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ARTICLE INFO ABSTRACT
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Trade-Offs

Improving human wellbeing is a major focus of international environmental and sustainable development policy.
However, clearly defined measures of wellbeing are needed as an empirical base for the formulation and eval-
uation of policies. Despite conceptual progress towards agreement of universally relevant dimensions of well-
being, consensus is still lacking on how to translate these dimensions into locally appropriate indicators to
measure wellbeing in different contexts. This paper focuses on three interrelated challenges associated with this
knowledge gap: (1) navigating trade-offs between complexity versus simplicity of concept; (2) integrating top-
down and bottom-up perspectives; (3) ensuring a cost-effective and flexible approach suitable for different
policy contexts. We contribute to filling this gap by developing a step-by-step Wellbeing Indicator Selection
Protocol (WISP) for measuring wellbeing. The protocol integrates perspectives through an interdisciplinary
mixed methods design that includes cross-validation between quantitative approaches of redundancy analysis
and statistical modelling and qualitative approaches of focus groups and thematic analysis. In this way we
promote a pragmatic approach suitable for a range of social and environmental contexts. We tested WISP in rural
Tanzania, identifying 111 candidate wellbeing indicators. This list was simplified to a subset of 19 indicators that
retained 91 % of measured variation among all wellbeing indicators. The simplified list was representative of
both a multidimensional concept of wellbeing and the diversity of opinions sampled. We conclude that the
protocol provides practical, statistically validated guidance to support the design of wellbeing assessments,
maintaining coherence between universal theory and local realities.

1. Introduction

Improving human wellbeing has become a major goal of interna-
tional environmental and sustainable development policy (UNDP
(United Nations Development Programme), 2015; CBD (Convention on
Biological Diversity), 2016). However there remains ongoing debate
about how wellbeing should be conceptualised and measured (Das-
gupta, 2001; OECD (Organisation for Economic Cooperation and
Development), 2013). Meanwhile these high-level policy goals have
largely fallen short in terms of the persistence of extreme poverty,
increasing inequality and environmental degradation (Fehling et al.,
2013; Allen et al., 2018; McGregor, 2018). Clearly defined, measurable
indicators of wellbeing are needed to improve achievement of policy
goals by (1) providing an evidence-base to track progress towards a
more inclusive society (Brende and Bent, 2015; Costanza et al., 2014;

Hicks et al., 2016), and (2) highlighting social issues requiring attention
and adaptive action (Brown and Westaway, 2011).

The rising popularity of human wellbeing as a measure of develop-
ment stems from growing recognition of the failures of economic in-
dicators to adequately represent non-economic aspects of peoples’ lives
(Klugman et al., 2011; Haq, 1996). For example, education can be a
stronger predictor of health than income (Sen, 1999; Herd, Goesling and
House, 2007). In contrast, the concept of wellbeing encompasses a
broader notion of multidimensional development, building on an un-
derstanding of what people need to participate and flourish in society
(Max-Neef et al., 1989; Alkire and Foster, 2011). Various definitions of
wellbeing exist, though none are unanimously accepted (Brown and
Westaway, 2011). Here we adopt a definition developed by the Well-
being in Developing Countries research group, which defines wellbeing
as ‘a state of being with others, which arises where human needs are
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met, where one can act meaningfully to pursue one’s goals and where
one can enjoy a satisfactory quality of life’ (Gough and McGregor,
2007).

Three distinct dimensions of wellbeing have been identified, for
which there is growing theoretical consensus; objective, subjective and
relational wellbeing (Boarini et al., 2014). These form the beginnings of
a unified theory of wellbeing, with contributions from diverse disci-
plines of philosophy, psychology, economics, and more recently, the
natural sciences (Schleicher et al., 2017). Objective wellbeing is con-
cerned with the material conditions of a person’s life, often represented
by wealth indicators of poverty (Mcgregor and Sumner, 2010). Subjec-
tive wellbeing is concerned with self-evaluation of personal circum-
stances (Vanhoutte, 2015). Examples of subjective wellbeing
measurement include the Satisfaction with Life Scale, a five-question
research instrument where respondents self-report their satisfaction
with life as a whole (Pavot et al., 1991). Thirdly, relational wellbeing,
based on the capabilities approach of economist Amartya Sen (Sen,
1999), concerns the opportunities available to a person, recognising that
individual wellbeing is pursued in relation to other people (Gough and
McGregor, 2007, Woodhouse et al., 2015).

Progress towards operationalising wellbeing has been made through
increasing theoretical convergence towards breaking down these broad
conceptual dimensions, into more specific but still universally relevant
domains of wellbeing (McGregor, 2018). Alternative lists of domains
have been suggested (for a review see King et al., 2014). However, all
build on a human, rather than purely economy-centred conception of
development and cover similar aspects of peoples’ lives, with relabelling
of alternative lists largely reflecting the specific purpose, or disciplinary
approach (McGregor, 2018). Here we take an interdisciplinary approach
to wellbeing for use across social and environmental contexts. We
therefore adopt the domains put forward by the Millenium Ecosystems
Assessment (MEA (Millennium Ecosystem Assessment), 2005), which
explicitly uses a socioecological systems approach and defines five do-
mains: (1) Basic material for a good life - hereafter referred to as material
wellbeing, (2) Health, (3) Social relations, (4) Security, (5) Freedom of
choice and action (hereafter referred to as freedom; Narayan et al.,
2000; Supplementary material).

There is also growing methodological agreement of a general
approach for measuring wellbeing. Conceptions of wellbeing are socially
constructed and since communities are not homogenous, there is a need
to consider how understandings of wellbeing differ between actors and
contexts (Martin et al., 2014; Wood et al., 2018). Therefore, participa-
tory methods should be used to include the views of those individuals
whose wellbeing is being assessed (Camfield et al., 2009; Sterling et al.,
2017). Furthermore, heterogeneity may exist within households (de
Lange et al., 2016). Therefore individuals should be the unit of mea-
surement, rather than households as a whole (Fry et al., 2015).

Despite these advances towards measuring wellbeing, a remaining
knowledge gap concerns how to effectively translate universally rele-
vant wellbeing domains into local indicators (Mcgregor, 2018; Sterling
et al.,, 2017). We refer to ‘local indicators’ as incorporating context
specific values (Caillon et al., 2017; Sterling et al., 2017). Here we focus
on three interrelated challenges associated with selecting local in-
dicators, which we refer to as (1) complexity-simplicity, (2) integrating
perspectives and (3) practical utility.

Firstly, given the multidimensional nature of wellbeing, thousands of
potentially relevant indicators exist (Breslow et al., 2016; Corrigan et al.,
2017). Previous studies have identified correlations between different
social indicators (Mcgillivray, 1991, S7, Supplementary material). For
example, there is a strong correlation between literacy and income
(Qizilbash, 2001). The inclusion of highly inter-correlated indicators
provides little additional information about variation in wellbeing,
suggesting a level of redundancy and the potential to use fewer in-
dicators for concise communication of wellbeing assessments to poli-
cymakers. Furthermore, lengthy questionnaires may cause respondent
fatigue (Ben-Nun, 2008) which has ethical and data quality
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implications. Yet, oversimplification risks losing the rich description
intended by the wellbeing concept. We refer to this as the ‘complex-
ity-simplicity problem’.

