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Abstract: The City of Melbourne lacks affordable, quality and sustainable housing choices. Addressing 
these complex needs, professionals are currently performing information discovery, design and planning 
assessments with outdated tools and processes. What would be the impact of integrating disciplinary 
technologies of land surveyors, architects and planners into a 3D virtual place called a Neighbourhood 
Information Model (NIM) to assist their work leading to statutory planning approval? As NIM did not 
exist, qualitative and quantitative approaches were employed by the writer to explore emerging 3D 
sharable tools and processes. Surveys of land surveyors and architects in Victoria were conducted and 
professionals, researchers and software providers were interviewed. Tools explored included: 3D laser 
scanning, photogrammetry, Building Information Models, parametric scripting, 3D city models and 
Electronic Development Approval. Result themes included: tool engagement, efficiency gains, adoption 
drivers and limiting factors. Results show a growing professional engagement with sharable 3D digital 
information tools, especially for central Melbourne apartment developments. Their use was found to 
increase overall workflow efficiency and increase communicative and decision-making power. This 
paper proposes that NIM tools and associated integrated Knowledge Management processes improve 
practice efficiency and efficacy of built outcomes. There remains a need for further research, tool 
development and testing. 
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1. Introduction 

This research looked specifically at apartments in central Melbourne, Australia identifying three problem 
areas: 1) the quantity and affordability of housing; 2) the quality, diversity and sustainability of housing; 
and 3) the complexities of simultaneously addressing city, neighbourhood and building concerns. The 
research aim was to explore how sharable 3D digital information tools and associated processes can 
assist with addressing these issues. The research question was: What are the impacts of emerging 
sharable 3D digital information tools for surveyor-architect-planner workflows in the Melbourne 
apartment sector? The objectives were to explore emerging tools and associated processes in terms of: 
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a) user engagement, b) efficiency gains, c) adoption drivers, and d) limiting factors. Following these 
studies, ideal tools and processes are recommended for further research, tool development and testing.  

This research focuses on land surveying, architectural design and statutory planning from project 
inception until planning permit determination. Surveying tools explored included: 3D laser scanning and 
photogrammetry. Architectural tools included: Building Information Models (BIM) and parametric 
scripting. Planning tools included: 3D city models and Electronic Development Approval (eDA) systems. 
Two main concepts proposed here that bring these tools and associate processes together are: 
Neighbourhood Information Models (NIM) and Neighbourhood Knowledge Management (NKM). 

Neighbourhood Information Models (NIM) are multi-disciplinary, multi-dimensional, object-oriented, 
database-driven, web-delivered, digital representations of specific functional, built and natural 
environment. ‘Neighbourhood’ extends beyond the subject site as required for planning permit 
determination (multi-site BIM). ‘Information’ is explicit enriched data that can be learned. ‘Model’ refers 
the instructional representations: self-navigable 3D, static 2.5D images, 2D drawings, numeric and text. 
Successful NIM provides information that is comprehensive, accurate, relevant, reliable and usable, thus 
enhancing workflow efficiency. 

Neighbourhood Knowledge Management (NKM) systems effectively administer the collection, 
production and transmission of discovery, design and planning processes within specific, knowable 
socio-spatial contexts. Successful NKM is the accepted embodiment and optimal embedding of 
coordinated professional processes effectively. 

Firstly, Melbourne, like other cities, is rapidly growing which is putting pressure on housing 
availability and affordability. The City of Melbourne needs to double dwelling numbers within 20 years 
(2011 to 2031), i.e. an additional 62,000 dwellings (City in Future 2014). Moreover, Greater Melbourne’s 
home ownership has become unaffordable: average home loan repayments are 32% of average 
household incomes (Plan Melbourne 2013). Furthermore, planning permit assessments take around 4 
months (Victorian planning statistics 2013-2014): double the statutory two month limits. There are also 
inefficiencies in surveyor-architect-planner workflows. These delay costs ultimately get passed on to 
housing consumers. 

