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Criteria

Description

Definition of

A structural and functional frameset in which input and outputs related to product development parameters,

Toolkit variables and constrains are yielded.
1 How much detail is provided to structure and operate the toolkits?
Materiality o | The provided toolkits are specific, so that users can understand and use them step by step without difficulties.
Al | Self-development type (the FFE study developed its own toolkits)
The toolkits provided are basic, so that users have difficulties not only understanding the methods
of implementation but also in using the toolkits, step by step.
A2 | Representative toolkit type (the FFE study borrowed well-known toolkits)
Representative toolkits which are broadly used in academia and industry are presented with brief
instructions or the names of toolkits only.
X | Toolkits are not specific, so that users cannot understand and use them step by step.
2 How much do the toolkits cover the various functional domains?
Functionality o | Toolkits are devised for diverse functional areas (at least two areas), e.g. marketing, R&D, design, etc.
A | The toolkits provided target one functional domain only.
The toolkits provided do not target any functional areas, e.g. toolkits are aimed at managing FFE issues, such
as uncertainty control and critical success factors.
3 How well do the toolkits interlock with each other for contextual performance?
Contextuality o | The toolkits are well devised with contextual performance in mind.
: The outputs of a previous toolkit can be directly inferred, based on the input of the previous toolkit.
A | Toolkits provided are partially devised with contextual performance in mind.
: The outputs of a previous toolkit cannot be directly inferred, based on the input of the previous toolkit.
X Toolkits provided are not devised with contextual performance in mind.
: Each toolkit exists independently, or those are enumerated in a fragmented list.
4 How are the toolkits structured and operated for collaboration?
Cooperability e} The toolkits are devised, widely used, and are integrated with considerations for collaboration.
: The inputs and outputs can be physically and functionally yielded from the collaboration element.
A | Toolkits are devised with limited considerations for collaboration.
: The inputs and outputs can be yielded, considering two functional domains only.
X No toolkits are provided which consider collaboration.
: The inputs and outputs of toolkits cannot be yielded from the collaboration element.
X The FFE study does not provide any toolkits for any FFE task, activity, and performance method.
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As shown in Fig. 1 and Table 1, where the development trend and the portion of characteristics

of toolkit sets (decided by the four sub-criteria) are depicted, a total of 24 distinct patterns were
observed.
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Fig. 1 Historical trend for criterion 10: FFE toolkit

Table 1 Frequency analysis for criterion 10: FFE toolkit

Valid Frequency Percent Valid (%) Cumulative (%)

1 0 0 0 0

2 12 4.5 4.5 4.5
3 2 0.8 0.8 5.3
4 5 1.9 1.9 7.1

5 6 23 23 9.4
6 2 0.8 0.8 10.2
7 2 0.8 0.8 10.9
8 7 26 26 134
9 16 6.0 6.0 19.4
10 1 0.4 0.4 19.9
11 13 4.9 4.9 24.8
12 4 1.5 1.5 26.3
11 2 0.8 0.8 271
14 1 0.4 0.4 27.4
15 2 0.8 0.8 28.2
16 2 0.8 0.8 28.9



17 1 0.4 0.4 293
18 3 1.1 11 30.5
19 2 0.8 0.8 31.2
20 1 0.4 0.4 31.6
21 48 18.0 18.0 49.6
22 1 0.4 0.4 50.0
23 5 1.9 1.9 51.9
24 7 2.6 2.6 54.4
25 121 45.5 455 100.0
Total 266 100.0 100.0

As noted in our review of these 24 patterns (See Table 1), none were identified to contain
toolkit sets which could entirely fulfil with all four sub-criteria. For those that aimed at one or
two FFE tasks and covered a single functional domain, the toolkit set has strength in terms of
contextual performance although limitations could be identified in the domain of concurrent
collaboration. Indeed, these limitations can also be found in toolkit sets that aim at all elements
of the front-end from the viewpoint of a single functional domain. On the other hand, toolkit
sets that encompass the entire range of FFE tasks from the perspective of multiple functional
domains typically lack an interrelationship with each other in regard to contextual performance
and concurrent collaboration. The reason is that the toolkit sets heavily reference representative
toolkits which have already been provided from various prior studies with little consideration
of their linkage. Then it can be seen that the limitations and challenges in both contextual
performance and concurrent collaboration will increase relying upon the increasing number of
FFE tasks and functional domains that these toolkit sets aim to cover.

In terms of toolkit development trend (see Fig. 1), model structures with self-developed toolkits
received a great deal of attention in the 1960s and 1970s. It would appear that the development
of these toolkits commenced in earnest alongside the development of prescriptive FFE models.
From then until the late 1990s, attention on studies about model structures, operation methods,
and the correlation between relevant issues were much more stressed, producing both the
descriptive and prescriptive model types. Those studies had also tendency to recommend
referencing toolkits previously developed; there were very few cases of models devising their
own toolkits. With the cross-functional work trend on the rise, there was a tendency to propose
many toolkit sets developed in multiple functional fields for use in new models. From the early
2000s, when the potential to represent particular differences in structures and operating systems
of models was initiating to decline, efforts to determine how to perform tasks and activities
more efficiently seemed to resume. A movement towards offering more specific toolkits
reached a peak in the late 2000s. Around this time, many studies on concrete toolkits and their
guidelines were carried out, which resulted in various educational materials for a massive set
of toolkits, e.g. Human-Centred Design Toolkit (IDEO, 2003, 2009), Universal Design Toolkit
1 and 2 (Lidwell et al. 2010; Hanington and Martin 2012), 101 Design Toolkit (Kumar 2012),
Cambridge’s Inclusive Design Toolkit (Clarkson et al. 2007, 2013), TU Delft’s Design Guide
(van Boeijen et al., 2014).
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