as a text response, as well as a
pictorial response if students stated that they had used
a thermometer. Analyses of the survey responses were
performed via Microsoft Excel Office 365 (Redmond,
WA). Responses were downloaded from Survey Monkey
and each was individually cleaned to remove unnecessary
information such as survey response times and Internet
Protocol addresses. Responses were coded using both
the text and pictures provided by participants. Some data
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were obtainable only through text such as indicators of
doneness if a thermometer was not used, whereas other
data were obtainable only through pictures, such as
thermometer placement in the turkey. Specific information
on thermometer type (e.g., dial or digital) were collected
through respondents’ pictures only, not text. If a picture
showed multiple thermometers (e.g., dial and pop-up)

in a single turkey, each thermometer was coded separately
(Fig. 3D). Thermometer usage and internal temperature data
were obtained through text responses and verified pictures.
Thermometer placement data were collected for dial, digital,
and glass thermometers, but not for pop-up thermometers.

RESULTS

Of the 57 high school students who participated in this
citizen science project, 78.9% (n = 45) reported their
family used a thermometer to determine turkey doneness.
The majority of families, 48.9% (22 of 45), used a dial
thermometer, defined as having a dial display and containing
a probe that expands when heated because of the presence
of coils of two different metals (37). Pop-up thermometers
were used by 29% (13 of 45) of participants, sometimes in
conjunction with other thermometers. Pop-up thermometers
were defined as a single-use, disposable cooking device
made of food grade nylon that has an inside with a stainless-
steel spring and organic firing material that will spring, or
“pop up,” at a specific predetermined temperature (37).

No survey questions were asked on whether the pop-

up thermometer was inserted by the manufacturer or

by the participant. Some respondents answered “yes” to
thermometer use but did not provide a temperature, instead
providing a picture of a pop-up thermometer rather than a
dial, digital, or liquid. Only pictorial responses of pop-up
thermometers were coded. Digital thermometers, used by
24% (11 of 4S) of families were defined as having a digital
display and being thermistors, meaning they have a resistor
within a temperature-sensitive tip (37). One participant
reported using both a digital and pop-up thermometer,
while two other participants reported using both a dial and
pop-up thermometer. One participant preferred a liquid
thermometer (Fig. 2D), which was defined as having metal
or glass stems that were filled with a colored liquid (37).
Figure 4 provides a full composition of each thermometer
type. Thermometer type was recorded as “undetermined”
when pictures were not submitted or a thermometer was not
present in the picture.

A safe internal temperature was defined as 165°F, that being
the minimum internal temperature recommended for turkey
by USDA-FSIS (42). Of participants using a thermometer,
only 9% (4 of 46) undercooked their turkey to an internal
temperature of less than 165°F. More than half (65%; 30
of 45) of all participants cooked their whole turkey to an
internal temperature of 165°F or higher. Figure 5 provides
a full breakdown of recorded internal temperatures by cited
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scientists. Results were recorded as “undetermined” for the
internal temperature of the turkey if: (i) the text response
provided an oven temperature instead of the turkey’s internal
temperature, or (ii) if the picture provided was inaccessible
or the temperature could not be determined by looking at the
picture.

Participants preferred to use either the breast region
(17 of 32) or thigh region (12 of 32) for checking the
internal temperature of their turkey (Fig. 6). No participants
measured the temperature with a thermometer in the
drumstick or wing. Five samples were undetermined because
of an inability to establish thermometer placement with a
picture, if the picture was inaccessible or if a picture of a
pop-up thermometer was given instead (Fig. 3) from pictures
uploaded. Letter A in Fig. 3 indicates a dial thermometer
that measured the specific temperature of the turkey at the
breast region. Letter B indicates an example of a digital
thermometer that measured a specific temperature; however,
the specific measurement region here was not discernable.
Letter C indicates an example of two thermometers being
used in the same turkey. Letter D indicates an example of a
liquid thermometer.

