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ABSTRACT 
This report details a project which involved a software review and business investigation for the 
development and implementation of mobile data collection software across Beca Limited (Beca) . The 
use of mobile data collection software, for the production of documents such as site inspections and 
as-built reports, offer a number of benefits including improved accuracy, efficiency, and consistency. 

Potential users of the software applications are either not aware of software available and the value 
they offer, or cannot justify the cost associated with implementing the software for their projects. The 
investigation and review has highlighted issues currently present with the mobile data collection and 
recommendations are development. The recommendations are in line with Beca's business and IT 
strategies, and aim to eliminate or reduce the issues that are currently present. They aim to achieve a 
consolidated , consistent and valuable software solution for Beca. This move into more advanced 
technology, increasing efficiency and effectiveness of their operations, as well as being an adaptable 
and scalable application for future growth of the company. 

, ... 
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EXECUTIVE SUMMARY 

Purpose 

A project was conducted in association with Beca Ltd (Beca) for the completion of the Master in 
Engineering Management degree at the University of Canterbury. This report states the purpose of the 
project, the methodology followed, the findings, analysis and recommendations concluded from the 
investigation. 

The purpose of this project was to perform a software review and business investigation for the 
development and implementation of mobile data collection software in Beca. The review component 
investigated different software currently implemented and used across Beca. This can be used for 
knowledge sharing for engineers, increasing familiarity with software options for data collection. The 
business investigation explored groups involved in software development. The project serves as an 
exploratory research to uncover trends in opinion and gain an understanding of underlying reasons, 
and motivations for decisions and actions. 

The project consisted of four chronological phases; 

• Planning; project programme, literature review, company review, 
• Research ; investigate data collection systems, research external .systems, investigate 

development groups, 
• Development; consolidate software and users, consolidate development groups, 

• Recommendations; present finding in report 

Problem 

The following are issues which currently exist within Beca in relation to the implementation of mobile 
data collection software; 

• Users are not aware of the software options available for mobile data collection; therefore they 
are not adopting these applications. 

• Users do not see the value in using mobile data collection software and therefore choose to 
operate without the tool. 

• Users do not think it is appropriate to pass the cost of obtaining the software onto the client. 
• User groups are developing their own software for use independently of the wider company's 

software systems. 

Mobile Data Collection Software 

The core objectives for using mobile data collection software are; 

• Improved efficiency on site 

• Rapid access to site information 
• Better information for clients 

• Quality/audit improvements 

There are different factors which indicate Beca's benefit from the use of mobile data collection software 
and move away from traditional manual data collection and processing. These can be categorised into 
external PESTLE factors, as well as internal factors such as the need for increased efficiency, added 
benefits and value, greater accuracy and consistency, and alignment with business and IT strategies 

MEM Report 2016 - Emily Wilson 
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Beca's Mobile Data Collection Software 

The different groups involved for development have been identified; 

• Applied Technologies 

• GIS team 

• Project and Cost Management Technical Discipline Group (TOG) 

• Civil and Structural TOG 

• Independent Engineering Sections 

As well as individual software products, there has been two software platforms developed to offer a 
number of different options to find a product best suited to each particular project. These platforms are; 

• Mobile Application Development Platform (MADP) 

• TeamView Mobile 

The following software applications are supported and offered by the Applied Technologies team; 

• Fulcrum 

• Collector for ArcGIS 
• ArcPad GIS 

• ArcGIS for Windows Mobile 

• TeamView Mobile 

Issues Identified 

• The cost for software development is being passed onto the client as part of the project 
budget 

• The value of the software is unknown to users 

• Different groups are independently developing software applications 

• Some sections are developing software independent of the applications available from the 
applied technologies team . .,., 

• Different stakeholders in the development have different opinions and interests for the 
software 

• New strategic initiatives for business efficiency are not being prioritized and supported by 
higher management 

Key Success Factors Required 

Three Key success factors were identified which encapsulated all the issues found. These key factors 
are; 

• Software requirements; user and developer requirements to ensure usability and compatibility 
with Beca network. 

• Company culture and communication; to provide adequate knowledge sharing about software 
available, and benefits gained from them . 

• Cost structure; to ensure adoption of software with a sustainable software platform business 
model 

MEM R.eport 2016.- Emily Wilson iv 
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Recommendations 

• Establish a consolidated platform of mobile software offerings, which can provide generic 
templates to cater to a variety of projects with minimal configuration work, and specific enough 
to meet the requirements of each project of works. The software platform needs to develop a 
cost structure to ensure it will be profitable for Beca without being detrimental to user adoption. 

• Create more efficient knowledge sharing within Beca, to ensure information about available 
software and opportunities reach appropriate members of the company and eliminate the risk 
of independent development or lack of adoption of increased efficiency systems. 

Implementation 

The following are the implementation steps suggested to reach the recommended outcome. 

• Consolidate all software into the TeamView Mobile service offerings. 

• Restructure the costing for software so cost is not fully passed onto clients. 

• Develop a greater platform of standardised software templates that can be used for different 
projects and serve different purposes. 

• Create a more efficient knowledge sharing platform to inform section of software available 
and associated value. 

• Financial investigation into the use of the different software systems 
• Create a more efficient knowledge sharing platform 
• Create a channel which allows more collaboration between users and developers (stronger 

link between interface and infrastructure) . 

• Create a more efficient channel for strategic initiatives to be considered . 
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1 INTRODUCTION 
This report details the project that was conducted in association with Beca Ltd (Beca) for the completion 
of the University of Canterbury's Master in Engineering Management course. The project involved the 
conduction of a software review and business investigation for the development and implementation of 
mobile data collection software in Beca. The report states the purpose of the project and what it strived 
to achieve. The methodology of the works is outlined in enough detail to allow a lay person to follow 
and understand they key ideas of what was conducted. The findings from the project have been collated 
and summarised which have used to derive sound recommendations. 

1.2 Beca Overview 

Beca is one of the largest employee-owned engineering and related consultancy services companies 
in the Asia-Pacific, with their headquarters situated in Auckland, New Zealand. They offer expertise in 
engineering, architecture, planning, project and cost management, software technology and valuation 
services. Their consultancy services deliver across the Buildings, Government, Industrial, Power, 
Transport and Water market segments (Beca, n.d). 

2 PROJECT OBJECTIVES 

2.1 Purpose 

The purpose of this project was to conduct a software review and business investigation for the 
development and implementation of mobile data collection software in Beca. The review component 
investigated different software currently implemented and used across Beca. This can be used for 
knowledge sharing for engineers, increasing familiarity with software options for data collection . The 
business investigation explored groups involved in software development. The project serves as an 
exploratory research to uncover trends in opinion and gain an understanding of underlying reasons, 
and motivations for decisions and actions (or lack thereof). 

The civil section has increasingly adopted technology that is accessible on hand held devices. There is 
a number of different software being used internally within Beca for mobile data collection . These 

~ ------------- e ch no Io g i e s-e nab I e-e 1-e ct ro n t c-pro-ce-:, sing of fieltnfata from engineering proJec sin o a ata ase. The 
database can then collate classifying data for projects such as roads and bridges for the purposes such 
as quality assurance, audits and inspections. 

2.2 Problem 

There are a number of issues that currently exist with the system in Beca. These are; 

• Users are not aware of the software options available for mobile data collection; therefore they 
are not adopting these applications. 

• Users to not see the value in using mobile data collection software and therefore choose to 
operate .without the tool. 

• Users do not think it is appropriate to pass the cost of obtaining the software onto the client. 
• User groups are developing their own software for use independently of the wider company's 

software systems. 

The company's use of mobile data collection software can be conceptualised with a systems diagram. 
A full description of the system can be seen in Appendix A: Project Problem: Systems Representation . 
An analysis which describes the purpose of mobile data collection software, known as a CATWOE 
analysis, can be found in Appendix B: CATWOE Analysis . 

MEM Report 2016 - Emily Wilson 



11eeca 
2.3 Project Objectives 

The project aims to contribute to the existing knowledge sharing within the company in the software 
development area. The project aimed to deliver the following outputs; 

• An overview of mobile data collection software currently available for each section of the 
company. 

• An overview of which software each section is currently using. 

• An overview of the past, present and future development of mobile data collection software, 
including different groups associated and their involvement. 

• A report highlighting recommendations for further utilisation for mobile data collection 
software use and development. 

Each of the three overviews aim to give a brief description of the respective topics, to be easy to 
understand and follow. It is anticipated that it will encourage further investigation and enable more 
collaboration and direction across the Technical Discipline Groups (TDG's) . The report 
recommendations aim to offer Beca a third party perspective into their operations. 

MEM Report 2016 - Emily Wilson 2 
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3 PROJECT METHODOLOGY 
The MEM project consisted of four separate phases; planning, research, development and 
recommendations . The phases demonstrate the chronological path of tasks which resulted in 
recommendations . A work breakdown structure of the project is shown below in Figure 1. The 
subsequent sections explain in further detail what each phase entailed. 

MEM 
PROJECT FOR 

BECA 

.,. ... ... ... 
Phase 1, Phase 2, Phase 3, Phase 4. 
Planning Research Development Recommendations 

1.1 Plan Project 
2.1 Investigate 3.1 Consolidate 4.1 Present 

I-+ ~ Data Collection Software and Users ..... Findings into 
Programme 

Systems ----- Into Comparable Report 
Form 

2.2 Research 
3.2 Consolidate 

~ 
1.2 Perform External 

Development 
Literature Review ~ ~ Groups into Review 

Systems 
Form 

1.3 Beca 
2.3 Investigate 

....... Company Review ....... Development 
Groups 

Figure 1. Work Breakdown Structure of MEM Project 

3.1 Phase 1: Planning 

3.1.1 Plan Project Programme 

This first task of the project was to define and plan the project programme. This involved defining the 
scope of the project with the sponsor and specifying the requirements for the project. With the outcomes 
known the project plan could be developed as the project charter, which included identifying risks which 
threaten the success of the project. 

3. 1.2 Literature Review 

A literature review (Appendix C: Literature Review) was undertaken to gain an understanding about 
industry best practice and changing trends. As mobile data collection is used for site inspections and 
as-built reports it is a feature of asset management, the review investigated themes relating to asset 
management. The following were focus topics for the review; 

• What asset management is and the importance to civil engineers 
• The use of software for engineering projects and the advancement in technology 

• The importance of field data collection and the related risks for quality assurance, as-builts 
and inspections 
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3.1.3 Beca Company Review 

Beca's internal system known as the Beca Intranet was investigated to understand the company's 
underlying purpose and structure . This documentary analysis produced a company review (Appendix 
D: Company Review) which focused on the following topics; 

• What Beca's company goals and values are 

• The strategies for their business growth (business and IT) 

• The systems and processes of engineering "business as usual" 

3.2 Phase 2: Research 

After initial planning and investigation the research phase commenced . This focused on the areas of 
interest to the project; mobile data collection software, and software development groups. A qualitative 
approach was exercised as it was exploratory research to uncover trends in opinion, and gain an 
understanding of underlying reasons, and motivations. This helped gain an insight into the problem and 
help develop ideas for potential quantitative research. A list of employees who were contacted through 
email or by phone throughout the project can be found in Appendix E: List of Interviewees . 

3.2.1 Investigate Data Collection Systems 

This task investigated the different software applications currently deployed within Beca. This 
investigation was undertaken with numerous phone interviews and email interactions with employees 
across each different section of the company nation-wide. 

3.2.2 Research External Systems 

External software systems were also researched . This was in relation to other software options available 
on the market, as well as what other companies in the industry were employing, to identify alternative 
solutions available. Not a lot of emphasis was placed on this task as it was believed Beca would gain 
more value from investing in software and development that is already being implemented in the 
company. This research was conducted through a desktop investigation , as well as making contact with 
competitor companies. 

3.2.3-lnvestigate-Dev.elopment Gr..o.ups 

This task was undertaken by approaching employees from different software development groups 
within the company. This was to identify different groups working in the area of data collection software 
and their motivations and visions for development. This was conducted to cover the following points ; 

• What group is involved with development 

• What software application they are working with 

• Current development undertaken 

• Future development intended 

This task was to gain an understanding on what is happening around the company. This information 
was used to identify the development trends and the motivation behind development. It was used to 
identify opportunities and recommendations on the development progress and underlying strategy. 

3.3 Phase 3: Development 

This phase aimed to gather the information from the investigation in phase two and to collate it into a 
review format for distribution across the company. 
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3.3.1 Consolidate Software and Users into Comparable form 

The results from the mobile data collection software investigation was presented in two documents. The 
first can be seen in Appendix F: Survey Overview which illustrates a table of each of the sections across 
Beca and the software they currently use. 

Appendix G: Software Review describes a brief review of each of the software applications, and a table 
for easy comparison between the solutions supported by the Applied Technologies team . 

3.3.2 Consolidate Development Groups into Review Form 

The information from employee interviews across different sections of the company were consolidated . 
This produced a review of the different development projects that are occurring across the company 
and future progress intended (Appendix H: Development Review). 

3.4 Recommendations 

3.4.1 Present Findings into Report 

This final task provides the most value to Beca. It involves the consolidation and critical analysis of 
information gathered and observed throughout the project. From this, opportunities were found and 
recommendations identified for Beca to consider. The recommendations and implementation concluded 
aim to solve the stated problems and align with Beca's strategy. Ultimately it strives to increase the 
success of Beca's operational process. 

MEM Report 2016 - Emily Wilson 5 
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4 MOBILE DATA COLLECTION SOFTWARE 

4.1 Purpose of Mobile Data Collection Software 

Mobile data collection software are applications that are available on hand held devices such as phones 
and tablets. It allows the capture of field information such as observations and photos from project sites . 
These data are then automatically uploaded into a database and can be used for processing and 
producing reports for aspects such as site inspections and as-builts, which are important documentation 
to handover to clients. 

There are a number of reasons why mobile data collection software has been implemented within Beca, 
and that it is a technology that continues to grow in the industry. The core objectives for digitally 
recording the data in the field are as follows; 

• Improved efficiency on site 

• Rapid access to site information 

• Better information for clients 

• Quality/audit improvements 

Using mobile data collection software as an alternative to traditional paper, pen and camera method 
eliminates issues associated with this means of data collection. These issues are discussed in the 
literature review found in Appendix C: Literature Review. There is no double handling of information 
from onsite to then be transferred into a computer system, saving time, money, and reduces the risk of 
human errors. 

4.2 Beca's Need for Mobile Data Collection Software 

There are different factors which indicate Beca's benefit from the use of mobile data collection software 
and move away from traditional manual data collection and processing. These can be categorised into 
external and internal factors which are driving the need for innovation for Beca's data collection process. 

• External factors; PESTLE factors 
• Internal factors ; Need for investing into more efficient process, added benefits and value to ---

Beca systems, more consistency and greater foundafion for company growth, ana the 
alignment with business and IT strategies . 

These factors are described in more detail in Appendix I: Factors Influencing Beca's Need for Mobile 
Data Collection Software. 
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5 MOBILE DATA COLLECTION SOFTWARE AT BECA 

5.1 Stakeholder Groups 

Engineers (user): Use the software application in the field, their main interaction with the software is 
with the software interface. They need the application to meet the requirements for each specific project. 

Developers: Configure the application for each specific project. This includes the configuration of 
software and the infrastructure needed to integrate it into the company database, processes and 
systems. 

Clients: They carry the cost of development and use of software applications through the tendered 
budget for each project. Successful software application will increase work efficiency and should 
therefore save time and money overall. 

