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1. INTRODUCTION

The construction industry is among the most significant contributors to greenhouse gas emissions, emitting
approximately 40% of the CO; [1]. There is a lack of innovation effort in this industry and an inclination
towards “traditional” construction methods [2], [3]. This situation presents itself as a need to modernise
the construction industry and to change the approach towards more sustainable building methods. Timber
is a sustainable building alternative to traditional brick-and-mortar [4] with the potential to lower the
emissions of construction [5]. In South Africa, timber building is still a developing market [6] with evolving
needs.

The Stage-Gate model (SGM) and ASGM help to manage the product development process using stages and
gates [7]. A benefit of the ASGM is constant consideration for the voice of the customer and a quick response
to changing technological and market conditions [8], [9]. This is well-suited to the timber construction
market in South Africa. The ASGM and SGM and their application are well-documented. A research gap was
identified when applying ASGM to the timber construction industry. Applying this model to develop timber
building designs could provide a viable method to modernise the traditional construction industry.
Therefore, this study aimed to perform an investigation of the ASGM through the literature and expert
interactions in order to determine the best practices in each gate and stage. The objective was to develop
an adapted conceptual ASGM for evolution through further research, that could be applied to timber
building design.
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A literature survey established best practices, which were evaluated through interviews and surveys.
Finally, through data gathering and analysis, three research questions were formulated to achieve the
research objective:

a. What are the potential benefits of applying the ASGM to develop timber building designs?
b. What are the potential limitations of applying the ASGM to develop timber building designs?
c. What adaptations to the ASGM would be required for its application in timber building designs?

The ASGM is a project management (PM) methodology that facilitates new product development (NPD) [10].
Both topics - PM and new product development - are prominent themes in engineering management
curricula [11], therefore creating a relationship between the ASGM and engineering management. This
exploratory study has expanded the plausible application contexts of a theoretical ASGM, furthering the
knowledge of the field of engineering management.

2. LITERATURE REVIEW
2.1. Pre-manufactured timber buildings

The integration of timber into construction differs between regions. For example, Europe is more
accustomed to timber building [12], while in countries such as Singapore [12] and South Africa [6], the
building material is still being diffused.

Timber construction elements can be pre-manufactured and assembled onsite. This is the modular nature
of timber building [4]. The benefits of modular construction can thus be transferred and realised through
timber construction. Some of these benefits are (a) design flexibility, (b) fast design and fabrication times,
(c) being less labour intensive, and (d) lower resource costs and waste generated [5], [13].

However, in countries where timber is less commonly used, such as South Africa [14], it could be considered
a “new” technology. It is exposed to various barriers to adoption, such as (a) lack of design and building
guidelines, (b) lack of knowledge, skills and expertise, (c) limited investment, (d) high capital
requirements, and (e) uncertainty about the risks and its suitability as a building material [13], [15], [16],
[17].

2.2. Diffusion of innovation

As previously described, the “newness” of timber in construction creates barriers to adoption. Thus, it is
beneficial to consider aspects of the diffusion of innovation when developing an idea-to-launch model in
this context. Four main elements constitute the diffusion of innovation [18]:

2.2.1. Innovation

Innovation relates to the implementation of a new or improved product, process, marketing method, or
business practice [19]. Characteristics of an innovation, such as relative advantage and compatibility,
influence the rate of adoption of an innovation [18], [20].

2.2.2. Communication channels

Communication channels are those through which information and opinions about innovations are shared
[21]. A strong relationship exists between the rate of adoption and the source of communication about an
innovation [22].

