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a b s t r a c t

Context: During development managers, analysts and designers often need to know whether enough
requirements analysis work has been done and whether or not it is safe to proceed to the design stage.
Objective: This paper describes a new, simple and practical method for assessing our confidence in a set
of requirements.
Method: We identified four confidence factors and used a goal oriented framework with a simple ordinal
scale to develop a method for assessing confidence. We illustrate the method and show how it has been
applied to a real systems development project.
Results: We show how assessing confidence in the requirements could have revealed problems in this
project earlier and so saved both time and money.
Conclusion: Our meta-level assessment of requirements provides a practical and pragmatic method that
can prove useful to managers, analysts and designers who need to know when sufficient requirements
analysis has been performed.

! 2011 Elsevier B.V. All rights reserved.

1. Introduction

Whenever we attempt to engineer or re-engineer a software
system it is widely accepted that arriving at a set of requirements
in which we have a lot of confidence is the key to success [20].
However there has been little work to date on ways to arrive at
estimates of confidence or on methods that can be used to deter-
mine how much confidence different stakeholders attach to a set
of requirements. A large system may have very many require-
ments, each with a different set of confidences associated with it.
Estimates of these confidences will help managers to make deci-
sions concerning the costs and benefits of a project.

Previously we have reported on a technique for assessing risks
during requirements analysis [2]. During subsequent case studies
on real-world systems we came to the realisation that any method
intended for use in the real-world has to be as simple and practical
as possible if it is to have any hope of being adopted by industry.
The new method we describe in this paper uses a simplified form
of goal responsibility modelling [27] and replaces the probabilistic
risk metrics of [2] with confidence assessments performed by
experts using an ordinal scale. This is an important improvement
because the probabilistic risk metrics used previously implied a
level of precision which could not be guaranteed. Our new method

further extends the earlier technique by moderating the assess-
ments using argumentation theory [24] and propagating them
within a system using tabulation. Our method is compatible with
most requirements representations that depend upon the notion
of stepwise refinement. We pay particular attention to the assump-
tions of stakeholders [8,9,18], which are so often neglected to the
detriment of the development.

Our method for assessing confidence during requirements anal-
ysis can be summarised as follows:

(1) Construct a goal decomposition graph.
(2) Annotate the graph with estimates of confidence.
(3) Determine the feasibility and adequacy of the requirements.
(4) Consider whether the threats predicted by the feasibility and

adequacy assessments are acceptable.

The method is a very practical approach to assessing confidence
in requirements which extends our previous technique and is
applicable to real-world requirements engineering. Without it
managers, analysts, designers and developers are forced to make
decisions about whether to continue analysing requirements or
start building systems with very little information. The method is
particularly useful during requirements analysis and the early
stages of systems’ development such as the inception and elabora-
tion phases of RUP, and could also be used for planning Scrum
sprints. It can be used both with new systems built from scratch
and when systems must be constructed using existing COTS
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components or legacy systems. It can also be used during contract
negotiations, or to facilitate responses to invitations to tender. The
method has been used during consultancy with a number of our
industrial collaborators, and has been found to be helpful.

To demonstrate our method, we present a small but typical
problem involving the calculation of body mass index. The method
was validated by retrospectively applying it to a case study which
we had assessed previously [2]. The case study consisted of a
medium-sized project provided by an Administrative Division of
University College London. We also carried out semi-structured
interviews with the project manager. The results were encouraging
and do suggest that our method is useful and usable.

This paper begins with a presentation of our simplified tech-
nique for constructing a goal decomposition graph called goal
sketching. We then go on to discuss the factors which we would
like to assess. This is followed by details of our method for assess-
ment and a small but typical exemplar problem. The validation is
described next and in the final sections of the paper we discuss
related work and our conclusions.

2. Goal sketching

Our assessment method requires the use of a goal graph such as
the one shown in Fig. 1. Such a graph could be produced using the
KAOS [26] method. However our research, performed with indus-
trial collaborators over many years, convinced us that producing
a complete goal graph quickly in a real-world project can be diffi-
cult. This led to the development of what we refer to as goal
sketching [1,3].

2.1. The goal sketching technique

Goal sketching can be used as a precursor to some other
requirements analysis method (such as KAOS modeling [26], use
case methods [4], traditional hierarchical requirements modelling
[7], etc.) or it can be used alone. It closely resembles KAOS but aims
to be very practical. A goal sketch is in fact a goal graph, but the
goal sketching technique emphasizes the presence of assumptions
and distinguishes them from products (the various system ele-
ments to be constructed). This raises awareness of assumptions
in the goal analysis [8,9,18,16].

In goal sketching we set down the objectives and show how
each objective is to be satisfied (or at least satisficed [19,23]) in
the resulting system. This is the keep all objectives satisfied maxim
of van Lamsweerde et al. [26]. There may be many ways to satisfy
the objectives, (see, for example, [25]) resulting in the develop-
ment of a number of different models during analysis. These mod-
els allow us to show the project stakeholders’ alternative systems

for normal operation. Further models can be built for commission-
ing, decommissioning and maintenance if these are also
appropriate.

