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Figure 1: The landing page of the prototype for our web-based MoBa Pregnancy and Child Development Dashboard, designed to aid domain
experts investigating hyperemesis gravidarum (HG) and other pregnancy-related health outcomes, using data from the Norwegian Mother,
Father, and Child (MoBa) Cohort Study [MBV*16].

Abstract

Visual analytics dashboards enable exploration of complex medical and genetic data to uncover underlying patterns and possi-
ble relationships between conditions and outcomes. In this interdisciplinary design study, we present a characterization of the
domain and expert tasks for the exploratory analysis for a rare maternal disease in the context of the longitudinal Norwegian
Mother, Father, and Child (MoBa) Cohort Study. We furthermore present a novel prototype dashboard, developed through an
iterative design process and using the Python-based Streamlit App [TTK 18] and Vega-Altair [VGH*18] visualization library, to
allow domain experts (e.g., bioinformaticians, clinicians, statisticians) to explore possible correlations between women’s health
during pregnancy and child development outcomes. In conclusion, we reflect on several challenges and research opportunities
for not only furthering this approach, but in visualization more broadly for large, complex, and sensitive patient datasets to
support clinical research.

CCS Concepts

* Applied computing — Life and medical sciences; * Human-centered computing — Visualization design and evaluation
methods; Interaction design process and methods; Interface design prototyping;
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1. Introduction

Ongoing clinical research using data from the Norwegian longitu-
dinal Mother, Father, and Child (MoBa) Cohort Study [MBV*16]
investigates many health and medical factors that can impact preg-
nancy health and child outcomes. Of particular interest to our col-
laborative network is a condition known as hyperemesis gravi-
darum (HG), which is marked by severe, prolonged nausea and
vomiting during pregnancy (NVP) with at least one related hospi-
talization. This rare but devastating condition affects 0.3—10.8% of
pregnant women [FTG*19], and the health consequences for both
the mother and child during and after pregnancy are poorly un-
derstood. Clinical researchers study longitudinal data and pheno-
typic traits (the observable physical characteristics of a person’s
genetic make-up [WTOS8]) such as height and weight, in relation to
health conditions like HG to uncover patterns and possible corre-
lations, and inform treatment development and clinical protocols.
Research into the causes and outcomes of HG can be supported
by visualizations, which have become central to public health and
clinical research as they facilitate the exploration and analysis of
large, complex datasets. To this end, requirements of a successful
visual support tool in public health include: providing an overview
of the data, enabling analysts to integrate expert knowledge (that
is, to focus on the dataset and dimensions of interest), using visu-
alizations familiar to the domain expert user, and providing visual
support for, among other tasks, association and comparison of the
data [PL20]. Understanding the prevalence of a disease and identi-
fying health risks are two relevant public health indicators [ZS17]
that a successful visual analytics tool can also help experts achieve.

However, this endeavour faces several challenges, particularly
with the MoBa dataset. First, it involves extracting, processing,
and analyzing specific data from a complex, heterogeneous dataset
containing thousands of variables collected from several disparate
patient questionnaires. This can be a cumbersome, often repeti-
tive process of searching and pre-processing data as hypotheses
evolve. Second, patient confidentiality must be maintained, there-
fore individual-level data cannot be reported and must instead be
aggregated for the purpose of analysis and dissemination. Third,
missing data and data input errors are pervasive throughout the
questionnaires, for example, unreported genetic sex of the baby at
birth, or incorrect values entered for measurements such as weight
and height. Women afflicted with HG or other serious conditions
are also more likely to be lost to follow-up in subsequent question-
naires than women who experience otherwise healthy pregnancies,
resulting in their under-representation in the study dataset. These
last two challenges introduce uncertainty and potential error in the
visualization pipeline, which may in turn lead to incorrect interpre-
tation of the data. Such compounding effects make the study of an
already rare and poorly understood disease more difficult.

In this paper, we explore how visualization may help to allay
some of these issues with the following contributions:

1. Application of the design study methodology [SMM12], the Five
Design Sheets (FdS) Method [RHR15], and an iterative design
process to develop a public health dashboard.

2. A web-based visual analytics dashboard prototype to investigate
possible phenotypic correlations between pregnancy health and
child developmental outcomes, with a focus on HG.

2. Related Work

We contextualize our approach through the lens of two core top-
ics that inspired our work: visual analysis of longitudinal data, and
visualization dashboards for public health.

A rich body of visualization research exists for visualizing time-
oriented data, summarized by Aigner et al. [AMST11]. Of note, we
draw inspiration from techniques highlighted in this work for com-
paring groups at a single time point versus multiple timepoints, and
the ability for the user to change flexibly between these two views.
Albers et al. investigate various techniques for visualizing aggre-
gated time series data and resultant user performance, and iden-
tify box plots as outperforming other visual encodings (e.g., line
charts) for aggregate comparison tasks [ACG14]. Further, Javed
et al. demonstrate that small multiples are beneficial for time se-
ries data to avoid occlusion from overlapping datasets [JME10].
We explore the combination of these techniques in our visualiza-
tion solution. With the domain expert’s focus on statistical analy-
sis in the context of this work, we draw inspiration from validated
techniques that integrate both visual analytics and statistical ap-
proaches. The Cohort Comparison (“CoCo”) visualization tool and
associated taxonomy of patient summary metrics (e.g., number of
records) and time-based event metrics (e.g., prevalence of an event)
provides guidance for comparing two cohorts [MDM*15]. We ap-
ply some of these metrics to our clinical area in pregnancy health
while expanding the capability of comparing additional cohorts.