We suggest that introducing the use of statistical approaches for
variable reduction may help to navigate the complexity-simplicity
challenge. Breslow et al. (2016) identify the need to select parsimo-
nious sets of indicators for wellbeing assessment i.e. reducing the
number of indicators without loss of the complexity required to
adequately describe wellbeing. However, we are not aware of any
wellbeing indicator selection methods that utilise statistical approaches
to guide the process of reducing the number of indicators. Introducing
the use of statistical methods provides several benefits (Murtaugh,
2009). The removal of numerically correlated indicators creates an
orthogonal (uncorrelated) set of indicators (Crawley, 2007). Orthogo-
nality among indicators is a fundamental assumption of statistical
analysis and required to avoid erroneous results of any subsequent
analysis of wellbeing data (Zuur, et al., 2010). Furthermore, statistical
methods can be exactly repeated between sites, minimising the intro-
duction of human bias and supporting comparison between wellbeing
assessments.

A second challenge is to determine how best to integrate top-down
perspectives (i.e. from wellbeing theory) and bottom-up perspectives
(i.e. local knowledge of study participants; Boarini et al., 2014). We refer
to this as the ‘integrating perspectives challenge’, which can be under-
stood in terms of how contrasting disciplines seek to maximize different
aspects of scientific validity. Top-down perspectives are common in the
natural sciences and quantitative social sciences and tend to prioritise
‘external validity’, i.e. the ability to generalise findings to different
contexts and populations (Campbell and Stanley, 1963). For example,
top-down selection of wellbeing indicators may take place through a
combination of literature review and expert opinion (Biedenweg et al.,
2016; Breslow et al., 2017). This approach promotes external validity
through strong relation to theory, but may marginalise the perspectives
of those people whose wellbeing is to be assessed, thereby lacking local
relevance (Grillo and Stirrat, 1997; Woodhouse et al., 2016).

Conversely, bottom-up perspectives emphasise the need for contex-
tual understanding and ‘ecological validity’, defined by Yue (2012) in
relation to case study research as the extent to which the researchers’
findings reflect the lived experience of those whom the researchers are
studying. Ecological validity ensures that local relevance is retained,
promoting rather than marginalising the needs of study participants
(Howard et al., 2016). Efforts to prioritise bottom-up perspectives in
conceptualizations of wellbeing have been undertaken through anthro-
pological and in-depth qualitative research approaches (Beauchamp
etal., 2018; Woodhouse and McCabe, 2018). However, if an exclusively,
bottom-up perspective is followed, some important issues may go un-
reported due to the adaptive preferences of survey respondents (Sen
et al., 1999; Mitra et al., 2013).

The Basic Necessities Survey is a quantitative social assessment tool
that builds on this bottom-up perspective, prioritizing locally defined
indicators by combining focus group consultations followed by a
household questionnaire (Davies, 2007). An issue with this approach is
that it does not organize indicators in relation to a conceptual frame-
work (Schreckenberg et al., 2010). This risks overlooking subjective
indicators that are less easily articulated through participatory discus-
sions, thereby invalidating conclusions about the overall wellbeing of
respondents if one dimension of wellbeing is missed (Woodhouse et al.,
2015). These tensions between the strengths and weaknesses of
top-down and bottom-up perspectives should be carefully considered
(Poteete et al., 2010). Each perspective illuminates important aspects of
wellbeing, but in doing so, prioritises contrasting forms of validity,
which need to be integrated to gain a well-rounded understanding of
human wellbeing (Fig. 1).

The third challenge of practical utility, is that the process of selecting
local indicators must be cost-effective and adaptable in order to main-
stream the process into different policy contexts (Rasmussen et al.,
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STATISTICAL
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UP

Fig. 1. Measuring human wellbeing requires the integration of contrasting
perspectives. Top down perspectives tend to prioritise external validity i.e.
generalisability of findings in relation to accepted theory, while bottom-up
perspectives prioritise ecological validity i.e. the experience of study
participants.

2017).

Here, we contribute a Wellbeing Indicator Selection Protocol (WISP)
that aims to operationalise measurement of human wellbeing in
different contexts. The protocol provides a generalised, step-by-step
method to help researchers and practitioners translate universal
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wellbeing domains into locally appropriate indicators. To address the
complexity-simplicity challenge, we introduce the use of statistical
methods to remove redundant indicators. To address the integrating
perspectives challenge, the protocol employs a mixed methods design to
balance external and ecological validity (Fig. 2). To assess the practical
utility of the protocol, we provide an example of its use in rural Tanzania
(Supplementary material S1). We critically evaluate the protocol’s
effectiveness to address these three challenges.

WISP is intended to be used in the scoping phase of projects oper-
ating at landscape, or regional sub-national scales to support the design
and testing of wellbeing questionnaires prior to implementation of the
survey instrument. Potential applications include exploratory use to
identify local priorities in order to supporting policy formulation. The
protocol can also be used to support context specific wellbeing impact
evaluations of conservation and development projects (for an overview
of wellbeing impact design considerations see Woodhouse et al., 2015).
We highlight common design considerations for wellbeing assessments
and discuss implications for the protocol’s wider use.

2. Materials and methods
2.1. Generalised overview of WISP

Sample selection. Before undertaking a wellbeing assessment, the
diversity of community actors present within the intended study area
should be identified and particular consideration given to ensure
participation of marginalised groups in a way that is culturally sensitive
in the local context (Franks and Small, 2016). A minimum of two con-
trasting sites (e.g. villages) should be visited in order to sample variation
across the study area. Selected sites should be representative of the study
area and encompass variation in key socio-economic and environmental
variables of relevance to the local context (PEN, 2007). Common criteria
for consideration include economic drivers of wellbeing, such as prox-
imity to local markets (Helliwell and Putnam, 2005), environmental
drivers, such as topography influencing farming and other livelihood
practices (Boarini et al., 2014).

Step 1. WISP uses a stratified random sampling design to identify an
unbiased sample of local actors within villages (for an overview of
sampling approaches see Angelsen et al., 2011). Stratification should use
participatory wealth ranking or other criteria relevant to the specific
context of the study, such as gender, age or livelihood (Supplementary
material S1).

Exploratory focus groups are undertaken to identify candidate
wellbeing indicators, with each focus group comprising a single com-
munity actor group (e.g. divided by gender) to reduce within-group
variation, thereby encouraging uninhibited discussion and cross-
validation of ideas between participants (Kitzinger, 1994; Macnaghten
and Myers, 2011).

