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Introduction
What is SMART?

SMART is a quality appraisal tool specifically designed to evaluate the methodological quality of
spatial research. The 16-item tool comprises four domains: (1) methods rationale, (2) data
quality, (3) spatial data problems, and (4) spatial analysis methods.

How was SMART developed?

SMART was developed in 2024 using a two-phase mixed-methods design, informed by expert
consensus and a scoping review. Phase One utilised concept mapping methodology, a
consensus-based approach with discipline experts. Phase Two consisted of an online validation
survey. Validity testing demonstrated excellent content validity and expert agreement. The
publication outlining the methodology can be found here. A follow-up study is currently
underway to assess the tool’s inter-rater reliability.

What can SMART be used for?

SMART can be used as a stand-alone quality appraisal of the spatial methodology in studies or in
conjunction with an existing tool to ensure a methodological assessment of both the study
design and spatial components. This user guide outlines each item of the tool and provides a
description for assessment. The SMART form can be used to complete the appraisal. Ensure you
have the latest version available on the website.

How to cite SMART?

Wood SM, Wong Shee A, Alston L, Mc Namara K, Donaldson A, Coffee NT, & Versace VL.
(2025). Spatial Methodology Appraisal of Research Tool (SMART), version 1.4 (2025). Deakin
University.

For further information and feedback:

Sarah Wood s.wood@deakin.edu.au


https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-025-00401-1
mailto:s.wood@deakin.edu.au

Guidelines for domains and items

Domain 1. Methods rationale

The methods rationale domain evaluates whether studies clearly justified the suitability of data
and spatial methods to address their research question, aim, or objective(s). This domain is
essential for understanding the relevance and applicability of findings to the specific geographic
context being examined.

1.1 Did the study clearly define the research question or objective(s)?

This criterion assesses whether the study included a clearly stated research question
that the authors aimed to answer. A clearly defined research question helps direct the
study’s focus and ensure that the spatial methods, data, and analysis aligh with the
intended aims and objectives.

1.2 Was there a clear statement justifying the suitability of spatial methods to
address the research question or objective(s)?

This criterion assesses whether the study clearly justified the spatial methods to ensure
they were suitable for answering the research question. A well-justified use of spatial
methods enables replicability for future studies.

1.3 Was there a clear justification of the suitability of these data to address the
research question(s)?

This criterion assesses whether the study justified the suitability of data to address the
research question. The justification helps verify that the data is appropriate regarding
geographic coverage, scale, and temporal relevance, which are critical for spatially
based health research.

2. Data quality

The data quality domain evaluates whether the data used in the study meet the specific
requirements, address quality concerns, and are consistently defined and transparently
reported, including any necessary processing.

2.1 Do these data meet the specific requirements of the study?

This criterion assesses whether the data used in the study represented the outcome of
interest and possessed the necessary characteristics and quality to meet the specific
requirements of the study.

2.2 Did the study address the quality of the data used in the analysis?

This criterion assesses whether the study addressed the quality of data used in the
analysis to ensure that the information was suitable for the analysis. Details around data
quality may include:

e Dataaccuracy and completeness, or whether there were missing data

e The geographic scale of the dataset was suitable to address the research
question or objectives(s)

o [fthetimeframe of the dataset was suitable to address the research question
or objective(s)
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e A quality statement from the data providers.

2.3 Did the study provide sources and descriptions of all data used in the main
analysis, including any processing of data? (e.g., missing data, data cleaning,
conversion of continuous to categorical data)

This criterion assesses whether the study presented all details regarding data used in the
analyses and whether any data to be shared included information on how it could be
accessed. This consists of the data source, time of collection, spatial resolution,
processing methods, or ethical considerations. If there were missing data, the study
should describe how this was handled. The study should also provide data cleaning or
processing details, such as converting continuous to categorical data. This level of detail
enables an assessment of the data's reliability and quality, helping to identify potential
biases or errors introduced during processing.

2.4 Did the study use consistent definitions?

This criterion assesses the extent to which the study maintained uniform and clear
definitions across key concepts, variables, and classifications (including geographic
classifications and standards). It ensures consistency and transparency in terminology
and definitions to avoid ambiguity or misinterpretation.

2.5 Have assumptions and limitations about data quality been clearly described?

This criterion assesses whether the study described any assumptions and limitations
about the data quality that may lead to invalid conclusions. It involves describing
potential challenges, sources of error, biases, or uncertainties associated with the
dataset used in the research. This may be related to data from a primary or secondary
source or data collection method.