Secondly, housing quality, diversity and sustainability are important issues. There is a lack of diversity 
in city dwellings. For example, housing for groups and a dwelling mix to cater for all ages in the 
neighbourhood, etcetera (Plan Melbourne 2013). Resilience issues associated with increasing extreme 
weather events and water, energy, storage and waste costs cannot be ignored. Moreover, the City of 
Melbourne’s study Understanding the Quality of Housing Design (2013) assessed 36% of their 25 built 
case studies of inner city apartments as having poor design outcomes. 

Thirdly, simultaneously addressing city, neighbourhood and building concerns is complex. City 
concerns are many: economic, environmental, social, heritage, functional, infrastructure, mobility, legal, 
and so on. Building concerns are also many: feasibility, timing, circulation, massing, aesthetics, interiors, 
landscaping, sustainability, structure, services, vistas, noise, operational costs, and sale-ability to name a 
few. Built-environment professionals must deal with these concerns within adversarial, disciplinary silos, 
communicating in 2D and written descriptions, while addressing a 3D world and intuitively 
understanding 3D proposals better than 2D. 

Meanwhile, digital tools and associated processes that can assist are expanding in reach and 
sophistication. However, interrelated service providers are not integrating their disciplinary tools in 
order to efficiently and effectively address these problems. 
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Following is a brief review of literature and identification of the research gap addressed. The 
methodology section explains how and why the research was carried out, the results sections 
summarises some of the key findings, and recommendations are discussed in more detail. 

2. Literature review 

The literature reviewed prioritised qualitative human impacts resulting from architectural technology; 
disciplinary technology; integration issues associated with blending Building Information Models (BIM) 
with Geospatial Information Systems (GIS); and Knowledge Management (KM) theory, particularly the 
relationship of information with knowledge. As an area not covered in the literature reviewed, this 
research sought to combine these fields and have particular applicability to current Melbourne 
residential projects. 

In the literature, technology was considered as requiring technical veracity as well as cultural 
palatability if it was to be adopted (Loukissas 2012). Digital tools in the literature reviewed included: 
Virtual globes in particular ethics and benefits of use (Sheppard et al. 2007); and comparisons of 3D 
laser scanning and photogrammetry (Oniga 2011). Survey Information Models were proposed to 
integrate 3D land surveys into architectural models (Houghton et al. 2013); the rising importance of BIM 
(BEDMWG 2010) was evident; 3D city models used for Melbourne statutory planning (Crisafi and Guy 
2013) were examined; and the problems with communication between BIM and GIS software (Randolph 
et al. 2010) raised. Knowledge Management (KM) theory reviewed included: the Socialisation-
Externalisation-Combination-Internalisation cycle where knowledge is produced, converted to 
information, linked to other information, then learned. Decision-making and workflow theory (Zeleny 
2005) was also explored. The value of integrating technologies and KM theory for the whole surveyor-
architect-planner workflow for residential planning approvals in Melbourne is uniquely explored in this 
paper. Information Models (IM) for professional information delivery and Knowledge Management (KM) 
for process execution are described further in the Recommendations section below. 

3. Methodology 

The research methodology was tailored to explore emerging tools and practices across multiple fields. 
As such it was cross-sectional looking at cutting-edge contemporary surveyor-architect-planner practice. 
The research was exploratory to find trends and best practice and to make recommendations for future 
practice. Qualitative techniques were employed to analyse processes and get a sense of user 
perceptions. Quantitative techniques were used to assess user engagement and perceptions of 
efficiency. For future research it would be useful to set up controlled tests to get empirical efficiency 
data. 