It is important to frame focus group discussions around a sufficiently
broad conception of wellbeing and be careful about how this is
communicated when translating between languages (OECD, 2013). An
open questioning style should be used to facilitate participants to
develop a locally understood conception of wellbeing, thereby pro-
moting ecological validity (Supplementary material S2). Thematic
analysis of focus group transcripts is then used to identify candidate
wellbeing indicators in relation to the five domains of wellbeing (Sup-
plementary material S2, S3), noting indicators that are specific to a
particular village or community actor group and local priority in-
dicators, which we define as those indicators discussed in all focus
groups. If less than five indicators are suggested per wellbeing domain
then additional indicators should be added from relevant frameworks
(Supplementary material S1).

Step 2. All identified candidate indicators are used to develop a
quantitative instrument (questionnaire), which is implemented with a
stratified random sample of respondents (Supplementary material S4;
Creswell et al., 2004). This is done to trial the wellbeing questionnaire
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Number of Indicators

1. Identify candidate indicators
(Sampling the diversity of community actors,
focus groups & literature review)

2. Gather quantitative data
(Questionnaire testing)

3. Remove indicators with little variation
(Data exploration and transformation)

4. Remove covarying indicators
(Correlation coefficients)

5. Remove statistically redundant indicators

(Stepwise model selection)

6. Validation
(Qualitative review for local relevance)

Fig. 2. Steps for implementing the Wellbeing Indicator Selection Protocol (WISP). Boxes represent indicators coloured to represent the five domains of wellbeing.

and gain sample data of how candidate indicators vary across the study
area.

Step 3. The spread of responses for each indicator is assessed to
eliminate indicators with zero or uneven spread, that would give no
helpful information on the variation of wellbeing present within com-
munities. For an overview of data exploration in relation to common
statistical problems see Zuur et al. (2010).

Step 4. A human wellbeing index (HWI) is calculated to represent all
indicators in a single, standardised index following principles of the
Human Development Index (UNDP (United Nations Development Pro-
gramme), 2017; Eq.1).

HWI =

that has the strongest relationship with HWI is retained.

Step 5. Statistical modelling using an information-theoretic approach
(Burnham and Anderson, 2002; Burnham et al., 2011) is employed to
achieve statistical parsimony, i.e. reduction of indicators without loss of
the complexity needed to adequately describe wellbeing. The uncorre-
lated indicators from step four are used as predictor variables of the HWI
response variable in a Generalised Linear Model (GLM) with Gaussian
error; suitable for continuous variables with approximately normal
distribution. Then to reduce the number of indicators to only those
making the strongest contributions to overall wellbeing, we used
backwards-forwards stepwise model selection (Venables and Ripley,

Material(X) + Health(X) + Security(X) + Social relations(X) + Freedom(X)

5

Eq.1. Human Wellbeing Index (HWI), where X is the mean value of
standardised indicators from each wellbeing domain.

HWI is used as a continuous response variable to inform further
reduction in the number of candidate indicators, using high covariance
between indicators to infer statistical redundancy. We define high
covariance as Pearson correlation coefficient (r) > |0.7|, and/or Vari-
ance Inflation Factors (VIF) > 3 across all indicators (Dormann et al.,
2013; Zuur et al., 2010). In the event of high covariance, the indicator
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2002; Murtaugh, 2009). Stepwise selection is based on Akaike’s Infor-
mation Criterion (AIC; Akaike, 1973) to avoid consequences of fre-
quentist approaches such as F statistics (Whittingham et al., 2006).

Step 6. Finally, it is important that the process of selecting a reduced
set of indicators is not blindly automated without critical review and
validation checks (Burnham et al., 2011). The reduced indicators are
checked to ensure that each wellbeing domain contains at least two
indicators to promote external validity consistent with wellbeing theory
and that local priority indicators identified in step 1 are retained to
promote ecological validity.
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Fig. 3. Study region in Tanzania (grey rectangle on small map) detailing study villages (black squares) in relation major towns (grey circles), major roads (black
lines), protected areas (light grey polygons) and elevation (meters above sea level; dotted contour lines).

Once the indicator selection process has been completed, the
retained indicators can be used either individually, aggregated to indices
of each wellbeing domain, or provide an overall wellbeing index in
support of different policy applications using the HWI equation listed
above.

2.2. Study region

WISP was tested in Tanzania within a protected area dominated
landscape of 10,000 km? in Morogoro and Iringa regions where land-
scape planning interventions aimed to deliver improvements in well-
being (SAGCOT, 2011; Fig. 3). The protocol was used to develop a
context specific wellbeing questionnaire to be implemented in a further
20 villages in order to evaluate multidimensional wellbeing impacts of
protected areas in the landscape using a site matching design (for an
overview of statistical matching see Schleicher et al., 2020).

Two contrasting villages were selected to test WISP. Mang’ula B
(Kilombero district, Morogoro region, elevation 306 m) had a popula-
tion density at 23.6 people per km?, annual population growth of 2.29
%, close to the national average of 2.7 % and was located adjacent to a
road. In contrast, the mountain community of Udekwa (Kilolo district,
Iringa region, elevation 1611 m) had a population density one tenth of
that in Mang’ula at 2.4 people per km?, with slower annual population
growth of 0.72 % (Tanzania National Bureau of Statistics, 2012) and
poor road access. Two focus groups stratified by gender were under-
taken in each village to identify candidate indicators. Participatory
wealth ranking with village leaders was used to identify a random
sample of 90 questionnaire respondents stratified by gender and socio-
economic status (Supplementary material S1).
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2.3. Analysis

We undertook analyses to understand how well WISP overcame the
three challenges outlined in the introduction. To analyse the complexity-
simplicity challenge, we evaluated the value of introducing statistical
modelling (step five) by comparing the two lists of indicators selected by
steps four and five, treating indicator lists as equivalent if within two
AIC (Burnham and Anderson, 2002). The potential for further simplifi-
cation beyond the final indicator list was evaluated by further indicator
removal. This was done by plotting the sequential loss of deviance
explained following consecutive indicator removal of the least contrib-
utory indicator (Crawley, 2007). These analyses served as both numeric
and visual tools for evaluating how conservative the stepwise model
selection process was in terms of simplifying the number of indicators in
relation to loss of explained variation.

To analyse the integrating perspectives challenge, we assessed how
well the final indicator list retained site and gender specific indicators
identified during the thematic analysis of step one (Silverman, 2011).

To analyse the practical utility challenge, we retrospectively assessed
the minimum number of questionnaire replicates needed to reach our
statistical conclusions using the ‘pwr’ power analysis package in R
(Cohen, 1988; Champely, 2020). For step 4, we evaluated the sample
size needed to detect a correlation between indicators at a correlation
coefficient of 0.7. For step 5, we evaluated the sample size required to
achieve the same effect size as the GLM in the Tanzania case study
(Cohen, 1998; Champely, 2020).