Fig. 1 illustrates goal-refinement and is referred to as a goal
graph. Typically an analyst aiming to specify a system-to-be
constructs a hierarchy of goals. The most abstract objectives are
presented as root goals from which stem a system of sub-goals
refined in steps until goals are reached that are sufficiently con-
crete that they can be assigned as responsibilities to elements of
the intended system. For example, in Fig. 1, A is a root goal which
is refined into B and C; both of these are more concrete than A. Goal
C is sufficiently concrete that an element, S, of the system-to-be has
been given responsibility to guarantee its satisfaction. B is not con-
crete and needs to be refined into D, E and F which are sufficiently
concrete and so have been given to system elements P, Q and R for
their satisfaction. This goal graph is said to be structurally com-
plete as every leaf-goal (C, D, E and F) is guaranteed by an element
of the system (P, Q and R) and consequently, (by refinement argu-
ments joining the leaves to the root), every goal is satisfied.

This state of structural completeness shows how all objectives
are understood as being satisfied. When there is uncertainty about
an objective or how it might be satisfied it may be necessary for the
analyst to approximate some of the goal-refinement in lieu of more
complete information. This condition may be found at any point of
a project, especially in the early stages such as RUP inception and
elaboration. The value of applying the keep all objectives satisfied
maxim through the device of structural completeness compels
the analyst to reveal what is actually known about the require-
ments so that threats to the stakeholders’ expectations can be
exposed.

2.2. An example: calculating body mass index

By way of demonstration, we present in Fig. 2 a problem involv-
ing the calculation of body mass index that we used in our earlier
paper [2].

From the requirements definition in Fig. 2 the goals for the sys-
tem were determined by the analyst to be as follows:

(1) Normal operation of the walk-on scales must be maintained.
(2) The scales are for use in public places.
(3) WeighCom’s good reputation must be maintained.
(4) The scales are to be constructed from prescribed

components.

We assume that these goals have been agreed with the stake-
holders. We will use the first goal (normal operation of the walk-
on scales must be maintained) to illustrate our goal sketching tech-
nique. The goal sketch for this goal is shown in Fig. 3. This sketch
extends the model produced using Objectiver [6] so that responsi-
bility assignments are shown as hexagons. Obstacles are shown as
parallelograms, and indicate anti-goals which can prevent a goal
from being satisfied. The goals are numbered in the order in which
they were analysed. Tool support is needed for both goal sketching
and (as discussed later) the application of argumentation. This will
ensure that our method is very practical, and is a topic of our cur-
rent work. This goal sketch will also be used later to illustrate the
application of our confidence factors.

3. The confidence factors

In our previous work [2] we identified four independent risk
factors: (1) the environmental assumptions, (2) the achievability
of the implementation of the requirements, (3) the integrity of
the refinements and (4) the stakeholders’ mandate. We haveFig. 1. A simple goal graph.
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clarified and modified these factors slightly in the light of our re-
cent work. The modified factors are described in more detail below.

Our purpose is to appraise what confidence the stakeholders
might reasonably place in the analysis expressed in a goal graph.
For example, in Fig. 1 the necessary operationalizing elements of
the system-to-be (P, Q, R and S) may not be dependable. Those that
are provided by the environment may be infeasible through tech-
nical infeasibility or lack of resources. For each operationalizing
element which is an assumption (i.e. something we assume we
can depend on) we must assess our confidence in its dependability.
We call this the Assumption confidence factor and denote the raw

data for this as ASSUME. For each operationalizing element to be
implemented we have a confidence factor called Achievability, the
raw data for this we denote as ACHIEVE.

Working from the root to the leaves in the goal graph of Fig. 1
we ask whether the root goal (A) encompasses the problem to be
solved by the system-to-be. This will be determined by our confi-
dence that its sub-goals (B and C) are sufficient to span the problem
and our confidence that the goalsD, E and F adequately satisfy B. To
gain confidence at each step we rely on the judgements of experts.
Thus we require at least one expert’s rating of the confidence in the
refinement of A into B and C and similarly for the next refinement

“The customer, WeighCom, wishes to develop new walk-on scales that can be installed in public places 
and used by any passers-by to measure their weight, height and body mass index (BMI) and receive a 
business card sized printed record on the spot. Normal operation is for the user to step onto a pressure 
mat facing an instruction screen and stand under an acoustic ranger. The measurements are made 
once the user pays a fee of 1 Euro into a receptor. 

WeighCom specifies that the solution must use certain components: pressure mat (PM); coin receptor 
(CR); acoustic ranger (AR) and integrated processor with alpha numerical visual display and user 
selection touch screen (IP). All of these are to be controlled through software using an API. These 
components support an existing assembly in which the whole is weather proof and vandal proof.

