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Abstract 

Throughout the history of epidemiology, visualizations have 
been used as the interface between public-health professionals 
and epidemiological data. The aim of this study was to exam-
ine the impact of the level of abstraction when using visualiza-
tions on routine infectious disease control. We developed 
three interactive visualization prototypes at increasing levels 
of abstraction to communicate subsets of influenza outbreak
surveillance information. The visualizations were assessed 
through workshops in an exploratory evaluation with infec-
tious disease epidemiologists. The results show that despite 
the potential of processed, abstract, and information-dense 
representations, increased levels of abstraction decreased 
epidemiologists’ understanding and confidence in visualiza-
tions. Highly abstract representations were deemed not appli-
cable in routine practice without training. Infectious disease 
epidemiologists’ work routines and decision-making need to 
be further studied in order to develop visualizations that meet
both the quality requirements imposed by policy-makers and
the contextual nature of work practice.
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Introduction  

Throughout the history of epidemiology, visualizations have 
been used as the interface between public-health professionals 
and epidemiological data. The two main components of mod-
ern visualizations are graphics and interaction. Graphics take 
advantage of the flexibility of human perception in identifying
patterns coupled with adaptive decision-making mechanism 
[1]. Interactivity provides the coalescing layer of exploration 
that is required to support the dialogue between users and data. 
Over time, health professionals have learned to integrate in-
creasingly complex visualization methods into the manage-
ment of population health. There is a body of research describ-
ing how changes in technology, work, and organizational 
forms have led to and made visualization part of epidemiolog-
ical practice. In infectious disease control, local disease maps 
have been used since Seaman used “spot maps” in 1798 to 
trace yellow fever cases in New York [2,3].  A few decades 
later, Farr introduced vital statistics, that is, abstract mathemat-
ical methods for detecting associations between mortality and 
social circumstances [4]. Since then, the appropriate level of 
abstraction to be used in analyses of infectious disease out-
breaks has been debated. Such interplay between analogue and 

abstract representations of increasing complexity is displayed 
in modern public-health practice. The epidemiological evi-
dence on concurrent health threats is understood to underde-
termine the tested hypotheses, providing neither complete 
proof nor disproof [5]. To be able to judge the weight of epi-
demiological evidence, both scientific and extrascientific val-
ues must be included in the assessment [6,7], and the nature of 
this evidence and these values may shift between contexts. 
Modern visualization technologies provide extended possibili-
ties for epidemiologists to explore and judge underdetermined 
evidence. Furthermore, integrated health information systems 
have opened new potentials for collection and management of 
community-level epidemiological data on infectious diseases 
[8,9]. In addition, advanced methods for detection of infec-
tious disease outbreaks have been developed [10,11]. The aim 
of this study was to examine the impact of the level of abstrac-
tion when using visualizations in routine infectious disease 
control.

Materials and Methods 

A two-step approach was used for the study. Three interactive 
visualization prototypes at increasing levels of abstraction 
were developed to communicate subsets of surveillance infor-
mation about an influenza outbreak. These visualizations were
then assessed through workshops in an exploratory evaluation
[12] involving senior infectious disease epidemiologists.

Study setting

The data repository connected to the Electronic Health Record 
(EHR) systems at Östergötland County Council, Sweden [9],
collects clinical data from all primary care centers (PHCs),
hospitals, and clinical laboratory units in the county. The re-
pository is also connected to the Swedish national telenursing 
system Healthcare Direct, an around the clock, nurse-led, tele-
phone advice service. The system has strong similarities to the 
NHS Direct system in the UK and Health Direct in Western 
Australia. The specially trained nurses use a computerized 
decision-aid program and an EHR system for every call, and 
are, according to Swedish law, obliged to keep a record of 
each patient interaction. Upon answering a call, the nurse col-
lects the patient’s unique personal identification number and 
opens a new call record. Over the course of the conversation, 
the nurse consults one or more online guidelines; that is, elec-
tronic documents about conditions or symptoms, such as ‘fever 
(adult)’ or ‘dizziness’. A chief complaint from a fixed-field 
terminology register is recorded after each call.
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Figure 1- Disease map prototype (P1) based on a listing of PHCs (a). P1 provides the possibility to select a specific PHC (b), view 
the local case incidence per day and age group (c), and compare the local data to a time graph showing the incidence rate for the 

entire county (d).