3. Results

From step one, 111 candidate wellbeing indicators were identified by
focus groups and literature review. These were grouped into 62
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Table 1

Final list of wellbeing indicators. Likert scales are all on a scale from very low to
very high unless stated. ! Continuous to categorical transformation, 2 log
transformation, 3 Site-specific indicator, 4 Gender-specific indicator. %D = per-
centage deviance explained in HWI by each indicator in the final GLM. r* =
proportion of variation explained by Pearson correlation with HWL

Indicator Description Mean Range Variation
explained %
D (r?)
Material
Financial Ordinal categories (0, 1.05 0-2 0.54 (0.45)
savings 1-99,999, >100,000 TZS)
Household Ordinal categories 2.38 1-4 0.10 (0.08)
wall (1=mud, 2=mud bricks
materials =concrete bricks,
4=plastered)
Household Integer from 1-7 of total of ~ 2.87 1-7 0.02 (0.17)
assets household assets composed
of electricity, solar light,
television, radio, phone,
plough, tractor
Banking Use of formal banking 0.31 0-1 0.20 (0.12)
facilities (yes/no)
Water access ! Ordinal categories for if 1.02 0-2 0.48 (0.05)
need to walk to collect
water (Never, only in the
dry season, in both dry and
wet season)
Land 2 Total area owned (acres) 8.02 0-104  0.34 (0.14)
Livestock ! Ordinal categories for most ~ 1.20 0-4 < 0.01
valuable livestock owned 0.18)
(none, chickens, goats/
pigs, cattle)
Health
Sickness 2 Number of days too unwell  10.90 0-150 3.31
to work in last year 0.06)
Health Binary response (yes/no) 0.31 0-1 2.54 (0.26)
insurance >
Social relations
Lending of Binary response stating 0.65 0-1 1.75 (0.27)
resources * whether money or land was
lent in last year (yes/no)
Recognition in Perception of how much 2.96 1-5 0.35 (0.18)
the village * voice heard in community
decision making. Likert
scale
Security
Provision for Likert scale indicating 3.76 1-5 2.06 (0.33)
dependents perceived ability to provide
for dependents
Provision for Likert scale indicating 3.31 1-5 1.81 (0.42)
self in old perceived ability to provide
age for oneself in old age
Number of Total of different livelihood 4.14 1-7 2.07 (0.24)
livelihoods activities undertaken by
the interviewee
Theft security Likert scale indicating 3.25 1-5 1.65 (0.07)
perception of security from
theft
Freedom
Livelihood Likert scale indicating 2.57 1-5 0.48 (0.05)
satisfaction satisfaction with livelihood
opportunities
Forest access > Likert scale indicating 1.70 1-5 0.41 (0.06)
satisfaction with access to
forest resources
Education Ordinal categories for 4.50 1-8 0.34 (0.25)
highest level completed
(from no formal education
to university)
Overall quality ~ Likert scale indicating 3.24 1-5 0.89 (0.22)

of life overall life satisfaction
considering all questions

asked
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questions included in the wellbeing questionnaire (step 2). Removal of
indicators with little variation reduced this list to 56 indicators (step 3;
Supplementary material S6). Removal of correlated indicators reduced
the list further to 30 indicators (step 4, Supplementary material S5).
Statistical modelling (step 5) then reduced the list to 17 indicators. The
qualitative validation step reintroduced two indicators, resulting in a
final list of 19 indicators (Table 1).

3.1. Complexity-simplicity

The final indicator list (Table 1) explained 91 % deviance in the
human wellbeing index. Stepwise GLM reduction of the indicator list
from step four (30 indicators) to step five (17 indicators) led to reduction
in AIC from -397 to -412 (AAIC = 15), with only marginal loss of devi-
ance (95 % to 91 %). Therefore, the reduced indicator list was more
parsimonious. Sequential removal of indicators revealed a pattern of
increasing loss of deviance explained per indicator removed (Fig. 4). The
loss of deviance explained from 20 to 15 indicators was only 1%, but a
15 % loss of deviance explained was observed between 10 and 5
indicators.

3.2. Integrating perspectives

In both the candidate and final indicator lists, material wellbeing had
the largest percentage of indicators (Fig. 5). The final list had a slightly
lower percentage of material indicators and slightly higher percentage
of security and freedom indicators (Fig. 5).

The validation checks (step 6) revealed that the social relations
domain of wellbeing had been reduced to a single indicator. Therefore,
an additional indicator, recognition in the village, was reinserted to
improve balance between domains. We identified one disparity between
prioritisation of indicators through quantitative analyses versus quali-
tative assessment of local priorities. Livestock ownership was identified
as a local priority indicator. However, this indicator was removed by
statistical stepwise selection (step 5). To ensure WISP integrated top-
down and bottom-up perspectives, livestock ownership was reinserted

80
1

Percentage deviance explained
40

20
1

Number of Indicators

Fig. 4. Loss of variation (deviance) explained in the human wellbeing index by
each indicator list, when sequentially removing the indicator explaining the
least variation in the GLM (black line). Arrow identifies the final indicator list
selected by WISP. Boxes represent an indicator coloured by the five wellbeing
domains (blue = material wellbeing, orange =health, green = security, yel-
low = social relations, black = freedom).
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Fig. 5. Percentage representation of the five wellbeing domains in the candidate (A) and final (B) list of wellbeing indicators.

in the finalised list (step 6).

Whether candidate indicators were considered universally important
across the study area, or site, or gender-specific, depended on the
wellbeing domain. Indicators relating to the material domain of well-
being were strongly corroborated between focus groups. Plant-based
agriculture was the dominant livelihood at both sites and so the area
of agricultural land owned was identified early on in all focus groups.
While other material indicators, such as household building materials
and livestock ownership were also universally identified in all focus
groups. Some gender-specific differences were noted in terms of the
social relations domain of wellbeing. All-female focus groups in both
villages identified the importance of mutual reliance within commu-
nities, defined as the ability to lend resources. However, this informal
interdependence was not discussed in all-male focus groups. Instead
discussion highlighted the importance of recognition from peers in the
village indicated by a felt sense that their voice was heard in village
meetings. These gender-specific indicators were included in the final
indicator list (Table 1).

Finally, some differences were noted between villages in relation to
the location and extent of remoteness and self-reliance versus connect-
edness of villages to urban centres. In Udekwa, the village located
further from major transport routes and urban centres, candidate in-
dicators within the health and freedom domains of wellbeing included
knowledge and access to local medicines and producing enough food to
eat. However, in Mang’'ula B, the village located close to a major road
with direct transport links to urban centres, health insurance and access
to formal banking facilities were also discussed by this village. Site-
specific indicators were retained in the final indicator list (Table 1).

3.3. Practical utility

Power analyses showed that a sample size of 13 questionnaire re-
peats would be needed to evaluate correlations between indicators in
step 4 and 33 replicates to provide sufficient power to undertake sta-
tistical modelling in step 5.

