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Abstract

In this paper, it is described how a multiple criteria decision analysis software tool, the Intelligent Decision System (IDS),

can be used to help business self-assessment. Following a brief outline of a model for assessing business innovation capability

and the IDS software, the process of using IDS to implement different types of assessment questions is discussed. It is

demonstrated that IDS is a flexible tool capable of handling different types of data in self-assessment, including uncertain and

incomplete data, and providing a wide range of information including scores, performance diversity, strength and weakness

profile and graphics.
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1. Introduction

Many small and medium sized enterprises (SMEs)

in the UK and Europe strive for business excellence

through innovation. Entering Tailored Innovation

Management in Very Small Enterprises (ENTER-

TAIN) is a European Commission funded project

under the Innovation and SME Programme. The

main objective of the project is to help SMEs to

improve their innovation strength through self-assess-

ment, self-training and remotely assisted consultancy.
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In order to achieve the first goal, an innovation

capability Self-Assessment model (SA model) was

developed by the project consortium, taking into ac-

count the specific needs and characteristics of SMEs.

The SAmodel covers 7 areas of a business. Under each

area, 7–14 questions are asked about the business.

Some questions are divided into a few sub-questions.

Therefore the self-assessment model is in a hierarchical

structure (Fig. 1).

The SA model and indeed many other self-assess-

ment models such as EFQM (European Foundation

of Quality Management) model [3] are typical Mul-

tiple Criteria Decision Making (MCDM) problems

[22,1]. Assessment models, however, also have the

following two features. The first feature is that they
42 (2006) 664–673



Fig. 1. IDS main window and the SA model hierarchy.
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are normally pre-structured. The same fixed models

will be used by many different organisations to

ensure that assessments are based on the same stan-

dards. The other feature is that they normally consist

of tens, sometimes hundreds, of questions. The

EFQM model lists 172 areas for a business to con-

sider when using the model for self-assessment and

for award applications.

The Intelligent Decision System1 (IDS for short) is

a general-purpose multicriteria decision analysis tool

based on a new methodology called the Evidential

Reasoning (ER) approach [20]. During the past few

years, the authors and their colleagues have applied

IDS to support business performance assessment and

organisational self-assessment using different models

[7–9,22,13]. The results show that the ER approach,

supported by IDS, has significant advantages over

conventional methods in helping to improve consis-

tency, transparency and objectivity in the assessments.

As such, one of the tasks of the ENTERTAIN

project is to implement the SA model using IDS in

order to help SMEs to conduct the self-assessment

more efficiently, objectively and informatively.

Like many other business performance assessment

models, the SA model is also pre-structured. The
1 A free learning version of IDS is available from the site www.

e-ids.co.uk.
questions, answers and scoring scheme in the SA

model are designed mainly based on experiences,

other similar models and consultation with business

advisors and small business owners. Although the IDS

software can also provide support in problem struc-

turing, weight and value elicitation, and sensitivity

analysis, such support is not required in this case.

Therefore the main focus of this paper is on how

the SA model is implemented, how the self-assess-

ment process is supported by IDS, and the advantages

of IDS over other tools.

In the following section, the SA model will be

outlined and the ER approach and the IDS software

briefly described. The process of implementing the

SA model using IDS will be demonstrated using

examples. The features, advantages and benefits of

using IDS for self-assessment will be demonstrated by

the self-assessment data of a few fictitious companies.

Although the package was used to assess real busi-

nesses, due to confidentiality restriction we are unable

to use the real data in this paper.
2. The SA model

Most SMEs are of limited resources for self-assess-

ment. Therefore the SA model has to be simple, easy

to understand, not too long or tedious, general enough

http:www.e-ids.co.uk
http:www.e-ids.co.uk
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to be suitable for most SMEs in every sector and

specific enough to stimulate honest and meaningful

self-assessment.

The SA model was developed based on the EFQM

model [3]. It covers the following 7 areas:

! Level of Innovation,
! Innovation Strategy,

! Innovation Process,

! People and Culture,

! Financial Resources,
! Knowledge and Information and Communication

Technology, and

! Business Network.