5.2 Development of Software in Beca 

Different applications of mobile data collection software have been developed within Beca throughout 
the past decade. These software applications have different features and therefore are suited to 
different project types, depending on needs and requirements. These applications have been a mixture 
of in-house development as well as off-the-shelf products. The different groups involved for 
development have been identified; 

• Applied Technologies 

• GIS team 

• Project and Cost Management TOG 

• Civil and Structural TOG 

• Independent Engineering Sections 

As well as individual software products, there has been two software platforms developed to offer a 
number of different options to find a product best suited to each particular project. These platforms are; 

• Mobile Application Development Platform (MADP) 

• ieam'view fvlotrile-

Detail on the groups involved with development, and the software platforms can be found in Appendix 
H: Development Review. 

5.3 Software Currently in use across Beca 

The research into software used across Beca identified 11 different software applications which are 
being used for data collection on site. The following software applications are supported and offered by 
the Applied Technologies team; 

• Fulcrum 

• Collector for ArcGIS 

• ArcPad GIS 

• ArcGIS for Windows Mobile 

• TeamView Mobile 

Different software applications that are in use in different sections of the company are; 

• Autodesk 

• Bliptrack 

MEM Report 2016 - Emily Wilson 7 
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• Onsite 
• QuickBase 
• Site Audit Pro 

• Water Outlook 

The review of these applications, a comparative table of requirements of the applications offered by the 
Applied Technologies team, and alternative software options can be found in 

Appendix G: Software Review. The overview of software that is used across each section of Beca can 
be found in Appendix F: Survey Overview. 

5 .4 Trends and Issues Identified with Mobile Data Collection 

Software in Beca 

Table 1 describes issues that have been identified with the current use and development of mobile data 
collection software within Beca. 

Table 1. Issues Identified during Project Research 

ISSUE CAUSE EFFECT 

The cost for software The cost of development This has resulted in a lack of 
development is being needs to be paid by the section adoption from some sections. 
passed onto the client as requesting the software; Tenders need to be 
part of the project budget. therefore they need to pass the competitive to win projects . 

cost onto the client in order to Adding software development 
retain the same profit margin onto the budget becomes 
on a project. detrimental to the tender. 

The value of the software is There is no adequate Some sections are unaware of 
unknown to users. knowledge sharing about the application options 

mobile data collection available. 
software. 

Different groups are Some groups are not aware of Development is inconsistent 
developing software what is already available. across the company. 
applications independent of Uncoordinated approach that 
the applications available "re-invents the wheel". 
from the Applied 

I Technologies team. 

Different stakeholders in the No coordinated strategic There are missing pieces in the 
development have different development in the mobile data infrastructure of the system. 
opinions and interests for collection software area. In There are two sides to 
the software. terms of investment and development, software 

strategic support. interface and software 
infrastructure. The users are 
only interested in the interface 
and they do not understand the 
need for supporting 
infrastructure as well. There is 
a disconnection between 
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ISSUE CAUSE EFFECT 

New strategic initiatives for 
business efficiency are not 
being considered and 
supported by higher 
management. 

MEM Report 201 6 - Emily Wilson 

The business improvement 
channel between employees 
and higher management, who 
are responsible for strategic 
decisions, is not currently 
functioning efficiently. 

different groups and opinions 
on investment. 

Beca risks being slow to adopt 
efficient strategic initiatives, 
and a weakened competitive 
advantage. This will also lead 
onto lower employee morale as 
they do not feel heard. 

9 



uneeca 
6 KEY SUCCESS FACTORS FOR SOFTWARE 

IMPLEMENTATION 
The issues identified in Table 1 fit into three categories . These represent the key success factors (KSF) 
for mobile data collection software. A combination of these KSFs is required to accomplish the 
successful implementation of mobile data collection software application offering. The three key 
success factors are; 

• 6.1 Software requirements (user and developer requirements) 

• 6.2 Company culture and communication 

• 6.3 Cost Structure 

These three key success factors are described in detail in the following sections. 

6.1 Software Requirements 

There are two perspectives to consider when evaluating software requirements . These two are the end 
user requirements, which relates to the engineers using the application in the field, and the software 
developers, in relation to the infrastructure to support the software and integrate it successfully into 
Beca systems. These requirements must be met if the software system is to be successful for all 
stakeholders. In requirements stated below are aligned with Beca's specific requirements for software 
implementation. These requirements are described in Appendix D: Company Review. 

6.1.1 Software User Requirements 

Requirements describe either an aspect of what a system must do, or a constraint on the system's 
development. They contribute towards the desired outcomes for the system (University of Technology 
Eindhoven, 2005). The mobile data collection software user requirements fall into different categories 
as described in systems engineering (Beukman, 2015) . Table 2 below describes each type of 
requirement in association to mobile data collection. 

REQUIREMENT 
TYPE 
General 

Functional 

Table 2. Requirements for Software Users 

I General requirements state in broad terms what a system will do . 

I 
The software application needs to upload data from site into a database and 
process it to produce site reports for clients. 

Functional requirements describe how a system should work, in regards to inputs 
that should be expected . 

The software should be able to record field data such as observations, photos 
and notes. 

Implementation Implementation requirements state how the system is to be employed and how it 
is used to produce desired outcomes . 

Performance 

Implementation of a software application should be through the use of a mobile 
device such as a smart phone or tablet. 

Performance requirements specify criteria that can be used to judge the 
operation of the system. 
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REQUIREMENT 
TYPE 

Usability 

Quality 

Platform 

Environmental 

uneeca 
The software should be reliable and consistent with how it performs, both 
collecting the data in field, as well as uploading and processing it. 

Usability requirements specify maximum acceptable time to demonstrate the use 
of the system. 

The application needs to be easy to follow and understand at an interface level. 

Quality requirements are constraints on the system to meet specified levels of 
quality. 

Collection and processing should be consistent and meet the standards of Beca, 
and be adequate for client's needs. 

Platform requirements identify constraints on the system and state development 
methods. 

The software application and supporting systems should be well established 
within the company network that it is sustainable, transferable and expandable. 
This is to accommodate further technology advancements and the horizontal 
transfer of this system for increased efficiency in other opportunities . 

Environment requirements state constraints on how a system can affect the 
environment. 

The software application needs to be able to perform in the field, where mobile 
devices are exposed to the elements. Project sites may not have wifi accessible 
and therefore any situation possible on site needs to be capable. 

6. 1.2 Software Developer Requirements 

There are ten criteria that determine the quality and design of a software product (Habermann, 1986). 
These are evaluated below in- ,a•le- 3 and are relevant fm- th-e software development--i:eams- in
association to software development and integration into the Beca network. They need to be evaluated 
with the development and implementation of mobile data collection software applications. 

Table 3. Criteria for Quality and Design of Software Products 

CRITERIA 

Correctness The correspondence of specification, design and implementation. 

Reliability The ability to reproduce a result. 

Performance The ability to respond within tolerable time limits without excessive demands on 
storage capacity. 

Adaptability The ability to modify software to take advantage of hardware improvements or 
to respond to changing application requirements. 

Extensibility The ability to extend the functionality of a system. 
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CRITERIA 

Friendliness The abil ity to interact with the user in terms of understandable messages whi le 
not requiring irrelevant precision of user input. 

Reusability The use of parts of a system in the design and implementation of another 
system . 

Fault-Tolerance The protection of information integrity against hardware or power failure . 

Robustness The protection of information integrity against unintentional user mistakes and 
malicious user acts . 

Privacy/Security The protection of information against unauthorised access and against the 
effects of modification in someone else's data. 

6.2 Company Culture and Communication 

Culture is the values and practices that are shared by members of a company (Reh, Company Culture, 
n.d) and involves the attitudes of and relationships between employees, influencing the effectiveness 
of communication. Companies with an adaptive culture that aligns to their business strategy regularly 
outperform their competitors (Reh, Company Cu lture, n.d), as culture has been linked to quality 
products and services (Kelchner, n.d), as well as economic performance (Huang, 2013) . 

Understanding the psychology that underlies motivation in an organisation provides benefits for current 
and future development. Motivation of staff is important as it affects the efficiency and quality of work 
performed (Jack R Meredith, 1995). Chris Argyris' and Donal Schbn's Action Science Model is 
psycholog ical theory that "aims to explore the reasoning and attitudes which underlie human action, 
and producing more effective learning" (Analytic Technologies, n.d). This model proposes two methods 
of learning; single-loop and double-loop learning. 

• Single-Loop Learning: Addresses the relationship between input and outcome (Vliet, 2014) . 
ILignor.es th_e_r.eaL cause oUhe problem (Vliet, 2014) as it does not look to question or 
understand beliefs guiding the situation (Analytic Technologies, n.d) . It results in a cyclical 
process of applying new strategies to achieve an expected or desired outcome (Romeropereda, 
2012) . 

• Double-Loop Learning: Aims to improve outcomes by understanding actions and beliefs 
(Analytic Technologies, n.d) by re-evaluating the deeper governing variables and looks at 
consequences from a wider perspective (Romeropereda, 2012). 

The learning methodologies encourage a reflective process for employees to develop a stimulating and 
motivational environment in their organisation. The first method is more common but the later should 
be employed to create a motivational and more efficient work culture. 

6.2.1 The Beca Culture 

Not only did Beca's culture influence the project, it has a long lasting effect on software integration into 
Beca operations and procedures, as described in Appendix D: Company Review. The following 
observations were made in relation to Beca's culture throughout the project; 

• During the course of the project, numerous employees were interviewed, a list of those 
interviewed can be seen in Appendix E: List of Interviewees. The Beca culture was evident from 
the interaction with and between employees. There was a definite sense of a team environment 
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as employees did not hesitate to share information and help where they could. This attitude 
held by employees is a powerful attribute which influences the culture and performance. 

• Beca is an employee owned enterprise and employees hold a sense of belonging to the 
company which motivates them to improve company performance (Ownership Associates Inc, 
2001 ). This was evident as employees at different managerial levels were constantly evaluating 
each step of a process and how they could be improved for long term benefits of the company. 
This business model has encouraged double-loop learning process throughout Beca . A number 
of employee suggestions for improvement were identified during interviews conducted for the 
project. There was a lack of knowledge for the means to raise these suggestions higher which 
stunted these suggestions. 

• There is a strong culture of downward communication within Beca. This was shown through 
the regular strategic updates and executive reports that are issued on the Intranet. Information . 
shared keeps employees up to date and informed about the company direction and progress . 

• Technical · information is shared through upward communication effectively. This flow of 

information upward in the organisation consists of performance feedback, such as progress, 
productivity, and budgeting reviews. This information is used by senior management to review 
the effectiveness of the company's strategies and work process. 

• Upward communication of non-technical information not directly related to project performance 
is not passed on as effectively. Information such as process feedback, strategic feedback, and 
improvement initiatives do not have an effective channel to higher management where changes 
would be made. 

• Horizontal communication or knowledge sharing across the company is not very efficient. The 
majority of knowledge sharing across Beca occurs through the weekly newsletter. This is sent 
to all employees and includes links to stories and reports in categories such as Beca projects, 
Beca news, social and community news, Beca awards, health and safety, and Beca events. As 
the newsletter is sent to all employees, there is a risk of relevant information passing unnoticed . 
This is as information is general and not special ised to be clear to identify and find . 

6 .3 Cost Structure 

Cost is a significant factor in association to successfully implementing mobile data collection software. 
There are two components associated with cost; 

• Software cost: Development or acquisition and ongoing costs for software developers 

• Software value/saving costs: The cost saving associated with work efficiency through use 
of the software 

These two components need to be analysed when determining whether the value offered by the 
software outweighs the cost, and therefore is a viable investment for the company. 

6.3.1 Software Cost 

Development or acquisition: In-house vs off-the-shelf software 

There are different upfront and continual costs associated with both developing software in-house and 
acquiring off-the-shelf products. The comparison between them can be seen in detail in Appendix H: 
Development Review. 

Ongoing costs: Pareto 's 80/20 rule 

There is a need to understand Pareto's Principle and recognise that all aspects of the system are not 
distributed evenly (Azad, 2007) . The 80/20 rule can be an effective tool to help manage the software 
system (Reh, Pareto's Principle - The 80/20 Rule, 2015) . It has been identified that with in-house 
developed software there are unseen costs that are not directly related to the development and 
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implementation of software. The 80/20 rule in association with Beca's software developm ent has 
generally followed the rule; 

• ~20% of the effort requires ~80% of the cost 

This is in relation to the costs throughout the software life after it has been developed and implemented. 
This is in terms of maintenance, hosting, training people, support etc. For instance, every time there is 
a new phone upgrade, analysis is needed to ensure the app is still compatible, the design needs to be 
analysed, code written, and tested just to retain the software as it was . Costs like these contribute to 
the decision made by Beca to purchase licences for off-the-shelf products instead of in-house 
development. Even though there are ongoing costs associated with off-the-shelf products the long term 
cost savings of in-house development are not currently seen as significant enough to render it a viable 
solution. 

6.3.2 User Costs 

Any mobile data collection software application will only be adopted if the cost of using it is seen as 
reasonable to the engineering sections. Currently there is a lack of adoption of the applications 
available, either because the user does not think the service is justifiable for the cost associated for 
software configuration, or there is a lack of knowledge around the software applications that are 
available. Configuration is required because the software are rich applications, not standardised ones, 
so they need to meet the specific needs of each project. This cost makes it difficult to identify the value 
the software offers and the cost savings that can result from their utilisation . 

Appropriate investments are required to efficiently and effectively offer a standardised service with 
reasonable user costs. A budgeting structure is required v✓hich covers the cost of development, as \vel! 
as on-going software costs such as management costs. The establishment of a system which can profit 
from the adoption of the software service, as well as being able to reinvest into the system, will provide 
Beca a long term holistically beneficial service. 

6.3.3 Cost Analysis 

To assess whether a software system is a viable investment the cost savings need to be higher than 
the cost of implementation. Specific costs associated with the project proved difficult to obtain . Details 
Wnicn were sought, andw hic fi are necessary for a thorough financial analyse, were in relation to fhe 
cost paid by the users for software development and the time savings cost from using mobile data 
collection software. Even though time savings are hard to derive, there is a benefit of consistency and 
accuracy through a more automated approach. The following are rough estimates for these aspects 
based on interviews with employees; 

• Development cost: ~$20k depending on complexity of software required. This cost is for 
software configuration , and management, even though the software has been developed there 
is always a charge incurred by the user every time the software is used for a project. 

• Time savings: Around 30% of collection and processing time is saved by using mobile data 
collection software. This equates to around 1-2 hours per report issued. This will accumulate 
throughout a project, and the total cost savings will be dependent on the size and complexity 
of each project. 
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7 RECOMMENDATIONS 
This project investigation has highlighted a number of issues f ith, and opportunities for, the current system of mobile data collection software implementation. 
There are two main recommendations in relation to the project, these are; 

• Establish a consolidated platform of mobile sottw1re offerings, which can provide generic templates to cater to a variety of projects with min imal 
configuration work, and specific enough to meet the requirements of each project of works. The software platform needs to develop a cost structure to 
ensure it will be profitable for Beca without being detrimental to user adoption. 

• Create more efficient knowledge sharing within I Beca, to ensure information about available software and opportunities reach appropriate 
members of the company and el iminate the risk of independent development or lack of adoption of increased efficiency systems. 

These recommendations have been developed from specific! recommendations to which address each of the issues currently encountered. Table 4 below 
shows the recommendations for each issue, as evident, a nu~ ber of recommendations reduce the effect of multiple issues. 

Table 4. Project Recommendations for Beca 

The cost for software development is 
being passed onto the client as part of 
the project budget. 