DISCUSSION

Although citizen science as a data collection method has
appreciable merits, it can benefit from improvements related
to the data collection instrument and to the recruitment
and training of citizen scientists. Such improvements will,
in turn, increase the usability of the resulting data. Source
(39) stated that specific protocols easily understood by and
designed for citizen scientists must be developed and then
tested for reliability. In addition, training participants on
equipment before use will help citizen scientists collect actual
numbers rather than ranges of numbers. By comparing the
results to those obtained by someone who was “pair-trained”
(an individual who will assist in checking accuracy of the
results), the results can be tested for reliability. Students in
the study were trained by being taught correct thermometer
placement and the minimal internal temperature; however,
the lesson was used to varying degrees in the classroom;
some teachers used the lecture on correct thermometer usage
and placement, while others did not, so all citizen scientists
did not receive the same training. Training was not provided
on the data collection instrument of the survey; as a result,
certain responses to questions were unusable because they
provided the wrong information. For example, when asked
for the internal temperature of the turkey, some students
provided oven temperatures instead. Training could also
benefit clarifying from and specifying specific details of the
questions, such as specifying that participants should provide
a picture of their turkey only if they used a thermometer
or that participants should provide internal temperatures
of turkeys only if this information is associated with a
thermometer and a picture.



FIGURE 4. Thermometer type usage on whole turkey by citizen scientists.

FIGURE S. Recorded internal temperature of whole turkey by citizen scientists.
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FIGURE 6. Thermometer placement in whole turkeys by citizen scientists.

Participants’ thermometer usage behaviors was higher
with citizen science than with self-reported data (19,

22). In the present study, 78.9% (n = 45) of participants
reported using a food thermometer through text or pictorial
response. In comparison, 30% (n = 1,003) of respondents
reported thermometer use to check doneness of meat and
poultry items in IFIC’s 2016 Food and Health Survey, while
73.2% (1,101 of 1,504) of consumers self-reported using a
thermometer to specifically check the internal temperature
of whole turkey in a study by Kosa and colleagues (19, 22).
A dial thermometer was the preferred thermometer among
48.8% (n = 22) of participants. Compared with digital
thermometers, dial thermometers can provide less accurate
and lower measurements of the internal temperature of hot
food because although the tip and stem must be inserted

to the immersion point on the stem, some consumers

think that only the tip should be inserted into the food
(39). Insertion of the thermometer about 1/2 inch into a
food gave a temperature reading that was 10 to 48°F below
the temperature of the center portion of the food (38).
Calibration is sometimes required for dial thermometers

to ensure that they are accurate (41).

Thirty-four participants provided a usable temperature
value through text or picture, while twelve participants pro-
vided unusable data that was categorized as “undetermined.”
Of the participants who provided usable data, 66.7% (n = 30)
cooked their turkey to the required internal temperature of
165°F or higher (43). This percentage is higher than IFIC’s
data, which indicated that 66% (n = 1,003) of consumers
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cooked their meat and poultry items to the required tem-
perature of 165°F (19). Most participants correctly placed
thermometers in their turkey. Only four participants (8.9%)
undercooked their turkey. Citizen science participants

were exposed to educational materials on the importance

of thermometer use, of cooking turkey to a safe internal
temperature, and on correctly placing a thermometer in food.
However, the results could be influenced by participants’ re-
sponses to the educational materials. The Theory of Planned
Behavior (TPB) contains three variables: perceived behavior-
al control (PBC), attitudes, and subjective norms (1). PBC is
a person’s perception of ease or difficulty when performing
an intended behavior, attitudes are a person’s favorable or
unfavorable evaluation of the behavior, and subjective norm
is the perceived social pressure caused by the expectations
of others (1). Exposure to the food safety lesson may have
influenced students’ thermometer use; students could have
developed positive or negative attitudes toward thermom-
eter usage from the lesson and/or been influenced by their
peers’ attitudes on thermometer use (10). These factors
could have affected whether students used a thermometer
or not and whether they completed the survey.