2.2.3. Social system

A social system involves a cluster of units that engage in problem-solving to reach a common goal [18].
Diffusion always occurs within the boundaries of a social system [22]. Opinion leaders have a substantial

influence on actors in a social system, and thus they play an essential role when considering innovation
adoption [21].
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2.2.4. Time
Time is vital to consider in the diffusion of innovation topic, as it indicates the rate of adoption [18].
2.3. Stage-Gate model

The SGM is made up of stages and gates. Activities are executed during the stages and evaluated against
specific criteria at the preceding gates. The gates can be characterised by inputs (deliverables from the
previous stage), exit criteria, and outputs (the go/kill decision). The model manages the process of new
product development [7]. The traditional Stage-Gate model is shown in Figure 1.
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Figure 1: Generic Stage-Gate model [7]

Idea (strategy formulation and ideation): The activity of product innovation strategy formulation is a vital
pre-requisite [23]. Developing a clear product development strategy is crucial when considering new
product outcomes. The strategy includes:

e  Goals for product development efforts
e Strategic focus arenas

e A plan of action

e Resource allocation [24].

Methods of ideation include (a) the voice of the customer, (b) ethnographic research, (c) the involvement
of lead customers, and (d) open and closed innovation [25], [26]. Ideas can be articulated and managed
through an idea-handling system, as shown in Figure 2.

Feedback to submitter

Periodic
review
and
update

Idea bank for Hold
and Kill decisions

Others in
company

Figure 2: Idea-handling system, reproduced from [25]

Gate 1: Initial screen - This gentle screen serves as the project’s conception, scrutinising the idea against
the chosen evaluation criteria. If an idea is selected, the gatekeeping team must be able to allocate
resources to the project. The gatekeeping team is typically middle to senior management [25].
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Stage 1: Idea scoping - This stage is inexpensive and fast-paced. Activities executed here may include
preliminary market and technical assessments to evaluate the project’s merit [27]. This stage typically has
one to two team members assigned, with a stand-in team leader [23].

Gate 2: Second screen - This screen is similar to Gate 1 but is more rigorous [7]. A visual or verbal product
concept should be presented so that its market potential and technical feasibility can be assessed [28].
Simple financial calculations can also be done, keeping in mind that these are estimates at this stage [7],
[23].

Stage 2: Business case - The definition of the project must be clarified during this stage, and a business
case for presentation to the gatekeeping team must be compiled. This is critical, as it is the last stage
before significant resources are invested in the project [7], [23].

Gate 3: Decision on business case - The evaluation criteria of this gate are similar to those of Gate 2, but
a stronger emphasis is placed on financial criteria [28]. It provides the green light for larger investments.
Various project aspects are also finalised, such as the definition of the target market and the product
concept [7].

Stage 3: Development - This stage entails the practical development of the prototype and formulation of
detailed testing, marketing, and operations plans [29]. Typically, Agile methods, such as Scrum, are
incorporated into this stage of the project, which includes sprints, stand-up meetings, and spiral
development [23].

Gate 4: Post-development review - An evaluation of the market need for the product is conducted. Financial
calculations are re-evaluated, and the development process is reviewed to ensure the quality of the
execution of tasks [28]. The testing and validation plans are also typically reviewed at this gate [7].

Stage 4: Testing and validation - This stage tests the overall project viability, product functionality,
manufacturing process, market adoption, and financial feasibility. If negative results are obtained here,
the development reverts to Stage 3 for improvements [7], [23].

Gate 5: Pre-commercialisation business analysis - This gate focuses on the quality and results of the
activities conducted in Stage 4. It is essential to assess the customer feedback on the prototype. This
enables product flaws to be detected. This stage serves as the final readiness check before
commercialisation and the final opportunity to kill the project if it is deemed infeasible [7], [23].

Stage 5: Commercialisation - Implementation of operations and marketing plans for full commercialisation
(71, [23].

Post-launch review (PLR) - Assessment of product performance on a short- and long-term scale [28]. A
project reflection and close-out meeting for knowledge management is also essential. Knowledge
management is vital to enable the incorporation of current knowledge into future ideas/products [7], [30],
and to share expertise.

2.4, Agile Stage-Gate

The original SGM has been criticised for its bureaucracy, linearity, and inability to adapt to dynamic projects
[31]. The ASGM adaptation of the SGM is part of the “Triple A system”, defined by Cooper (2014) [32] as:

e A1 - Adaptive - spiral development.

e A2 - Agile - typically using the Scrum methodology. A detailed summary flow of the Scrum model
is shown in Figure 3.

e A3 - Accelerated - reducing the time length of the development process.

