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Abstract

For small and medium sized enterprises, portfolio management can be a difficult exercise;

especially when the available paths forwards are shrouded in mystery. To overcome this, they

are required to research and decide upon the path to follow, but this can be difficult when the

information to gather is unclear, leading to ad-hoc processes and inconsistency. The motivation

for this project originated from a small and medium sized enterprise experiencing this problem

of unknown critical information and a technological portfolio with significant potential. With

no procedure or method in place, they conducted the research in an ad-hoc way resulting in

uncertainty and low repeatability of decisions. To tackle this problem, innovation structuring

frameworks were synthesised with appropriate risks and context to pose a new structure for

information capture. The resulting structure was tested within the small and medium sized

enterprise to investigate the repeatability of the information capture and the subsequent ranking.

The proposed structure was also analysed by - process experts for its wider applicability. For the

small and medium sized enterprise, this led to a consistent and repeatable method that delivered

increased confidence about selecting a path forwards for its portfolio. In addition, it was found

to be applicable to external organisations increasing the model’s worth and applicability. The

implications of this work have led to a change in the operational procedure of the small and

medium sized enterprise to utilise the defined process for researching new ideas for their portfolio

which can lead to repeatable and trustworthy decisions. This also has applicability to other

similar companies and could lead them through a repeatable process as presented here.

Keywords: Portfolio management, Directed research, Decision support, Small-medium enter-

prise.

1 Introduction

In order to ensure continual development, com-

panies need to generate new ideas for products

to extend their portfolio (Kaiser et al. , 2015).

These new ideas need to present a - meaning-

ful next step to ensure the product becomes

a worthy next iteration or radical development

(Sperry and Jetter , 2009). Therefore, the gen-

eration of sufficient ideas in relation to the com-

pany’s portfolio and strategy is required (Meifort

, 2015). As a product that is separate from the

company’s offerings or selected strategy can pre-
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vent desired growth and inhibit chances of sur-

vival (Sperry and Jetter , 2009).

Companies also generally operate and ex-

ist within a particular sector or market based

around their product portfolio (Martinsuo ,

2013), thus being focused on their offerings. For

Small and Medium sized Enterprises (SMEs),

this focus is even tighter with a more limited

number of products (Mishly and Tereso , 2016).

Often at the core of this product portfolio is a

core piece of intellectual property which lever-

ages their market position by offering a certain

capability over their competitors (Daniel et al.

, 2014). This core piece of intellectual prop-

erty and product range make up their portfo-

lio (Costantino et al. , 2015), which has to be

continually investigated and invested in to al-

low for expansion and therefore a continuation

of their position and revenue stream (Kester et

al. , 2014).

In order to investigate this successfully, there

has to be an identified path that the product

portfolio shouldtake which is defined as part of

company strategy (Mitchell et al. , 2014). This

path is a core component of the Portfolio Man-

agement process in the identification of ways in

which the company can continue to grow. When

a company is based around a single piece of in-

tellectual property, only generating a single idea

will struggle to deliver the required stimulus to

the business (Kock et al. , 2015). Therefore util-

ising the ideation process to deliver a significant

number of ideas is required, such that there is

multiple to choose from (Meifort , 2015). With

the required number of ideas generated, the diffi-

culty arises with understanding each of them in

sufficient detail in order to decide which to se-

lect (McNally et al. , 2013). Usually there are a

number of metrics adopted by business to under-

stand the ideas they have. These areoften based

around financial measures such as Net Present

Value (NPV) or Internal Rate of Return (IRR)

(Abbassi et al. , 2014). However, such financial

measures are only a part of the picture. Fur-

thermore, when trying to make a decision using

other data points need to be the same across all

potential ideas in order to achieve a true com-

parison for the basis of the decision (Patanakul

, 2013).

This research was initiated due to the needs

of a highly innovative SME (herein referred to

as the SME) who is conducting the ideation pro-

cess into potential developments that can utilise

its highly adaptable intellectual property. Due

to their current ad-hoc nature, as is common

place for SMEs (Laforet , 2013), this investiga-

tion process is inconsistent and means decisions

as to which idea to take further is made based on

different data and “gut feeling”. This leads to a

decision process that changes each time, leaving

a sense of uncertainty about the decisions made

and their validity (Costantino et al. , 2015).

Therefore, by delivering a standardised and re-

peatable process of investigation, the comparison

and selection will become more repeatable, reli-

able and trustworthy.

From this point, this paper will have the fol-

lowing structure. First, the background liter-

ature in relation to SMEs R&D processes and

Portfolio Management will be discussed and crit-

ically analysed. Then, a novel, repeatable pro-

cess for investigation will be introduced and

demonstrated. Finally, a discussion on how this

approach can be used for investigation and de-
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cision making within other SMEs follows, before

concluding the paper.

