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Abstract
Jane Jacobs (1961) theorized that four urban form conditions, namely, mixed use, short block, aged
buildings and density, are indispensable for the ‘exuberant diversity’ and conducive to, or perhaps
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even determinant of, the success of a city district. Jacobs’ theory has been used widely as a reference
point in case study research and policy and design prescriptions. We found five studies that at-
tempted to test it more formally, using various performance indicators such as mobile phone
activities, walking, crime and mortality. Their findings were inconsistent and unable to settle
theoretical controversies. Questions remained as what performance indicators are most strongly
associated with her urban form conditions? Are these conditions independently associated with
desired outcomes or in combination and what are the interaction effects? Our study aimed to test
Jacobs’ theory that urban form conditions contribute to the vitality and success of city districts.
Jacobs’ urban form conditions were measured using GIS data for each of Hong Kong’s Tertiary
Planning Unit. Performance outcomes were gauged using a combination of ‘new urban data’,
comprising Twitter activities, sentiment tones and Point-Of-Interest (POI), and ‘traditional data’,
comprising walking commute, employment and mortality. Urban context, income and demographic
indicators were used as controls in fitting spatial regression models to predict measures of
performances based on urban conditions. Results showed that Jacobs’ urban form conditions
contribute positively to ‘vitality’ indicators such as the density of tweets, walking trips and POI, but
not with ‘“failure and success’ indicators such as expressed sentiment on Twitter, employment, or
mortality. Out findings suggest that her theory largely hold for Hong Kong, except that dwelling
density should be substituted by building density, whilst tall buildings associated positively with
desirable outcomes, contrary to Jacobs’ observation in the American context. More generally, we
demonstrate how new urban data can be used to evaluate classic planning theories at scale.
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Introduction

The ‘Death and Life of Great American Cities’ (Jacobs, 1961) provided a landmark urban planning
theory with abiding influences. Jacobs’ key message was that certain urban form conditions, notably
mixed use, short block, aged buildings and dwelling density, are conducive to the success of a city
district by realizing ‘its best potentials’, producing ‘exuberant diversity” and giving ‘best chances to
city life’ (ibid, p.150-151). Whilst many refer to Jacobs’ insights as ‘theory’, their original for-
mulation is clearly more accurately described as powerfully narrated observation than a system of
well-tested hypotheses. But her observations have become established wisdom and working
doctrine for two generations of urban designers and planners, from the new urbanist’ disregard for
low density, car-dependent suburbs (Katz, 1993) to Montgomery’s narratives (2013) that densely
populated cities with a mixture of land use, housing types incentivize walking, social interactions
and happiness. Since many would claim that Jacobs’ doctrine have been tested in numerous design
and planning schemes, we can perhaps accept them also as theory, on the assumption that the case
study (a design scheme) can be a powerful research design for falsifying hypotheses (Flyvbjerg,
2006). We also note with caution, however, that it is hard to imagine how any failed urban design
scheme could be used to falsify Jane Jacobs’ theory in any meaningful way. In this sense, it is
probably more correct to view it as doctrine or what Anglo-Austrian philosopher of science Karl
Popper called a ‘pseudo-science’ theory (Webster, 2015).

However, there remains dissenting voices that demand more evidence in support of her assertions
(Hill, 1988; Marshall, 2012). Louis Mumford and Herbert Gans criticised her work as ‘anecdotal’
and ‘lack of rigor’ (Harris, 2011, p.85). Contemporary urban economist Edward Glaeser argued that
Jacobs’ idea of preserving aged buildings in order to maintain neighbourhood affordability ‘is not
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how supply and demand work’ (Glaeser, 2010). He further contested her view of tall buildings,
which he notes, ‘gave factory owners and workers space that was both more humane and more
efficient’ (Glaeser, 2011). Some note that contemporary cities have very different demographic and
economic conditions than in Jacobs’ time (Kotkin, 2000). Recently, Trenkner (2011) raised the
question, heretical for some, of whether it is time to ‘retire’ Jane Jacobs’ vision of the city.

Empirical testing of Jacobs’ theory remained thin in research literature. A survey of academic
papers returned five studies in this category (De Nadai et al., 2016a; Fowler, 1987; Schmidt, 1977;
Sung et al., 2015; Weicher, 1973). The results, two supporting versus three disproving to some
degree, were insufficient to settle the theoretical controversies, not to mention these five studies
varied in the choice of performance indicators, statistical rigour and geographical locations.
Questions remained as to whether Jacobs’ key message hold under a comprehensive research
framework? What performance outcomes are most strongly associated with her urban form
conditions? Are these conditions independently associated with desired outcomes or in interaction
with confounders?