The research methods were project examples, interviews and surveys. Project examples established 
current best practice processes and offered a context for interview responses. Two projects examples of 
apartment towers in Melbourne were selected based on interviews and availability of data. The major 
statutory planners in Melbourne currently using 3D city modelling for permit assessments suggested 
architects and projects that best leveraged 3D models. A cross-section of 21 contributors including land 
surveyors, architects, statutory planning officers, researchers, digital tool providers, and property 
developers were interviewed. Interviews were semi-structured and purposeful with interviewees 
selected as field leaders or status-quo indicators for comparison. Interviews provided stakeholder tool 
experiences and perceptions. Surveys were conducted from a total population of 417 registered land 
surveyors and 3660 architects in Victoria. A sample of 31 registered land surveyors responded out of 50 
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randomly invited and 51 architects responded out of 96 randomly invited, with a general response rate 
of 62% and 53% respectively. Using a confidence level of 95%, this equated to a confidence interval of 
16.9 for land surveyors and 13.6 for architects. Surveys highlighted engagement with tools and process 
efficiencies. The results provide a value case for NIM.  

4. Results 

Results suggest Victorian land surveyors all collect 3D data, 61% of architects use 3D digital models for 
the majority of early stage projects, while very few statutory planners use 3D. Total stations collected 
data by 81% of surveyors for a majority of their projects, while only 4% use 3D laser scanners for the 
majority of their projects. Object-oriented (BIM) modelling is used by 38% of architects for most of their 
schematic design and planning approval projects, with 25% using 3D surface modelling. Victorian State 
statutory planners (DELWP) require 3D city models for all planning permit applications. Although best 
practice surveyors, architects and planners use sharable 3D digital tools, sharing 3D information is 
generally infrequent and only one way. Only 5% of architects get 3D surface models and 5% get object-
oriented models from land surveyors. Outside the City of Melbourne, other authorities in Greater 
Melbourne do not accept 3D digital models for statutory planning. However, there are movements 
towards higher 3D tool engagement and 3D information sharing by all stakeholders. 

Tool capacity identified does or could handle most planning concerns. Architects interviewed used 
3D parametric modelling to test built form and internal amenity. 3D models were used by planners to 
assess materials, sunlight to public spaces and vistas to key monuments. 3D simulations tested impacts 
of natural light, ventilation and noise. External amenity, public realm, storage, parking, utilities and 
waste could all productively use 3D. Effectively NIM could address all planning compliance 
requirements, exception for a few specialist fields like physical model wind tunnel tests.  

Overall efficiency was improved with shared 3D digital information for surveyor-architect-planner 
processes. Surveyors laser scan 3D onsite quicker than total stations and collect more data preventing 
multiple site visits. Architects bring 3D point clouds from laser scans directly into their tools and use 
parametric processes to test alternatives rapidly. Shared 3D digital information brings effort forward in 
time for more impactful decisions. 3D is easier to understand than 2D and text, allowing quicker 
feedback. Automation and digital interoperability improve efficiency. Users controlling navigation of 
models in real time is more efficient than requesting views. A 3D collaborative approach speeds up 
performance-based planning and evaluation of alternatives. Web-portals for lodgement, referrals, 
progress tracking, notifications and electronic stamping is more efficient than hardcopies and post. 

From the research it is clear that more work needs to be done to make the tools more relevant, 
usable, accurate, comprehensive, reliable, inclusive, and integrated. The interviews highlighted 
legitimate limitations: personal preference, recruitment, 3D enabled staff availability, training, cultural, 
communication, political, legal, financial, project deadline pressures, computer processing power, 
software functionality, file sizes, internet speeds and other factors that need to be overcome for NIM-
type technology to be widely adopted.  

5. Recommendations 

From the results it is likely that NIM adoption would improve: the quantity and affordability of housing 
by making professional practice more efficient; the quality, diversity and sustainability of housing by 
making practice more effective; and mediating practice complexities by being more integrated. For 
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successful NIM implementation the above limiting factors should be addressed. The Cooperative 
Research Centre for Construction Innovation suggests that technology advancement requires: “digital 
communication”, a “single platform” and “trust” (BEDMWG 2010). 3D digital information must be 
shared both ways between land surveyors and architects, architects and planners, through a single 3D 
information model that integrates workflow partners’ inputs and outputs - NIM. It is important for 
people to trust in the abilities and progressive improvement of professionals and technology overtime.  