2 Literature Review

SMEs represent the majority of companies

worldwide (Mishly and Tereso , 2016); contribut-

ing 67% of the workforce and 58% of value added

in the EU (Brink , 2016). A small percentage of

these organisations are known for their dispro-

portionate impact on the economy (Lee et al. ,

2015); this is driven by innovation creating new

value and competitive advantage (Staniewski et

al. , 2016). These organisations are charac-

terised by being more agile and able to adapt

to any changes (Liao and Barnes , 2015); origi-

nating internally or externally. In addition, these

small firms have the ability to create new prod-

ucts that spawn their own markets (Lee et al.

, 2015) in a product push approach. However,

in order to do this, they require access to re-

sources that are conventionally hard to attain for

an SME; knowledge (Reidof , 2016) and finance

(Lee et al. , 2015). This becomes their main bar-

rier and disadvantage with comparison to larger,

more established competition (Leithold et al. ,

2016). Conventionally, this process is conducted

in an ad-hoc way (Laforet , 2013), with no formal

process followed. Despite this, conducting R&D

can be critical and required in the formation of

their future (Abbassi et al. , 2014). To complete

the innovation required, access to resources is re-

quired such as funds and knowledge (Poorkavoos

et al. , 2016). However, with their limitations

with possessing and obtaining the required re-

source (McAdam et al. , 2014) they need to be

selective as to which projects to initiate (Mishly

and Tereso , 2016). Furthermore, this ad-hoc

nature of the process can be highly variable and

lead to different results due to the lack of struc-

ture. This lack of structure can be found in the

information capture and decision making phases.

In order to help with this process, Portfolio

Management is used to maintain the ratio be-

tween existing and new projects (Kaiser et al.

, 2015), as many can be identified and enacted

at the same time (Patanakul , 2013). Portfo-

lio Management is also used with coordinating

these projects when pursuing the same strate-

gic goals while competing for the same pools

of resource (Martinsuo , 2013). This coordina-

tion enables companies to maintain a consistent

product pipeline (McNally et al. , 2013), to

continually hunt for new ideas and develop the

promising ones. This process can be conceptu-

alised as a funnel which narrows down the ideas

to the worthy ones (Sperry and Jetter , 2009),

which demonstrate significant promise. There-

fore Portfolio Management can be thought of as

a process of investigation, evaluation and priori-

tisation (Kaiser et al. , 2015) in relation to new

ideas such that new ones are generated, investi-

gated so they are understood, evaluated for their

promise and then prioritised for how the com-

pany should proceed. The required investigation

is conducted into the identified ideas such that

a picture can be built on their outcomes and re-

source requirements. There are several methods

that can be used to evaluate the identified ideas;

such as those presented by (Tian et al. , 2005),

(Coldrick et al. , 2005) and (Eilat et al. , 2006).

A popular method of doing this is scoring which

aims to convert the captured information into a

series of numerical values (Henriksen and Tay-
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lor , 1999), (Mitchell et al. , 2014). Once the

ideas have been evaluated they can be prioritised

which presents the order in which resource is to

be committed to them. However, it is impor-

tant to stress how to facilitate effective Portfo-

lio Management that the required information is

captured to enable the decision process.

One way to ensure the product portfolio of

a company remains in motion is to constantly

develop new ideas (Kock et al. , 2015). In this

way, new ideas are devised, evaluated and priori-

tised alongside ongoing projects which can de-

prioritised or terminated (Behrens , 2016); this

ensures a constant pipeline of high-quality ideas

exists to progress into the development process

(Meifort , 2015). Early stages of ideation are

critical for the success of the company’s portfo-

lio (Kokshagina et al. , 2016), as without new

ideas, the whole process stops. Therefore by gen-

erating a large number of new ideas over time

a well-balanced and long lasting portfolio can

be created (Kock et al. , 2015). In this way,

there are strong links between ideation and the

front-end of innovation (Behrens , 2016); this is

because key aspects of the front-end of the in-

novation process includes idea generation and

project selection (Trotter , 2011). In addition,

the front-end of innovation forms the founda-

tion for new product development (Koen et al.

, 2014) with new ideas being generated, evalu-

ated and concepts being formulated (Kock et al.

, 2015). A key part of the front-end of innova-

tion is the transfer of worthy ideas (Gupta and

Maltz , 2015), which will present those identi-

fied requiring additional work as well as those

that contain sufficient detail to be considered for

further development.

To maximise the use of these ideation

and Portfolio Management processes, compa-

nies need to align them to their objectives

(Costantino et al. , 2015) (Kester et al. ,

2014); this is because the majority of companies

have too many developments occurring (Cooper

, 2013). Therefore, with the correct investigation

and evaluation, the chance of the correct project

being selected will increase and also match to

the planned direction of the company. One part

of this alignment that is critical is the balance

within the portfolio; this is from the diversifica-

tion of what it contains (Kester et al. , 2014).