4. Discussion
4.1. Complexity-simplicity

WISP resulted in relatively little loss of information concerning
variation in wellbeing, while significantly reducing the number of in-
dicators. Reintroduction of local priority indicators contributed a small
amount of statistical redundancy, exemplified by the minimal reduction
in deviance explained when additional indicators were removed beyond
the final list (Fig. 4). However it is vital to characterise wellbeing in
accordance with place-based values to avoid unintended harmful con-
sequences of policies for local residents (Sterling et al., 2017). We
therefore suggest that WISP remains sufficiently conservative to retain a
rich decription of wellbeing that balances the trade-off between complex
local realities and statistical parsimony.
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A comparable alternative social assessment approach is the Basic
Necessities Survey (BNS), which in previous studies has identified be-
tween 20 and 25 local indicators (Schreckenberg et al., 2010; Davies,
2007). BNS creates an index of poverty, providing a narrower concep-
tion of wellbeing focused on the material domain. We therefore
conclude that in terms of the complexity-simplicity problem, the pro-
tocol performed well in relation to BNS, creating a more concise list of
indicators, yet more representative of multidimensional wellbeing.

4.2. Integrating perspectives

Mixed methods provide an opportunity to identify and address ten-
sions between qualitative and quantitative methods (Denscombe, 2008).
In our study the statistically led simplification step reduced the number
of candidate indicators and in the process removed livestock ownership,
which had been frequently mentioned in focus group discussions. This
highlights a tension between external and ecological validity and em-
phasises the importance of integrating perspectives in order to navigate
this trade-off (Fig. 1). Indeed, we suggest that there is an inherent ten-
sion in translating a felt sense of wellbeing into numeric values with
potential to compromise ecological validity through over reliance on
quantitative approaches. However in our Tanzanian example, the pro-
tocol helped to reconcile this tension through step six, which ensured the
final indicator list was aligned to local priorities.

Future users might consider adapting the protocol steps and indica-
tor inclusion criteria depending on the intended application. For
example, if used to evaluate the impact of a specific intervention, such as
a water security program, it might be important to use focus groups to
explore locally relevant indicators for the intervention, such as clean
water access and prioritise retention of intervention-specific indicators
(Jensen and Wu, 2018). Alternatively, if used to evaluate change in
wellbeing through time (Sayer et al., 2007), then researchers might
choose to be more conservative in retaining indicators that have little
variation at the time of the first survey (step 3), but for which variation is
expected to increase, either as a result of increasing inequality (Martin
et al., 2014), or as a result of the intervention targeting a subsection of
the population. Where there is doubt, we recommend using clear hy-
potheses to justify additional inclusions and using locally stated prior-
ities and ecological validity as a guiding principle to determine
inclusion.

Our observation that the material domain of wellbeing comprised
more indicators than other domains concurs with observations from
other developing and developed countries. Namely, material wellbeing
may be distributed among a number of different sources (DFID, 2000;
Goodwin, 2003). In our study, the dominant sources of material well-
being were financial, land and livestock. This pattern of spreading ma-
terial wellbeing among a number of capital sources can be interpreted as
a strategy for enhancing the resilience of individuals; the ability to cope
with and overcome shocks (Folke et al., 2002; Walker et al., 2006). As
such, we suggest that rich descriptions of material wellbeing that
include multiple indicators are also applicable for evaluating the related
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concept of resilience (Cinner et al., 2009; Hoque et al., 2017).

Various cultural, socio-economic and livelihood characteristics of
individuals influence which sources of material wellbeing are invested
in (Miller and Hajjar, 2019; Sunderlin et al., 2005). For example, pas-
toralists may invest far more in livestock compared to individuals whose
livelihood depends more on crop-based agriculture and invest more in
land. Therefore, to accurately compare material wellbeing in heteroge-
nous communities we suggest that a larger number of indicators may be
needed for this domain than others to provide an accurate summative
measure that accounts for differential capital investment patterns.

An alternative explanation for the large number of material in-
dicators relates to the methods used in this study. Contrasting qualita-
tive and quantitative methods are better suited towards identifying
different social phenomena (Braun and Clarke, 2013; Bull et al., 2015).
For example, ethnographic approaches are tailored to the identification
of in-depth personal narratives and socially constructed themes
(Atkinson and Silverman, 1997). In contrast, WISP uses a more rapid
approach to identifying candidate wellbeing indicators. As a result, the
less tangible aspects of wellbeing, such as social relations, were rela-
tively under-represented among candidate indicators. Instead objective
indicators that were more easily observable and articulated were more
represented (Schreckenberg et al., 2010). Future adoption of ethno-
graphic approaches to complement the protocol might facilitate explo-
ration of the less tangible aspects of wellbeing. Another approach to
promote broader representation of indicators would be to structure
focus group discussion topics around the five wellbeing domains.
However, we preferred a more open questioning style to encourage
study participants to lead discussions, rather than be confined by well-
being theory, thereby promoting ecological validity.

4.3. Practical utility

The introduction of a statistical techniques to the process of selecting
wellbeing indicators may cause a technical challenge for researchers
with more qualitative backgrounds. However, there is also potential for
greater expansion of this element of WISP. Future studies might consider
multi-model averaging approaches (Burnham and Anderson, 2002), to
determine additional more subtle contributions to wellbeing from in-
dicators dropped from our models. However, step 4 and Fig. 4 show that
any changes to the indicators selected would add only marginal differ-
ence to the variation explained in wellbeing. Therefore we prefer our
more simple and accessible statistical approach.

Decisions regarding appropriate sample sizes of villages, the di-
versity of actors and questionnaire replicates in future studies will
depend in part on a practical trade-off between exhaustive sampling and
resource constraints. Here we sampled two villages, though we stress
that this figure should be used as a guide only and larger scale studies
may require additional sampling. The Poverty Environment Network
guidance suggests that questionnaire pre-testing should include seven
draft questionnaire trials before commencing the main survey (PEN,
2007). However, in our Tanzanian example we estimated that 33
questionnaire repeats were required for statistical analyses. Therefore
we recommend a conservative minimum of 40 questionnaires be un-
dertaken in future applications of the protocol to allow for context
specific differences in wellbeing indicators. We suggest that increased
pre-testing investment is a necessary consequence of moving away from
simpler conceptions of wellbeing or poverty, towards robust measure-
ment of a more complex conception of multidimensional wellbeing. As
the number of indicators increases, there will be greater potential for
correlation and violations to statistical assumptions. Consequently, the
introduced orthogonality checks are necessary to promote external
validity and robust analysis. An additional benefit of investing in
questionnaire simplification at the beginning of a wellbeing assessment
is that this shortens the questionnaire; in our case study to less than a
third of its original length. This is more efficient of time, resources and
reduces respondent fatigue during survey implementation (Trochim,
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2006).
5. Conclusions

We have demonstrated that WISP makes progress in addressing three
interrelated challenges to measuring wellbeing in different local con-
texts. We therefore recommend the protocol as practical and statistically
validated step-by-step guidance to support the design of multidimen-
sional wellbeing assessments, maintaining coherence between universal
theory and local realities. In this way, the protocol contributes to a
research agenda seeking to support policy makers in advancing a holistic
notion of social progress. Future contributions to this field might explore
how to integrate local and national scale wellbeing assessments. Also the
integration of local perspectives with actors operating at larger scales,
such as national policy makers in order to advance transparent and
equitable policy decision-making.