I Cost structure 

The value of the software is unknown to I Software requirements, 
users. culture and 

communication 

Different groups are independently 
developing software applications 
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Culture and 
communication 

Restructure the costing for software so cost is not fully passed onto clients. 

Consolidate all software into the TeamView Mobile service offerings. 

Develop a greater platform of standardised software templates that can be used 
for different projects and serve different purposes. 

Create a more efficient knowledge sharing platform to inform section of 
software available and associated value. 

Financial investigation into the use of different software systems 

Create a more efficient knowledge sharing platform 

Consolidate all software into the TeamView Mobile service offerings. 
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Some sections are developing software 
independent of the applications 
available from the Applied 
Technologies team. 

Different stakeholders in the 
development have different opinions 
and interests for the software. 

New strategic initiatives for business 
efficiency are not being prioritised and 
supported by higher management. 

Software Requirements, 
culture and 
communication 

Software requirements 

Culture and 
communication 

I 
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Create a more efficient knowledge sharing platform 

Consolidaite all software into the TeamView Mobile service offerings. 

Create a channel which allows more collaboration between users and 
developers (stronger link between interface and infrastructure). 

Need a more efficient channel for strategic initiatives to be considered and 
commun icated. 

Table 5 below describes the impact each of the recommendations made above will have on Beca. 

Consolidate all software into the TeamView Mobile 
service offerings. 

Table 5. Effect of Recommendations on Beca 

Creating a "one stop" platform will encourage users to adopt software. It will eliminate 
confusion between software options. Consolidation will enable structured and consistent 
future development in the area. 

By collecting and storing data through one platform it will be possible to observe and 
analyse changing trends in aspects. For example the deterioration of bridge condition in a 
certain region . 

It will offer a scalable software platform which could be incorporated into the wider Beca 
Group in the future, this offers efficient business growth potential. 

Restructure the costing for software so cost is not fully I I It will result in greater adoption of software across the company, as a lot of sections did not 
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RECOMMENDATION 

• assea onto 

Develop a greater platform of standardised software 
templates that can be used for different projects and 
serve different purposes. 

Create a more efficient knowledge sharing platform to 
inform section of software available and associated 
value. 

Financial investigation into the use of the different 
software systems 

Create a more efficient knowledge sharing platform 

Create a channel which allows more collaboration 
between users and developers (stronger link between 
interface and infrastructure). 

Need a more efficient channel for strategic initiatives to 
be considered. 
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currently use software because of the related costs. 

This will make future adaptions and development into expanding the software less 

I 
complicated. The configuration cost will decrease as more standardised templates are 
created and used. 

Marketing of software and benefits across company will create awareness about options 
11 and increase adoption. 

Feasibility can be analysed and the financial benefit from using software can be found, ·and 
appreciated. This will incentivise investment from senior management. 

Marketing of software and benefits across company will create awareness about options 
and increase adoption. 

This will allow an understanding of development work and encourage collaboration and 
efficient working structure. 

Development will be in line with needs and requirements of all parties involved. 

Software adoption will increase if user requirements are met. 

This will create recognition and consideration of employee's innovative initiatives. 
Considering bottom-up initiatives will build a motivating work environment and encourage 
innovation to improve business operation. 
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8 IMPLEMENTATION 

Table 6 below is a road map which illustrates a potential implementation scheme to aichieve the desired outcome stated in the recommendations. A more 
quantitative investigation is required to gain more accurate specifics. 

Table 6. Roadmap to Achieve l~ecommendations 

Establish a consolidated platform I Consolidate all software into the TeamView 
of mobile software offerings Mobile service offerings. 
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Restructure the costing for software so cost 
is not fu lly passed onto clients. 

Develop a greater platform of standardised 
software templates that can be used for 
different projects and serve different 
purposes. 

• Develop TeamView Mobile to offer all the different software 
applications. 

• Enable TeamView Mobile to act as the umbrella scheme for 
access to different software applications. 

• Gain investment from senior management to develop a 
consolidated platform. 

• Restructure cost of software with funding for the beneficia l 
strategic initiative. 

• TDG's need to analyse the requirements for specific tasks 
and specific projects in order to create standardised 
templates for projects in their respective field. 

• ~$20k which is required for configuring software templates. 
• Testing will need to be performed by software users to 

ensure requirements are met. 
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Create a more efficie1t knowledge sharing 
platform to inform section of software 
available and associated value. 

Financial investigation into the use of the 
different software systems 

Create more efficient knowledge I Create a more efficient knowledge sharing 
sharing within Beca platform 
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Create a channel which allows more 
collaboration between users and developers 
(stronger link between interface and 

I infrastructure). . 
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• The Applied Technologies team could take a more 

proactive stance on marketing their service offerings. 
• Research into financial details about software use and 

saving costs could be analysed and distributed across the 
company. 

• The software review produced with the project could be 
distributed across the company. 

• Tracking and monitoring could be estab lished to obtain 
financial information about software use, and development 
cost. 

• With this information , financial analysis could be performed 
to discover the true value in a standardised platform and 
the strategic benefits to Beca. 

• Information about development and software need to be 
shared across the company. 

• The software review and development review produced for 
the project are examples of documentation which could be 
shared to raise awareness. 

• Monitoring and documentation of any works shou ld be 
undertaken. 

• Develop an initiative to create more effective 
communication between the user and developers. 

• Create a channel for feedback and comments to be passed 
between the two parties. This could be a forum on the Beca 
Intranet. 

• This needs to be controlled by the TDG's, this is what they 
are there for 
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Create a more efficient channel for strategic 
initiatives to be consid1ered. 

uueeca 
• Establish a more distinctive channel for innovative 

initiatives to be considered by strategic decision makers. 

• This could be implemented through senior management 
reviewing business case studies for potential strateg ic 
initiatives on a regular basis. 
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9 PROJECT REFLECTION 
After the conclusion of the project I reflected to gain insights into lessons learned and personal value 
gained . The following sections describe insights in relation to the project, Beca, and the MEM course 
which I have taken from the process of completing the project. 

9.1 Lessons Learned 

• I have gained a good understanding in the structure of Beca. This has given me insights into 
how a large successful enterprise structures its business in an interconnected net of processes 
and procedures. 

• The culture of the company was evident throughout the project. The attitudes and motivation of 
the employees created a positive environment and definitely influences work ethics and 
performance. It showed me how it is possible to have an integrated team of employees who 
work with each other towards a common goal, even in such a large organisation. Even though 
Beca is a big company, there is a sense of belonging and connectedness between sections 
and offices. 

• Conducting the project on my own timeframe and schedule highlighted the importance of time 
management and self-management. It became increasingly important to set milestone 
deadlines and monitor progress to keep the project on schedule. It was interesting working in 
the office where I was amongst engineers where their work interlinked together, keeping each 
other motivated and on task. This illustrates an efficiency advantage from working with a team 
on a project instead of individually. 

• I learned that people work to their own schedules, and when you approach them seemingly 
anonymously you understandably will not be seen as a priority. In relation to this I have learned 
that to get in contact with people, it is always more effective to call people, rather than emailing 
them. There may be a need to follow people up to get information as they may be busy or forget 
to get back to you and that it is just the nature of working in a company. 

• People in Beca are all working together for the good of the company, and because of this there 
is no hesitation to help out other employees when needed. I experienced this when I asked for 
help or guidance for my project. Everyone I talked to was friendly and willing to help where they 
could. 

9.2 Personal Value 

Completing the project as part of the MEM allowed me to put the theoretical learnings into practice and 
cement a number of the concepts taught in the course. It was a great experience to be able to work in 
an engineering environment in a non-technical nature. I was able to have a wider perspective on the 
company, their procedures, and the issues around them because of the business background MEM 
offered. 
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Appendix A: Project Problem: Systems Representation 

Soft systems methodologies (SSM) can be used to approach the project problem . This is as the use 
and development of mobile data collection software within the company cannot easily be quantified, 
as it involves the people interacting with each other or with different software systems (Hard and Soft 
Systems Mehtodologies: The Differences, 2005) . Figure 1 below illustrates a general system for 
mobile data collection software development and implementation within the company through 
interfaces between enabling elements. This problem involves many parties with differing perspectives 
and priorities . The elements involved in the system, their perspectives and the interfaces between 
them are described below. 

Environment: 

• Industry Trends 
, Technology Advancement 
, Competitors 

Emergent Property = Company 
Reputation 

• Cl ient Satisfac tion 
• Project Quality 
• Work Efficiency 

Software 
Users/EnQineers 

Clients 

Figure 1. Systems Diagram of Beca's Use of Mobile Data Collection Software 

Senior management - Are involved in the strategic direction of the company. Interaction with 
software developers includes investment for projects and direction. They are focused on maintaining 
a competitive company in the industry and creating a sustainable profitable organisation . They 
therefore want to only invest in projects and direction which will provide the most return/value for the 
greater operation of the company. 

Software developers - They acquire funding from higher management and end users who ask for 
specific software to be developed to meet their needs. They also offer configuration and support to 
the users. They focus on delivering software applications that meet the needs of their clients; the 
internal users of the software. 
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Mobile data collection software - These applications are developed and integrated by the software 
developers. This element in the system is of significant importance for the project. Software is a tool 
for the user to perform tasks more efficiently. 

The outerface of the system is the interaction between the users and the mobile data collection 

software . In the instance of the project, the users are the engineers. They fund software development 
and are delivered with software applications . The engineers are responsible for delivering an outcome 
which meets the client's requirements. They focus on delivery the client the best service and outcome 
for the least amount of money. They prioritise efficiency and quality for value. This outerface defines 
the boundary to the system. The elements within the system work together to collectively produce a 
usable outcome for the engineer. The client wants the highest quality work performed for the least 
amount of money. 

The system environment consists of elements which the system does not have influence over. For 
the operating system the environment comprises of industry trends such as technology advancement 
and competitors in the market. Industry trends impact a company's performance (Economywatch, 
2010) as it influences company success (eHow, n.d). Technology advancement will influence the 
capabilities and limitations on software development (Knight, n.d) . Competitors affect a business as 
they influence the price and service that is offered in order to maintain competitiveness and success 
in the market (How Businesses are Affected by Competition, n.d). 

Emergent properties - these are significant and affect the longevity and overall success of the 
company. These have been identified as the efficiency and quality of the services provided by the 
company. These in turn affect the client satisfaction of the work performed by the company and hence 
the reputation of the company (Scott, 2015). This is of upmost importance as the success of a long 
living company lies in its reputation and the respect it has in the market place. 
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Appendix B: CATWOE Analysis 

A CATWOE analysis can be used to help define what a specific mobile data collection software 
system is trying to achieve (Pandey, 2011 ). 

Actors 

Transformation 

Weltanschauung 

Owner 

Environmental 
constraints 

References 

Table 1. CATWOE Analysis for Moible Data Collection System 

The users of the system are the 
engineers who use the mobile data 
collection software. They are affected 
by the system and changes to it. 

The engineering clients are also 
affected by the system. The use of the 
system will affect the efficiency and 
quality of their asset performed by the 
engineers . 

The people involved in the The software teams are the ones who 
implementation of the changes in the develop and set up the software system 
system for implementation and use. 

The changes the system strives 
achieve, the input to output. 

to Manual data collection and processing 
I to a mobile application with automatic 
· processing. 

Also known as the "worldview", this is 
the big picture and the wider impact of 
the transformed system/process. 

The mobile software system would 
decrease processing time of data 
collected on site and improve overall 
efficiency of engineering projects, 
decreasing time and cost. 

These are the decision makers who 1 The software developers are owners of 
have the authority to make changes, 

1 
the system as they have the power and 

stop the project, or decide on whether I capability over the development. 
to go ahead with the change. 

Senior management are also owners 
as they have influence over the 
software in terms of financial 
investment and strategic direction of 
the company. 

External constraints and limitations Development policies of the company, 
affecting the success of the solution . time limits for development, financial 

restrictions, strategic alignment, and 
integration with third party systems. 

Pandey, A. (2011, September 23). What is CATWOE Analysis? Retrieved from BPMgeek: 
http://bpmgeek.com/blog/what-catwoe-analysis 
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1 PURPOSE 
The purpose of this literature review is to gain an understanding into asset management and its 
importance to civil engineers. The MEM project is involved in investigating mobile data collection 
software. Focus is placed on the use of mobile software as an effective tool for asset management. 

An essay format has been adopted with a critical analysis at the end of each section which relates the 
text to the project area . Emphasis will be placed on evaluating how the text supports or contradicts 
the project's focus on mobile data collection software in civil engineering . 

1.1 Review Structure 
The structure of the review is described below; 

• Civil Engineering: This section investigates the definition and processes that are undertaken 
in the civil engineering industry. It illustrates what civil engineers do, and factors which affect 
their work. 

• Asset Management: This section looks into the definition of asset management and how it 
relates to civil engineers. It will try link asset management to the work performed by civil 
engineers and the importance of it. 

• Collecting Field Data: This section investigates the importance of collecting field data, how it 
is traditionally collected and the issues with the methods. 

• Advancement in the industry: This section investigates different advancing trends in the area 
in relation to technology used for asset management. The purpose of this section is to identify 
the industry trends to ensure any work Beca invests in this area will be in line with changing 
attitudes and technology. 

2 CIVIL ENGINEERING 

The underlying role of a civil engineer is to oversee the design and implementation of construction 
projects. Civil engineers are involved with project management of structural work. A project has the 
following attributes (Beukman, 2015); 

• Is unique 

• Has a well-defined objective 

• Composed of a series of inter-dependent tasks 

• Utilises various constrained resources 
• Has a specific time frame 

• Has a client/stakeholder 

• Involves a degree of uncertainty 

2 . 1. 1 Consideration 
As evident from these attributes of a project, every project is different and requires specific analysing 
and panning. There is no generic 'copy and paste' solution to projects which may seem similar in 
nature. This is because there are many aspects which will not be the same, in terms of geographic 
location, altering geology or obstacles, and resources such as time and materials available . Because 
of this unpredictable nature of each project, it is important that there are robust processes and 
systems in place at an organisational level. Such systems should be generic enough to be applied to 
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a wide range of projects in varying nature, as well as specific enough to ensure all aspects of a 
project are adequately accounted for. These will ensure a thorough and complete analysis for each 
project. In relation to the project area, mobile data collection software will need to be specific enough 
to meet the requirements of the project, as well as generic enough to be able to be applied to a wide 
range of projects without complex alterations needed. 

2.2 Project Process 
The "V" model is a systems approach that can be used to conceptualise the civil engineering process 
for managing a project. Figure 1 illustrates the V-shaped life cycle of a project that is a sequential 
path of execution of processes (ISTQB Exam Certification, n.d). The left side of the "V" illustrates the 
decomposition of requirements which comprises the project definition, from concept to implementation 
(USDT, 2007) . The right side shows system integration and verification after it has been implemented. 
The connections between the left and right side indicate how plans developed on the left drive the 
process on the right (USDT, 2007) . 

Project Definition Close out 

Initiation Control 

Planning Monitoring 

Figure 1. "V" Model Representing Civil Engineering Process 

Project definition heavily involves the client. In this phase, the project constraints and objectives are 
determined and the scope of the project is defined. The initiation and planning stages involve the civil 
engineers designing and scheduling the project works . Construction contractors are responsible for 
the completion of the project works and the implementation of the client's requirements. Monitoring 
and control of the project oversees the execution of the project and ensures construction is on 
schedule. The close-out phase is the handover of documentation and the completed infrastructure 
asset onto the client. 