However, this contains the risk of being too much

or too little diversification. In addition, portfo-

lios have been found to have a skewed balance

towards more incremental over radical develop-

ments (Cooper , 2013), which can lower the com-

pany’s overall impact to their market and the

success they can expect. This diversification has

significant impact on the resources that are dis-

tributed as it is the purpose of Portfolio Manage-

ment to distribute them (Daniel et al. , 2014)

such that they are not given to those projects

that deviate too far from the company’s strat-

egy and objectives. As previously mentioned,

the first part of the Portfolio Management pro-

cess is the investigation into new ideas and po-

tential projects. Conventionally, these are purely

financial measures (Cooper , 2013), (Costantino

et al. , 2015), (Daniel et al. , 2014). These

may deliver the required understanding of cer-

tain aspects but they do not deliver the whole

picture. Furthermore, by only using financial

measures to investigate an ideas merit can lead

to only those that carry the least financial im-

pact being selected (Cooper , 2013); which con-
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ventionally form the incremental projects, not

the radical ones. This will lock SMEs into a cy-

cle of investing only in the ideas of least risk

and financial requirement and will set their tra-

jectory to be incremental over radical, lowering

their possible growth. Several of these additional

key pieces of information that cannot be repre-

sented by a financial measure such as risk (Kester

et al. , 2014). Therefore, by limiting ones view

to only those aspects that can be represented by

financial measures creates a metaphorical self-

imposed cloud over the idea, whereby the finan-

cial aspects are close and clear but several others

are obscured and unknown.

Innovation can be thought of as the cre-

ation of something new (Blake and Hanson ,

2005) through exploration followed by exploita-

tion (Markman et al. , 2009); however, this is

simply a generic concept and has no specificity in

relation to the environment in which it is found.

Therefore, innovative SMEs need to take care

when aligning themselves with a particular mar-

ket (Van Der Duin et al. , 2014) to ensure their

innovation is received as desired. The context in

which innovation is to occur is critical as it has

the potential to spawn different entrepreneurial

trajectories (Garud et al. , 2014), several exam-

ples of innovation context are shown in Table 1.

These are noted in two forms, selection effects

and strategic choice effects (Autio et al. , 2014);

with the differentiating factor coming from which

side of the project start they fall. This demon-

strates the criticality of ensuring the definition

and maintenance of context throughout the pro-

cess; which is even more critical for an SME to

remain focused towards their defined goals.

Further contextual considerations of the in-

novation process include: type of innovation, or-

ganisation, industry and country/culture (Ortt

et al. , 2008). These can be decomposed to iden-

tify the difference between the types of context.

Firstly, the type of innovation has been defined

by its characteristics of being incremental (Hoa-

rau and Kline , 2014), radical (O’Connor and

Rice , 2013) or transformational (Herskovits et

al. , 2013) and where it is to take place (Bel-

lantuono et al. , 2013). Additionally, the or-

ganisation can be said to be centralised, decen-

tralised (Cormican and O’Sullivan , 2004), func-

tional (Kihlander and Ritzen , 2012) or organic.

Furthermore, the industry can be described as

being high-tech (Stevens , 2014), supplier-driven

or fast moving (Chesbrough , 2003). Finally, the

country/culture could be egalitarian or author-

itative. Taking these different types of context

and comparing them back to those already iden-

tified from (Autio et al. , 2014), parallels can be

seen in their exposition. Via the adoption of the

appropriate context at several points throughout

the innovation process, SMEs can make a pro-

cess designed more generally to be usable in their

specific application. In Figure 1, a synthesis of

these different contexts according to focus on the

market and the technology (Ortt et al. , 2008),

the organisation conducting the innovation and

any institutional rules or social requisites for the

target market is presented.

Through the application of the appropriate

context to innovation, the risk can be reduced

(Khurum et al. , 2014) to the SME. Such specific

risks to the innovative technology in question can

be contextualised with respect to the categories

in Figure 1, highlighting the aspect of the pro-

cess that carries the most risk and which there-
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Source Context

(Autio et al. , 2014)

Industry and technology

Organisational

Institutional and policy

Social

(Poirier et al. , 2015)

Taxonomy of industry

Institutional

Organisational

Project

Table 1: Types of innovation context

Figure 1: Innovation contexts.
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fore requires extra research in order to better

understand and reduce it. Risk is of critical im-

portance to Portfolio Management (Daniel et al.

, 2014); this is so the risk of a project can be bal-

anced to its reward (Kester et al. , 2014). How-

ever, it is common to find only the projects that

present low risk being selected (Cooper , 2013)

leading to only incremental changes. Therefore,

by presenting a deeper understanding of the risk

present, these can be mitigated and overcome

rather than being avoided.

