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Abstract
Objective—Compare feedback strategies in three versions of an educational game.

Participants—Study abroad students (N = 482) participated by playing the game and completing
pre-game/post-game surveys January-March 2010.

Methods—This study employed an experimental design. Primary outcome measures were
knowledge gain, player-satisfaction, and risk perception.

Results—One-third had previously traveled to a malaria-risk region and two-thirds planned to do
so. Baseline malaria knowledge was low. Post-game knowledge and risk perception were
significantly higher than pre-game, irrespective of past travel status. The group that automatically
received explanatory feedback following game decisions scored higher for mean knowledge gain,
without differences in player-satisfaction.

Conclusions—The challenges of designing a feedback strategy to support Web-based learning
make these results highly relevant to health educators developing interactive multimedia
interventions. The increasing number of students traveling to higher-risk destinations demands
attention. Both malaria-naive and malaria-experienced students would benefit from this approach
to travel health education.
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Study abroad participation by U.S. college students has increased four-fold over the past
twenty years, with a rapid expansion of programs in destinations that present unfamiliar
health threats.1 Although there is evidence that students are putting themselves at risk by
failing to engage in travel health prevention behaviors,2-8 the number of U.S. students who
acquire malaria each year while studying abroad is unknown. First, there is no systematic
reporting of how many U.S. study abroad students are diagnosed with malaria while abroad.
Second, students diagnosed after returning to the U.S may be under-reported if they are
categorized as something other than Student/Teacher on the Centers for Disease Control and
Prevention (CDC) surveillance report (e.g., Tourism, Business, Visiting Friends/Relatives,
Other or Unknown). Third, the merged CDC category of Student/Teacher makes it
impossible to extract data for students alone. In light of these limitations and the possibility
of missed diagnoses, there were 28 reports submitted in 2009 for individuals diagnosed and
treated in the U.S. and categorized as Student/Teacher. This represents 4.2% of all U.S.
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cases, which includes Peace Corps volunteers, military personnel, and foreign-born nationals
traveling to or emigrating to the U.S.9

Malaria was chosen as an exemplar for a travel health intervention because of fluctuating
transmission intensity (by season and other factors) and the vital need for consistent use of
prevention measures and for timely diagnosis and treatment.10 Malaria symptoms can be
challenging to recognize because they are non-specific and may develop as early as seven
days after initial exposure or as late as several months or more after returning to the
US.10(p132) Because life-threatening malaria complications can develop quickly, travelers
must recognize when to seek evaluation for symptoms and the importance of disclosing
travel dates, destinations, and types of housing and activities while abroad.10(p131)

This study responds to an increasing need to educate study abroad students about health
threats that may be encountered in other regions of the world. A Web-based game was
developed by the authors and digital media specialists using a highly iterative build/test/
revise process.11 User testing was conducted on four different approaches before arriving at
a prototype that students indicated they would be willing to play online for ~20 minutes
without incentive or classroom coercion. One important user test finding was that most
students are unwilling to use a pre-game tutorial, so intuitive gameplay is essential, i.e.,
learning ‘how’ to play while playing the game. The final prototype was designed to be used
as a stand-alone learning exercise or as an instructor-guided activity to prepare students for
travel to malaria-risk regions.

Theoretical Frameworks
The self-regulation model (SRM)12 and the cognitive theory of multimedia learning
(CTML)13 are the theoretical frameworks that guided the development and evaluation of this
interactive educational tool. Both the SRM and the CTML address human cognition and
learning.