There are in total 80multiple choice questions under

the 7 areas. Each question is explained to help users to

understand it. Each answer is also explained. The

explanations to each answer act as guidelines to help

assessors to choose the most appropriate answer or

answers. The explanations will also form the basis for

generating a self-assessment profile report.

All questions are multiple-choice type, such as

bHow would you rate the company in terms of

innovationQ. The answers to this question could be

Below Average, Average, Best for Its Size and World

Class. The number and wording of answers vary from

question to question. A special case is the Yes/No, or

Yes/Partially/No type of questions.

For most questions, each answer is associated with

a different score, not necessarily equally spaced be-

tween the maximum and minimum scores. There are a

few questions for which some answers are associated

with the same scores. The scores reflect the values of

the answers to the question and the importance of the

question to the assessed area, and more details can be

found in Section 4.1.2. There are a few other special

questions for which no matter what answers are se-

lected in a self-assessment, they will be given no

score, such as bHow many new or substantially im-

proved products or processes has the company intro-

duced in the last 12 months?Q Because this figure can
vary widely from industry to industry, the real purpose

of asking this type of questions is not to find out a

number, but to direct users to think more specifically

in order to be able to answer the follow-on question

bHas the company evaluated the benefits it has

achieved from process innovation?Q
The questions and answers in the SA model have

been designed to be as SMEs friendly as possible. The

explanations to each question and its answers, and the

heterogeneous nature of the questions in the SA

model reflect such intention. The SA model is devel-

oped independent of any software restrictions. To

many MCDM software packages, implementing

such a model proves to be a challenge. It turns out,

however, that IDS is a perfect match for such an

implementation.
3. The evidential reasoning (ER) approach

The ER approach is developed to deal with

MCDM problems having both quantitative and qual-

itative information with uncertainties and subjectivity.

The ER approach uses concepts from several disci-

plines, including decision sciences (in particular value

theory), artificial intelligence (in particular the theory

of evidence [12], statistical analysis and computer

technology [25,19,17,20,21].

While most conventional MCDM methods use a

decision matrix for problem modelling, the ER ap-

proach uses a belief decision matrix, of which the

conventional decision matrix is a special case. In a

belief decision matrix, a distribution instead of a

single value is used to represent an alternative’s

performance on an attribute. For example, if a com-

pany is assessed to be Excellent on bshort-term
planningQ and Poor on blong-term planningQ, it

would then be described as Average on Planning in

a decision matrix, while in a belief decision matrix,

this would be a distribution of {[Excellent 50%],

[Average, 0], [Poor, 50%]}.

A modified Dempster’s evidence combination al-

gorithm [20] is used for aggregating the information

in the belief decision matrix. The aggregation process

is nonlinear, and in essence a probabilistic approach

[21]. The outcome of the aggregation is also a distri-

bution, not a single score, of an alternative’s perfor-

mance on the top attribute. However, a score can be

calculated from the distribution by adding each as-

sessment grade value weighted by the associated be-

lief degree in the distribution [20,17]. However the

score will normally be different from weighted sum

method because the distribution is generated through a

nonlinear aggregation process.
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There are two general advantages in employing

the ER approach for MCDM. Firstly, it provides a

novel belief framework to model and synthesise

subjective information. Secondly the ER approach

can make full use of different types of data, includ-

ing subjective judgements, probabilistic data, and

incomplete data under weaker assumptions that

may underlie other methods such as MAVT. For

example, it requires only the satisfaction of value

independence condition, which is easy to check and

satisfy, in order to apply the ER approach for attri-

bute aggregation, not the stringent preferential inde-

pendence condition required by the multiple value

function theory (MAVT) [2,6,4].

When there are only a few attributes, it may be

manageable to check the satisfaction of the preferen-

tial independence conditions. It becomes much more

difficult when attribute number increases beyond a

handful. Therefore decision scientists normally rec-

ommend to carefully select only a small number of

attributes, such as 9 or up to a few tens, when struc-

turing a MCDM problem [4,1].

