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Abstract
Wikidata is one of the largest open knowledge graphs, which contains data on real people’s demographic
data at scale. This data is also known to be unevenly covered across gender and geography, a problem
with important downstream effects. Identifying and analysing such gaps is currently challenging in
practice, however, especially for non-expert users and contributors. This paper presents a visual
analytics system for exploring and investigating demographic representation gaps, bias and incom-
pleteness in Wikidata biographies. The system gathers country-level demographic data across five
demographic dimensions: gender, age, language, ethnic group, and occupation, with gender additionally
analysed over time. These are visualised in an interactive dashboard that combines a global country
overview with per-country views. The dashboard enables non-expert users to examine demographic
patterns, identify representation gaps within Wikidata, and plan interventions towards more equitable
representation of content. We used a controlled between-subjects study with forty (n=40) participants
to evaluate the dashboard in representation-gap investigation tasks, showing fast task completion
times, higher task accuracy and confidence than a tabular data baseline, and a System Usability Scale
score of 84.25. Thus we demonstrate that incomplete knowledge graph records can be transformed
into interpretable representation profiles that enable non-expert users to identify representation gaps
and plan interventions towards more equitable content. Finally, we report on the current state of
demographic representation in Wikidata, as of 2026, namely in terms of age distribution and the
countries, age ranges and occupation sectors with highest (over 80%) gender gap.
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1. Introduction

Wikidata is one of the largest open knowledge graphs, providing collaboratively curated structured
data about millions of real-world entities [1]. It contains extensive biographical records described
through properties such as gender (P21), date of birth (P569), occupation (P106), ethnic group
(P172), and native and spoken languages (P103, P1412). As a socio-technical system shaped by
the priorities and participation patterns of its editorial community, Wikidata cannot be treated
as a neutral representation of the world [2]. Prior work has shown that biographical coverage is
systematically uneven across gender and geography [3, 4], that data quality varies substantially
by language community and region [5], and that such imbalances propagate into the downstream
systems built on Wikidata as a structured source [2, 4]. These biases are not merely descriptive.
They have direct consequences for any knowledge-based application that depends on Wikidata’s
biographical data.

Despite this, the demographic structure of Wikidata’s biographical records remains difficult
to examine in practice. SPARQL queries against the Wikidata Query Service are subject to
strict timeout and rate-limiting constraints [6], and raw query outputs return identifier-heavy,
incomplete records that are unsuitable for direct comparison or pattern recognition. Existing
interfaces either target expert or SPARQL-literate editorial users [7], operate on Wikipedia’s
article-level content rather than structured knowledge graph properties [8, 9], or focus on
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domain-specific tasks such as scientometrics [10]. More importantly, they do not support direct
analysis of demographic representation within Wikidata’s biographical records. No existing
system supports country-level, multi-dimensional inspection of Wikidata’s demographic data in
a form accessible to non-expert users. Such an interface can support social scientists, Wikidata
editors, and non-specialist users in investigating incompleteness, representation gaps and bias in
Wikidata’s biographical content.

This paper makes four contributions. First, we present a preprocessing pipeline that extracts
Wikidata biographies into structured country-level datasets across five demographic dimensions,
with gender additionally analysed over time. Second, we present an interactive visual analytics
dashboard that enables country-level demographic exploration through linked visual views,
requiring no SPARQL expertise. Third, we report a between-subjects user study (𝑛 = 40)
evaluating task completion time, accuracy, confidence, and usability. Fourth, we analyse the
processed datasets to identify representation gaps, namely in terms of age distribution and the
countries, age ranges and occupation sectors with highest gender gap.

2. Related Work

2.1. Demographic Bias in Wikidata Biographical Data

Bias in collaborative knowledge systems arises not only from deliberate exclusion but from
structural factors that determine whose knowledge is recorded, how completely, and under what
conditions [11]. In the context of Wikidata, it is important to distinguish between representation
gap and representation bias. A gap or imbalance refers to an uneven distribution of entities or
demographic properties within the knowledge graph, whereas bias implies that this distribution
systematically departs from an appropriate reference point, such as real-world populations
or notability. Consequently, unequal demographic distributions do not necessarily indicate
that Wikidata inaccurately reflects reality. Rather, they highlight patterns of representation
that require careful interpretation alongside existing knowledge of editorial practices and data
completeness.