The SRM focuses on the personal understandings of health threats that influence associated
health behavior.12(p42) The organizational structure for the development of the malaria
content in the game and pre/post instruments could have been provided by a number of
health behavior theories. One widely used framework is the health belief model,14 which is a
value expectancy approach for understanding health behaviors that are motivated by a
person’s mental calculations about their susceptibility to a health threat, the severity of a
health threat, and the benefits and barriers associated with taking an action. In contrast, the
SRM is an information-processing model in which both cognitive and emotional
representations influence how a person responds to a health threat. Information about health
threats is obtained from external (abstract/conceptual) sources and from experiential
(concrete/perceptual) sources.12(p44)

The dimensions of an SRM cognitive representation are identity (labels and symptoms),
cause, timeline, consequences, control/cure, and coherence. An SRM emotional
representation is characterized by fear-related responses such as the degree of anxiety or
worry associated with the specific health threat.12 (p48) In general, beliefs and behaviors are
more likely to change in response to informational exposures that elicit a heightened
emotional response.12(p45),15,16 Because malaria is a relatively unknown yet serious health
threat for this population, the representational dimensions of the SRM were most appropriate
for structuring the malaria knowledge test items (Table 1) and the game content.

The impact of health games on knowledge, and on personal motivation to engage in risk
reduction behaviors, is a promising area for research because of the potential that simulated
experiences hold for tapping into core beliefs and emotions.17 Games invite learners to test
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assumptions without actual risk to their health, while offering interactive challenges and
just-in-time information that can enhance higher-order thinking skills.18,19 The CTML
builds upon prior theory and evidence focused on learner achievement, engagement, control,
and cognitive load while extending this body of research to instructional technology.20-25

The CTML is based on the assertion that people learn more deeply from words and pictures
than from words alone, although this does not imply that all multimedia presentations are
equally effective. 13(p31,32) The emphasis is on approaches that are learner-centered, while
technology is considered to be one of many tools to support well-designed learning
experiences. A central assumption is that visual/pictorial and auditory/verbal information are
processed using distinct channels to organize incoming information into mental
representations that individuals respond to and store in memory.26 This dual-coding theory
posits that individuals transfer back and forth between channels depending on whether
incoming communications are visual or auditory or both. There is evidence that memory is
enhanced when information is obtained using both channels, with the exception of exposures
that produce cognitive overload, i.e., when the processing capacity available in the visual
and auditory channels is exceeded.27 Cognitive overload is more likely when learners
encounter high redundancy between channels, complex learning tasks (especially for
novices), or extraneous words, pictures or sounds that diminish learner-focus.28 Similar to
the assumptions of the SRM, meaningful learning occurs when the learner actively engages
in cognitive activity, selects the most salient information, organizes it into a logical mental
picture, and integrates the new information into memory.29

In summary, both the SRM and CTML guided the study design, game development,
construction of the pre/post instruments, and choice of outcome measures. Two hypotheses
were used to test CTML assumptions about how different approaches to explanatory
feedback impact knowledge gain and player-satisfaction. The SRM was used to explore the
impact of game condition on risk perception. Future work will use a longitudinal design to
examine the relationship between risk perception and behavior for students going to malaria-
risk regions.

Elements of Game Design
In the travel game developed by the authors, Life and Death in the Age of Malaria,30 players
sequentially assume the identity of study abroad students departing for Brazil, Uganda, and
India. Players have ample opportunity to experiment with different choices in each travel
trajectory to see how decision patterns affect consequences, including the game characters’
final outcomes of healthy, disabled, or dead. The primary data sources for risk determination
were the CDC Health Information for International Travel10 and the World Health
Organization (WHO) publication International Travel and Health.31 The game objective is
for players to make decisions that apply accurate malaria knowledge to game scenarios,
thereby increasing the probability of the three characters remaining healthy during and after
travel. However, this learning tool was designed to increase malaria knowledge among
players who are motivated to preserve life as well as those who prefer to disable or kill the
characters in the spirit of exploration of game rules and consequences.

To provide players with directional information about decision consequences, each decision
was tracked using decision labels displayed in the Your Decisions panel. These labels were
color-coded green or red to indicate the type of impact, with a corresponding symbol to aid
players with colorblindness (green √ for positive and red X for negative). A malaria
knowledge meter and a numeric game score additionally reflected the points being gained or
lost in response to gameplay decisions. Optional resources include a travel health specialist
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character with action-specific advice, and a library from which static information could be
accessed at all times (Figure 1).