WeighCom currently installs personal weighing equipment in public places for coin operated use by 
the public. They have an excellent reputation, which is of paramount importance to them, for always 
providing a reliable service or repaying. They have a call centre which customers can call if their 
installations appear to be malfunctioning.”

Fig. 2. A requirements definition for the calculation of body mass index.

Fig. 3. Goal sketch for the root goal ‘Maintain walk-on scales normal operation’ of the requirements definition of Fig. 1 (WeighCom).
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steps from B intoD, E and F. We call this the Refinement confidence
factor and we denote the raw data provided by the judgement as
REFINE. We add to this judgement a separate assessment of the
stakeholders’ engagement when considering each goal. We call this
the Engagement confidence factor and denote the raw data
provided in this judgement as ENGAGE. The confidence factors
are summarised below.

Assumption leaf goals trusted to the environment for satisfac-
tion despite inadequate grounds for believing this is reliable.

Achievability leaf goals assigned to the system’s new elements
for satisfaction despite inadequate grounds for believing an accept-
able implementation is achievable.

Refinement refinements where the stated refinement is open to
question (due to semantic entailment), goals with no justifiable
parents or where there is an uncertainty about the degree to which
a goal contributes to its parent goal, possibly due to errors with the
semantic entailment or to ‘gold-plating’.

Engagement goals where stakeholder engagement is uncertain,
in other words where the stakeholder(s) scrutiny of the goal is in
doubt.

Table 1 summarises the descriptions of the confidence factors
for ease of reference.

Fig. 1 is a simple goal graph. Goal-graphs produced by KAOS can
also have multiple roots, obstacles (anti-goals) and conflicting
goals. The goal sketching practice is to collect multiple roots under
a single super-ordinate goal so as to ensure all appropriate con-
cerns are satisfied. The Refinement factor can serve to ensure that
all necessary roots are present. An obstacle is a barrier to the proper
satisfaction of a goal. In this paper we deal with obstacles as quasi-
root goals [2]. There are other alternative treatments (see [3,28])
but these are not discussed here. Similarly in the interests of brev-
ity we do not discuss conflicts save to note that we use assump-
tions to manage them. In short we have found that the four
factors (Assumption, Achievability, Refinement and Engagement) are
sufficient for our purpose. Clearly the less confidence we have in
these factors, the greater is the risk that the project will fail.

Our appraisal method depends on having a goal graph express-
ing the rationale by which the objectives are expected to be satis-
fied. To this we append expert judgements at each goal (for
Assumption, Achievability, Refinement and Engagement) and we use
these, as will be explained, as the basis for a Confidence Profile
which shows our confidence in the adequacy and the feasibility
of the undertaking.

In goal sketching each goal is formed as a proposition about the
domain of the system-to-be that must be true for the goal to be
satisfied. This formulation allows goal sketching to capture
assumptions in the goal graph as each assumption can be ex-
pressed as a proposition that must hold in the domain of the sys-
tem-to-be.

4. Assessing the confidence factors

4.1. The assessment process

Our process for assessing the confidence factors is similar to
that of lawyers who must appraise claims which are not true with

absolute certainty. For example, lawyers who appraise policy
claims have to use the evidence which they are given to support
or refute the claim. For each goal we must determine the level of
confidence we have with regards to each factor.

Fig. 4 illustrates the theory of argumentation [24] applied to the
assessment of confidence factors. Here the Claim is the degree of
confidence that the assessor has with regards the factor under con-
sideration. The Data is the description of the goal and its place in
the hierarchy. The Warrant is the reasoning behind the claim,
based on the data, and the Backing records the reasons for taking
the warrant seriously. This consists of support such as statistical
principles, laws, taxonomies, definitions, standards, best practice,
feedback such as records of past performance for the current or re-
lated projects, etc. The Rebuttal expresses counter-reasoning based
on the data [18,20].

The difficulty of providing scales for consistent assessment and
interpretation is well known in social, political and other sciences
in situations in which it is necessary to use subjective assessments.
Guidelines are needed to try to ensure consistent use. For example,
a three-point ordinal scale for assessing confidence has been pro-
posed and described in a military context under the heading ‘‘What
We Mean When We Say: An Explanation of Estimative Language’’
[21]. We have adapted and extended this to produce the 4-point
subjective, comparative scale shown in Table 2. The ratings are
mapped onto descriptions of our confidence factors. Thus the con-
fidence factors Assumption, Achievability, Refinement and Engage-
ment will be measured on a 4-point ordinal scale (None, Low,
Medium and High). This scale is applied to all the ratings of claims
concerning confidence factors in this paper.

Our process for assigning ratings (from None to High) follows
Fig. 4 for each confidence factor (Assumption, Achievability, Refine-
ment and Engagement). The default rating is Low. For each confi-
dence factor the Rebuttal challenges the veracity and sufficiency
of the data underpinning the Warrant. The Rebuttal thus consists
of evidence which attempts to negate theWarrant. The typical con-
stituents of the Claim, Data, Warrant, Backing and Rebuttal for each

Table 1
The four confidence factors.