3 SME Innovation Portfolio

Management Process Model

It can be seen that the key to advantage for

SMEs is the process of generating new ideas and

developing them such that they commit their

limited resource to the projects that will deliver

the highest level of return possible over small, in-

cremental gains. However, if they are to do this

effectively, the process of selecting ideas needs

to be done correctly to ensure their limited re-

sources are committed to the idea that will de-

liver the best return. One way in which they can

ensure the correct idea is backed is through the

generation of multiple ideas; meaning there is an

increased number to select from, however there

are still no guarantees. During this ideation pro-

cess, significant learning can be conducted such

that later decisions become easier due to an in-

crease in knowledge. This learning process is key

as it is required to reflect the reality of the idea

to deliver the required information to enable ef-

fective decisions. However, this is often limited

with the SME environment as process as more

ah-hoc, with this being “off the cuff” each time

and relying on different data being used in an

unique way. In addition, Portfolio Management

relies on financial measures to drive its decision

making.

In combination these two limitations can

have significant impact on the investigation and

evaluation process and ultimately the selection

of the idea to take further. Firstly, the ad-hoc

nature of the SME process results in a dispar-

ity in information collection; with different infor-

mation collected each time, comparison between

ideas can be difficult, even impossible. Second,

relying only on financial measures, as is often the

case with Portfolio Management, delivers an un-

derstanding only based on money which can both

circumvent significant pieces of information and

result in the lowest impact project being selected

over those that possibly present a larger return

for a larger investment. Furthermore, the con-

text of the environment where the process is to

occur is of critical importance. Utilising the con-

textual relevance for the idea can lead to a deeper

understanding of it. In addition, the contextual

risks to the idea can be understood leading to the

correct mitigation actions being planned and as-

sociated with it before the development path is

selected.

This presents the possibility for improve-

ment. Utilising a wider range of information,

not only financial measures, delivers a deeper

understanding. Furthermore, by expanding this

range of information to include other aspects in

a defined way would deliver a repeatable pro-

cess delivering the same information each time

an idea is investigated. This makes the compar-

ison process repeatable and the outcomes more

valid. Also, placing the idea within the correct
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context and identifying the relevant risks further

increases the understanding of the idea.

The proposed Portfolio Management process

is focused around a Directed Research Approach.

This directs the research to capture required in-

formation for new ideas while also understanding

the relevant context and risk. By conducting it

in this way, the same information is captured for

each idea such that they can be directly com-

pared to others, whilst understanding the con-

text in which it is to exist and the related risks.

This makes the process highly repeatable, result-

ing in equally detailed and valid information. For

SMEs who rely on their agile nature to remain

competitive and adapt to any changes in their

environment, this light touch structure is key to

ensure that the required information is collected

in a way that is not overly prescriptive while also

being relevant. By utilising the captured infor-

mation for each identified idea, they can be di-

rectly compared to each other, meaning the deci-

sions reached are based on more than an ad-hoc

process and “gut feeling”. This ultimately means

the decision, as to which idea to pursue, can be

trusted due to the use of a repeatable process.

To allow for the creation of this proposed

framework, an ethnographic research approach

was utilised. This requires prolonged periods

of embedded research in the area under obser-

vation (Pink et al. , 2010), such that people’s

behaviour can be clarified and motivations un-

derstood (Kashimura et al. , 2014). Therefore,

this work was positioned to observe and improve

upon the processes of the SME when conduct-

ing investigations for the benefit of their portfo-

lio. Through such positioning of the research, it

would be able to identify and present a solution

closer to that required to deliver the necessary

improvements.

This proposed Directed Research Approach

is aimed at the product push approach. For this,

SMEs do not wait for the users to dictate the

need for a new technology or capability (Lamb

et al. , 2009), they actively search for opportu-

nities to create a new one and let the users move

to it. This can often be the main draw of the

SME to a market to replace the incumbents. A

reason that such an approach would be taken is

the limitations of the current technology are so

engrained in the day-to-day operation, it is not

seen as a drawback and users would not identify

this as an area that requires changing. Whereas,

by using the product push approach, these limi-

tations can be addressed and highlighted to users

to draw them to the new product. Parallels can

be drawn to the adoption of Portfolio Manage-

ment and ideation in the search for the next in-

novation that will deliver significant returns of

the company and protect its future. The prod-

uct push approach in this instance delivers the

ability for defining the next generation of prod-

uct to be pushed onto the market to deliver the

next generation of capabilities.

3.1 Directed Research Approach

There is a strong link between the ideation pro-

cess and the front-end of innovation, in which

both are predicated on the generation and the

understanding of ideas. Furthermore, it is un-

derstood that the knowledge gained during this

front-end work is of greater significance as it

can inform later development. Therefore, three

front-end of innovation frameworks were inves-
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Framework Phase Purpose

(Tidd and Bessant , 2013)

1 Search for opportunities

2 Select course of action

3 Implement procedure

4 Capture benefits analysis

(Westland , 2008)

1 Opportunities

2 Competencies

3 Market entry

(Conway and Steward , 2009)

1 Cross functional linking

2 Opportunity coupling

3 Dualism

Table 2: Innovation structuring frameworks

tigated as to their process and the information

they require to be collected. These frameworks,

their phases and the purpose of each phase are

shown in Table 2.

Each of these frameworks can be seen to have

several phases that align with common purpose.

Therefore, these are synthesised into a single

framework made up of three main phases of re-

search of State of the art, Course of action and

Business case.