It was imperative that players not leave the game with mistaken beliefs that could later lead
to serious consequences during actual travel. Yet delivering timely explanatory feedback
without disrupting gameplay presents a significant challenge. Feedback was therefore
selected as a variable of interest. While its importance in promoting learning is well
established, in-game feedback can lead to diminished player-satisfaction if the mode of
delivery is perceived as confusing, intrusive or beyond player control.22(p100) The CTML
assumption that learners have limits on their working memory suggests that it is
counterproductive to provide educational content beyond what can be realistically processed
for long-term retention and transfer. The timing, amount, and type of feedback can be
structured to promote retention, for example, by drawing connections through ‘just-in-time’
and chunked presentation of information.13(p46)

Two of the game’s feedback conditions provided a pop-up text box with explanatory
feedback; either automatically with each decision (automated) or when a player chose to
click on a decision label to access feedback (player-controlled) (Figure 2). The third
condition lacked the pop-up text box (no explanatory feedback). In order to determine why a
decision had a positive or negative impact, players in the no explanatory feedback group had
to rely on baseline directional information (positive/green versus negative/red in the Your
Decisions panel and on the knowledge meter), the specialist advice, and resource library
information.

Study Objective
We compared three versions of a malaria game to determine the most advantageous
approach for the delivery of feedback in response to player decisions and for providing in-
game resource information. The primary outcome measures were knowledge gain, player-
satisfaction, and risk perception. Two research hypotheses were derived from theory to
explore the optimization of the delivery of explanatory feedback.

For the first hypothesis, it was expected that participants exposed to explanatory feedback
automatically with each game decision would have a significantly higher mean knowledge
gain compared with the other feedback strategies due to the role of explanatory feedback as
a just-in-time aid to conceptual understanding.22(p 110) It was anticipated that participants
exposed to the player-controlled game version would only occasionally choose to view
additional explanatory feedback due to limited insight into the degree of effort needed to
maximize their own learning.20(p 100) Participants receiving no explanatory feedback were
expected to have a lower knowledge gain due to a greater likelihood for misunderstanding
why an action caused a particular consequence (i.e., incorrect attribution), unless mitigated
by use of the travel health specialist, the library, or both. 22(p 110,111)

For the second hypothesis, it was expected that participants who could access explanatory
feedback when desired (player-controlled version) would have a significantly higher mean
player-satisfaction rating compared with the other feedback strategies. Participants exposed
to explanatory feedback automatically with each game decision were expected to have a
lower satisfaction rating because the pop-up text could be perceived as force-fed information
(reduced content control).25(p 289,301) Participants who received no explanatory feedback
were also expected to have a lower satisfaction rating due to the time and effort required to
access explanatory information through the travel health specialist character and resource
library, and the potential frustration or confusion among those participants who never or
rarely chose to access this explanatory information.
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METHODS
Design and Sample

This study used an experimental design to compare three versions of an educational game
(Figure 3). Study abroad students were recruited from the University of Minnesota Twin
Cities campus and six University of Wisconsin System four-year campuses. Inclusion
criteria consisted of current enrollment status as a student or within one-year post-
graduation, and being included on campus e-mail distribution lists for study abroad students.
Campus administrative collaborators managed all protocol mailings; study investigators had
no direct contact with these e-mail distribution lists. The game and pre/post surveys were
accessed by computer, and all elements of participation were anonymous. Movement
through the protocol was digitally tracked and time-stamped after participants linked to the
study protocol.