Confidence
factor

Description

Assumption Confidence that the assumptions are sound
Achievability Confidence that the acceptance criteria are achievable
Refinement Confidence that the goal’s refinement is sound
Engagement Confidence that the stakeholders have adequately

scrutinised the goal

Fig. 4. The structure of arguments in confidence assessment.

Table 2
Comparative ordinal scale for rating claims concerning the confidence factors.

Rating Description

None There is a known fact that suggests the claim is unsound
Low The claim’s credibility or plausibility is questionable, or the

information is too fragmented or poorly corroborated to make solid
analytic inferences, or we have significant concerns or problems
with the sources

Medium The claim is credibly sourced and plausible but not of sufficient
quality or corroborated sufficiently to warrant a higher level of
confidence

High The claim is based on high-quality information, and/or the nature
of the confidence factor makes it possible to render a solid
judgment. A high confidence judgment is not necessarily a
certainty, however
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of the confidence factors are described and illustrated with exam-
ples below.

Confidence factor: Assumption
Claim: The confidence that the assumption can be trusted is

[None/Low/Medium/High].
Data: Goal description and evidence.
Warrant:

! None: there is evidence that the assumption cannot be trusted.
! Low: there is no evidence for or against the assumption.
! Medium: there is recorded assurance that the assumption is
demonstrably sound for the service period of the system.

! High: there is recorded and tested assurance that the assumption
is demonstrably sound for the service period of the system.

Backing: Evidence of reference to standards [11,12], records of
good past performance of the assessor, analyst, and other team
members, evidence of attempts to discover underlying assump-
tions, quality of service guarantees, evidence of adherence to best
practice, feedback from ratings of identical or similar trusted
assumptions from similar previously implemented systems or
prototypes.

Rebuttal: Evidence of lack of reference to standards, records of
poor past performance of the assessor, analyst, and other team
members, evidence of lack of attempts to discover underlying
assumptions, lack of quality of service guarantees, lack of evidence
of adherence to best practice, feedback from incorrect ratings of
identical or similar trusted assumptions from similar previously
implemented systems or prototypes.

Example: Consider Goal G4 of Fig. 3 (User paid a £1 coin into CR
and subsequently pressed a confirm button on the IP screen.) This is
rated as High for Assumption because during trials of a pilot system
100% of the participants performed this action without prompting.

Confidence factor: Achievability
Claim: The confidence that the goal can be achieved given the

project and problem domain constraints is [None/Low/Medium/
High].

Data: Goal description, project plan and problem domain
evidence.

Warrant:

! None: there is evidence from the problem domain or project
plan that the goal cannot be achieved.

! Low: there is no evidence for or against the achievability.
! Medium: there is no reason to expect problem domain obstacles
and there is at least an outline project plan showing that the
goal is achievable within the project constraints.

! High: there is no reason to expect problem domain obstacles
and there is a project plan showing that the goal is achievable
within the project constraints.

Backing: Evidence of reference to standards, recognition of
established design patterns, records from good past performance
of the assessor, analyst, and other teammembers, quality of service
guarantees, evidence of adherence to best practice, a CMM rating of
Level 2 or more, or the equivalent thereof, feedback from Achiev-
ability ratings of identical or similar previously implemented sys-
tems or prototypes.

Rebuttal: Evidence of lack of reference to standards, records
from poor past performance of the assessor, analyst, and other
team members, lack of quality of service guarantees, lack of evi-
dence of adherence to best practice, a CMM rating of Level 1, or
the equivalent thereof, feedback from incorrect ratings of identical
or similar previously implemented systems or prototypes.

Example: Consider Goal G10 of Fig. 3 (An invitation and start
instruction to be displayed while the scales are in a waiting state.) This

is rated as High for Achievability because the company has imple-
mented a similar system in the past year.

Confidence factor: Refinement
Claim: The confidence that the refinement of this goal is sound

is [None/Low/Medium/High].
Data: Goal description and evidence of sub-goal acceptance cri-

teria, refinement arguments and use cases and activity diagrams
for functional goal decompositions.

Warrant:

! None: there is evidence that at least one critical sub-goal is
missing.

! Low: there is no evidence for or against the refinement.
! Medium: no acceptance tests are required other than those that
apply to the child goals.

! High: there is firm agreement that no acceptance tests are
required other than those that apply to the child goals. There is
alsoevidence to showthat the childgoals are individually correct.

Backing: Evidence of reference to standards, recognition of
established refinement patterns, feedback from past performance
of the assessor, analyst, and other teammembers, quality of service
guarantees, evidence of adherence to best practice, existence of use
case and activity diagrams for functional decomposition, feedback
from refinement ratings of identical or similar previously imple-
mented systems or prototypes.