2.2.1 Consideration 
The "V" model depiction of the civil engineering process in Figure 1 illustrates the opportunity 
for which mobile data-collection. A process between the left side of requirements and the right side of 
integration would be able to link the two paths and ensure whole completion of the project life cycle . 
This linking process should include systems and procedures in place to evaluate and analyse the 
project requirements, and ensure these have been driving factors through project implementation to 
produce the final output. This link will serve a number of purposes; ensure requirements are 
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appropriate, ensure implementation is to adequate quality, and ensure monitoring and control of the 
project is in line with the clients requirements. Mobile data collection software could serve as an 
efficient tool in this process as it allows collection on site for the analysis and comparison with 
requirements . 

2 .3 Project Constraints and Objectives 
There are three main interdependent constraints to every project; time, cost and scope 
(TutorialsPoint, n.d). These can be illustrated in what is known as the Project Management Triangle in 
Figure 2. The three constraints represent the trade-offs inherent to a project which influences the 
quality of the final outcome. It represents how changes to one of the constraints throughout a project 
will have an effect on the other two. 

Scope 

Quality 

Cost Time 

Figuie 2. Pioject rv1anagement Tiiangle 

During the project scoping process the work required to meet objectives, satisfy customer 
requirements and deem the project successful are outlined (CIO, n.d). The project objectives and 
constraints are dependent on the client. The client states what the objective of the project is, this is 
the end goal that they want achieved. Engineers are responsible from project scoping; which defines 
what is involved and what is not (Ofer Zwikael, 2011 ), to close-out; which is the handover of the asset 
to the client. 

2.3.1 Consideration 
This shows that civil engineers have an underlying responsibility to monitor and control the restraints 
of cost, time and scope. Monitoring and evaluating will give rise to adequate changes and 
rescheduling to get the project back on track to meet the client's requirements . As these restraints 
collectively influence the quality of the project, quality monitoring is the overarching means for 
engineers to monitor these restraints . Quality assurance therefore becomes how civil engineers 
demonstrate to the clients that the project has been (or is in the process of being) completed to their 
requirements. This shows quality monitoring and quality assurance are important processes in the 
project life cycle. Mobile data collection for asset monitoring and quality assurance can have a key 
role in this process. For the software to be effective, it needs to accurately collect data from the asset 
and efficiently correlate it to client requirements. 

2.4 Client Satisfaction 
Client satisfaction is essential at the end of a project and is a fundamental measure of project 
success. As the project is undertaken for the benefit of the client, it is critical the outcome has met the 
project requirements. Client satisfaction is vital for the continual operation of a company. There are a 
number of reasons identified as why client satisfaction is so important (Beard, 2014); 

1. It is an indicator for repeat clients intentions and loyalty 
2. It is a point of differentiation between competition companies 
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3. It reduces consumer churn 
4. It increases client lifetime value 
5. It reduces negative word of mouth 
6. It is cheaper to retain customers than to acquire new ones 

Ultimately, client satisfaction will contribute to a healthy continual business to operate and grow as an 
enterprise. Reputation is of fundamental importance to the longevity of a company as it is the 
strongest marketing component a company has (Scott, 2015) . Client satisfaction drastically influences 
reputation and therefore the ability for a company to remain operating and competing in the market. 

2.4.1 Consideration 
Client satisfaction is essential at the end of a project and is a fundamental measure of project 
success. As the project is undertaken for the benefit of the client, it is critical the outcome has met the 
project requirements. This leads to the close-out phase of a project holding significant importance as 
the transfer of the asset to the client takes place. Documentation and records for quality assurance, 
such as as-built design drawings and inspections reports, are the link between the completion of the 
project and the demonstration to the client that the project has been successful in meeting their 
requirements . As mobile data collection will aid for these processes, it highlights the need and use 
this technology will have for the client's satisfaction and project success . 

3 ASSET MANAGEMENT 

3.1 Importance of Asset Management to Civil Engineers 
Asset management is the process of coordinated activity of an organisation to realise value from 
assets (1AM, 2008). It involves the balancing of costs, opportunities and risks against the desired 
performance of assets, to achieve the objectives stated. With it, organisations are able to examine the 
performance of assets and asset systems at different levels (1AM, 2008). It can also ensure the quality 
of the project is satisfactory through monitoring (Simons, 2009). From this definition, it can be taken 
that asset management is a useful tool to monitor project implementation and ensure it is compliant to 
requirements. In terms of civil engineering this will involve the monitoring of projects throughout 
construction, as well as performinq conditional assessments and maintenance tasks. 

The essential need for client satisfaction leads to the close-out phase of a project holding significant 
importance as the transfer of the asset to the client takes place. Documentation and records, such as 
as-built design drawings, inspections reports, and condition reports are the link between the 
completion of the project and the demonstration to the client that the project has been successful in 
meeting their requirements . With these documents, clients can plan and coordinate maintenance 
schedules to ensure the upkeep of their assets . 

There are a number of reasons new methods and technologies are developed for use in construction 
monitoring. As-builts are drawings which represent the actual built structure (Dalvit, 2013). These are 
important as it is not uncommon to have numerous changes to designs during the construction phase 
of a project which do not always make it back to a set of revised plans (Dalvit, 2013). The collection of 
as-built data is especially useful in the civil engineering field . It aids in control/verification of the quality 
of civil infrastructure through an analysis of deviations between as-built and as-designed structures. 
Design documents may not provide complete details of a construction project, and these details may 
be decided on during the construction phase. These delayed decisions can make it difficult to record 
the as-built condition of an entire project. Additionally, tracking and recording these decisions within 
the as-built documentation is difficult. This could result in the completed project deviating from the as
designed system . As well as this, it is more difficult to track and record deviations that are not the 
result of conscious decisions, such as poor workmanship or construction errors (Son, et al. , 2015). 
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Site inspections on the construction works of a project need to be carried out to verify compliance with 
the project requirements (Designing Buildings, 2015). The process of inspection is separate from the 
supervision of construction provided by the contractor. Inspections are carried out to give an 
independent view of the works for the client or a third party. 

These reasons have created a need for methods for the acquisition of as-built data to be robust, 
efficient, cost-effective and on demand. Methods for extraction of the as-built information by 
construction and engineering personnel is also needed. This need has spurred the investigation by 
researchers and practitioners in the civil engineering industry into methods for on-site surveys to 
extract valuable information for production monitoring during the construction phase of a project (Son, 
et al., 2015) . Another application of data is for the production of as-built drawings, where it facilitates 
the determination and documentation of as-built layout (Son, et al. , 2015) . 

3.1.1 Consideration 
The literature has described the importance of asset management in civil engineering. As client 
satisfaction is directly related to the projects compliance to their requirements, asset management can 
serve as the link that demonstrates to the client that their requirements have been met. The 
importance placed on asset management for construction monitoring explains the emphasis on 
developing new and improved methods for as-built data collection . Mobile data collection has the 
potential to serve as an efficient as-built and inspection data collection. 

3.2 Quality Assurance 
Quality assurance is a significant aspect of civil engineering. The recorded inspections and as-builts 
from projects offer quality assurance for clients. Ultimately, the asset management component of 
project implementation verifies the client requirements have been met to an acceptable quality and 
the project is successful. The quality of civil projects is reflected in the quality of each process link, 
including the project decision, project design and project construction (Wang & Li, 2015). As the 
clients are involved with the decision and design and previously approve these steps , the process at 
the most risk to varying from client requirements is the construction phase. Site inspections and as
built documentation illustrate the completion of the construction phase. 

Factors influencing the construction quality have been identified as the following (Wang & Li, 2015); 

• Management factor of developers 

• Material factor 

• Control method factor 

• Construction environment factor 
Measures strengthening the quality management of civil construction (Wang & Li , 2015); 

• Improving the management, construction and quality of operator 

• Enhancing the quality management level of construction 

3.2.1 Consideration 
As the clients are involved with the objectives and design, the process at the most risk to varying from 
client requirements is the construction phase. The factors influencing the construction quality all need 
to be considered throughout the construction phase. Adequate asset management should eliminate 
any issues which arise from any of these factors. This reinforces the need for construction monitoring 
and the collection of construction data for comparison to design requirements. 
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4 COLLECTING FIELD DATA/AS-BUILT INFO/INSPECTIONS 

4.1 Importance of Field Data Collection 
Site inspections and as-builts are documented with data collected from the project site . As the 
accuracy and quality of these documents are significant to the success of the project, the collection 
and management of the field data becomes an important factor for civil engineers . 

4.2 Traditional Methods of Field Data Collection 
Field data collection can involve tasks such as designating assets, quantifying and locating them, and 
qualifying their status (Rauerbach, 2005). Traditionally these data are collected with hand written 
notes and taking photos with a camera. More specialized data is collected with specialized 
equipment such as surveying instruments. Site inspections and observations are performed by civil 
engineers who take notes and photos as they walk over sites with the construction manager. 

4.3 Issues Faced with Field Data Collection 
There are a number of issues which have been identified with the collection of field data. These are 
briefly discussed below; 

• The traditional approach of collecting data requires the manual transfer of paper-based 
survey forms into computers for processing. This approach of asset inventory creation 
increases the potential for human error to occur during transcription from paper to digital 
{Ploeger, et al., 2015) . Human error is likely to occur as there is a double handling of data. 
This double handling also results in a greater amount of time being taken for getting field data 
onto computer bases for processing (Kennedy, et al., 2014). 

• As-builts are meant to reflect actual field conditions; however, they are generally inaccurate 
(Adams, 2002). This is due to the techniques used to collect the data, as well as the 
engineers and contractors attitude towards documentation. As-built drawings preparations, 
which necessarily occur at the end of a project, are not given as much priority as they need 
(Adams, 2002). When documentation is prepared without the necessary attention and priority, 
the quality of the work is impaired and documents will become less accurate. 

• There have previously been concerns about the quality of infrastructure in the industrv 
{ Spatari & AKtan, 2013). These are mainly due to a shortage of investment into asset 
management and also a lack of fundamental knowledge and metrics for describing the 
valuation , condition and performance of these project systems. This can be improved with 
necessary investment to obtain the right tools for asset management, as well as having the 
right knowledge for the work. 

4.4 Consideration 
The traditional methods for collecting as-built data are inaccurate and have become inefficient for the 
civil engineering industry. All the issues which have resulted from the traditional collection method 
illustrate the need for more advanced methods to be developed. Collecting data with mobile devices 
will eliminate the inaccuracy caused by the traditional method of data collection and double handling 
of information . An investment into an effective and efficient mobile data collection system as a tool for 
asset management will be beneficial to the company. However, an efficient collection system alone 
will not eliminate the current issues. Along with an efficient system, knowledge and resources are 
essential in order for the successful use of the system. 

5 ADVANCEMENT IN NEW TECHNOLOGY 
Technology used for the purpose of asset management continues to grow with increasing 
advancement in technology. Examples include project work involving GIS, land surveying, 3-0 laser 
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scanning, and GPS (Rauerbach, 2005). There is an increasing trend in the industry of employing a 
digital data entry form for construction monitoring. Digital data entry minimises data transcription 
errors (Ploeger, et al., 2015). Digital data entry can increase efficiency through components such as 
drop down/tick lists and autofill options, while allowing the user to modify specific parameter values 
that might differ between projects (Ploeger, et al., 2015). 

Also, there is an increase in information technology related services . Civil engineering companies 
increasingly assist clients with capital program management systems, enterprise management 
systems, CAD/GIS data integration agendas, and implementation of mobile technology to maximise 
the efficiency of their asset management programs (Rauerbach, 2005). 

5.1 Advancement in GIS Technology 
Paper maps and designs for construction use can be eliminated with the use of GIS. This allows as
built information to be entered and maintained electronically. Photo-like maps can be easily produced 
which show the project information with high-resolution aerial photography as a background. Up-to
date versions of electronic as-builts can be easily produced as corrections and changes are readily 
incorporated. This allows the latest information to reach the field personnel efficiently (Adams, 2002) . 

There are a number of considerations between GIS as an alternative to as-built drawings; 
• Keeping accurate and up-to-date information about a project is important. 

• GIS can be an effective tool to assist field personnel use, update and distribute information. 

• Conventional as-built drawings on paper have limitations including getting wet, dirty as well as 
being less efficient and accurate (Adams, 2002). 

5.2 Advancement in Spatial Technology 
GPS is an effective tool to identify and document locations (Adams, 2002). Advancement in on-site 
spatial survey technology such as photo/video-grammetry enable more efficient capture of 3D as-built 
data than data captured using traditional manual techniques (Son, et al., 2015). GPS data has been 
regarded as a tool that can be useful for managerial purposes at various points of a projects life-cycle. 
Aspects such as during construction, upon completion, and during operation and maintenance phases 
have been identified for this (Son, et al., 2015). 

GPS can be useful for on-site dimensional quality control, progress tracking, and inspections. Another 
important application for as-built data collected with GPS is for construction monitoring, which can 
compare the actual as-built state with the designed specifications (Son, et al., 2015). 

5.3 Rise in mobile cloud systems for data collection 
The National Institute of Standards and Technology (NIST) defines cloud computing as "a model for 
enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable 
computing resources that can be rapidly provisioned and released with minimal management effort or 
service provider interaction" (NIST, 2010). Mobile computing has been recognized as an efficient 
means for information sharing , design, and construction collaboration within the civil engineering 
industry (Behzadan, et al. , 2008) (Bowden, et al., 2006) (Yeh, et al., 2012). However, there have 
been a number of shortcomings of using current smart devices as computing equipment. These 
include a short battery life, storage, processing speed, scalability, and security (Chang, et al., 2009) 
(Riva & Kangasharju , 2008) (Chen, et al., 2014). 

The idea behind integrating mobile equipment with cloud infrastructure is to mitigate the weaknesses 
of mobile devices (Dinh, et al. , 2013). This has enabled a new computing process, known as mobile
cloud computing (MCC). On-demand services can be provided by using smart devices through cloud 
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computing platforms. Many engineering applications are adopting this mobile system approach 
(Chen, et al., 2014 ). 

However, using mobile devices for data collection does come with its own downfalls. Initial data 
collection using a smart device is more time consuming than the traditional paper and pen method 
(Kennedy, et al., 2014) . The time saving occurs with the transfer of the data onto company systems 
and data processing. There is also a chance of data entry error through inadvertent keypad touches 
on the device screen. As well as this, there is a risk of device malfunction; the heavy reliance on the 
mobile technology could impact the efficiency of data collection if an issue with the device does occur. 

5.4 Consideration 
This illustrates the need to continually advance the use of technology to be up to date with industry 
trends, in order to assist clients and provide the documents and project information in the form which 
is compatible to their software systems. As more civil engineering companies employ digital data 
collection it shows investment in this area is required in order to develop with industry trends and 
retain a competitive advantage. The compatibility of mobile data collection software with the 
increasing developments in technology trends will affect its ability to compete in the market against 
competitors. This aspect needs to be considered through the project to ensure mobile data collection 
software researched is in line with changing technology trends and any emergent downfalls are 
considered and mitigated. 

6 CONCLUSION 
A number of trends and changing attitudes in the civi! engineering industry have been identified. 
These are in relation to data collection for asset management purposes and the increasing 
advancement in technology for this. The following points describe the conclusions which have been 
taken from this literature review; 

• Asset management is a significant aspect of civil engineering projects. Verifying project 
compliance to requirements is of upmost importance and the need for accurate data collection 
is vital for this. Tradition methods for data collection are seen to be outdated and inadequate 
for the advancinq industry. 

• The traditional method for collecting data for construction monitoring is ineffective. A number 
of issues arise from the paper, pen and camera method and industry trends show increasing 
movement and development away from this method. 