The product backlog details a list of attributes the final developed product may have. It is compiled through
collaboration with internal and external stakeholders [33].

The sprint backlog comprises selected features that should be completed during a sprint [34]. The sprint
tasks are tracked using a Kanban board. The progress of a sprint is monitored using a burndown chart [33].
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Stand-up meetings with the project team are typically held every 24 hours, to follow up quickly on the
project’s progress and to define goals for the next meeting [34]. On completion of a sprint, a retrospective
meeting is held to review project successes and failures and to evaluate the teamwork [8], [9], [33].
Typically, after each sprint a working product demonstration must be presented to stakeholders [32].
However, in a manufacturing environment, a prototype may be presented instead to obtain feedback [35].

It is important to note that the overall time taken to complete the product development process, even
using the ASGM, is longer in the manufacturing environment than in the software environment [8], [9].

A clear product definition may be difficult in a dynamic environment. The product definition solidifies
throughout the development cycle and market interactions [31]. This approach is called spiral
development, and comprises four aspects: build, test, feedback, and revise. Spiral development allows for
fast, cheap failure and encourages experimentation [31].

Allocation of product
owner and cross-
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Figure 3: Summary flow of Scrum

The generic ASGM is shown in Figure 4. This model incorporates spiral development and Scrum methods
into the original SGM. This figure served as the basis for the conceptual model.
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2.5. Application of ASGM

In manufacturing firms, the application of Scrum is typically done in the technical phases (such as
development and testing) of the ASGM [36], [37]. However, it may also be applied in earlier stages, such
as ideation.

Table 1 describes how manufacturing firms have applied Agile principles to their gated processes. These
firms were used as the basis for the conceptual model, as they were closely related to the study through a
similar product design and development cycle.

Table 1: Application of ASGM in various manufacturing industries, found in the literature

Industry/Product Application of ASGM Reference

Convenience Scrum, design thinking, bi-weekly stand-up meetings, prototyping

food

Audio equipment | Scrum, user stories, stand-up meetings 1/week, product backlog, [36]
prototyping

Radar equipment | Scrum, integrated product development, daily stand-up meetings, 2-
week sprint with one week break

Insulin Scrum - Stage 4 (product design) of a 6-stage SGM
Plastic toys Scrum - an alternative to stage 3 of a 5-stage SGM
Amplifiers Scrum - used project execution [33]
Windows Scrum - used for project execution
Power cables Scrum - added in stages 3 and 4 (requirements and analysis) of the 5-
stage SGM.

3. RESEARCH METHOD

The research methodology in this paper was based on two previously conducted studies. Study 1 was based
on the vaccination development industry [38], which was developing a vaccine innovation cycle. Study 2
aimed to define gate evaluation criteria used by experienced new product development managers [28].
The decision to conduct interviews and surveys was based on Study 1 [38]. The choice to rate gate
evaluation criteria was based on Study 2 [28]. The choice to determine critical success factors (CSFs) was
based on previous work by E.P. Preis [39].

The research philosophy applicable to this exploratory research study was interpretivism. This paradigm of
interpretivism seeks to create rich new understandings of the world and the context in which the paradigm
exists [40]. The researcher aimed to understand how the ASGM model may be adapted to the context of an
emerging market in a relatively uninformed (on the topic of timber construction) social system and the
willingness of experts to apply such a model based on the benefits and limitations.

A mixed approach of qualitative and quantitative methods was used in this study through interviews and
surveys. The research structure followed is shown in Figure 5.

3.1. Sampling techniques

Purposive and snowball sampling were used, as specific inputs relating to the timber industry were required.
Key opinion leaders (KOLs) in the timber construction industry were the targeted sample. The participants
were identified through social media, website searches, and the researcher’s network. First contact was
made via e-mail, introducing the topic to participants and informing them about the study’s objective, the
interview, and the survey’s structure.