Rebuttal: Evidence of lack of reference to standards, feedback
from poor past performance of the assessor, analyst, and other
team members, lack of quality of service guarantees, lack of evi-
dence of adherence to best practice, lack of existence of use case
and activity diagrams for functional decomposition, feedback from
incorrect refinement ratings of identical or similar previously
implemented systems or prototypes.

Example: Consider Goal G2 of Fig. 3 (Maintain walk-on scales nor-
mal operation.) This is rated as High for Refinement because the ana-
lyst has successfully worked on a similar system in the recent past.

Confidence factor: Engagement
Claim: The confidence that the stakeholders are engaged with

the goal is [None/Low/Medium/High].
Data: Goal description and evidence of engagement.
Warrant:

! None: there is evidence that the goal is considered inappropriate.
! Low: there is no evidence for or against the engagement.
! Medium: there is evidence that the goal has been reviewed
without objection.

! High: there is evidence that the implications of the goal are
understood.

Backing: Records from past performance of interaction between
the assessor, analyst, and other team members and the stakehold-
ers, evidence of adherence to best practice for stakeholder engage-
ment, evidence of records of meetings between stakeholders and
analysts, feedback from engagement ratings of identical or similar
previously implemented systems or prototypes.

Rebuttal: Lack of records from past performance of interaction
between the assessor, analyst, and other team members and the
stakeholders, lack of evidence of adherence to best practice for
stakeholder engagement, lack of evidence of records of meetings
between stakeholders and analysts, feedback from incorrect
engagement ratings of identical or similar previously implemented
systems or prototypes.

Example: Consider Goal G1 of Fig. 3 (User to stand correctly on PM
and under AR until results are shown.) This is rated as High for
Engagement because of evidence that stakeholders have under-
stood this goal. Engagement for Goal G7 (Confirmed payment) is
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rated as Medium because records show that the goal was reviewed
without objection.

4.2. Assessing feasibility and adequacy

In requirements analysis it is important to determine whether
the work is feasible and whether the project will deliver an ade-
quate result [2]. An implementation is Feasible if it is achievable
and any assumptions associated with the project can be trusted.
Thus Feasibility considers both whether we can build the system
and also whether we can rely on the parts that we have not built.
Therefore we estimate Feasibility, F, by considering the factors
Assumption and Achievability.

An implementation is Adequate if it satisfies the goal of the pro-
ject. To verify this it is necessary to check that (1) the goal has been
refined into sub-goals properly and (2) that the stakeholders have
engaged with the requirements analysis phase. Thus Adequacy asks
both whether we are building the system right and also whether
we are building the right system. Therefore we estimate Adequacy,
A, by considering Refinement and Engagement together. The details
of the calculations are explained below.

4.2.1. Assessing feasibility
The Feasibility of a goal graph is assessed using the Assumption

and Achievability confidence ratings for the leaves. The assessment
of Feasibility propagates towards the root from the leaves. Our
technique to propagation is that of the weakest link. For example,
consider the simple goal graph of Fig. 1. Here the Feasibility of A
is the minimum of its children’s feasibilities (i.e. the minimum of
the ratings for B and C). Thus if confidence in the Feasibility of B
is Low and confidence in the Feasibility of C is High then the confi-
dence that A is Feasible will be Low. Another example is shown in
Fig. 5, which shows an abstraction of Fig. 3 (the WeighCom goal
sketch). The goal texts have been removed leaving only the num-
bers (e.g. G2) and the goals G9 and G8 have been omitted in the
interests of simplicity. The expert judgements for the Assumption
and Achievability factors are shown in parentheses attached to
the leaves of the graph. From these the Feasibility metric can be
propagated upwards, from the leaves towards the root using the
weakest link technique. Thus goal G7 takes a Feasibility rating of
Medium as this is the lowest confidence of goals G4 and G6.

In fact there are two possible approaches to calculating Feasibil-
ity using the weakest link technique:

1. Use both the Assumption and the Achievability ratings.
2. Only use the Achievability ratings, effectively ignoring the

assumptions.

The first approach may be useful in domains in which it is nec-
essary to obtain as much data as possible when making decisions

(such as the safety critical domain, for example). Here data
concerning the known assumptions may be crucial. The second
approach is useful to managers who want to take a decision based
solely on the estimated Achievability, and who wish to have an
expedient and good enough estimate of Feasibility. This approach
will produce a very rough estimate but in some application do-
mains this may be all that is needed. Fig. 5 was produced using ap-
proach 1. Applying approach 2 would change the rating for the
Feasibility of goal G5 to High.

If approach 1 is used and assumptions are ignored then we may
need to have a separate process for monitoring assumptions such
as identifying them and mitigating against them by recording re-
lated events and measuring them. These are the signposting and
hedging tactics of Dewar [8,9].