• There are a number of technology advancements which have increasingly been integrated 
into engineering applications. These include GPS, GIS, spatial technology, mobile, and cloud 
systems. Asset management systems which can succinctly incorporate some or all of these 
will offer a more efficient toolset for engineers. Consideration is also needed on the potential 
for expanding and extending advancements such as these technological aspects. 

• For efficient asset management in civil engineering it is not enough to just have the software 
systems. As well as this, it is important to have knowledge, understanding and buy-in from the 
engineers about the importance and process of efficient asset management. Not only is it 
necessary to have the appropriate toolset for the process, but also the attitude and mind-set 
to priorities asset management and to perform it accurately. 

These trends have a number of influences on the research project. The following aspects have been 
derived from the conclusions from the literature review and will be brought forward into the research 
project for consideration; 
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• Mobile data collection software is a new way forward for asset management, in terms of 

technology and efficiency. A robust system needs to be investigated and in place in order to 
create a sustainable platform that offers a consistent service to provide clients with quality 
assurance and satisfaction . Such a tool would create a link between the design and 
construction processes as seen in the "V" model description of the engineering process. 

• The software alone will not be enough to offer an efficient system. There needs to be 
adequate integration into the asset management and quality assurance systems and software 
infrastructure. 

• To eliminate issues that are present with the traditional data collection method there needs to 
be a culture that values and prioritises the need and use of asset management and quality 
assurance. This will assist with a thorough and complete job throughout the construction 
process that is necessary to accurately and effectively ensure the monitoring and verification 
of the project works . Usability and functionality are important aspects of a software system 
which could create a tool that meets the needs of the civil engineers will help to create buy-in . 
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Appendix D: Company Review 
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1 INTRODUCTION 

1.1 Purpose 
This review has been conducted to gain an understanding of the Beca Ltd enterprise. For the MEM 
project to produce recommendations of value it is necessary to ensure that they are in line with the 
overarching business strategy and direction. Therefore it is important to have a thorough understanding 
on the business approach to reach their short and long term visions and goals . 

In addition to the business strategy and structure, particular attention has been placed on the software 
systems and the undertakings of the civil department. This is as the MEM project undertaken on mobile 
data collection software is in relation to these aspects and the association between the two. 

1.2 Beca Background 
Beca Group Limited is one of the largest employee-owned engineering and related consultancy services 
companies in the Asia-Pacific, with their headquarters situated in Auckland, New Zealand. They offer 
expertise in engineering, architecture, planning, project and cost management, software technology 
and valuation services. Their consultancy services deliver across the Buildings, Government, Industrial , 
Power, Transport and Water market segments. 

2 STRATEGY 

2.1 Business Strategy 
Beca's mission statement is to "create value for clients and other stakeholders through a sustainable 
global enterprise". Success is measured through the high attraction and engagement of employees to 
the business, the sensational client experience and loyalty developed, and the sustainable growth of 
the enterprise. Business goals can be derived from this mission statement, the specific aspects focused 
by Beca's strategy are; 

• Customer satisfaction 

• A stimulating and rewardin~ environment for all personnel 

• Profitable operation 

The strategies in place to achieve their mission statement are to; 

• Provide exceptional service and relationships with each client with whom we are engaged 
• Convert these relationships and service to excellent client feedback and loyalty 
• Develop professional, robust and sustainable businesses in Asia, Australia and New Zealand 

on our journey towards a global enterprise 
• Provide depth and differentiated service in each market sector in which they operate 

Encourage and develop employees with exciting opportunities and careers 
Celebrate the success of inspirational and innovative projects and people 

Beca's strategy statement prioritises a high standard quality experience for their clients. This will fuel a 
good reputation for them and allow repeat business to grow their enterprise. Culture is a fundamental 
aspect of any company and by creating an environment where their employees are positively engaged 
in their careers, will aid the strategic goals in stimulating a successful enterprise. 
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2.2 Business Improvement 
Beca strives to monitor the performance of their business to enable them to evaluate their strategies 
and systems in place and make reasoned changes to their approach. For business improvement, there 
are four areas of focus. These are; 

• Identify and investigate opportunities for improvement in work practice, the Beca quality 
management system or in any activity or interest of Beca or staff welfare . 

• Controlling and correcting non-conforming work output, service or work practice. 

• Identifying and removing potential root causes of non-conformances. 

• Reviewing the effectiveness of corrective and preventive action taken . 

2.2.1 Continual Improvement 
A strategy of continual improvement is fundamental to Beca's business success, and is reflected in 
Beca's quality policy, goals and quality management procedures. There are a number of channels Beca 
implements to create a cycle of continual improvement for the company. The main mechanisms in 
practice include; 

• IMPACT business improvement suggestion scheme 

• Ongoing review and upgrading of procedures 

• Internal audits (both formal audits, as managed by the Quality Office, and informal audits, 
managed within individual sections) 

• External audits 

• Annual Management Reviews of Quality 

These ·channels allow for business reflection from a wide spectrum of views . The IMPACT suggestion 
scheme gives employees the power to identify issues they experience and for their views to be heard. 
Internal and external audits ensure work is being performed as required and to the quality level 
expected. Reviews ensure processes and systems in place are performing as they are meant to. 

Beca's continual improvement scheme demonstrates how the company is accepting of continual 
changes and adjustments to develop the company into a more efficient and effective business. 
Procedures and systems employed rarely do so without issues and changes required . Without an 
atti tude to development su_ch_as_Jbis, tbe company w_oulcL•oL survive in a_cbanging_ iodustLy 
environment, as they would lose their competitive advantage . 

2.2.2 Levels of Improvement 
There are three different levels that improvement can be implemented at Beca. By having three 
specified levels with allocated personnel responsible for each, improvement initiatives are able to be 
focused at an appropriate level as required. This also means that initiatives can be categorized and 
prevents them from going unnoticed. These three levels are described below; 

• Group-wide level the Group Quality Manager heads the Quality Management team. This 
includes the Group Quality Office with resources made available from the Group Delivery 
function which covers group and hub level resources . 

• Hub level , the managing director, in consultation with the Group Quality Manager, appoints a 
full or part-time hub quality manager, with adequate support resources, to implement the Beca 
group and supplementary hub quality management systems within the hub. 

• At a business unit (section) level, the management of quality is the responsibility of the section 
manager, supported by a section quality representative (SQR) . Guidance is provided on the 
Beca intranet Quality site for the SQR role. 
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3 BECA'S INFORMATION T ECHNOLOGY 

3.1 IT Strategy 
Beca's IT Strategy currently focuses on eight key areas which are briefly summarised below; 

Table 1. Focus Areas for Beca's IT Strategy 

FOCUS AREA DESCRIPTION 
Standardisation strategy In order to max1m1se benefit from investment in Information 

Technology it has become essential to promote a comprehensive 
policy of standardisation across all operating systems, software, 
hardware, infrastructure components, configuration and policies being 
used and deployed on the Beca network. 

Infrastructure Strategy The Infrastructure Strategy provides the fabric on which the entire 
network is based. Being such a core component, it is vital that 
equipment is reliable, scalable and fit for purpose so that services and 
applications can be safely deployed within a managed environment. 

Information management The issues to be dealt with here are essentially related to the efficient 
strategy management of our storage requirements which are growing 

exponentially and providing challenges in respect of our ability to back 
up our systems with current technology. 

Directory services The Directory Services Strategy is a core component in providing an 
strategy infrastructure that supports the global boundaries that Beca is now 

operating in . A common directory provides an umbrella that al lows a 
Beca user to be authenticated and authorised to access the Beca 
netv✓ork regardless of location. 

Security strategy Beca's information and information systems are valuable assets that 
must be protected. The Security Strategy identifies criteria and 
techniques associated with protecting and providing access to Beca's 
information resources. It facilitates identification, authentication, and 
authorization, administration , and audit services. 

Communication strategy Technology options need to be evaluated because newer offerings 
may provide significant operating advantages and cost savings . 

Accessibility strategy Core to the Strategic Plan is providing access to Beca users regardless 
of their location. Our users are becoming more mobile as Beca's ~ 
business becomes increasingly global. Historically, we have tended 
to move the user to the information source rather than using technology 
to bring the information to the user 

Availability strategy One of the challenges operating in a global business operating in 
several time zones is ensuring that business availability is provided 24 
hours a day, 7 days a week. Availability covers a whole range of 
business, service level, applications and systems and network 
management capabilities, extending across all IT infrastructure from 
networks, servers, databases, applications to services. 

3.2 Beca's current IT capabilities and resources 
Beca operates with a number of different IT systems in place. These have been employed to allow 
business-as-usual to run efficiently and successfully. The main capabilities and resou rces the company 
currently employs are listed below; 

• The company issues out laptops, computers and cell phones for use by the engineers 
• BecaWeb is the company's intranet, solely for internal use. Each Org has its own set up 

detailing such articles as staff profiles and file libraries on each line of work. 
• There is an in-house document management system (OMS). It gives every Beca Word 

document a unique identification number enabling it to be tracked and searched for easily. It 
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removes the hassle of wondering what to name your documents, where to save them, how to 
format them, and where to retrieve someone else's documents. 

• BCISview is an in-house text based information store containing staff extensions, job number 
details and Client contacts . 

• The Deliverable Status Register (DSR) is a database that tracks any deliverables (drawings, 
reports, calculations etc.) that are transmitted to clients . 

• File Set-Up tool provides assistance to Job Managers with the creation and administration of 
Job filing . The tool utilises the new Beca company-wide filing system , designed to facilitate 
commonality of filing practice between sections and companies within Beca. 

• The Project Development System (PDS) is a software system which is used to define project 
scope and develop and manage all aspects of the project for completion . It tracks project 
completion from establishment to. completion . 

• BTS is the business management system which manages the financial components of projects. 

4 QUALITY: ISO ACCREDITED 
The quality of worked performed by Beca holds significant importance to the company as it affects the 
experience and satisfaction of its clients . Senior management is committed to the development and 
implementation of the Beca quality management system, and continual improvement of its effectiveness 
(quality manual). There are a number of authority levels within Beca which hold different roles for 
ensuring quality within the workplace . The hierarchical structure is important for job responsibilities for 
employees to create an efficient "business as usual" environment. 

Table 2 below lists different job titles throughout the different levels of authority in Beca and the 
corresponding quality responsibility of each . 

Table 2. Job Title and Quality Roles within Beca 

TITLE ROLE 
Beca Group Chief 
Executive and Beca 
Company Boards 
Group Quality Manager 

- (GQM) 

Hub Quality Manager 

Section Manager 

Approves quality commitment, goals, objectives and strategy 
Authorizes business plans and resources related to quality 
Reviews quality performance and effectiveness 
Reports to Beca Group CEO, and EL Ton a quarterly basis. 
Works through- full tirne quality- management personnel, the-hub
quality managers, an audit team, section quality representatives 
SQRs) 

Reports to a line manager within the hub and to the Group Quality 
Manager with respect to the implementation and management of the 

I 
Beca quality management system within the hub. 
Hub Quality Manager administers the quality management system 
programmes and internal procedures within the hub, as defined in the 
Beca quality procedures . 
Responsible for; 
Commercial and personnel management of the section, effective 
implementation of the quality management system within the section, 
establishing, implementing and maintaining section procedures, 
where required, providing technical direction and developing and 
maintaining technical capability within the section, providing 
necessary access to personnel and documents for internal and 
external quality audits, timely resolution of nonconformances with 
procedures and satisfactory completion of corrective action requests, 
appointing a section quality representative to whom quality 
management responsibilities can be delegated 

t--,-----,---------,---+---,--' ~-----~~----< 
Section Quality Assists the section manager with quality matters as delegated; 
Representative (SQR) Controlling section-specific quality management system 

documentation within the section , implementing quality commitment, 
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TITLE ROLE 

Job Director 

programmes and improvement initiatives within the section, 
participating in quality audits and facilitating the resolution of 
nonconformances and the close out of corrective action requests, 
liaising on behalf of the section and section manager with the Hub 
Quality Manager or Group Quality Office concerning quality matters. 
Approves the appointment of key staff, and subconsultants where 
applicable, for a job, approves job quality plan, verifies that all aspects 
of job quality meet client requirements and that approved procedures 
have been implemented within the job, ensures that contractual 
responsibilities relating to the job are fulfilled . t-------------+-~~-----~ 

Job Manager 

Work Package Manager 

Section Personnel 

Health and Safety 

Responsible to a job director for; 
Reviewing the client commission, liaising with the client appropriately 
through the course of the job, and delivering work and services that 
satisfy the client's requirements, compliance with the Beca quality 
management system in the execution of work, implementing and 
controlling approved procedures in the execution of the job, as 
determined in the job quality plan, ensuring that appropriate 
verification of work takes place, as agreed with the job director, a 
satisfactory financial outcome for the job, receiving safety inputs from 
the client and disseminating to the work team and briefing all those 
on safetv requirements of the job. 
Responsible to the job manager and relevant section manager for the 
execution of a work package to client requirements, programme and 
budget, and leads the work package team (discipline team) in 
executing work in accordance with Beca-wide, area-specific and job
specific procedures. 

. Job team members execute their work in accordance with Beca-wide, 
area-specific and job-specific procedures. 
The NZ H&S Steering Committee is chaired by the Group H&S 
Manager and provides direction to the H&S Team, who implements 
the Board endorsed annual H&S Plan through H&S Office 
Representatives, HSSC members, H&S Section Representatives 
and all employees. 

5 DOCUMENT PRODUCTION AND CONTROL 

5.1 Computerised Systems and Software 
Beca ensures consistent electronic documentation to create an efficiently manageable system . 
Documentation creation is to fulfill the following objectives; 

• Files are named systematically and uniquely, to avoid potential confusion in distribution, 
deletion or amendments 

• The unique Beca ID number appears in the footer of each page of the document so that the 
document can be traced back to the original electronic file 

• Electronically stored files can be efficiently located and accessed from the network 
• The correct version (revision) of a document is accessed 

5. 1. 1 Classification of Records 
The management of documentation is important to ensure high quality of record control. Three 
categories of quality records are distinguished, with responsibilities for maintaining them as follows; 

• Job-specific quality records: responsibility of the job manager. Job-specific quality records 
comprise the job deliverables and all relevant documentation used in the initiation and progress 
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of the job and in the production of the deliverables. Documentation may be correspondence, 
drawings, reports, calculations, computer data, photographs, video recordings and be on any 
suitable media. 

• Beca quality records (ie audit reports, management review records): responsibility of the 
Group Quality Manager (GQM) through the hub quality managers. 

• Section quality records (eg section audit reports, training data, equipment calibration data): 
responsibility of the section manager, who may delegate responsibility to the section quality 
representative, section training representative or others. 

5.2 System Security 
The following security procedures are in place to protect all electronic media which Beca handles and 
deals with . These ensure the safety of company property and intellectual assets. 

5 .2 . 1 Virus Protection 
All media entering and leaving Beca offices shall be checked and cleared for viruses . Appropriate 
procedures and rules shall be put in place to minimize the risk of virus propagation, internally and 
externally, in addition to virus scanning. 

5.2.2 Preservation of Confidentiality 
Where appropriate, electronically stored documents shall have their contents protected from 
unauthorized reading. 

5 .2.3 Data Protection and Recovery 
Systems and plans shall be in place to protect data from damage or loss through disaster or during the 
normal course of operations, and where damage or loss does occur there shall be back-up systems 
and procedures to recover the data. 

6 SOFTWARE DEVELOPMENT 
There is a specified procedure in place for the development and implementation of software within 
Beca. The procedure applies to the following types of software development jobs or work packages: 

All software developed by Beca for supply to, or direct use by clients 
All software developed for internal Beca use, where the output of such software directly affects the 
data or produces information on which a deliverable to a client is based. 