3. Spatial data problems

The spatial data problems domain examines whether the study appropriately considers spatial
units, scales, resolutions, and temporal issues relevant to the research question(s). This domain
considers the complexity and potential biases unique to spatial research.

3.1 Did the spatial methods consider the spatial unit/scale/resolution?

This criterion assesses whether the spatial analytical methods employed in the study
explicitly accounted for the chosen spatial unit, scale, and resolution in their application
and interpretation. It evaluates if the methods were appropriate for the spatial
characteristics of the data and research context.

3.2 Was the spatial unit/scale/resolution justified for addressing the research
question or objective(s)?

This criterion examines whether the study provided a clear rationale for the selection of
specific spatial unit, scale, and resolution to address the research question(s). It
assesses if the chosen spatial parameters were justified based on the research
objectives, data availability, and potential spatial biases.
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3.3 Did the study consider temporal issues (e.g., time period, time series)?

This criterion assesses whether the study considered temporal issues relevant to the
research question(s). It involves assessing whether the analysis appropriately
incorporates and addresses temporal dynamics, time-related factors, or changes over
different time periods.

4. Spatial analysis methods

The spatial analysis domain focuses on the suitability of the spatial methods and models used,
how the analyses are presented, and the robustness of findings through sensitivity analyses.

4.1 Were the spatial methods suitable to meet the specific requirements of the
study?

This criterion assesses whether the spatial methods used in the study were suitable to
meet the specific requirements of the study.

4.2 Did the study use suitable models?

This criterion assesses whether the study used suitable models to account for spatial
autocorrelation, clustering, or dependencies. This includes a clear description of the
modelling techniques and suitability for addressing the research question(s) and spatial
characteristics of the data.

4.3 Were the analyses presented logically and clearly?

This criterion assesses whether the study presented the analyses logically and clearly to
enable readers to follow the study progression from data to results easily. Clear
presentationinvolves the sequence of stepsin the analysis and the clarity of explanations
and visualisations (e.g., tables, graphs, maps). This also includes unadjusted estimates
and, if applicable, modifiers, covariate or confounder-adjusted estimates and their
precision (e.g., 95% confidence interval).

4.4 Did the study provide a clear interpretation of the results in the context of the
research question or objective(s)?

This criterion assesses whether the study provided a clear interpretation of the results in
the context of the research question(s). This includes placing the findings within the
context of the study and addressing how the results contributed to answering the
research question(s) and the broader implications.

4.5 Were there formal attempts to determine the robustness of findings to
assumptions and data (e.g., sensitivity analysis)?

This criterion assesses whether the study formally attempted to undertake robustness
checks, such as sensitivity analyses, to determine the stability and reliability of results
under different conditions or assumptions (where necessary). This includes a clear
description of the robustness tests conducted and their implications for the validity of
the findings.
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Version information

Version Stage Changes made to SMART
Version | Concept e Items were revised for repetition and technical and
1.1 mapping grammatical consistency.

e Threeitems were removed. Two items related to area-level
clustering (item 3.5) and autocorrelation (item 3.6) were
removed from the ‘spatial data problems’ domain, as these
were covered by one of the items in the ‘spatial analysis
methods’ domain. One item pertaining to multi-level models
(item 4.6) was removed from the ‘spatial analysis methods’
domain, as it was covered by a second item in the same
domain relating to suitable models (item 4.2).

Version | Post e |tems were revised for clarity and edited to incorporate
1.2 validation participant suggestions from the validation survey.
survey e Two items were removed. One item (item 3.3) with poor

content validity and one pertaining to the justification of
spatial measures (item 1.4) from the ‘methods preliminaries’
domain, which was covered by a second item in the same
domain relating to the suitability of spatial methods (item

1.2).
Version | Revision Further clarification of the ‘unclear’ rating category by including
1.3 ‘other’ and options to select: CD = cannot determine, NA = not
applicable, NR = not reported.
Version | Usability e Included ‘objectives’ alongside ‘research question’ in four
1.4 testing items (items 1.1, 1.2, 3.2, 4.4).

e Anadditional column was added to record any comments.
e Included (e.g., spatial autocorrelation) as an example in 4.2
e Added afootnote that details response options.
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