A recruitment message was sent within a seven-day window prior to the letter of invitation
to explicitly state that a broad representation of students was being sought. Next, the
invitation was distributed to the same list, followed by a reminder message a week later. All
messages contained a personal note from the campus administrative collaborator and contact
information for the study’s principal investigator. Data were collected using a phased
schedule for campus deployment in January and February 2010. There was no incentive for
participation, and students were informed that they should participate only once. Based on a
review of the literature and a 32% participation rate from a prior e-mail survey of study
abroad students without incentive (N = 318), 7 it was predicted that approximately 30% of
participants who began the study protocol would complete it.

Procedure
Approval was obtained from each campus Institutional Review Board prior to study
deployment. An assigned study abroad program administrator on each campus distributed
the study information. After participants read the informed consent information, consent was
implied when a link within the invitation letter was used to access the pre-game survey, with
sequential links to the game and then to the post-game survey. Random assignment to one of
three game conditions was accomplished upon entry to the study protocol through a
computer-generated program that was not apparent to participants. Once the post-game
survey was submitted, participants were directed to a summary site where they were thanked
for their participation and provided with their pre/post knowledge scores along with
additional travel health links and a brochure titled Preventing Malaria in Travelers.32

Measurement: Game
Each game action was reflected in a numeric score and in a color-coded knowledge meter as
a scaled item with point anchors of -24 to +24 for the first two characters, and -26 to +26 for
the third. Players began at zero (0), and points were gained and lost in 1- and 2-point
increments as players made game decisions related to malaria knowledge and risk reduction.
Once a game character developed symptoms, a game rubric determined whether that
character had acquired malaria or had symptoms for another reason. Characters were more
likely to be infected with malaria when players failed to select effective prevention measures
before departure and when actions demonstrated less accurate malaria knowledge. If
infected, secondary outcomes included recovery, disability, or death. This rubric (game
logic) utilized both a cumulative decision score and the specific action taken once the
character becomes symptomatic. The activities captured digitally for analysis were duration
of gameplay, character outcomes (healthy, disabled, or dead), and mouse-click frequency
counts for accessing the travel health specialist, resource library, and explanatory feedback
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in the player-controlled condition (frequency counts were not relevant for the other two
conditions since explanatory feedback was delivered ‘always’ or ‘never’).

Measurement: Pre-game and Post-game Surveys
The pre-game survey consisted of a malaria knowledge test (MKT), an 18-item multiple-
choice instrument with five response options, and two additional risk perception items.33

The multiple-choice items were scored on a 2-point scale (0 = incorrect and 1 = correct).
The post-game survey included all pre-survey items plus nine demographic items, one
player-satisfaction item, and an open-ended text box for comments. The demographic items
were sex, race/ethnicity, age, academic status (grad/undergrad) and campus of origin, study
abroad student status (interested, planning, abroad, returned), past travel to a malaria-
endemic area, plans to travel to a malaria-endemic area, and frequency of playing computer
or video games. A 5-point scale (0 = not at all, 4 = extremely) was used for the two pre-
game and post-game risk perception items about malaria infection (How likely/How
worried) and one post-game player-satisfaction item (Overall, how satisfied were you with
the game experience?).

The pilot test of the initial MKT instrument was conducted with 13 students who were close
to departure for a field experience at a malaria-endemic destination. A second pilot test was
conducted with 36 pre-nursing students who had no prior classroom exposure to malaria
information. Revisions were made, such as simplification of wording and refinement of
distracter responses, based on these pilot tests and three cognitive interviews with students
about the survey items. Face validity of the revised MKT was then tested with five study
abroad student reviewers. Five travel health specialists reviewed the MKT for content
validity, and a specialist from the UW Survey Center suggested formatting edits to increase
online comprehension. Instrument reliability was established as part of the summative game
evaluation. Kuder-Richardson formula 20 (KR-20) was used to assess internal consistency
for the MKT dichotomous items scored as correct/incorrect. The pre/post results of 0.82 and
0.72 respectively demonstrate the reliability of these items as measures of malaria
knowledge.