Visualization data 

Aggregated population data on sex, age, and residence were 
collected from Statistics Sweden. Data from Östergötland resi-
dents who had been clinically diagnosed with influenza or had 
contacted the telenursing service were identified from the data 
repository connected to the countywide data repository. Influ-
enza cases were identified by the ICD-10 codes for influenza 
(J10.0, J10.1, J10.8, J11.0, J11.1, J11.8). For individuals hav-
ing received a diagnosis at both primary and secondary levels 
of care, only the latter record was used for the analyses. Influ-
enza-like-illness-related telenursing call cases were identified 
by the chief complaint codes associated with influenza symp-
toms (dyspnea, fever (child, adult), cough (child, adult), sore 
throat, lethargy, syncope, dizziness, and headache (child, 
adult)) from the fixed-field terminology register. 

For this study, two data sets were prepared. An EHR data set 
was compiled, consisting of influenza-related diagnoses from 
the county-wide EHR.  The data set also included information 
on age and the PHC the patient visited. 

Second, a telenursing data set was gathered, consisting of in-
formation about the individuals that had called the telenursing 
service, categorized into chief complaints and age group (pre-
school, school, adult, and elderly).

Ethics Statement

The study was based on administrative public health databases 
established to systematically and continuously develop and 
secure the quality of service. According to Swedish legislation 
(SFS 2008:355), personal identification data were removed 
from the records. The Regional Research Ethics Board in Lin-
köping, Sweden (dnr. 2012/104-31) approved the study de-
sign.

Design of prototypes

The prototypes were developed using Data-Driven Documents
(D3) (http://d3js.org/, accessed December 8th, 2012), a JavaS-
cript library for production of visualizations from digital data.
D3 manipulates HyperText Markup Language (HTML), Scal-
able Vector Graphic (SVG), and Cascading Style Sheets 
(CSS), and eanbles interactive and dynamic visualizations dis-
playable in modern web browsers.

Disease map prototype (P1)

Prototype 1 (P1) shows a visualization concept based on spa-
tio-temporal information using the EHR data set. The basic 
rationale was to display the progress of the disease burden for
specific PHCs. The visualization is based on a list of all PHCs
in the county (Figure 1a). For the infectious disease epidemi-
ologists, a listing of the centers with their geographical uptake 
areas was assumed to convey the most affected locations dur-
ing an outbreak. The interactive component of P1 consists of 
PHC selection, providing the user the case incidence for each
day and age group (Figure 1b) and cumulative incidence for 
the local geographical area (Figure 1c). P1 also provides a 
time graph representation of the daily incidence rate for the 
entire county (Figure 1d).

Descriptive abstract prototype (P2)

Prototype 2 (P2) uses a descriptive visualization concept to
present the telenursing dataset using a matrix where the rate of 
telenursing calls per day in the county is displayed, separated 
by the chief complaints (symptoms) recorded (Figure 2a). P2
enables a detailed representation of symptoms, but also a more
aggregated, abstract representation using color saturation to 
represent differences in rates. The interactive component of P2 
consists of day selection (Figure 2b), updating both the total 
number of calls per chief complaint and the age distribution 
per chief complaint (Figure 2c).
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Figure 2-Descriptive abstract prototype (P2) displaying rates of telenursing calls divided by chief complaints (symptoms) (a). Any 
day can be selected (b) to obtain a breakdown of the calls by chief complaint and age group for that day (c).

Analytic abstract prototype (P3)

Prototype 3 (P3) displays an outbreak detection visualization 
concept based on the telenursing dataset. As in P2, the rates of 
chief complaints per day are displayed in a matrix (Figure 3a). 
P3 expands the abstract component included in P2 by utilizing 
an algorithm for prediction of call rates for the next 5 days 
(Figure 3b).  In addition, highlights in red indicate elevated 
rates of chief complaints compared to a computed baseline. 
The interactive component of P3 consists of day selection, 
which shows the user recorded (or predicted) calls and their
age distribution for the selected day, divided by chief com-
plaint (Figure 3c).