Prior work has shown that representation gaps are common across several demographic
dimensions. Klein et al. [13] introduced the Wikidata Human Gender Indicators dataset for
tracking gender gaps across time, geography, occupation, and language, showing that gender
imbalance in Wikidata is structured and measurable. However, the analysis depends on the
completeness of Wikidata’s gender property (P21), which is itself unevenly populated. Das
et al. [4] demonstrate that biographical coverage in Wikidata is concentrated in the Global
North, while Zhang and Terveen [14] show that estimates of gender disparity depend on category
construction and data completeness. These findings motivate the normalisation and missing-value
handling adopted in this work. Amaral et al. [5] show that data quality varies across language
communities, meaning biographies from under-resourced communities are more likely to contain
incomplete demographic information. Analytical systems should therefore account for, rather
than suppress, missing values.

Broadly defined as the extent to which all required information is present in a dataset [38],
data completeness is a well-established area of study [35, 36, 37] and remains important for the
continuous maintenance and development of knowledge graphs. Methods for measuring these
gaps span from external validation against gold standards [39] to relative, peer-based metrics
[40]. Prior work shows that Wikidata completeness varies across classes, attributes, and users’
analytical needs [15, 16].

2.2. Visual Analytics Interfaces for Wikimedia and Knowledge Graphs

Various interfaces have been proposed for the visualisation of Knowledge Graphs. De Sabbata et
al. [9] and the Wikipedia Diversity Observatory [8] use visual interfaces to expose representation



gaps in Wikipedia. However, both operate on article-level metadata rather than Wikidata’s
structured properties and do not support multi-dimensional demographic analysis across countries.
Vispedia [33] enables non-expert users to explore Wikipedia data visually through search-
based integration. However, it operates on DBpedia rather than Wikidata and provides no
support for analysing demographic representation across country-level biography collections.
WikipediaViz [34] helps readers assess Wikipedia article quality using lightweight visual indicators,
but focuses on edit-history metadata rather than demographic representation in Wikidata
biographies. Within the Wikidata ecosystem, Graux et al. [7] demonstrate the feasibility
of dashboard-based interfaces for monitoring edit activity, while Elhossary and Förstner [17]
show how Wikidata can support exploration of scientific literature. Neither system addresses
country-level demographic representation across biographies.

Our dashboard design follows established visual analytics principles that emphasise linked
interactive views, task-appropriate visual encodings, and well-structured datasets to support
analytical reasoning [18, 19, 20, 21].

3. Methodology

3.1. System Overview and Data Pipeline

Our system adopts a three-stage architecture consisting of data acquisition from Wikidata,
offline preprocessing into structured datasets, and interactive presentation through a web-based
dashboard. The system extracts biographical data for 195 sovereign countries and territories
using a country-by-country acquisition strategy designed around the practical constraints of the
Wikidata Query Service (WDQS). Rather than issuing a single global SPARQL query, separate
queries are executed for each country to reduce timeouts. Human entities are identified through
the Wikidata class Human (Q5) and linked to countries via the place of birth property (P19),
resolving places to their corresponding countries through the country property (P17) where
necessary. Where date of birth information is available, biographies are restricted to records from
1900 onwards to improve consistency across demographic analyses while reducing the influence
of sparse historical records. Biographies without recorded birth dates are retained to avoid
unnecessary exclusion of otherwise valid records.

The system also extracts four demographic dimensions—gender (P21), date of birth (P569),
ethnic group (P172), and native and spoken languages (P103 and P1412)—as well as Occupation
(P106).

Each demographic dimension is then normalised. Gender identifiers are mapped into four
categories: Male, Female, Non-binary or other, and Unknown / not stated. Unlike conventional
preprocessing pipelines that discard incomplete records, unknown values are retained explicitly
because they represent an informative manifestation of incompleteness within Wikidata. Gender
distributions are additionally aggregated by decade of birth rather than individual year to
reduce sparsity and improve the interpretability of temporal trends, particularly for countries
with relatively few biographies. Age was calculated from date of birth (P569) relative to
the year of extraction. For this analysis, records with a recorded date of death (P570) were
excluded. Remaining records were grouped according to United Nations demographic reporting
conventions into four age cohorts: 0–14, 15–24, 25–59, and 60+ years. Native language and
spoken language are preserved as separate datasets because they represent distinct aspects of
biographical information and combining them would obscure meaningful differences in language
representation. Ethnic-group values are retained using resolved labels, while absent properties are
treated as missing rather than inferred from an assumed national or cultural default. Regarding
occupation, Wikidata contains thousands of highly specific labels with substantial variation
in granularity. Occupation labels were normalised and mapped to the International Standard
Classification of Occupations 2008 (ISCO-08) major and, where possible, sub-major groups using
a conservative rule-based procedure. Explicit label-pattern rules were applied to the normalised
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Figure 1: System interface. (a) Globe overview showing per-country gender balance as a diverging colour
scheme. (b) Country dashboard for Brazil across all five demographic dimensions. Individual panels shown at
readable scale in Figures 2-4.

occupation names to assign the most appropriate ISCO category. Each mapping retained its
method and explanatory notes, while ambiguous labels and values not representing occupations
were left unmapped. For example, labels such as engineer were mapped to Professionals, while
farmer was mapped to Skilled Agricultural, Forestry and Fishery Workers.