5.1. Recommendation 1: trust in professional and technological advancement 

Trust entails getting over legal and risk related fears that people might steal Intellectual Property (IP), 
invade privacy or sue over errors. As Information Models become more sophisticated, legal rights, 
responsibilities and restrictions become easier to define. People’s ability to steal IP lessens when meta-
data proves authorship. Meta-data also makes errors traceable. By only allowing registered land 
surveyors to submit surveys, architects to submit designs, and statutory planning to do the endorsing, 
Professional Indemnity insurance can cover errors, thus mediating risk. Privacy is protected through 
secured access portals and model partitioning. Moreover, 3D requires the same legal standing as 2D. 
Standards can also change to meet the added sophistication enabled by these advanced simulation tools 
– such as shadows incorporating lux levels in planning controls – thus leading to better built outcomes. 

Technology advancement requires a bottom-up and top-down commitment to 3D integrative 
practice, commitment to infrastructure and skills investment, and staff and workflow partners recruited 
based on demonstrated knowledge of these integrative 3D tools. Short, medium and long-term 
commitment with strong leadership, pilot projects, research, protocols and staff buy-in is required so 
immediate project pressures do not derail NIM implementation. Financial burdens of knowledge-based, 
organisational, and technological capital should depreciate and return on investment overtime. 

 

Figure 1: Levels of Accuracy versus Levels of 
Usability (Author). 

Figure 2: Discretion versus originality to establish 
human or computer roles (Author) 
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5.2. Recommendation 2: develop and adopt appropriate accuracy and usability 

File sizes of 3D models constrained by hardware performance can be improved by making software 
applicable to the task at hand; low Level of Accuracy (LoA) when broad urban scope, and high LoA when 
detailed building scope. Models can be very detailed, but if they are not accurate then they cannot be 
relied upon. The other side of this coin is usability; if high LoA then file size is also high, slowing 
computer processing, making software unusable – low Level of Usability (LoU). Upgrading systems to 
cope with high LoA while still having high LoU is too expensive. Figure 1 combines these concepts of LoA 
versus LoU, with the ‘sweet spot’ where technology is sufficiently affordable, fast, usable and accurate.  

 

Figure 3: Ideal Information Model & Knowledge Management system (Author). 

5.3. Recommendation 3: prescriptive controls automated and performance discretion  

Planning permit applications assessed against prescriptive controls should be automated leaving 
original or controversial applications to be assessed manually with performance controls. Planners 
should implement 3D online planning support (eDA) for lodgement, referrals and notifications speeding 
up document management with repetitive, deemed-to-satisfy code checking automated. Digital tools 
cannot replace the human empathy and creativity required to design and administer city plans, however 
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they can reduce administrative work so people can focus on the empathetic and creative work required. 
Figure 2 shows human involvement limited to high checker discretion situations where the proposal is 
outside standards. 

5.4. Recommendation 4: single discipline platform with NKM and NIM workflow cycles 

Figure 3 shows Specialists and Generalists employing their wisdom to direct professional processes, 
using their digital tools (applications) executed with Knowledge Management (KM) techniques, 
producing Information Models (IM) that are relevant and communicable through the workflow. This 
system merges: Nonaka’s Socialisation-Externalisation-Combination-Internalisation cycle; Zeleny’s 
taxonomy of knowledge (Zeleny 2005); and observations of workflow generalists and specialists. The 
cycle entails: actors sharing experiences – socialisation; KM tools output to IM – externalisation; IMs join 
– combination; IMs can input into others’ KM systems – internalisation. Generalist feedback goes to 
previous stages or associated Specialist or is sent forward to the next stage once ready. The process 
requires human input for: training, pragmatism, creativity and empathy. There is two-way 
communication with planning and design feedback from: third parties, workflow contributors, other 
workflow stages and other projects. Integration of catenary actors appreciates and influences prior and 
subsequent work. 