Unfortunately, real life MCDM problems, such as

business performance assessment problems repre-

sented by many quality award models, such as the

EFQM model and the Malcolm Baldrige Award cri-

teria [10], may contain many more attributes than just

a few dozens. Worse still, the preferential indepen-

dence condition as defined by Keeney-Raiffa [4] can

easily be violated. In those circumstances, the MAVT

are not applicable but the ER approach can still be

applicable, which only requires the milder value (or

utility) independence conditions [4].

In self-assessment, the above general advantages of

the ER approach can be transformed into the follow-

ing three practical advantages. Firstly the belief deci-

sion matrix provides flexibilities in question

presentation and data collection. Secondly, the ER

aggregation process generates more insight informa-

tion on performance diversities and supports the iden-

tification of strengths and weaknesses. Thirdly, the

number of attribute (or questions) in the assessment

model is much less a concern to the ER approach than

to other conventional approaches.

The support of the IDS software provides extra ben-

efits. IDS provides not only user friendly interfaces for

applying the ER approach, but also knowledge manage-

ment, report generation, and data presentation facilities.
These advantages and benefits will be demonstrat-

ed and explained in the next section.
4. Application of IDS in innovation self-assessment

As mentioned earlier, self-assessment problems are

typical multiple criteria decision making (MCDM)

problems. In MCDM terms, the companies to be

assessed will be referred to as alternatives or options.

Assessed areas and assessment questions under each

of the areas are referred to as attributes or criteria.

Consequently, the terms such as questions, attributes

and criteria are used interchangeably in this paper.

Also the terms like answers and grades are also

used interchangeably because normally each answer

is associated with a score, just as a grade does when it

is used to assess an attribute.

There are 3 major steps in applying IDS for self-

assessment: model implementation, assessment infor-

mation input, and assessment result report. The first

step is a task for questionnaire designers or business

advisors. Assessors in SMEs do not need to repeat the

implementation process described later. Their tasks

are to collect information and answer all the questions

as objectively as possible.

The steps will be discussed in the following 3

subsections.

4.1. Model implementation

Implementing the SA model with IDS involves a

few steps: implementing a question hierarchy, defin-

ing the questions and their multiple-choice answers,

including value functions for the answers, and assign-

ing question weights. Using IDS, the construction of

the attribute (question) hierarchy is straightforward.

The IDS main window is shown in Fig. 1, where

there are a tree view window for displaying a hierar-

chy of assessed areas and questions, and a list view

window to display the names of the businesses to be

assessed.

4.1.1. Define questions and answers

After the hierarchy is structured, each question

needs to be further defined. The definition includes

a description about the question, the number, wording

and values of the answers (grades) to the question
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(Fig. 2), and answer explanations or guidelines. When

a score associated to an answer is already decided,

which is the case in the SA model, the value of the

answer is then determined by dividing the score with

the weight of the question (weights are discussed in

Assign Question Weights section). In general, the

value should be a number between 0 (most unfavour-

able) and 1 (most favourable) to represent the prefer-

ences of questionnaire designers.

When IDS detects that different numbers of

answers (or grades) are used between a question and

its associated area in an upper level of the hierarchy, it

will prompt the questionnaire designers to convert the

values of the answers to the values of the grades used

in the higher-level area. The conversion can be con-

ducted either using rules or value equivalence [17]. If

the users prefer, IDS will conduct the conversion

automatically based on value equivalence.

Because of the use of the value equivalence trans-

formation, the questionnaire designers are free to use

any wording and number of answers which are most

appropriate to a question. They are also free to ask any

types of questions, whether numerical or subjective.

In fact, the questions and answers in the SA model are

developed initially on paper, completely free of soft-

ware consideration.

The explanations to questions and answers entered

in this stage can be retrieved later and is helpful

when assessors need to clarify the definition of a

question and the meaning of an answer. Consequent-

ly it helps to increase the consistency and reduce

subjectivity in scoring, even for relatively inexperi-

enced assessors.
Fig. 2. Attribute definition window.
Together with evidence and comments recorded

during the Input Assessment Information process dis-

cussed later, the information forms a knowledge-base

and will be used to generate an automated and tailored

self-assessment report.