The preprocessing pipeline ultimately produces six analytical datasets corresponding to the
dashboard views: overall gender distribution, temporal gender trends, age groups, language
representation, ethnic groups, and occupations. Each dataset stores normalised demographic
categories together with aggregated country-level counts, enabling all dashboard interactions to
operate entirely on precomputed data rather than issuing live queries during user exploration.
Beyond improving responsiveness, this design ensures that all users analyse an identical snapshot
of Wikidata, allowing demographic comparisons to be performed consistently without being
affected by subsequent changes to the live knowledge graph.

3.2. Dashboard Design

We implemented the dashboard in Streamlit, concretely as two interface layers: a globe-based
overview for country selection and global representation-gap visualization, and a dedicated
country dashboard for in-depth demographic exploration (Figure 1). The deployed dashboard is
publicly available at https://wiki-dash.streamlit.app/, with the source code and data-processing
scripts available at https://github.com/AyshaTolefat/Wiki-dash. The globe encodes gender balance
using a diverging colour scheme, with countries shaded toward one pole for male-dominant
representation, the opposite pole for female-dominant representation, and a neutral midpoint
for approximate balance. Countries for which no data is available are shown in grey. This
encoding follows established guidance on diverging colour maps for data with a meaningful
central reference [22], and allows users to identify gender gap patterns globally before selecting a
country for deeper analysis.

The country dashboard follows a summary-first structure grounded in established dashboard
design principles [23, 24]. A headline indicator panel presents total biographies, gender counts,
the gender gap in percentage points, the top spoken language, and the most frequent ethnic
group label before the user engages with the detailed visual sections. The dashboard then
presents the five demographic dimensions through linked views, all operating within a shared
country context derived from the preprocessed datasets (Figures 2-4).

Section-level interactivity supports details-on-demand without requiring users to navigate
away from the country context [24]. Controls include a decade selector in the temporal gender
section, a native/spoken toggle in the language section, count/percentage switching in the age
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Figure 2: Dashboard panels for Brazil. Top: temporal gender trends showing male vs. female biography counts,
non-binary counts, and absolute gender gap per decade of birth. Bottom left to right: overall gender breakdown;
language representation for spoken languages; age group distribution across four bands.

Figure 3: Ethnic group composition for Brazil by gender category. Each donut chart shows the distribution of
ethnic group labels within one gender group.

section, and a gender filter in the occupation section. All interactions operate on the preloaded
country slice, ensuring that the analytical context remains consistent across the full session.

3.3. User Study Design

We designed a user study in order to evaluate the extent to which the dashboard leads to efficient,
accurate and confident use, compared to raw tabular inspection as a reference. Tabular data
is the type of data Wikidata editors and non-expert users would currently (i.e. with existing
means) be expected to analyse in order to solve the tasks they were given. We note that this is
a “weak” baseline corresponding to off-the-shelf practice which was not designed specifically for
the tasks, and therefore its purpose is to provide a point of reference to judge dashboard results,
rather than to prove optimal design of our system.

A between-subjects design was chosen to eliminate learning effects that would arise if par-
ticipants completed the same analytical tasks under both conditions. Forty participants were
recruited through purposive sampling, targeting undergraduate students across STEM and
humanities disciplines without Wikidata expertise, with snowball sampling used to reach the
target number, and randomly assigned to one of two independent conditions: twenty interacted



Figure 4: Occupation categories for Brazil mapped to ISCO-08 major groups and visualised as a treemap, which
can be obtained for each gender category or overall.

Table 1
Participant characteristics by study condition.