The procedure does not apply to coding for programmable logic controllers (PLCs) . 

The approach to software development will vary between projects. Prototyping and several iteration 
cycles are generally included in software development. Regardless of the particular development 
approach adopted, there needs to be adequate consideration given to the following general principles 
for the development process; 

Commissioning considerations: used as a basis for tendering, or submitting proposals or 
business case evaluations for software development. Where the software is to be handed over to 
external clients, all aspects of this process should clearly be defined and agreed in writing with the 
client. 
Project Management: Ensuring appropriate management of financial, budgetary, technical and 
quality objectives objectives. 
Project Quality Plan: Entailing management and quality aspects of the project. This includes 
staging of work, skills and resources, and involvement. 
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Project Communications: Defining authorities for decision-making, responsibilities and reporti ng 
requirements. 
Payment Schedule: either progress payments based on time spent, fixed monthly payments, or 
payment on delivery and acceptance of the completed system 
Change control: assessment of impacts and approval process 
Acceptance testing : Defining acceptance criteria and prepare the Final Acceptance Test plan that 
will determine if the criteria are met, evaluation of the test results and procedure for non-compliance. 
Support and maintenance: Defining responsibilities and procedures for processing support 
requests 
Software requirements specification: This specification is to provide the primary input to the 
design process, the major interface between Beca and the client, and the basis for acceptance of 
the software 
Software design: Defines the architecture, software components, internal and external interfaces, 
data structure and data access methods of the proposed software product. 
Configuration management: Defines the means for identifying, controlling and tracking the status 
of each software and documentation item through all phases from design through development, 
testing, delivery, and maintenance. 
Software testing and acceptance: Includes a software test plan, software testing, and 
acceptance. Defines the approach taken to testing, verifying and validating software. Some tests 
include functional, exception, performance, security, and usability. 
System implementation: 

i. Implementation plan: planned process for installation and integration 
ii. Training: prepared for various groups involved including users, system 

administrators, and maintenance and support groups. 
iii. Technical reference manual: Details the design and structure of thv softvv1are 
iv. User manual: contains detailed instructions on how to use the software system 
v. Operator/administrator manual : provides information for setting-up and supporting 

the operation of the system. 
vi. Procedural manual : A document normally prepared by the client, providing details 

of how the application is to be used within the client's organization. 
Software Maintenance and enhancement: Maintenance activities are typically classified as; 
problem resolution, interface modification, and enhancement. 

-Software-storage-and preservation : Defines---appropriate-precautions to pFevent loss, damage-or 
deterioration of software source code throughout its life cycle. 

7 MANAGEMENT SOFTWARE SYSTEMS 

7. 1 Project Development System 
Project Development System (PDS) is computer software which was developed solely for Beca use. 
PDS is used to define the project scope and then develop all aspects of the project for completion . It 
tracks project progress from the establishment to completion and delivery. It is a nationwide database 
which is completely accessible for all employees. The system is the main Project Management tool 
adopted by the company. 

The Home page of the software lists all projects an employee is involved with. The Project Site shows 
the breakdown of the job management and reporting activities and status, under headings: 

• Opportunity - Before a job has been won 

• Set Up - After a project has been won and before it has commenced 

• Execution - During the project 

• Close-out - When the project has been completed 

MEM Report 2016 - Emily Wilson 7 



111eeca 
These sections are described in more detail below 

7.1.1 Opportunity 
Beca obtains projects through a tendering process . Before a project is bid on it is necessary to 
investigate whether it is worth the company investing in attempting to win the project. To quantify the 
opportunity of each project a checklist is used to tally a figure which represents how attractive the project 
is to the company. The checklist includes aspects such as profitability, chance of success, client 
relationship, resources available, and time frame for the project. All these need to be considered to 
identify whether the opportunity of the project is worth scoping . 

7.1.2 Set Up 
A more thorough and detailed project scope is developed in the set up phase. This includes the following 
aspects; 

• Project outline - A breakdown of the project scope into a work plan to allow a schedule 
programme to be developed. A more detailed deliverables list is finalised with scheduled dates 
for delivery. Examples of deliverables include layout drawings, reports, and elevations of work. 
A Gantt chart or other similar tools are used to illustrate the outcome of the plan. A verification 
plan is also developed. This provides what verification of work will be undertaken, when, and 
to what extent. Examples of different extents is if all calculations are to be checked off, or just 
the inputs, or just on an overall higher project level. 

• Resource allocation - Who is working and with what responsibilities is identified . This is 
clarified with a kick off meeting to brief the team on; what is expected, what the interfaces with 
different disciplines are, who is the link of communication for doubts or questions . Using the 
schedule work plan resources are also allocated. This allows for a detailed fee estimation to 
also be developed . 

• Commission work with client - The client signs off the detailed proposal to give authorisation 
for the project to commence. 

• Approvals - An internal process to check over the proposal and ensure that the project is fit to 
proceed. 

Exe_cutloJJ 
After approval, the project will commence . During this phase there are a number of different aspects 
which are considered and documented by PDS. These are as follows; 

• Health and safety- Documentation to ensure that employee safety is retained through correct 

and safe procedures and processes for work. 
• Communication - This section ensures there is efficient and effective communication with the 

client. Reports of project progress of the job is given. These reports include what work has been 
completed , what is next to be completed, any issues, any outstanding components that are 
being waited for, any critical areas of the project that have been identified. Client feedback is 
also documented in this section of PDS. Here the client is given a "project health checklist" to 
fill. This indicates the client's perspective about how the project has been progressing to date 
and how Beca has performed as a consultant. 

• Reviews - This section of PDS documents the reviews performed on the execution of the 
project. These include technical reviews to record proof that senior employees have reviewed 
the work. Necessary scope changes that surface as the project progresses, either from 
redesign or change of client requirements are recorded and addressed. Reviews from higher 
management such as the Job Director and the Job Manager are important. These are internal 
documents that run through how the job is progressing in relation to aspects such as resources, 

budget, technical problems, and client relationship . 
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7.1.4 Close out 

After the project has been complete, there is a final phase that closes the project for Beca and the 
deliverables are handed over to the client. This section of PDS includes necessary end of job reviews 
which include checklists to ensure all deliverables are accounted for. Beca goes through the final project 
with the client to get final feedback on how the project went and any areas of improvement. Drawings 
and reports from the duration of the project are filed into the Beca system. 

Finally there is a team evaluation on the project where lessons learned are identified. These are aspects 
of the project which caused issues and disturbances to the work. Lessons learned are uploaded onto a 
spreadsheet on a knowledge center system where they can be viewed to the entire Beca Company. 
Any aspects of the project which are of value engineering are also identified. These are innovative 
solutions or processes which have offered Beca value in the way of money saving , higher quality or 
improved efficiency. These are also shared on an internally accessible database. 

8 CONCLUSION 
The following considerations, in association to each of the sections investigated in this business review, 
have been made in relation to the MEM project on mobile data collection software; 

Business strategy; 
In order for mobile data collection software to be aligned with the Beca strategy it will need to increase 
process efficiency and quality. This will increase client satisfaction and help develop a robust and 
sustainable business. 

Business improvement 
In order to be in line with business improvement for Beca mobile data collection software will need to 
offer improved work practice and quality management. For further benefit, software systems that 
eliminate or mitigate non-conforming aspects of work will be greatly accepted. 

There will need to be adequate channels for user feedback for improvement suggestions to allow for 
continual improvement on any software system adopted . 

A level of impJementa!Lon of any recommendations-concluded from the project will need to be iElentified~ 
This will affect the personnel responsible for consideration, and also the wide spread effect any changes 
will have on the company and the business-as-usual process. 

Strategic IT 
Any strategic recommendations of implementing software used for mobile data collection will need to 
be consistent with Beca's IT strategy and policy. Software for this purpose will create a consistent 
system which could be developed into a standardized method. Infrastructure and information 
management are two components which are essential to mobile data collection software. These are the 
linking aspects from a product to a system process that can be used within Beca. Security will need to 
be considered to ensure safety and reliability of Beca data and systems. Accessibility and availability 
will need to be ensured to connect a software system to the users effectively. 

Quality 
By having allocated jobs and roles for quality empowers employees and allows them to take 
responsibility over aspects they have authority over. This system will need to be considered when 
recommendations are made. The different level of application, and the personnel involved with the 
implementation are needed to be understood and appreciated in order to create successful initiatives 
for Beca. 
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Document Production and Control 
Documentation produced with mobile data collection software will need to be able to satisfy the 
objectives stated for Beca standard documentation and systems. This means that reports need to be 
produced in accordance to the systematic filing storage in order to easily integrate it into the existing 
documentation managing system. 

System security Consideration 
The system security procedure demonstrates the importance of security and the need to have a robust 
system to protect Beca's electronic media. The protection of data and documentation are essential for 
business. For this reason there needs to be consideration for mobile data collection software to ensure 
there is adequate virus protection, as well as the data storage and protection. This is especially 
important as some mobile data collection software options collect and store data on a third party 
database, which carries different risks as well as advantages. 

Software Development 

In the case of internally developing software for use of mobile data collection software the procedure 
for software development will need to be applied. This will ensure that the software is thoroughly 
considered and can be implemented and integrated into the Beca system efficiently. 

Management Software Systems 
In order for mobile data collection software to be accepted and integrated into the Beca system, it is 
required to be consistent and compatible with the management software systems that are employed by 
civil engineers. 
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Appendix E: List of Interviewees 

LAST NAME FIRST NAME 
ANDREWS Connon 
BALL Andrew 
BEAMISH Mike 
BIRD Geoff 
BLACKBURN Quintin 
BLACKFORD Andrew 
BLYTH Curtis 
BOJANICH Georgina 
BOVILL Orin 
NAYLOR Brett 
BUILT Richard 
BURR James 
CABLE Geoff 
CALLAN David 
CHUNG Alfred 
CLODE Tracy 
COLE Greg 
COOKE Jeremy 
CRAWFORD Mark 
CRAWFORD Angus 
DOUCH Richard 
DUNLOP Christopher 
EADE Jeremy 
FAIL Justin 
FENEMORE Ian 
FIELDEN Sam 
FRANKLIN Malcolm 
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POSITION 
Manager - Auckland Civil BL 
Sen1ior Associate - Structural Engineering , Central Structural BL 
Senior Associate - Structural Engineering, Auckland Civil Structures BL 
Senior Associate - Structural Engineer, Auckland Structural BL 
Manager - Infrastructure Management Services BL 
Manager - Central Building Services BL 

I 
Environmental Scientist - Auckland Environments BL 
Ma~ager - Airports BL 
StrJctural Engineer - Auckland Structural BL 
Technical Director - BIM Delivery Leader, Design Practice BL 
Sen1ior Technical Director - Structural Engineer, Auckland Structural BL 
Technical Director - Geotechnical BL 
Manager - Hamilton Infrastructure BL 
Senior Civil Engineer - Wellington Civil BL 
Associate Building Services - Wellington Building Services BL 
Associate Project Manager - Wel lington Water BL 
Senlior Structural Engineer - Wellington Structural BL 
Ma1ager - South Island Environments BL 
Manager - Auckland Building Services BL 
Senior Building Services Designer - Wellington Building Services BL 
Manager - Central Environments BL 
Ma~ager - Wellington Building Services BL 
Engineering Geologist - Geotechnical BL 
Senior Associate - GIS Consultant, Beca Appl ied Technologies BL 
Senior Manager - Christchurch Structural BL 
Prin:cipal - Commercial Software and Sales, Advisory Services BL 
Manager - Wellington Water and Industrial, Wellington Water BL 

1 



FRASER Daniel 

FROST Ben 

FULLERTON Alex 

GILMOUR Samuel 

GLEDHILL Patrick 

GRANT Eleanor 

GREENWOOD Harry 

GRIMES Chris 

HALL Jason 

HAY Suzanne 

HICKLING Hamish 

HILL Justin 

HODSON Rupert 

HOWDEN Michael 

HUGHES Amanda 

HUGHES Tristan 

INGER Rex 

JACKSON Ian 

JACOB Mark 

KING Darren 

KOOTSTRA Orlando 

KUMAR Yogesh 

LEE Julia 

LEE David 

LIU Jerry 

LIU Jeremy 

MACBETH Ian 

MAHONEY Richard 

MCWILLIAMS Mike 

MILLS Brian 
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Manager - Wellington Survey BL 
Senior Landscape Architect - Design Practice BL 
Senior GIS Specialist - Beca Applied Technologies BL 
Engineering Technician - Transportation BL 
Engineering Technologist •- Christchurch Water BL 
Manager - Auckland Industrial BL 
Strubtural Engineer - Wellington Structural BL 
Senior Geotechnical Engineer - Geotechnical BL 
Manager - Christchurch Power BL 
Manager - NZ Steel BL 
Manager - Auckland Structural BL 
Manager - Christchurch Building Services BL 
Manager - Auckland Environments BL 
Senior Project Manager - Beca Applied Technologies BL 
Project Manager - Infrastructure Management Services BL 
Technical Director - Airport Engineering, Airports BL 
Manager - Auckland Power BL 
Principal - Asset Performance, Valuations BL 
Manager - Wellington Power Bl 
Senii°r Associate - Central Building Services BL 
Senior Assoicate - GIS Consultant, Beca Applied Technologies BL 
Manager - Wellington Structural BL 
Structural Engineer - Auckland Civi l Structures BL 
Manager - Geotechnical And Geotest, Geotechnical BL 
Civil Engineer - Auckland Civil BL 
Senior Mechanical Engineer - Auckland Building Services BL 
Manager - Christchurch Water BL 
Manager - Hamilton Industrial and Power BL 
Senior Civi l Engineer - Airports BPL 
Senior Environmental Scientist - Auckland Environments BL 

uneeca 

2 



MOLLOY Kieran 

MONTGOMERY Gus 

NEWTON Simon 

PATERSON Andrew 

PATERSON Ross 

PIMM Matthew 

PLUMPTON Ross 

PLUNKET Ali 

REED Jon 

ROBERTSON Wade 

ROBERTSON Vaughan 

ROBILLIARD Paul 

RODING Wernher 

SCOTT Chris 

SKERRETT Andy 

SLATER Tim 

SMITH Genevieve 

SPARGO Graham 

STEPHENS Matt 

STEPHENS Vikki 

STONE Andrew 

TAPPER Mike 

TILSLEY Susan 

TWYMAN Sam 

VANZYL Jandre 

VINKOUROV George 

WAGER Richard 

WELLER Kevin 

WHITFIELD Eric 

WITHERDEN Stephen 
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Sen1ior Software Engineer - Beca Applied Technolog ies BL 
Strurtural Engineer - Auckland Structural BL 
Environmental Engineer - Wel lington Water BL 
Manager - Tauranga Infrastructure BL 
Associate Geotechnical Engineer - Geotechnhical BL 
Manager - Auckland Survey BL 
Segment Manager - Mining and Metals, Industrial BENZ 
IT Support Analysis, NZ ICT BL 
Ma~ager - Auckland Water BL 
Manger - Design Practice BL 
Group Manager - Technology Strategy, Group ICT BGL 
Manager - Tauranga Industrial BL 
Manager - Electrical and Controls BL 
Manager - Christchurch Survey BL 
man

1
ager - New Plymouth Infrastructure BL 

Engineering Technician - Tauranga Infrastructure BL 
Ass<Dciate Environmental Scientist - Auckland Environments BL 
Senior Technical Director - Planning, Wellington Environments BL 
Ass6ciate Mechanical Engineer - Industrial PM VIC - BPL 
Mechanical Engineer - Wel lington Building Services BL 
Engineering Technician - South Island Infrastructure BL 
Tec~nical Director - Transportation, Tauranga Infrastructure BL 
Tec~nical Director - Engineering Geology, Geotechnical BL 
Civil )Engineer - Airports BL 
Senior Civil Engineer - South Island Infrastructure BL 
Busihess Analyst - Beca Applied Technologies BL 
Tec~nical Director - Christchurch Building Services BL 
Fire Engineer - Central Bu ilding Services BL 
Man~ger - Wellington Infrastructure, Wellington Civil - BL 
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Tec~nical Director - Software Engineering, Beca Applied Technolog ies BL 
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YEN-SHENG 
YOUNG 

Pan 

Richard 
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Software Engineer - Beca Applied Technologies BL 
Associate Civil Engineer - Hamilton Infrastructure BL 
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Appendix F: Survey Overview 

Section Department Software Used (current Comments/Notes 
or previously) 

301 Civil Infrastructure I 

312 Auckland Civil Fulcrum • Section has purchased tablets 
I • Trialling Fulcrum 
I • Saves around an hour per report 

• Cost is off putting, most projects can't absorb the cost 
I 

• Easier for clients to internalise the extra man hour cost opposed to software cost 
331 I nfrastru ctu re Fulcrum 

I 
• Trialled in Dunedin office 

Manaqement Services 
332 Wellington Civil Developing Fulcrum • BAT is developing a Fulcrum template 

• Trying to find funding as don't want to have a $20k hit on one project 

338 Christchurch None • Dunedin have been using tablets on a number of projects 
Infrastructure • Dunedin have been involved with trial ling Fulcrum 

341 Hamilton Infrastructure Bliptrack • Provides live traffic data from specialised sensors 
385 New Plymouth None I • Don't collect data often 

Infrastructure I • Take laptops on site to download data from traffic counters 
391 Auckland Civil Structures Fulcrum I 

393 Tauranga Infrastructure TeamView Tarmac 

302 Water 
I 

325 Auckland Water ArcGIS 
I 

• Used on a project a while ago 

• Not a lot of field data collected for our work 
326 Wellington Water and Water Outlook I • Tablets can be used to collect data for water outlook. 