The sample size for this study was small, as the timber construction industry in South Africa is a developing
market. Therefore, as experts were explicitly targeted for participation, valuable responses were
prioritised over the volume of responses.
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3.2. Compilation of interview questions and the survey

Interview questions were formulated based on the research questions and the literature that had been
studied. The survey choices were formulated based on the CSFs and gate evaluation criteria that had been
gathered and synthesised from the literature.

3.3. Data analysis

The relevant analysis methods included thematic and simple modal quantitative analysis using a Likert
scale. The time horizon for the study was cross-sectional. This implied that the findings were taken at a
single moment in time. This could be likened to a “photograph” of the data [41].

Thematic analysis uses qualitative data sets to identify repetitive patterns through code selection and
theme construction [42], [43]. The qualitative data analysis software Atlas.ti was used to analyse the
interview responses that informed the research questions. The codes used corresponded to the benefits
and limitations illustrated in Figure 7.

A Likert scale was used to measure the participants’ opinions on the validity of the CSFs in a scientifically
valid way [44]. A three-point scale ranging from “not important” to “very important” was selected. The
“very important” factors are shown in Figures 9 and 10. For the gate evaluation criteria, participants
selected the criteria they deemed most relevant to each gate, based on their expertise. A representation
of the sampling process is shown in Figure 6.

3.4. Validity and repeatability

Two types of validity may be considered: internal and external. Internal validity evaluates the extent to
which bias is present in the design, execution, and analysis of a study. External validity evaluates the
generalisability of the study’s findings to other contexts. Both internal and external validity are based on
judgement rather than on computed statistics [45].

The study was not generalisable and was subject to selection bias during sampling. Further, the
repeatability of the research findings was low. The main contributors to the reduction of internal and
external validity were the small sample size and the purposive sampling technique. However, within the
paradigm of interpretivism, small and purposive samples are appropriate [40], and generalisability is a
limitation associated with exploratory [46] and interpretive studies [47]. This study aimed not to develop
a generalisable model at this stage but to explore how the ASGM could be adapted to fit the context of the
South African timber construction industry.
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4. RESULTS AND DISCUSSION

The administration of the interviews and surveys had two aims. The first was to determine whether value
could be added to the timber building design process by applying the ASGM. The second was to decide
which adaptations were needed for hypothetical application to the participants’ businesses if available
resources existed.

4.1. Benefits and limitations of application of the ASGM

Table 2 displays the profile of the sample used. It was found that the maturity of the businesses did not
play a substantial role in their eagerness to implement the conceptual ASGM. The core business was linked
to the willingness to implement: businesses involved in innovative construction were more likely, and
businesses offering specific product ranges were less likely. A reason for this could be that the core business
defines the strategy and priorities of the business and where resources may be allocated. The ASGM
demands intense resource allocation [31], and if product development is a low priority, resources will be
allocated accordingly.

Table 2: Participant details as extracted from the interview sessions

Core business Maturity of
business
Participant 1 Supply and manufacture building products to merchants. > 10 years
Participant 2 Designing and building innovative structures in steel and timber. > 10 years
Participant 3 Designing homes in brick and mortar, mass timber, and hybrid > 10 years
materials.
Participant 4 Production of laminated timber and engineered timber products. 2-5 years
Participant 5 Building in mass timber to challenge the traditional built 0-2 years
environment.
Participant 6 Building in mass timber to challenge the traditional built 0-2 years
environment.
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According to the interview responses, the benefits and limitations of applying the ASGM are summarised in
Figure 7. Each participant described a form of the SGM applied in their business; however, it was not
explicitly named that. While the knowledge of the ASGM was limited, knowledge of Agile was present among
the majority. This allowed for well-considered responses from the participants.
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T T T
.
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Figure 7: Benefits and limitations of ASGM, according to the interview results

The limitation of training requirements for model implementation was linked to change management.
Sufficient investment must be made into staff training, structure changes, and capabilities translation.
Without this, it is unlikely that all the benefits of the ASGM will be realised [48]. Cultivating an Agile culture
in the business is also required [33]. The ASGM must be adapted to existing business processes and clearly
explained to the teams involved to avoid possible inefficiencies.