The aim of the study was to test the hypothesis that Jacobs’ urban conditions are conducive to
urban vitality. We translated Jacobs’ observational-doctrine into the following generalised empirical
model in Formula (1), based on a version first developed by Weicher (1973) and subsequently
adapted by others.

P:f(MnBaAaDaHo Ca @) (1)

P = performance of a city district, including ‘vitality’ or ‘failure and success’. The former was
measured using social media activities, sentiment and point-of-interests, commuting mode
choice, whereas the latter using employment, income, mortality and deprivation indices.

M = Land use mixture, measured by an entropy formula

B = Block configuration, such as block size or road junction density 4 = Aged building

D = Density (people, buildings, jobs, etc.,)

H = Building height

C = Confounding variables that should have an independent association with or effect on P and
should be controlled for in an empirical test.

e = An error term capturing unmodelled influences on P

Relevant works

Empirical literature testing Jacobs’ theory remained thin. Recent developments in data analytics
supports the revisiting of Jacobs. Her performance outcomes have been captured by evidence from
‘new urban data’, such as social media and mobile phone, whilst her inputs have been oper-
ationalized by a recent wave of literature measuring urban morphology and performance, with or
without referencing her work.

Testing Jane Jacobs’ theory

A survey of academic publications yielded five studies in this category, a scarcity compared with the
bulk of literature citing Jacobs more broadly. Most researchers accepted her premise as a given
without critical scrutiny. Three out of the five studies refuted Jacobs to some degree; two supported
her partially. Weicher (1973) measured the ‘failure and success’ of neighbourhoods in Chicago,
USA using death, delinquency, mental health records and overall diversity. He rejected Jacobs’ idea
after failing to find supporting evidence, suggesting that it may be ‘only applicable to Eastern cities
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of higher density’. A follow up study conducted by Schmidt (1977) in Denver, USA, using similar
outcomes indicators with the Weicher study except for substituting mortality with disease and crime,
provided little supporting evidence for Jacobs. Fowler (1987) studied neighbourhood ‘failure and
success’ in Toronto, Canada, using crime incidence obtained from police and self-reported
friendship and safety as outcome indicators. His findings were mixed, and the study lent no
support for Jacobs. More supportive evidence came from two recent papers: Sung et al. (2015) used
walking activities in Seoul, South Korea as the outcome indicator. They found walking behaviours
to be positively associated with short block, aged building and job density, but not with mixed use
nor dwelling density. De Nadai et al., (2016a) studied mobile phone activities and urban form
conditions in Bologna, Florence, Milan, Palermo, Rome and Turin in Italy. They reported that
mobile phone activities are positively associated with short block, work density and (the lack of)
border vacuum of highways; but not to mixed use nor aged building, nor dwelling density. They
partially supported Jacobs whilst acknowledging that super-blocks rarely exist in European cities,
where aged buildings are ubiquitous. The five studies above contradicted with each other in
findings. They are also inconsistent in technical terms, from the choice of performance indicators to
the use of controls, to say nothing of the differences in sample size, unit of analysis and study
locations (Supplemental Table S1). These inconsistencies beg the question whether their incon-
clusiveness in findings is due to the varying robustness of research design, or Jacobs’ theory in
explaining evidence across geographical regions.

Measuring the outcomes

Jacobs (1961) used a variety of constructs to describe the performances of a city district, which can
be categorized as ‘vitality’ or ‘failure and success’. The former category is often viewed as a
collective outcome of a place. In its simplest measurable form, ‘vitality’ reduces to pedestrian
density or walking, and it has been extensively captured by transport and travel behaviour studies
(Ewing and Cervero, 2010) often without referencing Jacobs. Walking has also been studied in
another sub-field that has recently flourished in the domain of public health, active travel and urban
greenness. For example a study linked street greenery and lower density with recreational physical
activities in Hong Kong (Lu, 2019). An alternative conceptualisation is to consider ‘vitality’ a
complex multi-factor outcome influenced by economic, social and diversity, which can be best
captured by ‘new urban data’, a consortium of data collected from mobile devices, social media
platforms and online information. For example researchers measured urban vitality using the
density of POI (Kang et al., 2020) or small catering business (Ye et al., 2018), a sub-category of the
POI dataset which depend on and attract pedestrian foot traffic. Others used the density of Twitter or
Instagram activities (Huang et al., 2021, 2022) as proxies for vitality.