4.2.2. Assessing adequacy
The Adequacy of a goal graph is assessed using the Refinement

and Engagement confidence ratings. To calculate Adequacywe must
combine these and take account of the fact that the Adequacy of a
goal at some intermediate level in the graph depends upon the
accumulation of the estimates of all of its antecedents from the
root downwards. Thus an Adequacy assessment cannot be based
on the combination of one single Refinement rating and one single
Engagement rating because prior to this stage the Refinement or
Engagement may have become questionable. Rather, the Adequacy
rating must be calculated bearing in mind a possible lack of confi-
dence in the Refinement and Engagement ratings as the goal tree is
traversed from the root towards the leaves.

To accommodate this necessary recursion we proceed as fol-
lows. We assume that every goal has been given Refinement and
Engagement ratings by experts on its own merits. Each goal is given
a Raw Adequacy (RA) rating by using its Refinement and Engagement
ratings as indices for Table 3. The result is a confidence rating (from
None to High). This value will be used as the basis for finding the
correct Adequacy value for the goal.

This is done by repeated lookups using Table 4 as the goal graph
is traversed, starting with the root goal and progressing to the
leaves. Thus if a goal has a RA rating of Medium, M, and its parent’s
Adequacy is Low, L, then its resulting Adequacy rating, called the
Stepwise Adequacy, will also be Low, and so on.There are two rules
which deal with special cases when deciding a goal’s Stepwise Ade-
quacy from Table 4:

1. If the goal is a root use the row with a High RA rating.
2. If the goal has multiple parents use the parents’ worst Adequacy

value.

4.2.3. The Confidence Profile
Once the Adequacy and Feasibility ratings have been propagated

through the goal graph we can then use the total cost of the project

Fig. 5. The calculation of Feasibility for a sub-graph of Fig. 3.
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to calculate the fractional cost of goals with each rating. There are
many ways that we can represent these assessments, which are
part of the Confidence Profile for the system. One way is to sum
the costs of goals with each level of confidence and tabulate the re-
sults. Table 5 shows a typical (contrived) example of this. The data
in the cells of the table are aggregated values from the goals. The
table highlights the proportion of the project’s costs that arise from
goals that are assessed as inadequate or infeasible. Here 70% of the
project’s costs arise from goals that have been assessed with both
None or Low Adequacy and also None or Low Feasibility, and so are in
the Do Not Proceed (or Danger) zone. The higher the proportion of
goals that are in the Do Not Proceed zone the greater is the risk
to the project. For example, if confidence in a safety critical project
is assessed with 70% (say) of the goals in the Do Not Proceed zone
then this would be a cause for great concern. Measures other than
cost are also possible such as sales importance, architectural
importance and value to the customer.

5. Example: calculating body mass index

5.1. The annotated goal sketch

The goal sketch for theWeighCom system (Fig. 3) was annotated
with confidence factors given by expert judgement (see Fig. 6).

Table 6 shows how to present the Confidence Profile on a per-
goal basis using the raw values of the confidence factors taken
from the annotated goal sketch of Fig. 6 together with estimates
of cost and value.

5.2. Assessing feasibility for the WeighCom system

The simplified goal sketch for the WeighCom system shown in
Fig. 5 shows the expert ratings of ASSUME and ACHIEVE at the
leaves and the weakest link (i.e. the worst case) propagation of Fea-
sibility working up from the leaves to the root, as discussed in Sec-
tion 4.2.1.

5.3. Assessing adequacy for the WeighCom system

Adequacy is assessed using Tables 3 and 4 together with the raw
values of the confidence factors taken from the goal sketch of Fig. 6,
leading to the results in Table 7.

The metrics Feasibility (F) and Adequacy (A) were calculated
using the techniques described in Section 4.2 and are shown in Ta-
ble 8 together with proportional cost (%Cost) and proportional va-
lue (%Value).

The Confidence Profile is shown in tabulated style in Fig. 7. The
data in the cells of the tables are the aggregated values from the
goals. The Goal Count of the rightmost chart in Fig. 7 shows that
four leaf goals have Proceed status. From the other charts we can
see that this amounts to 75% of the proportional value and 70%
of the proportional cost. One goal amounting to 30% of the cost
and 13% of the value has Caution status and one goal with no cost
(an assumption) but representing 12% of the value is at a Do not
proceed status.

6. Validation

To validate our new method we retrospectively applied it to the
same case study that we used previously, the University Personal
Identifier (UPI) upgrade project [2]. This is a project that took place
at University College London (UCL). It was given the go-ahead in
2003 on the basis of a PRINCE2-style Project Initiation Document
(PID) and was scheduled to finish in June 2004. In the event it
was twice re-planned before it concluded to the satisfaction to
the stakeholders in 2006. This project provided a rich set of project
data, including the necessary requirements data as well as accom-
panying historical documentary evidence needed to check the re-
sults. In our earlier work we used quantitative probabilistic
assessment of risks, and so produced a numerical risk assessment
with the help of the project manager and project supervisor. Con-
sequently for the validation of our new method we had to map the
original numerical assessments to our new 4-point scale shown in
Table 2 before applying the new method. We then compared the
results with those obtained previously. We also carried out semi-
structured interviews with the project manager to find out

Table 3
Raw Adequacy.