CRediT authorship contribution statement

Robin Loveridge: Conceptualization, Data curation, Formal anal-
ysis, Methodology, Writing - original draft, Writing - review & editing.
Susannah M Sallu: Supervision, Conceptualization. Ignatus J Pesha:
Project administration. Andrew R Marshall: Supervision, Methodol-
ogy, Writing - review & editing.

Declaration of Competing Interest
The authors report no declarations of interest.
Acknowledgements

Research was funded by the Economic and Social Research Coun-
cilGrant award number ES/J500215/1. Many thanks to Elizabeth
Kombo, Herman Michael Lyatuu and Revocatus Lauriean Rwezaula
whose help as research assistant and logistics support, respectively,
made a huge difference to the project. Thanks to Andy Wright (made-
byawdesign.com) for figure design support. We are grateful for sug-
gestions from Dr Peter Howley and Dr Emily Woodhouse that aided the
refinement of this study and two anonymous reviewers.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.envsci.2020.09.002.

References

Alkire, S., Foster, J., 2011. Understandings and misunderstandings of multidimensional
poverty measurement. J. Econ. Inequal. 9, 289-314. https://doi.org/10.1007/
5s10888-011-9181-4.

Allen, C., Metternicht, G., Wiedmann, T., 2018. Initial progress in implementing the
Sustainable Development Goals (SDGs): a review of evidence from countries.
Sustain. Sci. 13, 1453-1467. https://doi.org/10.1007/511625-018-0572-3.

Beauchamp, E., Woodhouse, E., Clements, T., Milner-Gulland, E.J., 2018. “Living a good
life”: Conceptualizations of well-being in a conservation context in Cambodia. Ecol.
Soc. 23 https://doi.org/10.5751/ES-10049-230228.

Biedenweg, K., Stiles, K., Wellman, K., 2016. A holistic framework for identifying human
wellbeing indicators for marine policy. Mar. Policy 64, 31-37. https://doi.org/
10.1016/j.marpol.2015.11.002.

Boarini, R., Kolev, A., McGregor, A., 2014. Measuring well-being and progress in
countries at different stages of development: towards a more universal conceptual
framework. OECD Dev. Cent. Work. Pap. 325, 1-59. https://doi.org/10.1787/
5jxss4hv2d8n-en.

Brende, B., Bent, H.H., 2015. Towards evidence-based, quantitative sustainable
development goals for 2030. Lancet 385. https://doi.org/10.1016/50140-6736(14)
61654-8.

Breslow, S.J., Sojka, B., Barnea, R., et al., 2016. Conceptualizing and operationalizing
human wellbeing for ecosystem assessment and management. Environ. Sci. Policy.
https://doi.org/10.1016/j.envsci.2016.06.023.

Breslow, S.J., Allen, M., Holstein, D., et al., 2017. Evaluating indicators of human well-
being for ecosystem-based management. Ecosyst. Heal. Sustain 3, 1-18. https://doi.
org/10.1080/20964129.2017.1411767.


https://doi.org/10.1016/j.envsci.2020.09.002
https://doi.org/10.1007/s10888-011-9181-4
https://doi.org/10.1007/s10888-011-9181-4
https://doi.org/10.1007/s11625-018-0572-3
https://doi.org/10.5751/ES-10049-230228
https://doi.org/10.1016/j.marpol.2015.11.002
https://doi.org/10.1016/j.marpol.2015.11.002
https://doi.org/10.1787/5jxss4hv2d8n-en
https://doi.org/10.1787/5jxss4hv2d8n-en
https://doi.org/10.1016/S0140-6736(14)61654-8
https://doi.org/10.1016/S0140-6736(14)61654-8
https://doi.org/10.1016/j.envsci.2016.06.023
https://doi.org/10.1080/20964129.2017.1411767
https://doi.org/10.1080/20964129.2017.1411767

R. Loveridge et al.

Brown, K., Westaway, E., 2011. Agency, capacity, and resilience to environmental
change: lessons from human and disasters. Annu. Rev. of Environment Resour. 36,
321-342. https://doi.org/10.1146/annurev-environ-052610-092905.

Burnham, K., Anderson, D.R., 2002. Model Selection and Multimodel Inference: A
Practical Information-Theoretic Approach. Springer, New York.

Burnham, K.P., Anderson, D.R., Huyvaert, K.P., 2011. AIC model selection and
multimodel inference in behavioral ecology: some background, observations, and
comparisons. Behav. Ecol. Sociobiol. (Print) 65, 23-35. https://doi.org/10.1007/
500265-010-1029-6.

Caillon, S., Cullman, G., Verschuuren, et al., 2017. Moving beyond the human-nature
dichotomy through biocultural approaches: including ecological well-being in
resilience indicators. Ecol. Soc. 22 https://doi.org/10.5751/ES-09746-220427.

Camfield, L., Crivello, G., Woodhead, M., 2009. Wellbeing research in developing
countries: reviewing the role of qualitative methods. Soc. Indic. Res. 90, 5-31.
https://doi.org/10.1007/511205-008-9310-z.

Campbell, D.T., Stanley, J.C., 1963. Experimental and Quasi-experimental Designs for
Research. Rand Mc Nally., Chicago.

CBD (Convention on Biological Diversity), 2016. CoP 13 Decision XIII/6 706 Biodiversity
and Human Health. https://www.cbd.int/doc/decisions/cop-13/cop-707 13-dec-06-
en.pdf (accessed 10/09/2019).

Champely, S., 2020. Pwr: Basic Functions for Power Analysis. R Package Version 1.3-0.
https://cran.r-project.org/web/packages/pwr/vignettes/pwr-vignette.html.

Cinner, J., Fuentes, M.M.P.B., Randriamahazo, H., et al., 2009. Exploring social
resilience in Madagascar’ s marine protected areas. Ecol. Soc. 14 (1).

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences. Academic, New
York. NY.

Corrigan, C., Burgess, N.D., Kingston, N., Hockings, M., 2017. Global Review of Social
Indicators used in Protected Area Management Evaluation. Conserv. Lett. 11 (2)
https://doi.org/10.1111/conl.12397.

Costanza, R., Kubiszewski, 1., Giovannini, E., 2014. Time to leave GDP behind. Nature
505, 2-7.

Crawley, M., 2007. The R Book. John Wiley & Sons, Ltd, Chicjester. https://doi.org/
10.16242/j.cnki.umst.2014.04.005.

Dasgupta, P., 2001. Human Wellbeing and the Natural Environment. Oxford University
Press.