Characteristic Dashboard Tabular Data Total
(n = 20) (n = 20) (N = 40)

Gender
Male 10 (50%) 10 (50%) 20 (50%)
Female 10 (50%) 10 (50%) 20 (50%)

Age (years)
Mean ± SD 21.8 ± 0.8 22.1 ± 2.3 22.0 ± 1.7

Wikidata familiarity
Not familiar 11 (55%) 14 (70%) 25 (62.5%)
Slightly familiar 3 (15%) 5 (25%) 8 (20.0%)
Moderately familiar 4 (20%) 1 (5%) 5 (12.5%)
Familiar 1 (5%) 0 (0%) 1 (2.5%)
Very familiar 0 (0%) 0 (0%) 0 (0.0%)

with the dashboard, and twenty with the tabular baseline. The tabular viewer presented the
same aggregated country-level preprocessed datasets used by the dashboard as structured tables,
rather than individual Wikidata records, with no visual encoding or interactivity.

Participant characteristics are summarised in Table 1. The overall sample was gender-balanced,
and the majority of participants across both conditions reported no prior familiarity with
Wikidata, confirming the non-expert profile targeted by the study. The study received ethical
approval from the King’s College London Research Ethics Office. The tasks that participants
were asked to do were designed as representation-gap investigation tasks, spanning each of the
five demographic dimensions implemented in the dashboard.

Namely these were: identifying female percentage in China; determining whether the US
gender gap increased or decreased over time; identifying the dominant age group in the UK;
identifying the top ethnic group among male persons in Brazil; identifying the most common
spoken language in Canada; and identifying the largest occupation category among female
persons in India. Tasks varied in interpretive demand from direct category identification to
comparative and trend-based reasoning.

For each task, participants recorded their answer, elapsed completion time, and their confidence
in that answer on a five-point Likert scale (Strongly agree, Agree, Neutral, Disagree, Strongly
disagree). A post-task questionnaire measured usability using the System Usability Scale
(SUS) [30], supplemented by additional open-ended text questions asking for participants’ views
on perceived ease of use, effort, pattern recognition, and interpretive usefulness [31]. Prior to
statistical testing, normality was assessed using the Shapiro-Wilk test. Task completion time,



accuracy, and confidence were all non-normally distributed in at least one condition, and the
Wilcoxon Rank-Sum test was therefore applied as the statistical significance test. Statistical
significance of task-level accuracy was analysed using Chi-Square tests, with Fisher’s Exact test
substituted where expected cell counts fell below five.

4. Results

4.1. Qualitative Findings

Open-ended questionnaire responses showed satisfaction with dashboard, but also some frus-
trations. Dashboard participants frequently described the interface as “clear,” “intuitive,” and
“easy to use,” with several noting that visual summaries allowed them to identify patterns and
trends without manually scanning data. As one participant put it, “everything was very smooth
and easy to use.” The most frequently raised limitation concerned the occupation treemap.
One participant noted that it was “overwhelming since it displays lots of information in many
different boxes,” and while it effectively communicates hierarchical structure, it imposed a greater
interpretive burden than other sections and is the clearest target for future refinement. The
final recurring concern involved the flow between the country search control and the globe. One
participant described having to manually click the country on the map after already searching for
it as “unnecessarily frustrating,” pointing to a specific workflow inefficiency resolvable through
search-to-selection automation.

4.2. Quantitative Results

Figure 5a shows task accuracy by condition across all six tasks. The dashboard condition
achieved an overall accuracy of 90.8%, compared to 62.5% in the tabular condition (statistically
significant difference with 𝜒2 = 26.93, 𝑝 < .001). Significant differences were observed for tasks
involving comparative reasoning, while other tasks were not significant (Figure 5a).

Figure 5b shows mean task completion time per condition across all six tasks. Dashboard par-
ticipants completed tasks efficiently at an average of 48.94s, compared to 306.17s by participants
using the tabular interface (𝑈 = 0.00, 𝑝 < .001).

Dashboard participants reported high confidence in their answers across all tasks (𝑀 = 4.63,
𝑆𝐷 = 0.46), higher than tabular participants (𝑀 = 3.12, 𝑆𝐷 = 0.88), 𝑈 = 379.50, 𝑝 < .001. This
higher confidence aligns with the faster completion times and higher accuracy observed across
all tasks.

Finally, the dashboard condition achieved a mean System Usability Scale score of 84.25,
corresponding to an “excellent” usability range [32], compared to 57.38 in the tabular condition
(“acceptable” range).