The use of visual dashboards to support clinical and public health
research is a frequent strategy, with solutions tailored for specific
subdomains, research questions, and user goals. While numerous
works target strategies at the genome level [NHG19], compara-
tively few approaches explicitly target phenotype exploration and
analysis. PhenoStacks [GGC*16] and PhenoBlocks [GHC*16] are
both visual analytics approaches that facilitate expert comparison
of observed physical traits. Our approach similarly tackles the com-
parison of phenotypes, but uniquely enables experts to compare
how these traits evolve over time, in this case the course of a child’s
development. As research in pregnancy health and in particular HG
is ongoing, there are currently few visualization methods that sup-
port research in this particular topic. A recently developed visual-
ization approach supporting understanding of maternal health is the
MoBa Explorer [BVGV23], designed for both domain experts and
lay audiences that focuses on analysis of genotypic and phenotypic
relationships between pregnancy health and child outcomes. In our
case, we focus only on a domain expert target user group to support
their exploratory goals with these data.

3. Proposed Approach

We followed a design study methodology [SMM12] that incorpo-
rated a participatory design approach [JKKS20], using Munzner’s
nested model for visualization and validation [Mun09]. In close
collaboration with the domain expert, a bioinformatician who is
a co-author of this work, we engaged in iterative feedback loops
throughout the design process to establish the scope and require-
ments for the dashboard, and for just-in-time validation of design
decisions against our identified domain tasks and needs.

© 2024 The Authors.
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Figure 2: Steps in our design and research process. 1. Nested model for visualization and validation approach [BM13]. 2. FdS
method [RHR15]. 3. Mock-up in Figma with domain expert feedback annotated in blue, implemented iteratively. 4. Exploring visualiza-
tions and colour schemes through rapid iteration. At and between each step, we engaged in participatory design with the domain expert.

Domain problem characterization: To understand what research
questions and hypotheses exist in clinical research on HG and child
outcomes, we iterated over several sessions with a domain expert
to determine the specific variables to be explored from the dataset.
Experts working in this space are interested in understanding the
impact of HG on child growth and development outcomes, with
height and weight as a key focus.

Data/task abstraction: MoBa phenotypic information are hetero-
geneous (numerical and categorical variables) tabular data, col-
lected from multiple time points (i.e. questionnaires throughout
pregnancy and after birth). Our task analysis resulted in three pri-
mary questions and tasks within and across three patient groups (No
NVP, NVP, and Hospitalized), abstracted according to Brehmer &
Munzner’s multilevel task typology [BM13].

T1 Is there a difference between reported NVP at any of five time
points and child growth measurements at one time point (e.g.,
birth weight)? (Explore and compare attribute distribution, ex-
trema, across groups).

T2 Is there a difference in child development between boys and
girls? (Explore and compare data attribute similarities across
groups).

T3 Is there a difference between reported NVP at five different
time points and child growth measurements trend over time (e.g.,
data for length/height from birth up to eight years of age)? (Ex-
plore and compare trends).

Encoding/interaction technique: Our process to develop appro-
priate encodings and interactions for the visualization was guided
by the Five Design Sheets (FdS) Methodology [RHR15] for rapid
idea generation and iteration. FdS is a validated method for brain-
storming and prototyping new designs and applications in computer
science. The first two authors completed this concept generation
exercise independently to maximize the number of ideas, including
potential layouts and idioms, to explore in the prototyping phase.
Given the expert is interested in attribute exploration and com-
parison across different time granularities, histograms, box plots,
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and line charts were deemed the most appropriate visual idioms
to represent distribution of the data that use position and length
as the main channels for comparison [Munl14]. Box plots are ap-
propriate for summary statistics [ACG14; KA14] and are familiar
to the domain. Similarly, histograms were deemed the ideal idiom
for displaying distributions of aggregated data in this small mul-
tiple view [Munl4]. Violin plots were considered as another po-
tential idiom; however, since we were working with binned data,
this visualization could give the appearance of continuous data.
Line charts are commonly used to represent child development over
time in clinical practice and research [Jul11]. Finally, the visualiza-
tions are interactive and linked between different views to facili-
tate an overview first then details-on-demand [Shn03] exploration
process. We developed an initial visual (non-interactive) mock-up
using Figma [Far23] to illustrate the dashboard interface, with an
exploration of potential idioms as well as design considerations that
make use of accessible design recommendations, including colour
and layout. The iterative design process involved several rounds of
feedback with the domain expert partner as a preliminary validation
of design decisions and to ensure user task alignment.