The first main phase called State of the art

is to understand the current competing prod-

ucts that are on the market. This understanding

is to include such aspects as the capabilities of

these offerings, any intellectual property that is

protecting them and any known issues or limi-

tations to both their users and manufacturers.

The second main phase called Course of action

is to capture the ways in which the development

could proceed. This captures information on the

possible routes forwards, of which there could

be many, and the requirements for these solu-

tions. These factors can be a useful indication for

the viability of the development. The final main

phase is the Business case which is focused on

understanding the implications of the proposed

development. Several can be possible for a sin-

gle idea depending on the number of courses of

action there are available. This phase is to focus

on capturing information on the market which

it is to enter, protection possible and associated

costs and value to the customer.

To implement the proposed Directed Re-

search Approach, the required information for

each phase must be captured from an appropri-

ate source. In Table 3 the required information

capture for each phase is presented along with

possible sources.

In addition to collecting information, in re-

lation to the idea and its potential development

path, the risk towards it and the context it is

to exist within need to be understood. For the

State of the art the risk is from the technol-

ogy (Ignatius et al. , 2012). This is presented

from the competing technologies (Martinsuo and

Poskelo , 2011) as they are already positioned rel-
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Phase Required input information Indicative source

State of the art

Existing technology Technical information sheets

Capabilities End users, technical information sheets

Existing IP Patent search engine

Known issues End users

Course of action
Possible routes forward Developers, management

Requirements End users

Business case

Target market trends Market analysis reports

Potential IP Patent search engine

Cost of development Costing analysis

Value to the customer End users

Table 3: Required information capture sources

ative to the customer and will command market

share. The required context is from the industry

and technology; this will focus the attention of

the organisation towards the current companies

operating in the market (Cohendet et al. , 2015),

legislation (Brem and Voigt , 2009) and any dis-

tribution routes. Further to this, the context of

the technology will deliver extra focus towards

the competing technologies (Cruz-Gonzalez et al.

, 2015), their capabilities and what is perceived

to be required to attract customers to move away

from existing technology. This draw can be crit-

ical to a product push approach as launching a

new product into the market with no draw to

drive acceptance would be difficult; there has to

be an underlying need met to act as the driver.

During the Course of action main phase, the risk

is focused towards the innovation itself as propo-

sitioning a radical technology via product push

approach in inherently risky. Further to this, the

criticality of the social context is evident due to

the increased number of interactions that are re-

quired to make a new development successful.

These new interactions likely will have formed

with a number of different partners in a new net-

work containing the required core competencies

to make the development a reality. It is noted

how a network comprising of individuals with

specialist knowledge increases the effectiveness

of the innovation (McAdam et al. , 2008) and

can fill gaps in the SME, however this drasti-

cally changes depending on its context (Cruz-

Gonzalez et al. , 2015). Finally, during the Busi-

ness case main phase, the risk is that of the mar-

ket, as this new technology will be entering into

a market that will potentially have several ex-

isting offerings from other established organisa-

tions that are trusted by consumers (Partanen et

al. , 2008) which it will need to replace/displace

via the product push. This could also be where

the SME creates a new market for their inno-

vation. For either case, it is critical to capture

information to the required level of detail about

this new market (Cruz-Gonzalez et al. , 2015),

any existing companies (Kollmer and Dowling ,

2004) and the potential take-up of any new offer-

ing (Chiesa and Frattini , 2011). This phase has

several layers of context to be considered; organ-
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isational (Ortt et al. , 2008), institutional and

social. The organisation context is one that is de-

cided in day-to-day operations and can be ratio-

nalised by any changes required in order to oper-

ate (Cormican and O’Sullivan , 2004). Addition-

ally, the institutional and policy context can be

applied through an understanding of the formal-

ity of the SME and the way in which it fits into

the relevant market and any legislation (Mark-

man , 2008) that is present in the geographical

region in which they operate/are to operate (Au-

tio et al. , 2014). This is summarised in Table

4.

By utilising the proposed Directed Research

Approach main phases, structure can be given

to the investigation process to ensure that the

required information is collected for each idea

along with the risk and context. This results

in information that is available for comparison

to other ideas as well as to plan mitigating ac-

tions for risks while understanding the context

in which the idea resides. This in effect creates a

scaffold structure which any SME will be able to

adapt to their own procedure to remain flexible,

the inherent advantage of the SME (Leithold et

al. , 2016), while moving away from their con-

ventional ad-hoc nature (Laforet , 2013). Hav-

ing this repeatable information means all ideas

can be evaluated relative to each other in a re-

peatable way even without complex decision pro-

cesses.

As can be seen in Figure 2, there are sev-

eral phases in the Directed Research Approach.

These are divided into two distinct groups of

main phases and secondary phases. First, the

Ideation phase is focused identifying which ideas

to research and making the decisions based on

all options available as to which to investigate at

that time and is classed as a secondary phase.