Engage N L M H
H

N L M M
M

N L M M
L

N N N N
N

N L M H

Refine

Key: N = None; L = Low; M =Medium; H = High.

Table 4
Stepwise adequacy lookup.

Adequacy of Parent N L M H
H

N L M M
M

N L L L
L

N N N N
N

N L M H

RA

Key: N = None; L = Low; M =Medium; H = High.

Table 5
Contrived Confidence Profile showing typical fractional costs of goals with particular Adequacy and Feasibility ratings.

Adequacy H
 10% 5% 5% 5% 

M
 5% 5% 5% 

L
 5% 10% 5% 

N
 10% 10% 10% 10% 

 N L M H 
Feasibility

Key   
 Proceed 

(Adequacy = M ∨ H) ∧ (Feasibility = M ∨ H)  
 Caution 

((Adequacy = L) ∧ (Feasibility = M ∨ H)) ∨
((Feasibility = L) ∧ (Adequacy = M ∨ H)) 

 Do Not Proceed 
(Adequacy = N ∨ L) ∧ (Feasibility = N ∨ L) 
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whether or not our new assessments were accurate, and how suc-
cessful the project was felt to be one year after completion. The
project manager was independent of our research and had no
vested interest in the results. The following sub-sections introduce
the project briefly and then describe the validation.

6.1. Background

The College had been using the UPI system to control access to
services over the College intranet. This UPI system links informa-
tion held in a number of sub-systems. These included registration
and human resource sub-systems as well as library sub-systems,

buildings access sub-systems etc. Some of the sub-systems were
stable, some were unstable and others were under development.

Fig. 6. WeighCom normal operation annotated goal sketch showing raw data.

Table 6
Confidence Profile for WeighCom, root goal ‘Maintain walk-on scales normal
operation’.

Name ASSUME ACHIEVE REFINE ENGAGE Cost Value

G1 Low High High 0 17
G2 High High 100 100
G3 High High High 50 18
G4 High High High 0 17
G5 Medium High 50 35
G6 Medium High High 30 18
G7 Medium High 30 35
G8 High High High 0 40
G9 High High 0 40
G10 High High High 20 30

Table 7
Adequacy for the WeighCom system.

Name REFINE ENGAGE Raw adequacy Stepwise adequacy

G1 High High High Medium
G2 High High High High
G3 High High High Medium
G4 High High High Medium
G5 Medium High Medium Medium
G6 High High High Medium
G7 Medium High Medium Medium
G8 High High High High
G9 High High High High
G10 High High High High

Table 8
Confidence Profile for WeighCom leaf goals.

Goal Feasibility Adequacy %Cost %Value

G1 Low Medium 0 12
G3 High Medium 50 13
G4 High Medium 0 12
G6 Medium Medium 30 13
G8 High High 0 29
G10 High High 20 21

100 100
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The existing UPI system was deemed unsatisfactory and needed to
be replaced. The idea was to upgrade the existing system to pro-
duce a maintainable and efficient replacement that would ensure
that staff and students (and others) have appropriate access to
the services and facilities of the college (library, buildings, manage-
ment data and networked software, etc.) and would facilitate
person-centric analyses of information available on the intranet.
The upgrade project was performed as an in-house reengineering
of the system. Success depended upon co-operation with various
departments of the college and consequently the project was a
hostage to frequent changes emanating from these departments.

As the study was conducted on historical data we could compare
outcomes with predictions. Using historical data and semi-struc-
tured interviews allowed us to determine whether the Confidence
Profile and predictions were accurate.

A partial goal sketch for the UPI project is shown in Fig. 8. This
shows only the root segment of the entire goal sketch; the remain-
der of the graph is represented by the dashed lines attached to the
lower goals. The whole graph has 52 goals, 32 of which are leaf
goals. The graph has six levels at its deepest parts. The tags (Ghni)
are unique goal identifiers produced by our prototype goal
sketching tool.

Fig. 7. Confidence Profile for WeighCom.

Fig. 8. Root goal sketch for the UPI Project.
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6.2. Applying our new method to the UPI project

The Assumption and Achievability ratings were derived from the
original risk factor ratings given by the project manager [2] by
applying the mapping shown in Table 9.

The Refinement and Engagement ratings were also obtained by
transforming the original risk factor ratings. The new tabulation
technique for propagating Adequacy was then applied. The
Confidence Profile is shown in the tables of Fig. 9 and predictions
in Table 10. The goal numbering in Table 10 has been kept the
same as in the previous study ([2]) for ease of reference.