Efficiency was a benefit mentioned by Participants 4 and 5.

“..steps are beneficial to our operations function and keep people efficient in their work...”
Participant 4

It was likened to process efficiency [10] and efficient planning [9], as noted in the literature. The rationale
was that people can efficiently move a design through development. However, this is accompanied by the
limitation of inefficiencies resulting from inadequate change management and training.

“...one of the cautions... could lengthen the design or development process... if you Stage-Gate
too much... frustration factor...”
Participant 6

The potential reduction of the financial risk of investment and control of the development process were
benefits extracted from the interviews. They could be likened to the literature related to adaptability and
spiral development [9], [10], [49]. The adaptability of the ASGM enables quick responses to changing needs
and continual market alignment [9], [10]. This is supported by spiral (iterative) development, allowing fast,
cheap failure [31]. Furthermore, this enables an infeasible project to be killed before significant financial
investment. The potential reduction in economic and project risk could increase the number of willing
investors in timber buildings. Through spiral development, knowledge could be shared, facilitating the
diffusion of timber building materials. This would have an impact on the inhibitors related to a lack of
knowledge, skills, and public perception [50].

"...You know, it’s that we are at 99% of people go with what they know and what South Africa
knows is concrete bricks... So we’re not as trusting of the timber markets...”
Participant 2
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“Knowledge management” was mentioned by 2/6 participants as a benefit, and was present in the
literature as part of the PLR stage [35].

“..every time that we review a completed project, that’s a notch or a bit of experience that we
gained... experience is a foundation for the next project...”
Participant 6

This benefit could be realised through knowledge sharing between teams in the business and with the users
engaged in the design process through market analysis and voice-of-customer work. This process of sharing
is vital to strengthen the business case of unfamiliar projects [5]. Knowledge management is also integral
to skill development, especially the transfer of tacit knowledge and expertise in the emerging timber
construction industry.

The ASGM is “resource intensive”. This fact is widely detailed in the literature as a limitation. Participant
1 noted that a method to curb the high resource requirement of the ASGM is to use Agile allocation of
resources. By adding and subtracting expertise as needed, resources can be balanced between project
activities and daily business tasks in the organisation.

The timber construction industry in South Africa is an emerging market [14]. It was mentioned that smaller
businesses would likely overlook the value of implementing a dynamic and resource-intensive development
model because there is no financial argument to justify it.

“...could be something relevant to a company in the future... don’t know if anyone right now...
put a little resource into checking this...”
Participant 3

4.2. Conceptual model

The first version of the conceptual model was based on the generic model (shown in Figure 4) and the
literature related to the ASGM application in the manufacturing industry. The initial and evolved versions
of the conceptual model are shown in Figure 8. Based on the feedback from the initial, the following
changes were made according to the alphabetically numbered loops in Figure 8:

a. A feedback loop between Stage 0 and the customers, as is present in other stages. This loop
correlates with the evaluated critical success factor for Stage 0 of strategic alignment with
business goals. Market needs must be understood to develop a new product strategy. This research
will further flow into Stage 1.

b. A feedback loop between the post-launch review and Stage 0. This allows for knowledge sharing
and evaluation of the initial new product strategy. If the design has potential, further improvement
on the developed design can also take place.

c. A feedback loop between Stages 2 and 3 to ensure that the business case is continuously updated
and valid, according to changes made in Stage 3. This is crucial, as each time the business case is
altered, it must be re-evaluated and approved to ensure that the product remains aligned with
the strategy and may continue.