Next, the Research phase, which is made up of

the State of the art, Course of action and Busi-

ness case is defined as a main phase as this is

where the focus of this approach lies in research-

ing and understanding ideas. Following this,

there are the two remaining secondary phases,

the Selection phase uses the results of the main

phase and compares them to the results from

the other investigations conducted such that the

final secondary phase, the Development phase,

can initiate development on a new idea. There-

fore, the secondary phases be a way in which

to enable the main phase to operate successfully

and to provide the required level of information

to begin the process and to utilise it such that

development can begin.

In addition, Figure 2 demonstrates several

distinct groups of inputs along the main path of

the Directed Research Approach. Firstly, the in-

formation group relates to any input into the ap-

proach which contains any information such as

a stimulus of collected information. The risks

group contains the main risks to the idea at

hand. Contexts, as with the risk group are those

which should be considered during the investiga-

tion into the idea. The resource group contains

any form of input into the approach such as peo-

ple. Finally, the methods group contains the re-

quired decision making methods utilised by the

company.

Furthermore, Figure 2 highlights the appro-

priate people within the company who will both

own phases as well as those who will work on

them. For the first three phases, the company’s

strategic management will own the phases and
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Phase Risk Context

State of the art Technology Industry and technology

Course of action The innovation Social

Business case Market
Organisational

Institutional and policy

Table 4: Risk and context summary

Figure 2: Directed Research Approach.

what occurs in them. This is because they will

decide which ideas to investigate, oversee the re-

search and utilise the results to select which to

pursue. The final phase, the Development phase,

is overseen by a project manager, as at this point

actual development work is being conducted in a

conventional process. Under the manager of each

phase there is also the phase operative who is the

person who will conduct the work required. Dur-

ing the Research phase this person is classified to

be a researcher as they will investigate the idea

and feed back to the company’s strategic man-

agement. During the Development phase, the

operative is a developer as they will utilise the

research conducted and information gathered to

create the final product or service. They will re-

port to the project manager overseeing the pro-

cess. In addition to the phases, there are several

elements covered in Figure 2. All elements ap-

pearing through the phases defined in this pro-

cess are fully identified and discussed briefly in

Table 5.

3.2 Application Case Study and Eval-

uation

To demonstrate the Directed Research Ap-

proach, five ideas generated by the SME during

the Ideation phase were used. These ideas had

the required information, risks and context cap-

tured during the Research phase and was eval-

uated during the Selection phase using an in-

ternally defined process such that a prioritisa-

tion was created. To evaluate the Directed Re-

search Approach, four members of staff from the

SME were used to personally evaluate the ideas

and create their own priority in which they be-

lieve they should be tackled. The number of

participants was limited by the number of staff

within the SME and the sensitivity of the ideas

prevented exposing them wider for evaluation.

Even with this small number of participants this
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Phase Element Description
Id

ea
ti

o
n

a Idea identification: This is where the new ideas to investigate are identified

a1 Internal stimulus: The ideas can be from an internal stimulus

a2 External stimulus: The idea can also be from an external stimulus such as industry engage-

ment

b Research initiation decision: This is a decision gate as to which idea is to be researcher

b1 SME decision maker: This person is responsible for making the decision as to which idea

to research

c Task assignment: Here the task of conducting the research is assigned to a member of the

SME

c1 Research constraints: These are added to the research such as time or effort limits

c2 Pool of resources: These are required to conduct the research such as time of others

R
e
se

a
rc
h
:

S
ta

te
-o
f-
a
rt

d State of the art: The phase whereby the current technology offerings are investigated

d1 Information collection: Here information is collected as per Table 3

d2 Technology risk: Here the risk posed by the opposing technology is investigated and in-

cluded

d3 Industry and technology context: Here focus is placed on the industry operating the current

technologies as well as the opposing technologies themselves

R
e
s
e
a
r
c
h
:

C
o
u
r
s
e

o
f

a
c
-

t
io

n

e Course of action: For this the various ways the development could proceed is investigated

e1 Information collection: Here information is collected as per Table 3

e2 Innovation risk: Here the risk is posed by the innovation itself

e3 Social context: Based on the increased number of social interactions required

R
e
se

a
rc
h
:

B
u
si
n
e
ss

c
a
se

f Business case: Here more financial and market based information is collected to form a

business case

f1 Information collection: Here information is collected as per Table 3

f2 Market risk: The risk is formed by the market that the new technology will be entering

f3 Organisational, Institutional and Policy context: Formed on the day-to-day operation of

the SME and how it will fit into its new market segment

S
e
le
c
ti
o
n

g Collate idea information: For this step, information collected as part of this investigation

is collated as per the three main phases

h Comparison and review process: Here the information for the idea in question is analysed

in comparison to the other ideas researched previously

h1 Decision methods: For this, a number of decision making methods can be used such as our

own (Pashley et al. , 2017)

h2 Pool of reviewers: From the available staff in the SME, those able to review the collated

information are selected and assigned reviews to conduct

i Prioritisation of ideas: Based on the review process, the available ideas are prioritised

j Development decision process: Here the decision is made as to which (if any) ideas should

be taken further to development

j1 SME decision maker: The decision maker for the SME utilises the presented information

to decide on which path forward to take

j2 Pool of resources: From the pool of available resources, assignments are made to the selected

idea(s)