Industrial I • The Kapiti Coast District Council pays for it and we have access to it 
336 Christchurch Water Fulcrum • Used for Christchurch City Council projects such as treatment plants 

304 Geotechnical , Airports 
I and Survey 

318 Auckland Survey ArcGIS • Previously used ArcGIS, not currently in use 

MEM Report 2016 - Emily Wilson 



uneeca 
I • Have a lot of high tech equipment for data collection 

320 Geotechnical Fulcrum , ArcGIS • Fulcrum used infrequently 

• Have previously used ArcGIS 

• Going to get tablets for the section soon 
323 Airports Developing Fulcrum 

327 Wellington Survey None • Most data collected on specialised instruments 

• Some data taken with paper, pen and camera 

• Have used Fulcrum on repetitive projects, such as LINZ work 
333 Christchurch Survey None 

362 Geotest None 

401 Environments 

421 Auckland Environments ArcGIS, Fulcrum, Arc 
Collector 

426 Wellington Environments None 

428 Central Environments None 

439 South Island None 
Environments 

468 Design Practice GIS Collector • Section has 18 tablets 

• Used by the landscape team on field 

221 Industrial 

235 New Plymouth Industrial None 

262 BENZ ArcGIS, Fulcrum, • QuickBase used for manufacturing plant shut down projects 
QuickBase 

266 Tauranga Industrial None • Have not considered necessary 
I • Bought an tablet for client interface 

• Have not considered the use for it to collect data on the other end 
277 Hamilton Industrial and TeamView GIS Apps 

Power 
288 Electrical and Controls None 
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289 Steel None • Not a lot of data collection is required 

• Use paper, pen and camera 
293 Auckland Industrial None 

201 Power 

231 Wellington Power Fulcrum 

242 Christchurch Power None • Site inspections and reports are not needed for projects 
• Don't deal with a lot of construction 

286 Auckland Power None 
I 

501 Buildings 

513 Auckland Building Fulcrum 
Services 

527 Wellington Structural Developing Fulcrum • Triallinq Fulcrum soon 
529 Well ington Building None • Section owns tablets 

Services Site Aud it Pro • Tablets used for takinq photos and notes 
532 Christchurch Structural None 

539 Christchurch Building Onsite • Section has 2 or 3 tablets 
Services • onSite used on some projects 

• Generally paper, pen and camera otherwise 
549 Tauranga Building • Section has 3-4 tablets 

Services 
564 Central Structural Fulcrum • For bridge management 

592 Auckland Structural Fulcrum, Onsite • OnSite used for construction monitoring 
• Fulcrum used a lot for NZDF asset insoection of buildinas 
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Appendix G: Software Review 

MOBILE DATA COLLECTION SOLUTIONS 

USED ACROSS BECA LTD 

1 PURPOSE 
The aim of this document is to offer engineers with an overview of the mobile data collection software 
that is available across Beca, and the software which is being used by different sections across the 
company. This document should serve as a means to share knowledge across Beca and assist in 
creating a link between the software platforms offered by the advisory services team and the 
engineers who are the users of the software in the field . 

2 INTRODUCTION 
The civil structures team are increasingly adopting technology solutions to improve their asset 
inspection programmes. These involve a mobile software to collect data on site which gets sent to a 
database that automatically creates reports and documents as needed. 

The main incentives for digitally recording field data are to achieve; 

• Improved efficiency on site 

• Rapid access to site information 

• Better information for clients 

• Quality/Audit Improvements 

There are a number of different software options available through the Applied Technologies team. 

Each application is different and the best suited option is dependent on the nature of the project and 
its needs and requirements. 

3 MOBILE DATA COLLECTION SOFTWARE 
The following technologies are options which have previously or currently been in use across Beca . 
These solutions are available through the Applied Technologies and GIS teams. 

• TeamView™ Mobile 

- TeamView Mobile is a bespoke mobile data capture solution that has been developed initially 
for the condition assessment of roads nationally for Beca Transportation. TeamView Mobile is 
designed with the end user in mind, with ease of progression through the application, which 
replicates the natural workflow of the inspector/engineer and their day to day process . 

• ArcPad 

- ArcPad is mobile field mapping and data collection software designed for GIS professionals. It 
includes advanced GIS and GPS capabilities for capturing, editing, and displaying geographic 
information quickly and efficiently. Critical data can be checked in and out of a geodatabase 
and shared across your organization 

- http://www.esri.com/software/arcgis/arcpad 
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• ArcG IS for Windows Mobile 

- ArcGIS for Windows Mobile helps organizations deliver GIS capabilities and data from 
centralized servers to a range of mobile devices. You can use ArcGIS for Windows Mobile to 

deploy intuitive and productive mobile GIS applications to increase the accuracy and improve 
the currency of GIS data across your organization. 

- http://www.esri.com/software/arcgis/arcgismobile 

• Collector for ArcGIS 

Collector for ArcGIS improves your productivity with intuitive data collection . It's designed 
specifically for iPhone and Android smartphones and integrates with the Beca ArcGIS Server 
solutions 

- http://www.esri.com/software/arcgis/arcgisonline/apps/collector 

• Fulcrum 

- Easily create, deploy, & manage field data collection apps for iPhone, iPad, & Android 

- http://fulcrumapp.com/ 

2 
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4 FUNCTIONAL REQUIREMENTS 
A review of user requirements has been performed between the civil structures team and the Advisory Services team . The following requirements , 
categorised as "must have", "should have", and "could have" have been evaluated against each of the above software options. 

Requi rements TeamView ArcPad ArcGIS for ArcGIS Fulcrum 
Mobile Windows Collector 

Must Have 1 As a Coordinator I want to qual ity check data in Manual Manual Manual Manual Manual 
back end before processed to inspection forms so 
that I can ensure that data integrity is formatted as 
per inspection requirements 

2 As a Coordinator I want to generate status reports Custom Custom Custom Custom Custom 
from back end so that I can improve delivery of 
back-end to customer 

3 As a Coordinator I want to display the progression Yes Yes Yes Yes Yes 
of inspection so that I can report on progress 
internally and externally 

4 As a Coordinator I want to have data populate a set Custom Custom Custom Custom Custom 
of forms (export) and that forms are saved with an 
appropriate naming convention so that data capture 
errors are minimised and can be related to 
individual structu res 

5 As a Field Operator I want to Capture Images per Custom Yes Yes Yes Custom 
structure so that I can include images with the 
report 

6 As a Coordinator I want to export the data available Yes Yes Yes Yes Yes 
in a raw format (eg csv) so that I can analyse data 
quality 

7 As a Field Operator I want to have client data pre- Yes Yes Yes Yes Yes 
populate asset information, and to update that 
information when inspector or back-end data 
changes so that I can pre-load data on the 
inspection forms and improve inspection times 

8 As a Field Operator I want to capture data offline - Yes Yes Yes No Yes 
to upload once back in 3G or WIFI zone so that I 
can save on data fees and improve efficiencies 
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Requirements TeamView ArcPad ArcGIS for ArcGIS Fulcrum 

Mobile Windows Collector 
9 As a Coordinator I want to calculate condition Custom Custom Custom Custom Custom 

indices of structures so that I can systematically 
calculate values and el iminate human I error 

10 As a Field Operator I want to capture a GPS co- Custom Yes Yes Yes Yes 
ordinate so that I can record location of the asset 

11 As a Coordinator I want to display GPS points on Custom Yes Yes Yes Yes 
back end so that I can report on progress and asset 
status 

12 As a Field Operator I want to have a tool that 
follows natural workflow of inspectors lso that I can 

Custom Yes Yes Yes Yes 

improve workflow process times 
Should Have 13 As a Coordinator I want to have inspectors Custom No Yes No Yes 

allocated individual structures/elemen~s for data 
collection so that I can prevent duplicate capture of 
assets 

14 As a Field Operator I want to display of the location Custom Yes Yes Yes Yes 
of structures to assist inspectors in finding each 
structure so that I can improve efficiencies in 
locating assets 

15 As a Field Operator I want to add new structures Custom Yes Yes Yes Yes 
with GPS co-ordinates as they are found in the field 
so that I can record new structures and improve the 
integrity of the clients network I 

Could Have 16 As a Coordinator I want to have a Geospatial report Custom Yes Yes Yes Yes 
of the progress, allocation, condition across region 
so that I can qraohicallv report on insoection status 

4 
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5 OTHER MOBILE DATA COLLECTION SOFTWARE 
WITHIN BECA 
There are other mobile data collection software that is currently being used across Beca. These are 
not directly offered by the Applied Technologies team and therefore have not been evaluated against 
the functional requirements above. 

• Autodesk 

- Autodesk offer some cloud services, such as A360 which is a project collaboration software. It 
helps design, engineering, and project teams work together efficiently on a centralised platform . 
Data can be viewed, searched, and shared in the cloud using desktop, web, and mobile 
devices. 

- http://www.autodesk.eom .au/ 

• Bliptrack 

- Bliptrack is a software specialised for the transport industry. It provides live traffic data from 
sensors in the field that gets transmitted in real-time via mobile broadband to a web-based user 
interface. 

- http://blipsystems.com/ 

• Onsite 

- Onsite enables multiple stakeholders to collaborate effectively onsite. Used for construction 
monitoring in Beca. It allows the user to take and upload photos and load them onto preloaded 
floor plans or designs, architectural, structural, services. A market can be dropped on the point 
a job needs to be done and the party involved for it can be identified and highlighted. 

- http://getonsite.eo.nz/ 

• QuickBase 

- QuickBase builds interactive dashboards which can be used to plan and manage projects. It 
allows the user to list new jobs, record importance and risk. It is being used in Beca for projects 
that include shutting down manufacturing plants. 

- http://quickbase.intuit.com/ 

• Site Audit Pro 

- Site Audit Pro is an off-the-shelf software which has been developed audit data collection and 
sharing . There is flexibility to adapt and customise headings to suit the project. The software 
makes recoding issues, taking photos, adding assignees and sharing reports quick and easy. 
Produces professional looking reports, however, there is no Beca template for this software and 
they cannot be customised hugely. Another downfall is that only one photo can be uploaded per 
observation . 

- https://www.veamstudios.com/site-a udit-pro. html 

• Water Outlook 

- A cloud based system used for collecting operational data from SCADA devices on site. The 
data is loaded back into a centralised system and can be loaded back into the Beca database 
for processing and distribution of performance and compliance reporting. 

- https://www.wateroutlook.com/ 

5 
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6 ALTERNATIVES SOFTWARE ON MARKET 
There are a number of other solution options available on the market. These have been adopted by 
different competitor companies in the industry. They offer relatively similar application systems to the 
solutions currently offered by Beca. 

• OpenDataKit (ODK) 

- Allows users to build a data collection form, collect data through mobile devices, and send data 
to a server to extract in useful formats. As well as GPS locating and images, ODK has a list of 
other features available to create a customised tool. 

- https://opendatakit.org/ 

• iFormBuilder 

- A cloud based mobile data collection platform that allows the user to build flexible forms and 
collect data with or without internet connection while maintaining security. 

- https://www.iformbuilder.com/ 

• PushForms 

- PushForms turns forms into smart mobile form that can be used immediately. No user accounts 
or programming is needed, just downloading the app and scanning a QR code to begin 
collecting and sending data. 

- http://www.getpushforms.com/ 

• GoFormz 

- Allows users to capture data with mobile forms that are configured to align with how your paper 
forms look. It allows an accelerated workflow and collaboration as it can be integrated data with 
other business systems in real time . 

https://www.goformz.com/ 
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Appendix H: Development Review 

MOBILE DATA COLLECTION DEVELOPMENT 
WITHIN BECA 

Contents 
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1 PURPOSE 
The purpose of this document is to detail the process of software development and implementation 
that has taken place within Beca, in relation to mobile data collection software, and the future 
prospects in this area. It has been identified that there are a number of different groups across the 
company who are involved with development in this area. This document is to highlight the different 
groups and the different software which has been/ is being developed. 

2 SOFTWARE DEVELOPMENT OPTIONS 
For the introduction of software into Beca, there are two options available; software can be developed 
in-house or an oft-the-shelf product can be bought from a third party company. There are advantages 
and disadvantages involved with each of these methods. The two methods are explained below; 

2.1 In-House Software Development 
2.1.1 Advantages 
• There is an ultimate control of customisation over application design, structure, scale and 

size . 

• Company requirements and specific needs will be fully met 

• It means there is access to knowledgeable support from the developers minimising 
turnaround time and downtime from technical errors 

• There is control over coding standards therefore it is possible to decide on best procedure for 
maintenance. 

• Ability to plan for future development: There is the ability to start small , and grow bigger over 
time when the company grows, changes, or the budget allows for expansion 

• Software can be built in to fit with existing systems and processes 
• Gain a competitive advantage over competitors as they will not have access to use the 

software 

• No additional licencing costs required 

2.1.2 Disadvantages 
• In-house de\Lelopers may lack the knowledge and expertise to create the software required . 

Need to consider the complexity of the software required, there will less likely be an issue if 
basic software is required, more likely if a sophisticated software is needed. 

• Custom software tends to lack scalability, and upgrades can be troublesome. Technology is 
constantly advancing, and it may be difficult to adapt to new platforms in the future . This could 
force more investment needed for new software development. 