Davies, R., 2007. The 2006 Basic Necessities Survey (BNS) in Can Loc District. Ha Tinh
Province, Vietnam. https://doi.org/10.13140/RG.2.2.17664.28165.

de Lange, E., Woodhouse, E., Milner-Gulland, E.J., 2016. Approaches used to evaluate
the social impacts of protected areas. Conserv. Lett. 9, 327-333. https://doi.org/
10.1111/conl.12223.

DFID, 2000. Sustainable Livelihoods Guidance Sheets. Department for International
Development. Available: http://www.livelihoods.org/.

Dormann, C.F., Elith, J., Bacher, S., et al., 2013. Collinearity: a review of methods to deal
with it and a simulation study evaluating their performance. Ecography (Cop.). 36,
027-046. https://doi.org/10.1111/j.1600-0587.2012.07348.x.

Fehling, M., Nelson, B.D., Venkatapuram, S., 2013. Limitations of the 746 Millennium
Development Goals : a literature review. Glob. Public Health 8 (10), 1109-1122.

Folke, C., Carpenter, S., Elmqvist, T., et al., 2002. Resilience and sustainable
development sustainable development: building adaptive capacity in a world of
transformations. Source: Ambio 31, 437-440. https://doi.org/10.1579/0044-7447-
31.5.437.

Franks, P., Small, R., 2016. Social Assessment for Protected Areas (SAPA) Methodology
Manual for SAPA Facilitators. IIED, London.

Fry, P., Agarwala, M., Atkinson, G., Clements, et al., 2015. Monitoring local wellbeing in
environmental interventions: a consideration of practical trade-offs. Oryx 44, 1-9.
https://doi.org/10.1017/5003060531500112X.

Goodwin, N.R., 2003. Five Kinds of Capital: Useful Concepts for Sustainable Development.
G-DAE Work. Pap, pp. 03-07.

Hag, M., 1996. Reflections on Human Development. Oxford University Press, New York.

Hicks, B.C.C., Levine, A., Agrawal, et al., 2016. Engage key social concepts for
sustainability. Science 80 (352).

Hoque, S.F., Quinn, C.H., Sallu, S.M., 2017. Resilience, political ecology, and well-being:
an interdisciplinary approach to understanding social-ecological change in coastal
Bangladesh. Ecol. Soc. 22 https://doi.org/10.5751/ES-09422-220245.

Howard, R.J., Tallontire, A.M., Stringer, L.C., Marchant, R.A., 2016. Which “fairness”, for
whom, and why? An empirical analysis of plural notions of fairness in Fairtrade
Carbon Projects, using Q methodology. Environ. Sci. Policy 56, 100-109. https://
doi.org/10.1016/j.envsci.2015.11.009.

Jensen, O., Wu, H., 2018. Urban water security indicators: development and pilot.
Environ. Sci. Policy 83, 33-45. https://doi.org/10.1016/j.envsci.2018.02.003.
King, M., Rend, V., Novo, E., 2014. The concept, dimensions and methods of assessment
of human well-being within a socioecological context. Soc. Indic. Res. 116, 681-698.

https://doi.org/10.1007/s.

Klugman, J., Rodriguez, F., Choi, H.J., 2011. The HDI 2010: new controversies, old
critiques. J. Econ. Inequal. 9, 249-288. https://doi.org/10.1007/s10888-011-9178-
Z.

Martin, A., Gross-camp, N., Kebede, B., et al., 2014. Whose environmental justice?
Exploring local and global perspectives in a payments for ecosystem services scheme
in Rwanda. Geoforum 54, 167-177. https://doi.org/10.1016/j.
geoforum.2013.02.006.

469

Environmental Science and Policy 114 (2020) 461-469

Max-Neef, M., et al., 1989. Human scale development: an option for the future. Dev.
Dialogue 5-81.

Mcgillivray, M., 1991. The human development index: yet another. World Dev. 19,
1461-1468. https://doi.org/10.1016/0305-750X(91)90088-Y.

McGregor, J.A., 2018. Reconciling Universal Frameworks and Local Realities in
Understanding and Measuring Wellbeing in the Politics of Wellbeing. Palgrave
Macmillan, Cham. https://doi.org/10.1007/978-3-319-58394-5, 2018.

McGregor, A., Sumner, A., 2010. Beyond business as usual: what might 3-D wellbeing
contribute to MDG momentum? IDS Bull. 41.

MEA (Millennium Ecosystem Assessment), 2005. Ecosystems and Human Well-Being:
Synthesis. World Resources Institute, Washington.

Miller, D.C., Hajjar, R., 2019. Forests as pathways to prosperity: empirical insights and
conceptual advances. World Dev. 104647. https://doi.org/10.1016/j.
worlddev.2019.104647.

Murtaugh, P.A., 2009. Performance of several variable-selection methods applied to real
ecological data. Ecol. Lett. 12, 1061-1068. https://doi.org/10.1111/j.1461-
0248.2009.01361.x.

Narayan, D., Chambers, R., Shah, M.K., Petesch, P., 2000. Voices of the Poor: Crying Out
for Change. Oxford University Press, New York.

OECD (Organisation for Economic Cooperation and Development), 2013. Measuring
Wellbeing for Development, Discussion Paper 3.1. 2013 OECD GLOBAL FORUM ON
DEVELOPMENT 4-5 APRIL. Available: www.oecd.org/site/oecdgfd/.

Rasmussen, L.V., Bierbaum, R., Oldekop, J.A., Agrawal, A., 2017. Bridging the
practitioner-researcher divide: indicators to track environmental, economic, and
sociocultural sustainability of agricultural commodity production. Glob. Environ.
Chang. 42, 33-46. https://doi.org/10.1016/j.gloenvcha.2016.12.001.

SAGCOT, 2011. Southern Agricultural Growth Corridor of Tanzania - 893 Investment
Blueprint. Available: 894. http://www.sagcot.com/uploads/media/Invest-Blueprint-
SAGCOT _High _res.pdf.

Sayer, J., Campbell, B., Petheram, L., 2007. Assessing environment and development
outcomes in conservation landscapes. J. Biodivers. Conserv. Bioresour. Manag. 16,
2677-2694. https://doi.org/10.1007/s10531-006-9079-9.

Schleicher, J., Schaafsma, M., Burgess, et al., 2017. Poorer without it? The neglected role
of the natural environment in poverty and wellbeing. Sustain. Dev. https://doi.org/
10.1002/sd.1692.

Schleicher, J., Eklund, J., Barnes, et al., 2020. Statistical matching for conservation
science. Cons. Biology 34 (3), 538-549. https://doi.org/10.1111/cobi.13448.

Schreckenberg, K., Camargo, 1., Withnall, K., 2010. Social Assessment of Conservation
Initiatives: a Review of Rapid Methodologies. Natural Resource Issues No. 22. IIED,
London.

Sen, A., 1999. Development As Freedom. Oxford University Press, Oxford.

Silverman, D., 2011. Theory and method in qualitative research. Interpreting Qualitative
Data (4th Edition). Sage publications, London, pp. 64-65 pg.