Data Analysis
The de-identified data from the pre/post surveys and from in-game tracking were exported
into SPSS 16.0 (SPSS Inc., Chicago, IL, USA) and first analyzed using descriptive statistics.
Examination of demographic characteristics and pre-test measures of knowledge and risk
perception for equal distribution across game conditions (homogeneity of variance) met the
assumptions of further statistical tests. Analysis of variance was used for three-way
comparisons such as feedback conditions; Tukey-B was used for post-hoc comparisons. For
two-way comparisons such as pre/post scores and ratings, t-tests were used. The level of
significance was set at p < .05. Uniform codes were used for missing data, and no data were
imputed for missing responses. For analysis of the open-text comments, initial themes were
identified and codes were developed. Two additional researchers assigned codes to each
comment. There was initial agreement on 222 (85%) of 260 items. The team resolved the 38
discrepancies by merging, renaming, or creating new categories until 100% consensus was
reached.

RESULTS
Demographic data are summarized in Table 2. The MKT mean score for 18 items was 6.6
pre-game and 13.8 post-game (t = 39.38, df = 481, p < 0.001) with a large partial eta squared
effect size (0.767) demonstrating a strong overall learning effect. The automated condition
yielded a significantly higher mean knowledge gain F(2,482) = 6.5, p < 0.005 with a small
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partial eta squared effect size (0.026) for differences in knowledge gain between the three
feedback conditions. There were no significant differences between conditions for
satisfaction, which was rated as very to extremely satisfying by 65% of participants. Risk
perception ratings for malaria increased significantly from pre- to post- (likelihood t = 3.08,
p < 0.005; worry t = 3.54, p < 0.001) without significant differences between feedback
conditions.

The mean time duration to complete three travel trajectories was 18.5 minutes. The
automated explanatory feedback group took significantly longer to complete the game (M =
20.3 min.) compared with the player-controlled group (17 min.) and the no explanatory
feedback group (18 min.) F(2,482) = 5.9, p < 0.003. Most players (76%) made decisions that
averted disability and death for all three game characters. The travel health specialist
resource was accessed at least once by 77% of players, with a mean of 5.2 clicks out of 40
total decisions. The library resource was used by 44% of players, with a mean of 2.5 clicks.
There were no significant differences between feedback conditions for mean use of these
optional game resources. A decision label to access explanatory feedback in the player-
controlled (discretionary) feedback group was clicked on by 62% of players, with a mean of
4.6 clicks out of 40 total decisions.

An SRM dimensional analysis was secondarily conducted. Significant knowledge gains
occurred across all cognitive representational dimensions. The pre-test identified important
misperceptions, such as not knowing that: the peak biting time for the mosquito vector is
nighttime (82%); travelers can die within days of symptom onset (80%); the infectious agent
is a parasite (68%); and there is no malaria vaccine currently available (49%). Participants
who reported past travel to a malaria-risk region achieved higher percentages correct on the
MKT (49% pre- and 80% post-) than those without this travel history (31% pre- and 76%
post-).

Student feedback was analyzed using 260 comments provided in an open-ended text box on
the post-game survey. Positive text comments (60%) described the experience as
informative, fun, and engaging. The negative comments (32%) addressed game features
(e.g., too long, repetitive), but also technical problems encountered with hardware/software
functions (n = 10) and text legibility/readability issues (n = 10). The remaining comments
(8%) were rated as neutral (e.g., sharing a personal experience with malaria infection or
encouragement for pursuing this line of inquiry).

COMMENT
This comparison of three versions of a risk reduction game revealed low baseline malaria
knowledge and a substantial short-term learning effect in all feedback conditions and travel
groups (pre- and post-travel to a malaria-risk region). Hypothesis 1 was upheld: participants
exposed to the automated explanatory feedback game version had the highest mean
knowledge gain. Hypothesis 2 was not upheld: there were no significant differences in
player-satisfaction between game versions. This suggests that learning may be supported by
automatically providing explanatory feedback for each decision without diminishing player-
satisfaction, despite a greater mean completion time. The satisfaction rating was high overall
for an initial testable prototype.