4.1.2. Assign question weights

For any assessment, different questions may be of

different importance. In the SA model, the maximum

score obtained by answering a question reflects the

importance of the question. Therefore, the weight

assigned to a question is its maximum score, that is,

the score given to the most favourable answer. For

those questions whose answers are associated with

zero score, the weight is zero.

Once the weights for all the questions at the bottom

level of the attribute hierarch are assigned, the weight

of a higher level area is then the sum of the weights

assigned to its immediate child attributes, or the asso-

ciated questions.

If weights are not known and need to be deter-

mined, IDS provides a few methods and interfaces to

help decision makers to assign weights, such as

weight swing [1], direct assignment (Fig. 3), and

pairwise comparisons [11]. It also provides sensitivity

analysis interfaces for fine-tuning weights.

In the SA model, the scores assigned to each

answer of each question are calibrated and validated

through the tests of a few SMEs in the northwest of

England. Adjustments to the initial weights have

been made based on the tests so that the generated

scores and company profiles fits the current situations

of the companies, to the best belief of the company

owners. Therefore the weights are determined before-

hand. In such case, the visual scoring interface as

shown in Fig. 3 can be used. A weight can be

assigned to each attribute by either dragging a

corresponding bar or typing a precise figure in the

weight edit box.

4.2. Self-assessment

Self-assessment involves collecting evidence, com-

paring evidence with standards, and making judge-

ments. Using the IDS implemented SA model for self-

assessment, not only the process is technically sup-

ported, but cognitively supported as well, as discussed

below.
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4.2.1. Answer questions and assign belief degrees

When conducting a self-assessment, IDS allows

several answers to be selected and each is associated

with a belief degree. Technically, this means simply

ticking the appropriate answers and typing a belief

degree beside each answer in the data input window

(Fig. 4). A belief degree represents the strength to

which an answer is believed to be true. The total

belief degree can be equal to or less than 100%. This

feature is originated from the use of the belief deci-

sion matrix to model MCDM problems in the ER

approach.

Such a feature brings unique flexibility in handling

judgmental uncertainty and complexity. For example,

if an assessor believes that a company’s performance

falls somewhere between two predefined grades, he

has the freedom to assign different belief degrees to

the two grades. If there are a few people to answer the

same question, the belief degree structure allows dif-

ferent views to be accommodated. If a question covers

several sub-areas or if some sub-areas are better repre-

sented by one answer but other areas by another

answer, then the belief structure will also allow the
sub-area differences to be reflected. Indeed, the belief

information is preserved when the ER approach

aggregates the entered data from lower level questions

to higher level areas in the hierarchy (Fig. 1). The

belief information at the top level reveals the overall

performance distribution and facilitates strength and

weakness analysis.

In addition to the flexibility, the belief structure and

the ER aggregation process can make maximum use

of different types of raw information logically, includ-

ing probabilistic data, incomplete and missing data

[16]. For example, if there is not sufficient evidence,

an assessor may leave the question completely unan-

swered or assign less than 100% belief degrees. For

missing data, IDS by default assigns 0% belief degree

to each answer and the ER approach assumes that

incomplete or missing answers are in an interval

covering the whole category range.

4.2.2. Support to improve consistency

Although IDS can use data with uncertainty, it does

not mean that IDS would encourage assessors to be

vague or subjective or leave questions unanswered.



Fig. 4. An interface for inputting assessment information.
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On the contrary, the belief structure requires more

detailed information and hence encourages more spe-

cific and objective thinking.

To reduce subjectivity and inconsistency, the data

input window (Fig. 4) provides access to question and

answer explanations as well. If the cursor is placed on

an answer, the explanation to the answer, entered

earlier in the model building process, will be dis-

played in the Grade Definition box. The explanations

act as guidelines to help assessors to tick the right

answers and assign appropriate belief degrees. If

needed, pressing the Attribute Definition button will

popup the display of the question explanation, also

entered earlier.

4.2.3. Evidence mapping

Optionally, evidence and comments can be recorded

using the Provide Evidence button in the same data

input window (Fig. 4). The Provide Comments button

displays the evidence mapping interface, which dis-

plays evidence and the guidelines for answers side by

side so that belief degrees can be assigned based on the

match of evidence with the category standards. Blank

spaces are provided in the same interface for assessors

to enter comments on why some answers are selected

and the belief degrees given.