Data collection

Two workshops using think-aloud techniques [13] were con-
ducted with senior infectious disease epidemiologists experi-
enced in epidemiological surveillance. Qualitative data were 
gathered from the workshops through audio-recordings and 
field-notes. The think-aloud sessions were complemented with 
questions about usefulness to the participants’ work practices. 
Before introduction of the prototypes, the participants were 
instructed to construe them as possible tools for use during 
influenza outbreaks. Each prototype was shown to the partici-
pants, who were asked to think aloud when exploring and in-
teracting with them. After every think-aloud session, open 
questions were then asked about the possible usefulness of the 
visualizations in their routine practice. 

Figure 3-Analytic abstract prototype (P3). Prototype P2 is extended by prediction of call rates for the next 5 days (b,c).
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If the usefulness of a specific part of the prototype was not 
covered in the answer then they were asked about it specifical-
ly.

Data analysis

The workshop data were transcribed and analyzed using con-
tent analysis [14]. For each comment, the feature in the visual-
ization to which it applied was identified. The comments were 
categorized and further analyzed to infer what impact the par-
ticipants thought the feature could have on their work practice.

Results

In general, participants had positive opinions and believed that 
most visualization features in the prototypes could, for differ-
ent reasons, fill a function in their work practices. 

Disease map prototype (P1)

The disease map prototype was considered a tool for both sen-
ior infectious disease epidemiologists and general practition-
ers. It was considered adequate because identifying the most 
affected PHCs was reported to give information about where 
the outbreak was most intensive and helped to visualize how 
the outbreak was evolving geographically. 

One senior epidemiologist thought that the interactive possibil-
ity to click on a PHC and inspect the squares corresponding to 
incidence rates in the matrix was interesting. This functionality 
was thought to be useful for both infectious disease epidemi-
ologists and general practitioners because it could show the 
distribution of cases for every PHC. P1 could thus display
where the outbreak had the most impact at any given time and 
help to establish a shared situational awareness about the 
propagation of the disease. Another senior epidemiologist re-
ported that by identifying the most affected PHCs, it was pos-
sible for the infectious-disease epidemiologist to warn not yet 
intensively affected PHCs to initiate vaccinations, if vaccines 
were available. For general practitioners, it was thought to be 
useful to be able to identify whereto the outbreak was propa-
gating and the case rates for their own PHC. This feature was 
believed to create local outbreak awareness, which was con-
sidered beneficial for local preparedness and response. The 
participants reported that the line graph was useful because it
showed changes over time in the rate of infected (infectious) 
individuals. They explained that influenza outbreaks develop 
in waves and that it is important to know when the peak is 
reached.

Descriptive abstract prototype (P2)

Access to age groups in the descriptive abstract prototype was 
considered useful because the composition of age groups var-
ies between counties, and people of dissimilar age both differ 
with regard to immunity and act in different ways during out-
breaks. The participants intended to display the data by age 
because it can support planning of interventions and commu-
nication with the community. One senior epidemiologist ex-
plained that if there are numerous small children with fever 
showing in the visualization, then kindergartens and schools 
could be warned, and accordingly take actions that might curb
the outbreak. Another senior epidemiologist reported that see-
ing distribution of age groups communicates much about how 
the health-care service is going to be affected by the outbreak. 

For example, if mainly young people were affected, health 
services would probably not be burdened to the same extent. 
Conversely, if the main portion of the infected population con-
sisted of seniors, not only PHCs, but also hospitals, would be 
burdened more quickly.

Moreover, it was expressed that bar graphs and pie charts were 
more useful than the matrix, because more detailed data is 
usually only interesting on the closest past days during influ-
enza outbreaks. However, one senior epidemiologist explained 
that the ability to inspect data from previous days through in-
teraction can be useful, because it is always valuable to make
comparisons between days.  

The possibility to move back in time through interaction was 
explained as providing two benefits; one is that it can be hard 
to remember all the different distributions, and that the interac-
tion can make work easier as it supports memory. The other 
benefit was that senior infectious disease epidemiologists can 
learn much if they can go back and retrospectively review the 
outbreak when it has ended.