Satisfaction with this delivery mode for health education is consistent with earlier work
which found that the Internet was the most common source of health-related information in
a collegiate population (N = 1202),34 and that college students (N = 743) want to find health
information on the Internet.35 An acknowledged limitation of the Internet is confusion about
the believability of information,34 (p560) but this can be countered on campus study abroad
Websites by providing links to travel health content at authoritative sites such as the World

Hartjes and Baumann Page 7

J Am Coll Health. Author manuscript; available in PMC 2013 July 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Health Organization and the U.S. CDC, Department of State, and Central Intelligence
Agency World Factbook. Interestingly, 17% of the students who completed the study
protocol were abroad at the time of participation, including students in Africa and other
destinations with less consistent Internet access.

The finding that risk perception ratings increased significantly following the game
intervention is important in light of a 2007 survey of U.S. study abroad students (N = 318)
that revealed an overall low perceived risk related to travel, with malaria rated in the bottom
half of 18 travel health threats.7(p341) The value of increasing students’ perception of risk is
that greater awareness of threat has been shown to be positively associated with risk
reduction behaviors.36,37

Study findings further suggest that important concepts in brief-exposure educational games
should not be embedded exclusively in resources located on the periphery of the user
interface for the player to discover. For example, 23% of participants did not access the
travel health specialist even once despite a flashing orange arrow displayed at the start of
gameplay directing players to click on this icon. Further, the group with no access to the
pop-up explanatory feedback text boxes used resources no more frequently than the other
groups to support their comprehension of game content. Participants in the player-controlled
group who chose to access explanatory feedback (62%) did so only 11% of the time.
Therefore, providing explanatory feedback as part of the central action of the game, without
relying on player initiative to seek information, may yield greater learning dividends for this
population and purpose (i.e., education about a topic with serious health ramifications).

The number of participants reporting prior travel to malaria-endemic regions (32%)
represents a significant departure from travel destinations of a generation ago.1 Even more
significant from a risk reduction perspective is the finding that 64% of respondents plan to
travel to a malaria-endemic region in the future, while 5% did not know whether they had
ever visited a malaria-endemic location. These data underscore a growing hazard for student
travelers by documenting the low pre-test levels of malaria knowledge for both novice
learners and those reporting prior travel to malaria-risk regions. The average pre-test score
for the latter group (49% correct) demonstrates both the complexity of malaria as an
infectious disease and how cognitive representations can be resistant to change.

Overall, our findings are highly relevant to health educators who design interactive risk
reduction interventions because providing the appropriate amount of guidance is a balancing
act that involves the content domain, the instructional approach, individual knowledge
acquisition processes, and multimedia features.25(p302) There is a threat of overloading
students’ cognitive capacity with excessive, confusing, or distracting feedback. There is also
a threat of providing insufficient feedback, which can result in missing important learning
points and leaving the intervention with erroneous assumptions.27(p78,79)

Limitations
This research is limited because it tested only one content domain (malaria), one kind of
learner (college students), and one region of the United States (Midwest). It also lacked the
longitudinal data necessary to measure the long-term impact of a gaming intervention on
knowledge and behavior. Participants who were female (73%) and white (86%) were over-
represented, although this is consistent with national demographic data for study abroad
students (on average 65% female and 82% white over the past decade).38 The response rate
was low from a pool of 14,334 e-mail addresses, with 1428 students (10%) clicking on the
digital link after reading the informed consent information in the e-mail letter of invitation.
Of those students who entered the protocol, 482 (34%) completed it, versus a prediction of
30% based primarily on a prior online survey in this population.7 A low response rate was
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anticipated for a number of reasons: length of the study protocol (~30 minutes for pre/post
surveys plus game) in the context of academic demands on time and focus, the lack of an
incentive, and an indeterminate number of students who no longer used the e-mail address
provided to the study abroad program or for any reason did not open the e-mail.
Additionally, the e-mail invitations were distributed to all outgoing study abroad students
and not just those traveling to malaria-risk regions. Sixty-four percent of participants
indicated that they planned to travel to a malaria-risk region, reflecting the relevance of the
game to this population.