4.3. Representation Gaps in Wikidata

Beyond the user evaluation, we analysed the processed Wikidata datasets to identify global
representation gaps (Figure 6). Several countries exhibit substantial gender imbalance relative
to the expected 50% parity, with Saudi Arabia (89.6% male biographies), Iraq (88.9%), and
Paraguay (88.1%) showing the highest male representation among countries with at least 1,000
biographies recorded as male or female. The age distribution is concentrated in the 25–59
group (62.7% on average), differing from the global population distribution. This pattern
is partly consistent with Wikidata’s focus on notable persons, since notability and available
biographical documentation tend to accumulate with age, making children less likely to appear
in the knowledge graph. Female representation also varies across occupational sectors, ranging
from 6.3% in Military & Security to 32.2% in Arts & Entertainment, remaining below both
women’s 40.1% share of global employment in 2025 [41] and gender parity. Finally, female
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Figure 5: Comparison of dashboard and tabular baseline performance across the six evaluation tasks. (a) Task
accuracy. Brackets indicate pairwise significance from Chi-Square (𝜒 2) or Fisher’s Exact (FE) tests (overall:
𝜒 2 = 26.93, 𝑝 < .001). (b) Mean task completion time. All pairwise differences were significant (𝑝 < .001,
Wilcoxon Rank-Sum, 𝑈 = 0). ∗∗𝑝 < .01; ∗∗∗𝑝 < .001; ns = not significant.

representation has generally increased across birth cohorts, rising from 14.7% among biographies
born in the 1900s to approximately 31% among those born in the 2000s.

Together, these findings highlight systematic representation differences across countries,
occupations, age groups, and time—highlighting the usefulness of our tool and assisting Wikidata
editors in planning future interventions.

4.4. Discussion

The results provide consistent evidence that our visualization tool facilitates the identification of
representation gaps on Wikidata. However, several limitations should be acknowledged.

First, the demographic patterns presented by the dashboard reflect the current state of
Wikidata rather than real-world population demographics, and imbalances surfaced by our
system are not necessarily indicative of representation bias—as such an assessment will require
a comparison to the real-world distribution.

Second, although missing and unknown demographic values were deliberately preserved as
analytical signals, incompleteness is not uniformly distributed across countries or demographic
dimensions. Some regions are substantially better documented than others, and certain properties,
such as ethnic group or occupation, are less consistently populated than gender or date of birth.
Ethnic-group and native-language properties may be selectively recorded when a value differs
from an assumed national or cultural norm; consequently, an unrecorded value was treated as
missing rather than inferred as the presumed default, and the observed distributions should be
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Figure 6: Representation gaps identified from the processed Wikidata biography datasets. (A) Countries with
the highest male representation among countries containing at least 1,000 male-labelled or female-labelled
biographies. (B) Mean country-level age-group distribution. (C) Female representation across the ten largest
occupation sectors. (D) Female representation by decade of birth.

interpreted as reflecting both Wikidata representation and editorial recording practices rather
than real-world population composition.

Third, the participant pool consisted primarily of students aged 18–27, supporting claims about
non-expert accessibility but limiting generalisation to expert users or more diverse populations.
Task completion times were self-reported, although the magnitude of the observed differences
makes this unlikely to affect the overall conclusions. Finally, the evaluation compared the
dashboard against a tabular baseline only, meaning the findings demonstrate its effectiveness
relative to a “weak” baseline of raw tabular inspection rather than alternative visual analytics
systems. Such comparison should be the subject of future work. The preprocessing-based
architecture also requires periodic regeneration of the datasets as Wikidata evolves, meaning
newly added or edited records are not reflected until the next preprocessing cycle.

5. Conclusion and Future Work

This paper presented a system for making demographic representation in Wikidata accessible to
non-expert users through interactive visual analytics. We developed a reproducible preprocessing
pipeline that extracts and structures Wikidata biographical data across five demographic



dimensions into coherent country-level datasets. Built on these datasets, an interactive dashboard
enables country-level demographic exploration and representation-gap identification through
linked visual views without requiring SPARQL expertise. A between-subjects user study (𝑛 = 40)
demonstrated that the dashboard has “excellent” usability and leads to efficient and accurate
investigation of representation gaps compared to a tabular data baseline: accuracy was high at
90.8% (vs 62.5% in tabular), confidence was 4.63/5 (vs 3.12). These results confirm that our
system can make the demographic structure of a large collaborative knowledge graph substantially
legible and interpretable for non-expert users. Finally, we analysed the demographic data to
identify global representation gaps in the current state of Wikidata, namely in terms of age
distribution and the countries, age ranges and occupation sectors with highest (80%+) gender
gap.

Future work should support direct multi-country comparison, refine the occupation treemap,
evaluate larger and more diverse samples, incorporate automated interaction logging, and assess
completeness against classes with known real-world populations, such as national sports teams
or award recipients.
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