The latter category consists of the ‘failure and success’ of a city district, alternatively referred to
as ‘crime’, ‘death’, ‘deprivation’ and ‘happiness’ in Jacobs’ descriptions. They are of the same order
as, and independent from ‘vitality’. ‘Crime’ was often measured using crime incident statistics
(Traunmueller et al., 2014). By ‘death’ Jacobs probably meant ‘deprivation’, the negative outcomes
of a city district, which has been captured by social studies as part of a long tradition dating back to
19™ century social-spatial surveys (Booth, 1895). Although ‘death’ was occasionally interpreted
literally as the death of residents, such as in Weicher’s study (1973) using neighbourhood mortality
data. We come back to this at the ‘methods’ section of the paper, when we select our own indicators
on ‘failure and success’. ‘Happiness’ is often captured by survey instruments, and recently, by
sentiment tones expressed in social media messages. For instance strong sentiments, happy or sad,
have been found near parks, transport hubs and polluted areas in New York based on geo-coded
Twitter analysis (Bertrand et al., 2013). Another approach to crowd-sourcing sentiment data is user-
generated votes collected online. With this method, quantity of greenery has been shown to be
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positively associated with pleasant perceptions, whilst wide streets, fortress-like buildings and
public housing tend to be associated with the opposite (Quercia et al., 2014).

Measuring the inputs

The four Jacobs’ conditions considered essential for urban vitality, namely land use mixture, short
blocks, density and aged buildings, have been captured by a recent wave of studies on urban
morphology and performances, thanks to the advancement of urban spatial data analytics. Land use
mixture are often measured using entropy, a mathematical measure of the degree of disorder of a
system. A two-dimensional land use mixture was computed by Bouyer et al. (2011), whilst its three-
dimensional equivalence was proposed by Yue et al. (2017) using categorical POI data in dense
cities where housing on top of shops are common. Interestingly, land use diversity was regarded as
both an outcome and an input, based on the belief that the diversity of urban functions is a measure
of vitality on its own. Examples can be found in a recent paper (Xia et al., 2020). Land use diversity
and block size, often measured using the density of street intersections, were found to associate
positively with walking and cycling. Block size, measured using GIS polygon database by Long and
Haung (2017), was found to have associated negatively with urban economic vitality. Similar
observations were made in transport literature, in which block size was often measured using the
density of street intersections, and small block was found to correlate positively with behaviours
such as walking and cycling (Ewing and Cervero 2010). Density was measured as the concentration
of people, jobs or buildings, and it is one of the most studied input variables in literature. A higher
density was found to associate positively with social interactions and economic activities (Ye et al.,
2018). Aged buildings, which have been empirically linked to increased social interactions and
housing affordability (Montgomery, 2013), can be efficiently analysed at scale using municipal
property databases.

Jacobs also referred to ‘tall building” and ‘border vacuum’ as negative urban conditions. The
former was associated with crime, hindered child development, restrained social relations, poor
physical and mental health (Newman, 1975; Oda et al., 1989) , although more recent evidence tend
to suggest otherwise (Yeung and Wong, 2003). ‘Border vacuums’, meaning the hard edges of a city
district such as railroads, highways or dead-end alleys, was regarded as barriers of pedestrian
movement and sources of neighbourhood plight by Jacobs (1961). Yet ‘border vacuum’ was less
studied compared with others, possibly because there is less of it in sleek, post-industrial metropolis
compared with those in Jacobs’ time.

Research gap

We note that so far, there have been no studies using social media, POI or related geospatial data
analysis, to evaluate Jacobs. There is a need for a research design derived systematically from
Jacobs’ theory which brings together ‘new data’, geospatial data analysis, and adding to the five
earlier studies. Such a study allows one to test the strength of association between a range of
Jacobian performance outcomes and urban form conditions, and to evaluate whether such asso-
ciation is independent or in interaction with social-demographic confounders.

Methods

We developed an empirical research design in accordance with Jacobs’ theory and key constructs
(Supplemental Figure S1). Urban form conditions, performance indicators and confounding var-
iables were computed using a combination of geo-coded social media data, building environment
data and census data. Hypothesis-testing was conducting using statistical models.
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Location

The study is in Hong Kong (HK), a city of 7.29 million with a range of urban form conditions,
including the compact historical core, large housing estates in new towns, and ‘rural’ village houses.
HK has a density spectrum close to Jane Jacobs’ observation on the compact North American cities
of the 1950’s (Supplemental Figure S2). The city keeps a comprehensive database on its population
and the built environment at the level of the Tertiary Planning Unit (TPU), equivalent to the census
tract. It ranks high globally on social media penetration, internet connection speed and smart phone
usage (Go-Globe, 2015), making it an ideal location for both ‘new data’ and ‘old data’ studies. We
also note that Jacobs’ ideas have been influential in HK’s urban planners’ circle (Ng, 2000).