D
e
v
e
lo

p
m

e
n
t

k Development process: Here the idea selected is taken forwards and its development begins

Table 5: Elements of Directed Research Approach (as per Fig. 2).
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Idea Ranking

A Vehicle test rig

B Coordinate measuring machine

C Novel sensor

D Metrology system integration

E Testing turbine blades

Table 6: Used ideas

still represented 25% of the entire company and

therefore presented a significant relative sam-

ple size. With the priority from the partici-

pants, a comparison was conducted into their

order to understand the repeatability of the Di-

rected Research Approach even when using ba-

sic evaluation techniques. For the presented five

ideas, there are a possible 120 different orders in

which the ranking could be presented, therefore

achieving a similar order from the participants

would demonstrate how the Directed Research

Approach leads to repeatable decisions. The

ideas used for this evaluation are summarised in

table 6.

The roles of employees used as part of the

testing are shown in Table 7.

The participant’s ranking of the presented

ideas is shown in Table 8.

To understand the differences in the rankings

generated, the variance of each Ideas positions

was calculated. The ideal case would be a vari-

ance of zero as this shows all participants placed

the idea in the same position.

From the variance values shown in Table 9,

the levels differ over the ideas presented. Ideas

A through C demonstrate a low variance of less

than 1. This demonstrates an understanding

across all participants as to the priority of these

ideas. However, ideas D and E present larger

variance values; this is due to the roles which the

participants play within the SME and therefore

their experience and understanding influencing

their rankings with certain positions significantly

affecting the result. In the case of idea D, the ma-

jority of positions place it close to the bottom of

the list in either position 4 or 5. However with

one participant placing it at number 2, the vari-

ance was greatly affected. Idea E was similar;

but two of the positions were significantly dif-

ferent to the rest, leading to the larger variance

value.

4 Discussion

Before this approach, the SME utilised an ad-

hoc process of information capture of attributes

that were deemed to be important at the time.

These pieces of information were then reviewed

and utilised to make decisions, again in an ad-

hoc way based on “gut-feeling” and intuition to

define the direction their portfolio was to ad-

vance. Now, by utilising the Directed Research

Approach, information, risk and context is col-

lected in a consistent and repeatable way that

makes them directly comparable to one another.

The confidence displayed by the SME and its

management in the understanding of the ideas

14



Participant Role

1 Applications support engineer

2 Software developer

3 Software developer

4 Mechanical designer

Table 7: SME roles of employees participating

Participant

Idea 1 2 3 4

A 2 2 4 3

B 5 3 5 4

C 1 1 1 2

D 4 4 2 5

E 3 5 3 1

Table 8: Participants rankings of presented ideas

Idea Variance

A 0.92

B 0.92

C 0.25

D 1.58

E 2.67

Table 9: Idea variance
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and the order in which they are placed in the

ranking is increased; meaning they select oppor-

tunities to proceed with a clearer picture of the

risk, context and the ideas.

Utilising a company accepted decision mak-

ing technique using the same information, the

ranking is slightly different to that given by the

participants; this is shown in table 10.

From the ranking shown in table 10 and

comparing it to these given by the participants

in Table 8, there are distinct similarities. Fur-

thermore, one of the participants matched the

ranking via their understanding alone based on

the presented information. This demonstrates a

clear link between presenting information in a

structured way and the ability to deliver a be-

lievable ranking of ideas. It is also important to

note that the SME had sufficient confidence in

the ranking to select Idea C for further devel-

opment and are currently investigating routes to

the required funding to conduct the project. In

addition, subsequent low levels of investigation

are also being conducted into Idea D to scope

out how the project would proceed if it were se-

lected for development.

The Directed Research Approach to inves-

tigate opportunities for a company’s portfolio

was developed within an SME. This can there-

fore instil the limitation of applicability to the

wider world and similar companies due to the

level of involvement and specificity towards the

particular SME. To investigate the wider appli-

cability of the proposed approach, several ex-

perts in the field of business investment were en-

gaged. The selected experts were from The Uni-

versity of Bristol Research and Enterprise and

Development section. Each of these organisa-

tions is focused on the investigation into poten-

tial business opportunities which they can invest

in. These experts were presented with the pro-

posed approach and the results from the test-

ing within the SME and were asked to comment

on the inclusion of all required data points and

their source, the risk and context identified and

the applicability of this approach outside of the

SME.

When asked about the collected information

and the sources selected the responses pointed

to a general coverage of key points¿However, as-

pects could expand to include the performance

of the idea at hand (if any physical prototypes

had been made). With respect to the sources of

this information it was noted how in all cases the

user will be subjective and the challenge faced is

to not allow this to impact the process.