Ideation and Development
assessment and testing
sprint sprint

Stage 0: : —_—
s Stage 1: Ideation . Stage 3: — i I Post-launch
F:::u;?:::c:r and preliminary [—#| Gate 1 |—»| s‘:ﬁ:i:;:i:i':“ || Gate2 —» Development Gate 3 [—» Commercialisatio el
i n
strategy assessments and testing ¢

Iterative
development
based on
feedback from
Gate 3

CUSTOMERS

Conceptual model
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Figure 8: Conceptual model (top) and evolved final model (bottom), based on interview feedback

The gate evaluation criteria shown in Table 3 were evaluated by three participants. If there was a majority
vote (3/3) for a criterion, it was considered relevant. If the criterion received a count of one or two out of
three votes, the criterion was considered optional. If the criterion received zero votes, it was not
considered for the corresponding gate. This split in criteria is shown in Table 4. When considering the CSFs,
shown in Figures 9 and 10, the survey data was analysed according to the following modal rules:

e If the majority voted for any importance level, the critical success factor took on that level of
importance.

e If there was a draw between any two importance levels, the critical success factor took on the
higher level of importance.

Table 3: Gate evaluation criteria evaluated by surveys [23], [25], [28], [35], [51]

Gate evaluation criteria

Strategic alignment A | Potential market growth J
Customer value proposition B | Product positioning strategy K
Leveraging core competencies C | Product advantage L
Acceptable likelihood of financial D | Market attractiveness M
feasibility

Sales goals, unit sales, profit objectives, E | Acceptable likelihood of technical feasibility N
profit margins

Product performance and design F | Complexity of development 0]
No killer variables G | Product uniqueness P
Project within budget H | Compliance with environmental, health, and Q

safety standards

Market size | | Time to market (including manufacturing time) R

Table 4: Suggested stage activities and gate evaluation criteria

Suggested activities

Stage 0 [7], [23],
[24], [51]

Determination of development goals for the new timber design.
Definition of strategic focus areas.

Establish business stance taken on NPD and develop a plan of action.
Determination of the possible target audiences of the product (such as
communities for low-cost housing or commercial buildings).
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Suggested activities

Stage 1
[71, [23], [27]

Identification of opportunities using idea generation. In the case of
timber, the engagement of customers/users/opinion leaders and
government is essential owing to the tailored nature of buildings. Targets
for discussion could be innovators and early adopters, according to Rogers
(1971) [18].

Development of a communication plan and idea-handling system.

Use the idea-handling system to compile ideas for presentation at Gate 1.
Allocation of a project team and team leader.

Conduct technical and market assessments.

Management defines vision and “reason-why” statements for the sprint.
Sprint duration of 3-4 weeks, as the design process can be lengthy.
Define “done sprint” and develop a tentative product definition and
development plan.

Appointment of product owner, Scrum master and agile allocation of
cross-functional teams/resources.

Stand-up meetings held and honoured for efficient project coordination.

Gate 1 The input for this gate is a report containing idea descriptions and rough product
concept ideas and descriptions, which will be evaluated according to the criteria
below.

Relevant criteria: Optional criteria:
K’ H’ B) C’ R) N) D) E’ A’ G) P) I’ J’ L’ Q) F) O
M
Stage 2 e In-depth market research and financial analysis.
[71, [23] e Create a scorecard system with importance weighting to assist with gate
evaluations.
e  Customer interaction emphasises spiral development and includes
communicating financial costs to stakeholders and potential users.
e  Operations evaluation (including manufacturing investments, possibilities,
and limitations).
e Update the business case according to Loop (c) from Stage 3 if
required.

Gate 2 The business case is evaluated according to the stipulated criteria.

Relevant criteria: Optional criteria:
QF,C, AP HDR,B,E O,N,KG,IJL
Stage 3 o Develop concept, marketing, and operations plans.

(71, [23], [29]

Agile

Test internally between team and organisation members.

Conduct user and field trials and surveys/interviews to gain insight into
potential market acceptance. This is especially essential when
considering timber design and building, as design types vary based on the
buildings’ context and the social system. Continued design compliance
with environmental, health and safety regulations is also essential.