Urban form conditions

We developed a total of five urban form indicators in accordance with Jacobs’ theory. The first four
responded directly to Jacobs’ remark ‘... by deliberately inducing these four conditions, planning
can induce city vitality ...” (1961, p.14). We added tall building as the fifth, due to Jacobs’ apparent
dislike of it and its abundance in HK and increasingly elsewhere. Each was operationalized in
reference to literature and computed using various data sources.

® Mixed Use was computed for both Land Use Mix (M) and Housing Mix (M}), in accordance
with Jacobs’ doctrine that ‘the district ... must serve more than one primary function’ (1961,
p. 152). The former was computed using an entropy index based on primary land use
categories extracted from government digital maps (HKLD, 2016). M; for each TPU can be
expressed in Formula Equation (2) below

B PyxIn Py
M, = Zj oy for all @

where Pj; is the area of land use category 7 as a proportion of the TPU area j; n is the number of land
use categories (n=7i.e., residential, commercial, institutional, industrial, open space, village and
other). Similarly, Housing Mixture (M}) can computed using the same formula, substituting land
use categories with housing types (private, public, public ownership schemes, etc.).

* Short Block: The density of street intersections (B ) for each TPU was used as a proxy for
the average block size, in reference to literature (De Nadai et al., 2016a; Sung et al., 2015).
B was calculated using the total number of street intersections divided by the area of the
TPU.

¢ Aged Building was measured using the Mean Building Age ( bidg.- age) and the Standard
Deviation of Building Age (Aiﬁfg age) 10 reference to Jacobs that ‘the district must mingle
buildings that vary in age and condition, including a good proportion of old ones’. (1961,
p.187). Information on building age were acquired from government sources (HKHS, 2016).

® Density was measured in accordance with Jacobs’ description of ‘a sufficiently dense
concentration of people’ (1961, p.200). Three indicators were computed: 1) dwelling density
(Xwell) | calculated using the people count obtained from the 2016 Census (HKDCS, 2016)
divided by area of TPU (2) work density (X}°%) calculated using the same census data and
(3) building density (D den ) estimated by dividing the building count obtained from the HKLD
database (2016) with the TPU area.

¢ Tall Building was blamed for casting ‘shadows and misfortune of Rittenhouse Square in
Philadelphia’ (Jacobs, 1961, p.105), ‘handicapped in supervision of children’ (ibid, p.397)
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and likened to ‘corridors in a bad dream’ (ibid, 1961, p.399). The mean building height
(Hpjge"y) in a TPU was calculated from official GIS database (HKLD, 2016).

Performance indicators

We developed seven indicators to measure the performance of a city district, ranked by the times of
mentions by Jacobs or in subsequent literature. The first three (Tweet Density, POI Density, Walking
Commute) aimed to capture ‘vitality’, which was mentioned 31 times in Jacobs’ texts (1961) and
subject to numerous follow-up studies, whilst indicator 4-7 (Tweet Sentiment, Employment Ratio,
Mortality and Premature Mortality) were meant to capture ‘failure or success’.

Tweet Density is an indicator for activities and social interactions. Strictly, it captures the
effect of the sub-population group who have an active Twitter account. But since having a
Twitter account is itself a measure of social interaction and vitality, it is reasonable to take this
as a vitality measure, accepting that fewer Twitter users and lower Tweet rates are both
indicators of lower vitality. We calculated Tweet Density by accounting all geo-coded Tweets
by a TPU and divided by its footprint area. The Twitter database was acquired via data-mining
using the Twitter API streaming, a technical tool allowing exhaustive recording of tweets for a
defined geographical (Twitter Inc., 2016). The original dataset has been extensive cleaned;
repetitive posts were removed; the top 1% of high frequency user IDs were manually re-
viewed to remove fake accounts or commercial advertisement.

POI Density is another accepted measure for urban activities. A POl is a point feature tagged
by category, such as a restaurant, grocery store or other amenities which depend on and attract
pedestrian activities. We computed POI Density by aggregating geo-coded POIs by TPU,
normalized by the unit area. The POI datasets were retrieved from OpenStreetMap (2016), a
digital platform enriched by millions of contributors.