Conclusions
Our results may enhance college health risk reduction efforts by providing evidence about
the impact of a brief exposure educational game on student understanding of malaria risk
and prevention measures. A one-time exposure to a Web-based game of 18-20 minutes
duration significantly increased malaria knowledge and risk perception in both malaria-
naive and malaria-experienced populations. This is important because accurate knowledge
and awareness of risk are key precursors for motivating students to engage in risk reduction
activities. Findings further suggest that providing explanatory feedback automatically
following player decisions supports learning, and that this can be done without diminishing
satisfaction with the game experience. These data also reveal patterns of in-game
information-seeking behavior and contribute to the literature examining learner control in
multimedia environments. Next steps are to use formative (user-testing) and summative
evaluation data to make game revisions, and to conduct a randomized controlled trial to
examine the associations between knowledge, risk perception, and risk reduction behavior
before, during, and after travel to a malaria-risk region.

With a greater understanding of evidence-based design principles for interactive educational
tools, this prototype can be adapted for delivery on phones and tablets and expanded to
address other health threats encountered by student travelers. These additional health threats
would ideally be tailored to the world region of most interest to the player, and might
include other infectious diseases, motor vehicle accidents, drowning, falls, and personal
security. This approach might also be adapted to meet the learning needs of other groups,
such as U.S. healthcare providers, or residents of world regions who chronically face the
same health risks that impact U.S. travelers.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Library resources were available at all times. The travel health specialist, if consulted,
offered tailored advice for each action (see upper text box behind library options in this
screen shot).
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Figure 2.
The feedback pop-up box was accessible to players in the automated and player-controlled
explanatory feedback conditions.
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Figure 3.
Participant recruitment and randomization to condition.
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Table 1

SRM Dimensions Used to Measure Malaria Knowledge and Risk Perception

Dimensions Cognitive Exemplars for Knowledge Test Items—18 items 3 items per dimension (5 response options per item)

Identity Which of the following symptoms are most common with malaria infection?

Cause How is malaria usually spread from person to person?

Timeline What is the shortest amount of time between being infected and noticing symptoms?

Consequences Which action is best to minimize the negative consequences of malaria?

Control/Cure Why might travelers going to malaria-risk regions be advised to take anti-malarial medication?

Coherence While in Kenya, Michael takes an anti-malarial drug daily, but his roommate does not. His roommate is diagnosed with
malaria and receives medication to treat it. What should Michael do to protect himself?

Emotion Risk Perception − 2 items (5-point scale)

Worry How worried are you that you might contract malaria if you traveled to a malaria-risk destination?

Likelihood If you traveled to a malaria-risk destination, how likely do you think it is that you would be infected?
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Table 2

Participant Characteristics

Mean age in years = 21 (SD 4.6)

n* %

Sex: female 352 73

Student status

 Undergraduate 421 92

 Graduate 29 6

 Professional (Medicine and Law) 6 1

Racial/ethnic background

 Asian 30 7

 Black or African American 12 3

 Hispanic or Latino/a 10 2

 Native American or Alaskan Native 10 2

 Native Hawaiian or Pacific Islander 2 0.4

 White 393 86

Study abroad status

 Interested, but no specific plans 36 8

 Planning 152 34

 Currently abroad 76 17

 Returned 187 35

Prior travel to a malaria-risk region

Yes 155 32

No 299 63

Don’t know 24 5

Future travel to a malaria-risk region

Yes 309 64

No 129 27

Don’t know 40 8

*
n may vary due to missing cases
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