Loop (c) circulates to the business case stage to ensure that it is
updated with substantial changes and approved so that the project
may continue.

Sprint duration of 4-8 weeks (excluding alternating weeks).

Scrum meetings 2-3 times a week.

Honest tracking of sprint progress using a burndown chart.

Agile allocation of resources based on investment and expertise required.
The team is proposed to alternate between project work and “other”
work every two weeks.

141



Suggested activities

Gate 3

The input into this gate is the developed concept, which customers have tested,
and the marketing and operations plans. This gate is proposed to work iteratively
with Stage 3, as feedback from the gatekeeping team will guide the project to
revert to Stage 3 and incorporate changes or move on to Stage 4.

Relevant criteria:
A K,H D,R, J,E

Optional criteria:
F, O, M, B, C, N

Stage 4
[71, [23]

Implementation proposed to be done in small phases before full scale.
Obtain feedback about implementation and alter the marketing
approach.

Design feedback to be reviewed in post-launch review.

Post-launch
review

(71, [28], [33]

Review and monitor acceptance, change in public perception, and
government/industry feedback.

A short close-out meeting will be held to evaluate the development
process for continuous improvement and knowledge management.
Feedback on the design, market, and process, circulated via Loop (b)
to Stage O for integration into the next development strategy and
knowledge management. Assess the defined strategy achievement of
initially defined targets.

The CSFs were derived from a range of the literature and synthesised into the lists of essential success
factors that were evaluated during the surveys. According to the interview responses, Figures 9 and 10
present only the “very important” factors.

A

CRITICAL
GATE 1 [— SUCCESS » GATE 2
FACTORS - GATES
- ™ i
. e S Honesty regarding what is
Quality of ideas, feasibilit X .
calcglatiun and product i + . poesible and whik 15 beyand
baundaries
concept assessment
P! J GATE 3 o
N y
[ N
( ) —» Quality of gatekeeping team
Quality of scorecard system - N yors g
and accurate weightings p— . \ J
= ? i Accuracy and quality of
allocated to each criterion > financial caleLlations
4 k 4 ™
s B - Quality of scorecard system
. . : i and accurate weightings
Honouring meeting times and | Quality of scorecard system allocated to each criterion
deliverable commitments B = and accurate weightings : i 3
. 38 allocated to each criterion ~
. J
r ~ ' 0
20 - ( Accuracy and quality of
Use of intuitive knowledge to | uality of development and — . 4 .
guide decision-making N — Q & executiulz financial calculations
\ J \.
4 A ;

Allocation of a competent rl‘mam.e mggj“fme?s fm’;' Authority is given to the
leader to drive the project |4 L—p| berations d ; eer; tage gatekeeping team to allocate
into and from Stage 1 and Stage resources to a project

N y
g B
Ability to take a "kill" decision |,
if needed A
L. _
' ™
Accuracy and quality of -
financial calculations

Figure 9: CSFs for gates according to survey data
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Recording new ideas to
possibly review in Stage 1

A

J

Knowledge management of
project process, lessons
learned and possible o
improvements in the
development process

e ~
Consistent monitoring of Alignment of strategy with
feedback and product/design  |4—] business goals
performance
(g vy
STAGE 1
STAGE O
POST LAUNCH
REVIEW

STAGE 4 )

Good communication
between functions

Strong execution of plans
developed in Stage 3 (testing,
marketing, and operations
plans)