• Not an immediate solution as it is time consuming to develop 
• A substantial financial investment 

• Testing and debugging issues can be prolonged 

2.2 Commercial "Off-the-shelf'' Software 
2.2.1 Advantages 
• Software is less likely to have technical errors or issues as it has already been tested and 

used by other companies. This guarantees the software does what it is specified to do. This 
means integration into the company can be quicker and smoother. 

• Deployment is quick as the software is already developed and ready for purchase and 
installation. 

• Specialised software packages have already been designed that could meet the needs 
required 

MEM Report 201 6 - Emily Wilson 



uneeca 
• There is consistency as the software is predetermined and less customisable 

• In-house software developers aren't burdened or pressured with development requirements 

• There is a set cost for the product 

2.2.2 Disadvantages 
• Software may not completely meet the needs of the company 

• The company is required to work with the software package as it is. Software may not be 
completely compatible with existing systems so further software may be required for 
integration into the company. 

• Little to no control over the application design, structure or size 

• The package could include unnecessary features, or fall short in some critical areas. 

• Sometimes accrue high support and maintenance costs . 

• Technical issues need to be addressed through external support, costing time and money 

• Could place reliance of data storage or processing with another company. 

• Ongoing licencing costs 

2.3 Continuum 
Off-the-shelf and in-house development lie on different ends of a development continuum . The 
differences between these two methods are summarised below in Figure 1. 

Off-the-shelf 

Relatively cheap 

COTS (commercial off-the-shelf) 

Generic Functionality 

Fast/Immediate 

In-house Developed 

Expensive 

Bespoke/Custom 

Custom/tailored Functionality 

Slow/Must Wait 

Figure 1. Off-the-shelf and In-house Development Continuum 

2.4 Configuration 
Data collection systems are comprised of four components; 

• A data collection system : this allows users to capture field data from assets . 

• A data storage system : extracts the data from the data capture system and makes it available 
for review, analysis and modification. 

• A data reporting system : allowing users to extract data from the storage system in 
accordance with templates. 

• A report publishing system: to publish the document to a specified location, such as a website 
or the Beca's internal P: drive. 

In-house development often relies on a third party platform framework to configure a custom software. 
The different components of an off-the-shelf and in-house development are illustrated in Figure 2. 
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Off-the-shelf 

User Interface 

Business Logic 

Database 

Expensive($$$$) 

In -house Developed 

Unique to each project 

($) 

One off configuration 
1"7!t----~ ($$) 

Figure 2. Conceptual Illustration of Off-the-shelf and In-house Developed Software 

The user interface of system is the component of software which allows for data collection. The 
business logic involves internal infrastructure to allow for data reporting and publishing systems. The 
database is the storage aspect of the software. 

As illustrated, an off-the-shelf product provides all aspects of the software across the three general 
categories of user interface, business logic, and database storage. This demonstrates how off-the
shelf products generally do not allow for customisation or any control over the_product. Alternati.vely, 
in-house development has a one off configuration cost of generic software systems in each of the 
three software aspects. The requirement for the developers in this scenario is to link the systems 
together with customised software structure suitable for each project. 

Software is developed by the software team for specific sections of the company. Development 
happens in sprints, which are roughly two weeks long. Estimates are made on the development that 
will occur during the length of the sprint. If the cost is approved by the section then development 
commences. The total cost of development comes from the time taken for development. 

3 TABLETS AND PHONES 
Around four or five years ago Beca analysed a range of mobile technology for use within the 
company. The result was the identification of four different cases for mobile technology use. These 
were; 

1. Field data capture 
2. Companion device 
3. Lap-top substitute 
4. Executive 'bling' 
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Devices such as tablets were found to be adequate and efficient for company use. However, on the 
financial side the total cost of ownership (TCO) was substantially unjustifiable for the introduction of a 
tablet initiative across the company. 

Many sections have invested in tablets for in section use. These have been purchased through their 
section budgets. The main reasons sections have not purchased tablets are the cost involved in 
which they do not believe is justified. Also, they do not see the value or need for the tablet. 

For the sections who do not own tablets but wish to use them on a project, they are tablets available 
for rent from the Applied Technologies team . These aren't necessary as some applications run on 
phones and some sections have their own tablets. 

4 GIS APPLICATIONS 
There are a number of software applications available which can be used for mobile data collection . 
These have been introduced and coordinated by the GIS team throughout the last 10 years. They are 
off-the-shelf products all associated with GIS which allows the capture of geospatial and geographical 
information . A brief description of the applications on offer are described below; 

• ArcPad 

- ArcPad is mobile field mapping and data collection software designed for GIS professionals. It 
includes advanced GIS and GPS capabilities for capturing, editing , and displaying geographic 
information quickly and efficiently. Critical data can be checked in and out of a geodatabase 
and shared across your organization 

• AicGIS foi \,AJindows rv1obile 

- ArcGIS for Windows Mobile helps organizations deliver GIS capabilities and data from 
centralized servers to a range of mobile devices. You can use ArcGIS for Windows Mobile to 
deploy intuitive and productive mobile GIS applications to increase the accuracy and improve 
the currency of GIS data across your organization. 

• Collector for ArcGIS 

- Collector for ArcGIS improves your productivity with intuitive data collection. It's designed 
specifically for iPhone and Android smartphones and integrates with the Beca ArcGIS Server 
:sulutions 

5 MOBILE APPLICATION DEVELOPMENT PLATFORM 

(MADP) 
Mobile Application Development Platform (MADP) is a project by the applied technologies team. The 
aim of the MADP was to offer an ecosystem of smaller subcomponents that, when configured 
together, can be used for field data capture analysis and reporting. This generic mobile software app 
with a smorgasbord of functionality available can be tailored to each project, which gives the ability to 
select from it the aspects required for specific projects . For example; 

A GPS component 
Photos at high revolution with thumbnails, and data storage space 
Date and time stamp 
Condition drop down ranking of severity 
Extra box for other observations 
Transferable by 3G to internet if no wifi on site 
Standard report produced as output 
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MADP served as a learn ing experience as it was a prototype investigative project to see the 
capabilities of the team. It has been difficult to gain investment from Beca for this project. A $20k 
investment was granted from the Professional Leadership Team for the development. 

After market research into various platforms available, an array of solutions was discovered. These 
were either too simple for Beca's needs, or too complex and expensive. However, Xamarin was found 
and chosen to be used to develop and configure MADP. Xamarin is a cross platform app framework 
through Microsoft, which hosts the software system . This eliminated the need for the Applied 
Technologies team to create an end to end solution which would have required a lot of expertise . It 
enables the ability to target multiple form factors with likeness that can be developed from code 
through modules such as Microsoft. 

The in-house development in Figure 2 illustrates a conceptualised depiction of the MADP system. 
Xamarin is the platform for which the one-off configuration was established . The establishment of this 
was therefore restricted by the capabilities of Xamarin . The customised development required is 
represented as the links which connects the software system Xamarin provides (depicted as the 
circles in Figure 2). These are restricted by the skill set of the in-house developers and their ability to 
build on the platform Xamarin provides and to create a useable system for Beca. This system offers 
more comprehension in functionality than off the shelf products . 

For MADP to have a sustained capability it is required to have a toolset, skillset, and a pipeline of 
projects which will use the software platform. With the development of MADP a number of aspects 
became evident; 

Toolset: Xamarin as a toolset did not to the functional things that were believed it would. It did 
not offer the platform required for the project. 
Skillset: The skill set of the team were not adequate in order to be able to successfully link the 
aspects offered by Xamarin to a funct ioning software app for the projects to use. Beca doesn't 
have the skills necessary for the equation of MADP being more efficient to work 
On-going projects: at the time of development and currently, there is not enough demand for 
the platform to be sustainable 

5.2 MADP Development 
With the licence for Xamarine xpiring in the next couple oryears it is not believed at this point in time 
that it will be renewed. The project served as a learning experience, MADP and TeamView mobile 
align really well, therefore learnings from MADP development have been beneficial with the 
development of TeamView Mobile. Any future development on the MADP software is believed to be in 
the area of connecting it to the Fulcrum reporting system. 

6 FULCRUM 
The Applied Technologies group introduced Fulcrum as a mobile field data collection software around 
4 years ago. Fulcrum is an off-the-shelf product from a third party company. The objective for this 
initiative was to adopt a technology across Beca for construction monitoring purposes using mobile 
field data collection . The Contract & Construction Management working group led an initiative to find/ 
develop a system which would streamline the process of recording this information. The system that 
showed the most potential was Fulcrum. 

The following points highlight the process of development and use for Fulcrum in Beca; 

Fulcrum is an asset data inspection/collection toolset which allows the collection of data 
required. 
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The GIS team configures and sets up the forms on Fulcrum. Updates to the software are 
done by the software team . 
It is relatively customisable as it allows aspects to be included or excluded in the mobile app. 
The problem is that it outputs data as a CSV file (like excel) where is a need to output reports . 
To overcome this issue, Beca has built a userface and code to develop a report from the data 
collected . 

For Fulcrum to be seamlessly integrated into the Beca system, software development was required. 
Figure 3 below illustrates the software development in order to create a compatible system for 
Fulcrum use. 

Fulcrum 
1 
Beca Data base] 

Datafeed extracted from Fulcrum 

Data Capture 

Microsoft SQL 
Server Reporting 

Analyse and Report Services (SSRS) 

Figure 3. Fulcrum Configuration into Beca System 

Software developed in the Beca infrastructure has the following purposes; 

The collection of data from Fulcrum database and transfer into the Beca database for 
management and storage. 
The ability for processing of data by users to analyse and manage data. 
The ability to produce standardised Beca reports from the data collected. 

6.2 Fulcrum Development 
Fulcrum has completed the second field trial. Final amendments to the application are in the process 
of being made. A user guide has been prepared by Ahmad Issa and distributed through the Project 
and Cost Management TOG. 

Currently it is quite difficult and time consuming to make new templates. It has been identified that 
investment and development is required to make the Fulcrum software easier to generalise and 
customise . This will allow Beca to build a portfolio of standardised templates for use with the Fulcrum 
application . The Project and Cost Management TOG has established a standard site inspection report 
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template. The site inspection report was funded by the Civil and Structura l TOG under lain 
Sutherland. There is also standard templates for bridge, culvert, and bus stop inspections . These 
include a pre-established app format to be issued to users . Further developments will continue to 
focus on asset and site inspections. The creation of more standardised forms will help build a 
consistent and efficient Fulcrum system. Report templates for preliminary structural inspections such 
as initial evaluation process (IEP) and pre-pour concrete inspections are in line to be the next 
standardised development. 

Licenses are being discussed between Beca and Fulcrum to establish the optimum cost per user. The 
current estimate is approximately $30 per user per month . This price could reduce as the number of 
users increases. 

Table 1 - Fulcrum Cost Structure 

Usage Number of Site Visit Cost per Month 
Tier Reports (for project 

duration) 

Trial Limited to 2 months Free! 

Small <= 50 $350 

Medium 51 - 500 $500 

Large 501 -1000 $1000 

Supersize 1000 + Large + $100 per 
250 reports 

7 TEAMVIEW MOBILE 
TeamView Mobile was developed internally by the Applied Technologies team as one aspect of their 
TeamView service offerings . This means it is not a stand-alone product, but offers a range of different 
software products to meet specific project needs. 

TeamView Mobile was developed as a solution to mobile data collection software . The information 
being entered in the field directly synced to the Beca database and client servers for export and 
reporting purposes. Teamview tarmac is a version of this which has been specifically developed for 
tarmac inspections for sections using RAMM, or Road Assessment and Maintenance software . The 
roading team in Tauranga uses it for their inspections. Information is taken from RAMM and 
processed, and data collected is synced back to RAMM as well as the Beca database. 

Different variations of the software available through TeamView Mobile is being used by the roading 
team, transport, industrial and civil sections. Software is customised to be tailored to specific needs of 
each section , as well as each project. Cost estimates for products with TeamView Mobile can be 
made after initial reuqirements are known. The cost for development is dependent on the required 
features and complexity of work. 

There has not been any serious issues with the service offering. User error is the main source of 
errors encountered which are sorted efficiently as there is readily available support from the in -house 
developers. 

7 .2 Team View Mobile Development 
Because TeamView Mobile is developed and maintained by Beca, there are countless opportunities 
for further development. However, care needs to be taken so TeamView Mobile does not become a 
dead end development, where it becomes increasingly difficult to expand its capabilities . Upgrades to 
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the site inspection software has been completed and there are no further planned development at this 
stage. The team is relying on user feedback to direct further improvements to software. 

8 GENERAL FUTURE DEVELOPMENT 
Beca has had a number of different approaches to implementing mobile data collection software in 
the past. The most success has been identified with off-the-shelf products. These have been more 
successfully developed and succinctly integrated into the Beca system . 

Historically development in this area has been conducted through two distinctive groups, the GIS 
team and the Applied Technologies team. Over the years the lines between these groups have 
blurred and their objectives are continuing to become more similar and progressive. There has been a 
recent drive to bring these two development tiers together. The platforms have come together to 
provide a service offering that supports people with their projects. A tool that is most appropriate to 
the project is identified from across the software offerings . The connection that needs to be made is 
what happens after data capture. Further development in terms of infrastructure is required . This is in 
terms of data reporting and publishing systems, such as the development of standardised templates 
and reports for general use with the software, as well as uploaded the data into appropriate 
databases. 

The process of standardising of forms is complex. This is because most forms are developed on a 
project by project basis. A generic standardised form threatens to overlook specific requirements for a 
project. The actual development of a form is quite configurable. Further development is in the need to 
look at the data that is required for specific types of jobs and develop a form around that. 
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Appendix I: Factors Influencing Beca's Need for Mobile Data 

Collection Software 

External Factors 

The external factors that have been identified are can be categorised into a PESTLE analysis; 

Table 1. External Factors Influencing Beca's Need for Technology Advancement 

FACTOR INFLUENCE 

Pol itical • 

Economical • There is a continual need to increase efficiency to retain competitiveness to 
win projects . 

Social • There is an increasing adoption and reliance on technological devices in 
society. 

• Change in industry trend, as detailed in Appendix C: Literature Review, is 
one of Drucker's 7 sources of innovation (Penniman, 2012). 

• Clients are adopting more advanced systems and desire compatible 
documents from Beca. 

Technology • Advancement in technology, as detailed in Appendix C: Literature Review . 
The number of applications for mobile devices are increasing. 

• As technology advances more project sites have wifi available . 

• More devices have 3G and 4G capability to ensure data transferability from 
site. 

Legal • 

Environmental • Traditional methods are susceptible to project site environment, as detai led 
in Appendix C: Literature Review. 

Internal Factors 

The internal factors influencing Beca's need for mobile data collection software are; 

• The continual need to develop more efficient systems and mobile data collection software 
offers a consistent and robust system . 

• There is a need to innovate the process, not just the product. This is one of Drucker's 7 
sources of innovation (Penniman, 2012) that focuses on correcting weak spots in a process. 
Mobile data collection software offers a more innovative and efficient tool for the construction 
process. 

• The implementation of mobile data collection software aligns with Beca's business and IT 
strategies. These can be seen in Table 2. 

Table 2. Alignment of Mobile Data Collection Software and Beca's Strategy 

data collection software increases efficiency and 
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STRATEGY/GOALS STRATEGIC ALIGNMENT 

quality of documentation 

Profitable operation More efficient system which saves the company 
time and money 

Identify opportunities for work place Increased efficiency 
improvement 

Standardised strategy Offers a consistent application which can be 
leveraged for expansion and scalability with 
enterprise growth 

Documentation and control Software produces reports which can be tailored 
to Beca documentation requirements, for filing 

and management. 
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