Analytic abstract prototype (P3)

For the analytic abstract prototype, the participants at both 
workshops were of the opinion that it would be useful if the 
baseline was correct and could be trusted. However, they were 
not sure if they fully understood what the prototype said about 
the outbreak, other than that the levels were higher than they 
were supposed to be. The participants were of the opinion that 
seeing predictions about the approaching days would be use-
ful, but only if the foundation for the predictions could be in-
spected, understood, and trusted.

They also thought that these more complex visualizations
could be useful if the users had received specific training in 
using and interpreting the conveyed information. If the predic-
tions show that the symptoms fever and cough are increasing 
in the county, this could be an indicator for an influenza out-
break, and by predicting it, would allow vaccinations and other 
precautions to be implemented before the outbreak dissemi-
nates fully. However, making such decisions in routine prac-
tice was thought to require trust in the information that is pro-
vided, which, in turn, would require additional training and 
experience.

Discussion

We set out to examine the impact of the level of abstraction 
when using visualizations in routine infectious disease control. 
The results indicate that for visualizations to be useful in rou-
tine practice, the level of abstraction must be chosen to sup-
port the epidemiologist in their work practice. The participants
described how (procedurally) and why (in terms of the quality 
of their decisions) the visualizations were associated to their 
decision making. Although the participants acknowledged the 
value of including symptoms and a summative abstraction of 
the progress of influenza spread, the geographical component 
and readily comprehensible setup of the disease map prototype 
(P1) was considered superior in terms of transparency and 
close ties to routine practice. Thereby, our results suggests that 
visualizations of data from infections disease outbreaks should 
support decisions in terms of why, how, and what to do in 
practice, similar to what is required from decision support sys-
tems [15]. The descriptive component was delivered in P1 by 
describing incidence rates and geographical location. In P2 
and P3, the descriptive component was increasingly processed 
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into a more abstract, summative representation, making partic-
ipants less confident in their ability to use the visualization. 

A wealth of benefits from using visualization in public health 
and infectious disease control has previously been reported
[8,16]. The findings from this study add nuances to this pic-
ture. Participants in this study reported uncertainty about the 
meaning of highlighting and what the baseline meant in the 
outbreak predictions. They experienced insecurity in their in-
terpretation of the visualization. These observations are in 
accordance with reports from studies of visualization use in 
clinical settings, such as in neurosurgery planning [17]. In the 
latter setting, it was found that abstract and information-dense 
visualizations, although potentially more powerful, failed to 
support the clinicians as intended. Therefore, introducing re-
sults of complex computations into visualizations, such as out-
break progress predictions, may be detrimental when the com-
putations cannot be understood or do not comply with heuris-
tics and other decision making practices. In addition to making 
the visualizations more transparent, it would be beneficial to 
integrate interpretation of more complex analyses in the train-
ing of infectious disease epidemiologists, thereby helping them 
explore and judge underdetermined evidence [6,7]. 

This study has several limitations that need to be considered 
when interpreting the results. The use of a qualitative approach
based on workshops, where the purpose was to elicit rich ac-
counts of the experience of infectious disease epidemiologists,
may have led to important aspects and areas being omitted 
completely in the evaluation data. However, the similarity of 
the accounts collected from the two workshops suggests that 
the findings can be regarded as trustworthy. Furthermore, the 
prototypes do not represent all types of analogue and abstract
representations of infectious disease data, and other principles
not implemented may have benefited the participants. Thus, 
the conclusions drawn from this study are limited by the range 
of visualizations used in the prototypes.

Conclusion

Modern visualization technologies provide extended possibili-
ties for epidemiologists to explore and judge underdetermined 
evidence. This study shows that despite the potential of pro-
cessed, abstract, and information-dense representations, in-
creased levels of abstraction decreased epidemiologists’ un-
derstandings and confidence in visualizations. Highly abstract 
representations of infectious disease outbreaks were deemed 
not immediately applicable in routine practice without preced-
ing training. Infectious disease epidemiologists’ work routines,
and especially their decision-making, need to be further stud-
ied in order to develop visualizations that meet both the quali-
ty requirements posed on infectious disease control by policy-
makers and the contextual nature of work practice.
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