If it is a new assessment based on a previous one,

then the comments and evidences recorded earlier will

be available through the Provide Evidence and Provide
Comments buttons. The evidence recorded in the past

assessments can be used as references to maintain

relative consistency. It also improves efficiency, be-

cause only the changed parts need to be adjusted.

4.3. View assessment results

The IDS software can generate different types of

assessment results in graphical format such as perfor-

mance ranking, performance score range when an assess-

ment is not complete [15], and performance distribution

(Fig. 5). Those graphs enable the comparisons among

selected alternatives to be carried out on any selected

areas in different levels of the assessment hierarchy.

Distributed performance graphs provide more insight

information than scores and simple ranking graphs. Fig.

5 shows the distributed overall performance of two

companies. It reveals the performance composition in

different categories (grades). Although both companies

have similar overall scores, the X Limited has more

Best and less Worst performed areas than the other

company. The distribution also indicates that in X

Limited 11% of the areas are assessed to the lowest

grade, which alerts managers to focus on those areas for

improvement. A search function is also provided in

IDS to search for those areas.

Text reports are also provided. The questionnaire,

question and answer explanations, assessment data

entered by assessors and aggregated results on every



Fig. 5. Distributed performances of two companies.
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attribute can be saved in a text file. A tailored company

profile report can also be generated highlighting key

areas to consider for improvement. A text report pro-

vides an accurate account of the assessment and can be

used as a basis for generating documents such as qual-

ity award applications and action plans.
5. Self-assessment trial

After the SA model is implemented in IDS, a trial

is organised to test the tool. The 4 principal contrac-

tors of the consortium are responsible for organising

the trial in their own respective countries. Ten SMEs,
Fig. 6. Consortium average ratings o
who are the assistant contractors of the project, par-

ticipated in the test with more than 30 people in-

volved, including managing directors, marketing

directors or technical directors from these SMEs.

The ten SMEs were not involved in the development

of the model before the test. To measure the effec-

tiveness of the tool, feedbacks are collected by asking

participants to rate in a 5-point scale in seven areas.

The seven areas and the average scores given by the

consortium are shown in Fig. 6.

The main messages from the feedback are that the

questions and software interfaces are easy to under-

stand and the tool can help users to understand po-

tential areas for innovation. While the average ratings
f the SA-IDS tool by question.
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are positive and encouraging, improvements are also

requested by the participants in their feedback. For

example, business users are not familiar with the

jargons used in the MCDM field and words such as

bAlternativesQ and bAttributesQ should be replaced

with bCompany NamesQ and bQuestionsQ respectively
in some of the IDS interfaces.

The usefulness of graphics is not highly rated, but

when asked whether the graphics functions should be

excluded from the package, the answer is no. As

graphics are good for comparisons and showing

differences, they will become more useful in the

subsequent rounds of assessment, but may be less

useful at the initial trial when there is nothing to

compare with.

There are significant discrepancies on the ratings

between countries. UK rated the tool the highest

with 4.4, Spain with 3.4 and Norway with 3.3.

Because the SA model is developed in the UK, the

model is probably more compatible with the UK

business culture.

Some companies asked different people to test the

tool independently during the trial. The outcomes are

reported to be bamazingly consistentQ.
6. Concluding remarks

In this paper, it is described how the multi-criteria

decision software IDS can support business to conduct

innovation self-assessment. It is demonstrated that the

process is not only technically supported to improve

efficiency but also cognitively supported to improve

objectivity and consistency.

As the ER approach does not require the value

preference independence condition like other value

function approaches do, it makes the ER the most

suitable approach for supporting different types of

assessments, which are normally of large scale and

do not satisfy the condition. It is indeed used for

supplier assessment and engineering product design

assessment. This is evidenced by a series of published

results on the applied research of using the ER ap-

proach for supplier assessment, risk assessment and

engineering design assessment [14,5,18]. Theoretical

research on the ER approach is still ongoing. The

belief decision matrix concept has also instigated the

belief rule concept, which has shown promising po-
tential in self-learning and training of expert systems

[23,24].
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