Walking Commute was used as a third indicator for vitality, in reference to the ‘sidewalk
ballet’ in Jacobs’ text (1961, p.50) and follow up studies. Walking commute was calculated by
counting the percentage of people reportedly walking to work, the input data were acquired
from the official travel mode survey (HKDCS, 2016).

Tweet Sentiment captures the sentiment tones at the city district level. ‘Happiness’, together
with ‘happy’ and ‘sentiment’ appeared 16 times collectively in Jacobs’ text (1961). We
counted geo-coded tweets with positive (happy) sentiment tones as a percentage of the total in
each TPU. To control the influences of small samples, TPUs with too few tweets (N < 10)
were excluded from analysis. Sentiment analysis was conducted using the Linguistic Inquiry
and Word Count (LIWC) (Kahn et al., 2007) and Emoticon detection (Hogenboom et al.,
2013) and results were cross-checked by human reviewers.

Employment Ratio was used to capture ‘delinquency’, a term mentioned 11 times by Jacobs
(1961) and it has been measured quantitatively in literature (Chau et al., 2014). Employment
ratio measures the ratio of population over 18 participating in the labour force, both as
employed or self-employed according to census data (HKDCS, 2016). This measures Jacobs’
interpretation of Alfred Marshall’s (1890) producer agglomeration economies: higher density
lowers the cost to workers of finding jobs and lowers the cost to employer in finding workers.
It can also relate to the economic vitality in the first category.

Mortality and Premature Mortality measure the death rates of the population and its sub-
groups, in reference to Weicher’s work (1973). ‘Death’ was mentioned 4 times Jacobs (1961),
although more in a rhetorical sense, meaning ‘deprivation’. The death count was acquired
from the municipal vital statistics (HKDH, 2019), aggregated for each TPU by address
information, divided by the number of residents in the TPU, and normalized for every 1000
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people. Premature deaths, defined locally as deaths before 75 years of age, were computed
using the same method.

Statistical analysis and confounders

We deployed a cross-sectional research design, using regression models to determine the asso-
ciations between the outcomes and inputs. To account for the spatial dependencies of the dependent
variables, the Spatial Lag Model (SLM) was used. The X and Y coordinates of each TPU were
extrapolated from the longitudinal and latitudinal coordinates of the centre point of its polygon.
Confounding influences from access to destinations (e.g., transit, schools, parks or waterfront),
demographic and socio-economic factors were modelled to test the independent contributions from
Jacobs’ specific urban conditions. The dependant variable P, representing either the ‘vitality’ and
“failure and success’ indicators, can be expressed in Formula (3) below

P= pr +ﬁ0 +ﬂlM +ﬁ2Mh +ﬁSBZIZn +ﬂ4AZ;Zyiage +IBSAZtIi";g,age +IBGD52;H + IB7D:;:r:k
bld, mean slope is is is is ser
+ ﬂSDdeng + ﬁ9Hbldg_h +ﬁ10C o +ﬁllczttr +ﬁ12cjch +ﬁ13 Cd +ﬁ14c‘i +ﬁ15C/'ob (3)

topo park
nd .
+ B16Cioy + B17C254 + B1sC%s + B1oCruaie + 1
where p is the spatial regression coefficient; W is the spatial lag operator; M;, My, B | Abjag: age>

. ” hld " . . sl .
A g DI, Dyor, Dy are the urban conditions specified previously; Cy,,’ is the topo-
- ,

graphical slope; Cos, C35, Cas | C45 are the distances to the nearest transit station, school, park and
waterfront, calculated using the Euclidean distance to the nearest facilities from the closest point in
the TPU (if the feature was contained in the TPU, then the distance is zero); Ci7; is the percentage of
service jobs, such as management, finance and professionals; CJ’Z[‘,” is the percentage of industrial
jobs, including manufacturing, transportation and construction; C%%,, C2%c and C%7  are the
percentages of population that are under 24, above 65 or male; S, — f,9 are the regression co-
efficients; u is the unmodelled error term.

We checked the data distribution of each variable used in the regression against a normal
distribution curve. Multicollinearity was checked and the Pearson’s correlation values among all
variables were below 0.8, a threshold considered as high degrees of collinearity. Regression models

were fitted using STATA MP/16.1 software package.

Results and discussion

Data characteristics

We obtained 236621 tweets in HK between May 1 and October 31, 2016, each consisted of the text,
time stamp and basic account profiles. 86,706 contained GPS coordinates and can be geo-coded
with one of the 209 TPUs (Supplemental Figure S3). Meanwhile, we acquired 8972 POIs from
OSM, divided into commercial services such as retails and restaurants (39.5%), public amenities
such as playground, swimming pool (46.3%) and public services (7.8%). Supplemental Table S2,
S3 and S4 summarized the mean, range and distribution of performance indicators, urban form
conditions and confounders, respectively.