The “undetermined” category for recorded internal temp-
erature of turkeys was high, accounting for 26% (n = 12) of
the samples in that data set. Poor quality data is a potential
weakness of citizen science, since the data are dependent on
the training, knowledge, and expertise of the contributor
(17), although, in this study, knowledge and expertise were



not specifically measured. Ratnieks and colleagues (28)
quantified the effectiveness of training methods during their
collection of data on insects and flowers and found that
training method has a significant effect on accuracy of the
results, to the point that correct identification of honeybees
and social wasps could be changed. Limitations were related
to not training the teachers or others charged with providing
citizen science instruction. Levels of information taught
from the curriculum and training done were not compared
between participants exposed to food safety material and
those who were not. The training method in this citizen
science study was a food safety lesson developed for high
school classes that focused on correct thermometer usage,
achieving a safe internal temperature, and correctly placing
the thermometer in the turkey. Those who provided the
instruction were not trained on the protocol for delivery or
evaluation of the lesson, and they used the lesson to varying
degrees; some used the material fully, some used it partially,
and some did not use it at all. At Souderton Area High
School, family and consumer science classes utilized only the
survey, and biology classes used the lesson to varying extents,
depending on whether a lesson on food safety was taught
earlier in the year. Some teachers have a school, county or
state curriculum they need to follow to prepare students for
standardized tests, and this may have affected their ability

to use the lesson fully as intended. The food safety lesson

is heavily science-based and may fit better in a biology

class curriculum or teaching schedule than in a family and
consumer sciences class.

The quality of data collected by citizen scientists depends
on how well the data fits its purpose. Wiggins and colleagues
(44) describe it as a “multifaceted evaluation of states such as
completeness, validity, consistency, precision, and accuracy.”
In this study, everything from recruitment through data
collection and evaluation was important to collecting data
that was accurate, and the lack of complete implementation
may have altered the study outcomes. Council and Horvath
offer tools for citizen science recruitment, citing resources
such as community partnerships through local science
museums or libraries, social media such as Twitter and
Facebook, or recruitment through classroom engagement
(15). Future recruitment of potential teachers and students as
citizen scientists could include social media components to
gain a wider geographic range of approaches or through local
partnerships that will provide science communication.

Classroom engagement in this project involved $7 parti-
cipants but may increase with a tool Council and Horvath
used, which involved inviting scientists researching particular
topics related to the project into classrooms so that they
could interact with students (15). The effect of engaging
partnerships was noticeable when examining the geographic
region results; 45 of the 57 participants were from Souderton
Area High School (SAHS) - the only school sampled in
Pennsylvania — and only 12 were from North Carolina (NC).

Teachers at SAHS were provided the food safety curriculum
with the help of individuals who had previous involvement
with NC State’s researchers on a previous project, which
made engagement with the classes from this school easier.
Teachers from NC were provided the lesson through a
listserv of two-hundred-plus classes where no follow-up

was done.

The data collected herein via citizen scientists is encour-
aging, since most respondents demonstrated proper selec-
tion, placement and use of a thermometer and cooked their
Thanksgiving turkey to a temperature of at least 165°F; this
data can be used to supplement results obtained through
self-reported survey methodologies as well as observation.
This is a one-time case study, in which a single point in time
was studied after a treatment that may have caused change.
Further studies are needed to more comprehensively develop,
refine, and pilot test classroom information and exercises
related to proper thermometer use in the cooking of poultry
and to expand the demographic and geographic components
of the collection of data by citizen scientists within homes.
Citizen science provides a viable way to collect reliable
and accurate self-reported data from various sources that is
useful in triangulating food handling practices. Future steps
could include utilizing social media to collect everyday or
event-specific food safety information, utilizing citizen sci-
ence as a component of a mixed-methods study. The method-
ological strategy on its own provides a snapshot of practices,
but coupling it with other data collection methods could
provide synergy. The collected data was obtained in two
forms, text and picture, allowing for verification of results.
Although the current study focused on whole turkeys, citizen
science data collection can be applied to other food products
of interest.
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