Algorithm design: Our computations to aggregate and display the
data are designed for efficient back-end data management and pre-
processing, particularly with a large dataset, to minimize computa-
tional time and delay for the user on the front-end. All computation
times were measured to milliseconds or faster.

4. The MoBa Pregnancy and Child Development Dashboard

Our iterative design and validation approach yielded a web-based
application to allow domain experts to explore possible phenotypic
correlations between women’s health during pregnancy (Hospital-
ized, NVP, and no NVP groups) and children’s developmental out-
comes, initially height and weight. The dashboard was developed
using Vega-Altair [VGH*18] and Streamlit [TTK18]. The tool and
additional details regarding its development, is open-sourced and
available at 10.17605/0OSF.I0/U6KDM along with a tutorial video.


http://osf.io/u6kdm/
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Figure 3: The MoBa prototype: overview of conditions and outcomes data (left) and small multiples view of all time points (right).

The application contains a side panel and two pages of a dashboard,
described below via a case study of the expected workflow resulting
from a paired session with a domain expert (Fig. 3).

Introduction and variable selection. The side panel displays the ti-
tle and instruction about the interactions available to the user. Brief
information about the data and study are included underneath the
variable selection menus, should the user wish to refresh on back-
ground information. The user may then select a phenotype and time
point of interest, e.g. weight and Month 5. The relevant data will
display in the charts in the main dashboard area.

Explore and compare within time point. The user proceeds to the
main dashboard which provides an overview and enables deeper
investigation into the selected phenotype of children over the three
maternal groups of interest. Beginning on the single time point view
(Fig. 3A), the user may compare child weights at five months old
across the three maternal groups in a summary view (box plots) and
investigate extreme values and overall distribution in the histogram
view below (T1). The user may also compare between the genetic
sexes (T2), with a third ‘unknown’ (unreported) category.

Explore and compare across all time points. The user may also
investigate child growth over time in the line chart at the right,
separated by maternal condition (T3). Zooming into the line chart
shows differences between the three maternal groups (T3). The op-
tion to display confidence intervals, percentiles, and mean estimates
serving different expert groups was requested by the domain expert
to exemplify data uncertainty. An additional tab allows the expert
to make visual comparisons of summarized, e.g., weight develop-
ment within and across maternal groups over all time points (T3)
(Fig. 3B) via a 5x3 grid with the time points along the columns and
the three patient groups along the rows.

Lastly, the user may conduct a detailed investigation of all sum-
mary statistics for all available data via a look-up table at the bot-
tom right of Fig. 3A, a feature that was deemed as useful by the
domain expert to capture uncertainty and specific values (T1, T2,
T3). The table also serves as an accessibility feature for experts
with vision impairment [EBM22].

5. Discussion & Future Work

Our approach incorporates participatory and iterative design with
domain experts in the context of a design study methodology. Em-

ploying the FdS method with high fidelity prototyping, we were
able to validate our visual and interaction design with a domain
expert, culminating in a web-based tool for comparison and analy-
sis of maternal health and child development, with a focus on HG.
Next, we plan to validate the tool in a controlled user study to as-
sess the efficacy of our approach in practice. Currently, the proto-
type includes data for only two child development phenotypes. The
dashboard may be expanded with additional phenotypes of interest,
including head circumference, BMI, and other measurements such
as psychobehavioural outcomes. To support a more integrated re-
search approach in this domain, the dashboard can be linked with
other related tools (e.g., the MoBa Explorer [BVGV23]) for a more
comprehensive ecosystem for longitudinal genotypic and pheno-
typic cohort studies. Such efforts may also incorporate deep learn-
ing models that can run necessary data pre-processing and clean-up
steps, as well as generate and support multiple-view visualizations,
similar to work conducted by Wu et al. 2021 [WWZ*21].

The required data aggregation step posed a challenge for
processing and visualizing non-zero values of less than 10.
Decisions about how to assign values—and how to indicate
this step was performed—can cause downstream effects in the
(mis)representation and (mis)interpretation of these data [BH84].
Further investigation into the consequences of such data process-
ing changes is necessary. Related to this, raw data from the MoBa
cohort study needs to be more reliable, as this issue is ongoing
in most clinical datasets. Future work to incorporate explicit de-
piction of missing data, drawing inspiration from approaches such
as The Missingness Glyphs (MissiG) [FW21] may enable deeper
understanding of the “patchiness” and subsequent reliability and
representation of certain patient profiles in the data. This is a
significant challenge in our context because study participants in
the patient group of interest (i.e. women diagnosed with HG) are
known to have higher attrition rates—later questionnaires are less
likely to be filled out due to urgent health issues other barriers to
participation—which can introduce further bias and uncertainty in
the data. This hinders research and educational efforts about the
disease for clinicians and patients who could benefit from such re-
sources. Future visualization research to surface such issues would
be invaluable to the medical research community to better identify
and account for such biases in the data. Continued research into the
questions we explore in this work is an opportunity to engage in

© 2024 The Authors.
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visualization as a method to enhance clinical research for maternal
health, and promote patient education and advocacy as a result.
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