5.5. Recommendation 5: integrated approach with more effort in strategy 

Long-term processes are transformed by NIM and NKM, thus contributing to easing of service delivery 
complexities. This is about being holistic, where strategic processes produce greater outcome harmony 
for stakeholders. Figure 3 shows new process stages as: 0) planning strategy (pre-project) – strategic 
planners and stakeholders model preferred neighbourhoods, 1) project discovery – developers and 
surveyors compile project information and formulate briefs, 2) project design – architects approve 
building designs, propose alternatives or make adjustments, and 3) planning approval – statutory 
planners endorse designs that deviate from pre-approved deemed-to-satisfy standards only. The 
majority of planning resources go into strategic planning instead of statutory. More efficient and 
effectual design and planning processes result from work and agreements made prior to architecture 
projects thus integrating all neighbourhood projects, not just integrating disciplines. Continuous 
strategic effort by all stakeholders is input into a single web-hosted platform where all stakeholders can 
access a single point of truth – NIM – or move towards this end. Figure 4 shows that NIM-enabled 
integrated Generalist effort is less during the project cycle but about the same as traditional project 
effort overall. This is due to continuous effort during the strategic planning phases. Where strategic 
input increases, so does the chance for all stakeholders of getting better built outcomes than might 
result from a condensed effort during a project under traditional fragmented processes. 
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Figure 4: Traditional versus NIM multi-project comparison (Author). 

The tool and process recommendations above are preliminary and have not been tested in practice. 
They are based on studying trends from a recent literature review, project examples, interviews and 
surveys. Therefore, further research, technology development and testing should occur. Action research 
could document recommended NIM implementation and their effect longitudinally within practices. 
Case studies can look at practice processes in more depth. Technology testing could be done in 
controlled environments like universities. There could also be further research into the tools used by 
and desired by strategic planners, property developers, referral authorities and third parties. The 
integration of NIM and ecological sustainability could explore energy, heat, light, ventilation and water 
systems as well as flora and fauna. The extension of NIM (know-what) and NKM (know-how) is Wisdom 
Strategy (know-why) that is about ethics and a holistic approach could be further explored. 

6. Conclusion 

In Melbourne, Australia, amidst the professional service delivery complexities of addressing rapid 
population growth and shortages of affordable, appropriate, sustainable housing choices, there 
pervades sluggish project turnarounds, fragmented dispositions with out-dated tool use and processes. 
Governments, academia and industry are investigating ways to overcome these problems using 
integrated 3D digital information tools and processes. 

Other researchers have looked into: the impact of technology on people; the capacity and benefits of 
surveying, architecture and planning technology; technology interoperability; the theory of Knowledge 
Management (KM); and barriers to IT adoption. This research proposes a NIM tool approach using KM 
with applicability to Melbourne residential towers. A qualitative and quantitative approach was 
employed to a cross-section of actors. A project example was used to establish current practice and give 
context to interview results. Interviews gave professionals’ opinions of applications. Land surveyor and 
architect surveys highlighted engagement with 3D digital tools and perceived efficiency gains. 
Professional engagement with sharable 3D digital information tools is growing and their use has 
increased workflow efficiency. The results of this study showed tools relevant to NIM increased 
decision-making and communicative power. There are solutions to overcome limiting factors of NIM 
adoption. 
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Further research, tool development and testing could develop a stronger case for a NIM approach 
which will likely improve the following problems: 1) quantity and affordability of housing by making 
professional processes more efficient; 2) quality, diversity and sustainability of housing by being more 
effective; and 3) service delivery complexities by being more integrated. With ‘trust’, industry could 
adopt a NIM approach in the following steps: 1) automational – the ‘know-what’, quantitative, 
prescriptive, current processes automated; 2) informational – the ‘know-how’, qualitative, performance-
based, decision-making processes streamlined; and 3) transformational – the ‘know-why’, holistic, 
strategic processes harmonised. In conclusion, NIM has the potential to: establish a reliable basis for 
decision-making; increase efficiency and streamline professional and bureaucratic processes; bring 
decision-making forward in time for greater design impact; make automation possible freeing time for 
more creativity and empathy; and to be more pro-active and strategic. 
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