We found significant spatial dependencies in OLS regression models. The Moran’s I, an indicator
for spatial dependencies, was 3.457 (p =.001) for the Tweet Density Model, 3.250 (p =.001) for the
Walking Commute Model, and 7.326 (p = .007) for Premature mortality model, all above the
threshold value of 2.0, suggesting that OLS is no longer suitable. A further test of spatial correlations
among the residuals using Lagrange multiplier sores suggested that the Spatial Lag Model (SLM)
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scored higher compared with the Spatial Error Model in most cases. The above results justified the
choice of the former over the latter. The spatial diagnostics were performed using STATA MP/16.1
software package, details are included in Supplemental Table S8.

Testing of Jane Jacobs’ theory

Overall, we found strong associations between urban conditions and “vitality’, support of Jacobs’
theory. The same associations cannot be observed between urban conditions and ‘failure and
success’ indicators. Table 1 presents the results for eight SLM regression models, three for “vitality’
and four for ‘success and failure’. The three vitality models have high R-squared values between
0.74 and 0.82, suggesting Jacobs’ urban conditions plus the confounders can explain the variance of
Tweet Density, POI Density and Walking Commute reasonably well. In comparison, we found no
association between urban conditions and Tweet Sentiment nor Mortality. The Employment Ratio
was an exception, which associated negatively with Aged Building and Housing Mix with controls,
contrary to what Jacobs had theorized. The associations between Jacobs’ urban conditions and
performance indicators were summarized below, ranked by the consistency of signs and statistical
significance level of the parameter estimates.

¢ Our finding is a strong support for Jacobs’ assertion that short block is conducive to vitality.
Bt associated positively with Tweet Density (p < .001), POI Density (p<0.001), and
Employment Ratio (p <.01). Supplemental Figure S4 shows a scatter plot of B and Tweet
Density in logarithmic scale. Our finding is consistent with evidence from the six-Italian-city
study (De Nadai et al., 2016a). Our short block variable (road intersection density) is
capturing a population density effect, so that the dwelling density variable is insignificant with
intersection density in the model. This is important for our result since it implies that ‘short
block’ offers more explanation of tweet vitality than dwelling density alone. It is capturing
population density and more. We hypothesise that ‘the more’ may be unmeasurable street-
level vitality encouraged by short blocks. We also note that the relationship between short
blocks and Tweet Density controls for two significant confounders: building height and
building density. This is more evidence that street layout is independent of population density,
which is captured by the two controls. Short blocks are also predictive of POI density, and this
is also holding building density constant (with highly statistical significance). We regard this
as strong support for Jacobs, in that for a given building density, POI-vitality increases with
road intersection density.

e Density associated positively with vitality, in line with Jacobs’ observations. We found that
building density, instead of the dwelling density that Jacobs pointed to, associated positively
with Tweet Density (p <.05), POI Density (p <.001), and Walking Commute (p <.001) with
controls. No performance indicators, other than the Employment Ratio, associated with Work
Density. Replacing the dwelling and work density with a combined indicator, the Ambient
Population Density, yielded consistent results. Our findings differ from De Nadai et al.,
2016a; Sung et al., 2015, which suggest that work density contributes positively to vitality. It
is likely that our building density variable captured the effect from population or work
density, so that the latter two becomes insignificant with vitality in the model. Also, work
density may not feature in HK’’s vitality because a sizeable proportion of HK residents live in
new towns and planned housing estates and non-service jobs tend to be highly concentrated in
CBDs and industrial centres such as logistics and port hubs.

* Aged building associated positively with POl and walking vitality, not tweet vitality. 42" .
associated positively with POI Density (p < 0.01) and Walking Commute (p < 0.05). The first
of these is probably due to the location of shops and restaurants on the ground floor of older
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residential buildings in HK, where access to customers and rents are favourable. This indeed
is capturing a Jacobs effect. The association we found between aged buildings and, re-
spectively, median household income, employment ratio and walking commute aligned with
Jacobs’ observation that aged buildings contribute to housing affordability. HK’s older
neighbourhoods tend to have POI-vitality because of liberal laws for co-locating people and
local commercial uses. The high densities of people and buildings creating a Jacobs-style
vibrant neighbourhood. The lack of significance of building age in the Italian study cited (De
Nadai et al., 2016a), was said to be due to the prevalence of old buildings in Italian cities. HK
offers a better test in this sense, and we corroborate the role played by older neighbourhoods
in providing lower rent premises for the kind of people-facing businesses that make for urban
vibrancy.