Next, when asked about the identified risk

and context per opportunity additional aspects

were identified that could be useful to under-

stand. This included continuity of resources and

the availability of skills within the company.

The final question asked if this same ap-

proach would be as applicable outside of the

SME again, the general responses were that it

would be. Some points made were how in differ-

ent application areas or sectors, users would be

“pre-calibrated” to utilise different language or

terms and therefore an initial translation phase

would be required to ensure the required under-

standing. In addition, in several areas, there

are systems defined already to utilise the cap-

tured information, such as those by Innovate UK.

Therefore, by introducing a new way to capture

information repeatedly, the way in which that

information was used would also require adjust-
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Idea Ranking

A 4

B 5

C 1

D 2

E 3

Table 10: Actual idea ranking

ment.

Based on the captured points above, several

deductions can be made. Firstly, and most im-

portantly, how the Directed Research Approach

can be utilised outside of the environment and

sector in which it was designed to operate. This

is due to the spread of the information which

is captured, its sources and the understanding

of risks and contexts. However, due to the ex-

perts’ experience in engaging with such projects

and companies searching for resources, addi-

tional questions are asked and further informa-

tion is desired to complete the picture in their

minds such that differentiations can be drawn

and decisions made. However, in the context

where the proposed method was devised, an in-

herent knowledge of the ideas is held and the

current state of the company as to skills and re-

sources such that these points are not required

to be researched. Therefore meaning, sufficient

information on these ideas is held generally by

all those involved and that captured via the ap-

proach proposed, adds to that such that the de-

cisions can be made.

For other companies, including SMEs in

other sectors and environments than this work,

this has several implications. Firstly, the generic

formulation means an understanding of the idea

can be obtained following a simple conversion

of language and terminology to that which they

are used to. Furthermore, they will have infor-

mation already captured and understood about

their company due to working in it; such as the

resource availability and skill set at their dis-

posal. Then by adding to this knowledge via the

collection of information in relation to an idea

with the Directed Research Approach, they will

create a more complete understanding of an idea

which can be utilised in a comparison process

with other ideas to select their path forwards.

Furthermore, by utilising the complete process

outlined by the four phases of the Directed Re-

search Approach yields the ability to follow a

scripted set of actions with clear ownership such

that ideas can be generated, researched, selected

from and enacted. From here, additional ideas

can be generated and the process begins again,

allowing for continual and controlled evolution

of the company’s portfolio.

5 Conclusions

This research was initiated due to the need of

a highly innovative SME requiring a consistent

and repeatable method of capturing information

for use in decision making as to the develop-
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ment path they should select. Based on this,

the Directed Research Approach was created by

synthesising innovation structuring frameworks

with identified risk and context. This was de-

signed to allow for simple information collec-

tion for multiple opportunities to enable effective

cross-comparison between them, to deliver the

optimal path forwards. This information is to be

joined with information already held by the users

relating to the company itself and any prior work

on the idea in question to create a complete pic-

ture. However, the Directed Research Approach

is significantly more than a simple indication of

which information to collect and where to col-

lect it from. It includes several defined phases

to lead the company through the generation of

new ideas, researching them by defining the rele-

vant information and directing selection prior to

development.

For the SME that initiated this work, the

impact was profound. Their conventional pro-

cess involved an ad-hoc approach to information

capture and decision making, meaning the re-

peatability and consistency were questionable.

For an SME with several potential development

paths this results in uncertainty as to the future

state of their portfolio and the strategic direc-

tion of travel. Thus, creating a new decision ap-

proach delivered increased confidence in ranking

by reducing uncertainty via consistent informa-

tion capture. This was demonstrated via rank-

ings with low variance during testing and the

selection of one of the potential ideas to be in-

vested in further. Furthermore, the defined four

phase approach delivered a structure to the en-

tire process from ideation to development, not

just the collection of information.

In addition to the effects on the SME, the

Directed Research Approach has wider applica-

bility as demonstrated by the captured opin-

ions of experts in the field. This shows how

the same process of structured information cap-

ture as used within the SME can be utilised by

any company conducting investigation into the

available opportunities to advance their portfo-

lio with minor alternations for language and ter-

minology used. For SMEs in a similar position

as the one which initiated this research, apply-

ing this approach could lead to similar increases

in confidence in captured information and rank-

ings, ultimately for the benefit of their portfolio

and future.

Furthermore, by following the outlined Di-

rected Research Approach, a process for the

SME can be defined. Firstly, they will follow

a prescribed series of phases including Ideation,

Research, Selection and Development with de-

fined inputs which will aid in tracking their

progress. In addition, each of the phases will

carry clear ownership and reporting lines for

those who conduct the work required. Through

this structure of phases, inputs, ownership, re-

porting lines and the process this creates, the

Directed Research Approach can be deployed by

any organisation, SMEs who require structure

without being restricted as to their processes in

order to guide them from ideation to develop-

ment.
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