CRITICAL
SUCCESS
FACTORS -
STAGES

Accounting for stakeholder
and user/customer value
propositions

Consistent acquisition of
feedback and improvement is
integrated into the product

v

Accurate information
(internal and external), i.e.,
completing due diligence

LT T T T

STAGE 2
SDACEd Agile - honouring stand-up
meeting attendance
Accuracy and quality of data
' and calculations
Quality of prototype and Agile - Clear definitions of
compliance to defined [ “done sprint” and sprint vision
requirements
~ b ~ Cross-functional team
Improved accuracy and - exhibiting g:od
communication between
cunﬁderl\cet in financial Customer engagement and [ functions
calculations feedback
. S
. ~
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development
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Agile - Allocation of a cross-
functional team to increase
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team competency and speed
Y e Y pes Generation of value through
p the process g : .
. J iterations and spiral et
development
\
= =
Agile - Accurate and hanest 4 N
tracking of progress using a | & Integration of iterations
burmn-down chart 2 e

between Stages 3 and 4

A vy

Figure 10: CSFs for stages according to survey data

The factors displayed in Figures 9 and 10 serve as a generic starting point for case studies in further
research, and could be altered as required for the business application.

5.  CONCLUSIONS AND RECOMMENDATIONS

This research explored the extension of ASGM to the timber construction industry, a new application of the
model. It used existing ASGM studies, thus expanding the literature and the applicability of the ASGM.
Experts in the timber construction field assessed the adaptations, evaluation criteria, and success factors.
This enabled the creation of a framework that could be further researched and applied to timber building
design and formalise the development process. As the model evolves, it will be generalised for application
outside the South African context.

The study showed that businesses involved in innovative timber design would be more likely to implement
such a model. However, significant change management must be done. While the process may not be as
fast-paced as the traditional ASGM, the benefits of the model could still be realised.
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The benefits of applying the ASGM to timber building design development included knowledge management,
market alignment, control over the development process, efficiency, and reduced investment risk. The
limitations were change management, further training, potential inefficiencies, resource intensity, and an
emerging market.

The small sample size and the use of purposive sampling had a negative impact on the internal and external
validity of the research findings. Given the study’s explorative nature and the geographical context, the
absence of generalisable conclusions and biases was anticipated at the conception of the research project.
Incomplete data had a further impact on the reliability and repeatability of the study. Nonetheless,
consistent themes were identified among the responses that correlated with the literature, which increased
the coherence of this study with other studies.

5.1. Limitations

e This study was specific to the timber industry in South Africa. This is an emerging market with a
limited number of experts. Therefore, the sample size used for this research was small. This
reduced the generalisability of the study.

e The presence of incomplete data further affected the study’s findings.

e Participants with valuable inputs may have unintentionally been excluded through purposive
sampling.
e The participants’ knowledge related to the ASGM was a recognised limitation. However, all the

participants were knowledgeable about a form of the SGM, and four out of six were familiar with
Agile/Scrum, reducing the effect of this limitation.

5.2. Recommendations

Upon completion of the study, further research paths could be proposed, based on the study’s methods and
findings.

The first path was to evaluate the revised conceptual model using a similar research approach to this study:
first, in the South African timber construction industry and, after that, in the global construction industry,
to increase generalisability. This study proposes the following: (a) interviews with South African timber
construction experts, followed by surveys administered to the global industry experts; (b) the specific
target sample of experts should be involved in innovative timber building design; and (c) eligibility criteria
specifying that understanding of Agile/SGM/ASGM must be prevalent in participants, to avoid having to
explain the concept and possibly introduce a personal bias in responses.

The second path proposed is the development of case studies in timber building design firms. The case
studies could entail the implementation of the proposed ASGM on a trial basis or for a specific design. The
approach to addressing the limitations and realised benefits of the model could be noted, and the model
could be evolved further through case studies. If this path were followed, it would be valuable to consider
whether it would be possible to shift from being based on “design per customer” to designing based on the
overall needs of the construction market. In addition, the behaviour of investors towards projects following
this trial implementation could also be monitored to verify whether increased trust in the development
process was received.

The generic ASGM, when applied in different industry contexts, is not standardised, but tailored according
to the operational, technical, and strategic requirements of the business, ensuring successful
implementation. The proposed ASGM may be applied in the same fashion.

Typically, stages and gates remain unchanged and retain their underlying definitions. The following
characteristics are typically adapted to suit the specific development process: the sprint duration, the CSFs
for stages and gates, the gate evaluation criteria, and the stage of Scrum implementation.
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