* We found mixed evidence on mixed use in association with ‘vitality’. M; associated positively
with Tweet Density (p <.01) and Walking Commute (p < .05), but not with POI Density. The
tweet and walking vitality results are interesting since they control for building density, tall
buildings and short block morphology. This suggests that M; might be an independent in-
fluence on twitter vitality and walking. Perhaps tweeting density and pedestrian activities are
partially a function of stimulus: people tweet about something they experience, and mixed use
provides a denser and more heterogeneous set of potential experiences. A previous study
conducted by Sung et al. (2015) also found no statistically significant associations between M
and walking activities; neither was the association significant between M; and mobile phone
activities, according to De Nadai et al., (2016a). A plausible reason is perhaps A/ is no longer
a reliable estimate of the diversity of city functions, given the vertical mixture of functions is
common in dense cities. We found no statistically significant association between Housing
Mix (M) and vitality indicators, except that M, is negatively associated with Employment
Ratio (p < .001), suggesting that lower employment can explain the presence of public
housing.

¢ Tall building was found to have played a positive role in city vitality, contrary to Jacobs’
observation. The mean building height associated positively with Tweet Density (p < .05),
and Walking Commute (p < .01) with controls. It also associated positively with POI Density
and Tweet Sentiment, although not at a statistically significant level. The finding echoes with
previous housing research literature from HK (Yeung and Wong, 2003) and Singapore (Yuen
et al., 2006), which credit high-rise public housing programmes as a success in both cities,
with the majority of residents living in high-rise housing apartments being satisfied. There are
certainly few if any ‘corridors in a bad dream’ nor living spaces ‘handicapped in supervision
of children’ of Jane Jacobs’ time. Rather, our evidence in HK asserts that high-rise housing, if
properly designed and managed, can offer a viable solution to house the population.

Discussion

We place findings from this study in the context of the existing literature in Table 2, which reveal that
Jacobs’ urban conditions are linked to ‘vitality’ indicators, but not to “failure and success” ones. We
found consistent support for Jacobs’ theory in explaining city vitality measured in Twitter Activities,
POI density (this study), mobile phone activities (De Nadai et al., 2016a), walking behaviour (Sung
et al., 2015 and this study). However, there are no evidence of extending Jacobs’ observations to
explain “Failure and Success’ of city districts measured in Mortality, Crime or Employment. Neither
this study nor Weicher (1973) found statistically significant associations between Jacobs’ urban
conditions and death rate; neither Fowler (1987) nor Schmidt (1977) found statistically significant
associations between crime incidents and urban conditions in statistically significant ways, although
aspects of the people dynamics of Jacobs’ theory, i.e. ‘eyes on street’ measured by population
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diversity and the ratio of visitors, have been confirmed to have associated with the probably of crime
hotspots occurring in London (Traunmueller et al., 2014).

The availability of new urban data provides opportunities to evaluate and further develop classic
planning theories. As Table 2 suggests, studies using new data source, i.e., this study and those of De
Nadai et al., 2016a; Sung et al., 2015, are statistically more powerful and more likely to yield
observations in consistency with each other. They are consistent in the sign and statistical sig-
nificance of the regression coefficients for Mixed Use, Short Block, Aged Building and Density,
despite the three studies are from three countries spanning two continents. In comparison, earlier
studies using survey (Fowler, 1987) or reported crime (Schmidt, 1977) arrived at contradictory
conclusions with each other. This inconsistency may have more to do with the choice of per-
formance indicators than geographical differences. The new urban data can dynamically measure a
substantial proportion of the population, equipping contemporary studies with models of higher
statistical power compared with earlier studies. An example is the use of the density of geo-coded
tweets, which is accessible from the public domain. It is a good supplement to data from Point-of-
Interest, travel behaviour or mobile phone activities.

The strength of this study is multi-dimensional measurement of urban performances using
independent data sources. Social media data, for example can be ‘a’ measure of urban vitality not
necessarily the ‘best measure’, since several studies pointed to the underrepresentation of the
elderlies, minorities or the low-income groups by platforms such as Twitter and Foursquare (Anselin
and Williams, 2016). Similarly, the POI data from voluntary contributors can be more developed in
wealthier neighbourhoods, i.e., HK’s urban core, and less so in rural areas (Haklay et al., 2010).
Whilst a single indicator may be flawed, a combination of them is less likely to distort the picture. A
multi-dimensional measurement is a key step towards refined theory and good science.