Sterling, E.J., Filardi, C., Toomey, A., Sigouin, et al., 2017. Sustainability indicators
across scales. Nat. Ecol. Evol. 1 https://doi.org/10.1038/541559-017-0349-6.

Sunderlin, W.D., Belcher, B., Santoso, et al., 2005. Livelihoods, forests, and conservation
in developing countries: an overview. World Dev. 33, 1383-1402. https://doi.org/
10.1016/j.worlddev.2004.10.004.

Tanzania National Bureau of Statistics, 2012. 2012 Census Data. Available: 870. htt
p://www.nbs.go.tz/.

Trochim, W.M.K., 2006. Types of reliability. Research methods knowledge base. Web
Center for Social Research Methods http://www. socialresearchmethods. net/kb/
reltypes. php.

UNDP (United Nations Development Programme), 2015. United Nations Sustainable
Development Goals — 17 Goals to Transform Our World (accessed 10/09/2019.
http://www.undp.org/content/undp/en/home/sustainable-development-goals/goal
-3-good-health-and-wellbeing.html.

UNDP (United Nations Development Programme), 2017. Human Development Report
2016: Human Development for Everyone. United Nations Development Programme.

Venables, W.N., Ripley, B.D., 2002. Modern Applied Statistics with S, 4th ed. Springe,
New York.

Walker, B., Gunderson, L., Kinzig, A., et al., 2006. A handful of heuristics and some
propositions for understanding resilience in social-ecological systems. Ecol. Soc. 11.

Whittingham, M.J., Stephens, P.A., Bradbury, R.B., Freckleton, R.P., 2006. Why do we
still use stepwise modelling in ecology and behaviour? J. Anim. Ecol. 75,
1182-1189. https://doi.org/10.1111/j.1365-2656.2006.01141.x.

Wood, B.T., Stringer, L.C., Dougill, A.J., et al., 2018. Socially just triple-wins? A
framework for evaluating the social justice implications of climate compatible
development. Sustainability 10. https://doi.org/10.3390/su10010211.

Woodhouse, E., McCabe, J.T., 2018. Well-being and conservation: diversity and change
in visions of a good life among the maasai of northern Tanzania. Ecol. Soc. 23
https://doi.org/10.5751/ES-09986-230143.

Woodhouse, E., Homewood, K.M., Beauchamp, E., et al., 2015. Guiding Principles for
Evaluating the Impacts of Conservation Interventions on Human Well-being.

Yue, A., 2012. Validity, Encyclopedia of Case Study Research. SAGE Publications, Inc.
https://doi.org/10.4135/9781412957397.

Zuur, A.F., leno, E.N., Elphick, C.S., 2010. A protocol for data exploration to avoid
common statistical problems. Methods Ecol. Evol. 1, 3-14. https://doi.org/10.1111/
j.2041-210X.2009.00001.x.


https://doi.org/10.1146/annurev-environ-052610-092905
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0050
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0050
https://doi.org/10.1007/s00265-010-1029-6
https://doi.org/10.1007/s00265-010-1029-6
https://doi.org/10.5751/ES-09746-220427
https://doi.org/10.1007/s11205-008-9310-z
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0070
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0070
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0075
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0075
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0075
https://cran.r-project.org/web/packages/pwr/vignettes/pwr-vignette.html
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0085
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0085
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0090
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0090
https://doi.org/10.1111/conl.12397
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0100
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0100
https://doi.org/10.16242/j.cnki.umst.2014.04.005
https://doi.org/10.16242/j.cnki.umst.2014.04.005
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0110
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0110
https://doi.org/10.13140/RG.2.2.17664.28165
https://doi.org/10.1111/conl.12223
https://doi.org/10.1111/conl.12223
http://www.livelihoods.org/
https://doi.org/10.1111/j.1600-0587.2012.07348.x
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0135
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0135
https://doi.org/10.1579/0044-7447-31.5.437
https://doi.org/10.1579/0044-7447-31.5.437
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0145
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0145
https://doi.org/10.1017/S003060531500112X
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0155
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0155
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0160
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0165
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0165
https://doi.org/10.5751/ES-09422-220245
https://doi.org/10.1016/j.envsci.2015.11.009
https://doi.org/10.1016/j.envsci.2015.11.009
https://doi.org/10.1016/j.envsci.2018.02.003
https://doi.org/10.1007/s
https://doi.org/10.1007/s10888-011-9178-z
https://doi.org/10.1007/s10888-011-9178-z
https://doi.org/10.1016/j.geoforum.2013.02.006
https://doi.org/10.1016/j.geoforum.2013.02.006
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0200
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0200
https://doi.org/10.1016/0305-750X(91)90088-Y
https://doi.org/10.1007/978-3-319-58394-5
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0215
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0215
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0220
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0220
https://doi.org/10.1016/j.worlddev.2019.104647
https://doi.org/10.1016/j.worlddev.2019.104647
https://doi.org/10.1111/j.1461-0248.2009.01361.x
https://doi.org/10.1111/j.1461-0248.2009.01361.x
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0235
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0235
https://doi.org/10.1016/j.gloenvcha.2016.12.001
http://www.sagcot.com/uploads/media/Invest-Blueprint-SAGCOT_High_res.pdf
http://www.sagcot.com/uploads/media/Invest-Blueprint-SAGCOT_High_res.pdf
https://doi.org/10.1007/s10531-006-9079-9
https://doi.org/10.1002/sd.1692
https://doi.org/10.1002/sd.1692
https://doi.org/10.1111/cobi.13448
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0270
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0270
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0270
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0275
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0280
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0280
https://doi.org/10.1038/s41559-017-0349-6
https://doi.org/10.1016/j.worlddev.2004.10.004
https://doi.org/10.1016/j.worlddev.2004.10.004
http://www.nbs.go.tz/
http://www.nbs.go.tz/
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0300
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0300
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0300
http://www.undp.org/content/undp/en/home/sustainable-development-goals/goal-3-good-health-and-wellbeing.html
http://www.undp.org/content/undp/en/home/sustainable-development-goals/goal-3-good-health-and-wellbeing.html
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0310
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0310
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0315
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0315
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0320
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0320
https://doi.org/10.1111/j.1365-2656.2006.01141.x
https://doi.org/10.3390/su10010211
https://doi.org/10.5751/ES-09986-230143
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0340
http://refhub.elsevier.com/S1462-9011(20)30112-X/sbref0340
https://doi.org/10.4135/9781412957397
https://doi.org/10.1111/j.2041-210X.2009.00001.x
https://doi.org/10.1111/j.2041-210X.2009.00001.x

	Measuring human wellbeing: A protocol for selecting local indicators
	1 Introduction
	2 Materials and methods
	2.1 Generalised overview of WISP
	2.2 Study region
	2.3 Analysis

	3 Results
	3.1 Complexity-simplicity
	3.2 Integrating perspectives
	3.3 Practical utility

	4 Discussion
	4.1 Complexity-simplicity
	4.2 Integrating perspectives
	4.3 Practical utility

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