Inevitably, our study is reductionist in nature, and the mathematical expression cannot capture the
richness of Jacobs’ work in its entirety. The performance indicators developed in this study cannot
exhaustively capture the complex human-city interactions. Rather, they are the closest approxi-
mation to her main constructs in our comprehension. There are others we were unable to include,
given the practical limits of an empirical paper. An example is ‘crime’, mentioned 22 times by
Jacobs (1961). It was not included in our study since crime data at district level were unavailable; its
impact on the results is expected to be small, given the low crime rates in HK.

Findings from this study can help identify factors that are positively or negatively related to
performance outcomes of HK’s city districts. This is timely for the city’s planners, who placed
vitality, diversity and walkability on their priority list, and they should encourage urban form
conditions such as short block, building density, tall and aged buildings. Such findings may not be
automatically extended elsewhere, since Jane Jacobs’ intention was not to provide a one-size-fit-all
formulation, but to call attention to observed issues within specific geographical and temporal
domains.

We postface our study with a cautionary note. The quest behind our paper and the others we cite
is important but contrived. Important because Jacobs’ theories have turned into long-lived doctrine
that still influence the way cities are planned. Contrived, because they are not really theories. They
were observations at a particular time and place.

To make progress in the theory of urban design, it may well be important to do what we have
done in this paper and present simple statistical demonstrations that Jacobs’ four conditions are
indeed positively associated with vitality measured with urban big data. But the vitality measures we
have used are only intermediate measures, and can only be so, because vitality is an unmeasurable
concept. By contrast, the ‘life and death’ measures we used, measure impact in a more direct way. In
that sense, the two types of tests we have applied are not equal. To thoroughly test the impact of
urban design on economic success or failure, or happiness or health requires a different approach —
one involving large number panel studies or natural experiments, with well-specified models and
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accurate data. Sarkar et al. (2017), for example showed that obesity (adiposity) in a sample of over
400,000 British members of the UK Biobank panel, is significantly correlated with dwelling
density, controlling for socio-demographics, prior health conditions and multiple built envi-
ronment features around their homes. The pattern followed an inverted hockey-stick curve, with
odds of obesity falling steadily with density from the average British suburb as you move towards
the city centre. This also tests Jacobs’ idea, but with a finer lens. Living at higher density produces
more vibrancy as people walk more in response to a higher density of walkable destinations. From
an urban designer’s perspective, denser places are more vital; from an individual and population
health perspective, the by-product of street ‘vitality’ is better health. Jacobs may not have guessed
the link with obesity, or with the other wellness outcomes now associated with higher density
living. But now we can measure such fine-grained direct impacts of urban morphology. Just as we
can measure conceptual ideas such as vitality more reliably (same results with repeated measures)
using social media and other urban big data. And so, as expressed by authors cited (De Nadai
etal.,2016a; Fowler, 1987; Schmidt, 1977; Sung et al., 2015; Weicher, 1973), we should move on
from Jacobs and take our performance-related design hypotheses from what has now become a
much more mature scientific field. The teaching of Jane Jacobs’ doctrine should include its
evaluation by our study and the five others we cite, either as an addendum or a footnote to the
original text. Such endeavours can strengthen the scientific rigor of urban design discipline and
fulfil Jacobs’ own wish to ‘test and further develop the theories’ (Jacobs, 1961, p. 22). She should
remain an inspiration, shedding light on the search for new theories based on a mixture of good
science and refined professional judgement.

Conclusion

The study examined Jacobs’ doctrine of whether urban form conditions contribute to “vitality” and
‘failure and success’ of city districts. We measured ‘vitality” using Twitter activity, POI density,
walking activities, and ‘Failure and success’ using tweet sentiment, mortality and employment
ratio. Findings lend support for the most aspects of Jacobs’ theory in HK, six decades after the
publication of the original text. Her four primary conditions were positively related to vitality
measured in social media activities, walking and POI density, except that one needs to substitute
dwelling density for building density. No consistent associations were found between Jacobs’
urban conditions and measures of ‘failure and success’ of city districts, such as mortality,
employment ratio. Contrary to Jacobs’ observation that tall buildings contribute negatively to
urban life, we found them to be positively related to vitality in HK. Whilst Jacobs should remain as
an inspiration, future researchers and practitioner should move forward in search of new theories
that are sensitive to geographical, political, environmental and social contexts. New urban data, as
exemplified in this paper, can serve as a powerful tool for this purpose.
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