The Do Not Proceed zone in Fig. 9 includes all cells with a rating
of None (for either Feasibility or Adequacy) as well as all cells that
are rated both Medium and Low, since a High confidence rating
for Adequacy (say) does not mean that an accompanying rating of
None for Feasibility is acceptable.

The purpose of the metrics is to predict potential problems, or
pain. In [2] we estimated the threat to the project by calculating
the threat ratios, where a threat ratio is the ratio of the number
of leaf goals (contributing to each of the root goals) that are in
the Do Not Proceed zone to the total number of leaf goals. This is
just one of several possible predictive devices. The pain predictions
are calculated from the threat ratio: a ratio greater than or equal to
0.66 is classed as a High pain prediction, a ratio greater than or
equal to 0.33 but less than 0.66 is classed as a Medium pain predic-
tion and a ratio greater than or equal to zero but less than 0.33 is
classed as a Low pain prediction. The bold face predictions in Table
10 indicate predictions that do not match the experienced pain,
whereas italics indicate untested predictions. Goal 31 is missing
from the Experienced Pain column of Table 10 because it was re-
moved very early on in the project as it became evident that it
was inappropriate.

6.3. Mapping the original numerical assessment to our new scales

To perform the mapping, the original Adequacy and Feasibility
values for the leaves of the graph were converted from their

probability ratings to an ordinal scale as shown in Table 9. Apply-
ing this scale to the results reported in [2] gives us Fig. 10 and Table
11.

Table 11 shows the actual experienced pain for each of the root
goals, the threat ratio and pain predicted in the original work, to-
gether with the threat ratio and pain predictions produced after
mapping the quantitative values to the new subjective scale of
Table 3. The middle column (Pain predicted in [2]) shows that in
[2] the four predictions in plain text were correct whereas the four
in bold did not match the experienced pain.

In Table 11 the results in the rightmost column (Mapped pain
prediction) show an improvement with six correct and two incor-
rect predictions. This improvement is due to the enlargement of
the Do Not Proceed region used in [2].

6.4. Comparing the results obtained with those obtained previously

From Tables 10 and 11 we can see that the pain predictions (in
the final columns of each table) are the same except for Goal 72,
which is now correctly predicted to result in High pain (see Table
10) and Goal 84, which is now incorrectly predicted to result in
Medium pain. Using the new method the pain predictions are cor-
rect for 6 goals and incorrect for 2 goals, whereas previously 4 of
the 8 predictions were incorrect in [2], as shown by the middle col-
umn of Table 11. The results are therefore more accurate using the
new method, and the assessment effort was greatly reduced. The
threat ratio and predictions of pain were greatly simplified by
using the new method.

The goal sketching method needed only two one-hour face-to-
face sessions with the project manager to establish the goal graphs
and expert judgements. This represents a very small proportion of
the time that had been spent by the project manager on the Project

Table 9
Mapping risk factors to confidence factors.

Original risk factor ratings for x Confidence factor ratings for x

0.7 6 x 6 1.0 High
0.4 6 x < 0.7 Medium
0.1 6 x < 0.4 Low
0 6 x < 0.1 None

Fig. 9. Confidence Profile for the UPI project using the new method.

Table 10
New Method Prediction Results.

Goal Experienced Pain Threat ratio Pain prediction

20 Low 2/7 Low
25 Low 0/2 Low
31 1/1 High
34 Med 3/5 Med
38 Low 0/2 Low
56 Med 5/7 High
72 High 2/2 High
74 Low 0/8 Low
84 High 2/4 Med

Key: Bold: Incorrect prediction.
Italic: Untested prediction.
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Initiation Document alone. Thus the amount of effort that would
have been needed to establish and maintain the goal graph and
profiles during the project would have been small compared with
other project management tasks.

By helping with the construction of the goal graph the project
manager was easily able to retrospectively reconstruct the project
rationale. It is reasonable to expect that doing this at the start of
the project would have provided useful insights about the neces-
sary and sufficient set of sub-systems and critical assumptions.

7. Related work

A great deal of work has been reported in the literature on
requirements engineering in general and requirements analysis
in particular. The work discussed in this section is specifically
related to the assessment of confidence during requirements
analysis, i.e. the assessment of knowledge concerning a set of
requirements during early stages of the project lifecycle.

The Defect Detection and Prevention (DDP) process was devel-
oped at JPL to facilitate risk management during the project life
cycle [5] for aerospace systems. It uses a set of risk elements and
trees of requirements. The process is intended for use at the archi-
tecture stage, and uses a large number of metrics together with
pre-determined industry-specific knowledge. This contrasts with
our method, which we have deliberately kept as simple and light-
weight as possible.

Ruhe et al. have presented an approach for use in requirements
negotiation called ‘‘QuantitativeWinWin’’ [22], which adds numer-
ical assessments to Boehm’s original WinWin work. The approach
uses the Analytical Hierarchy Process for a stepwise determination

of stakeholders’ preferences which is then combined with early ef-
fort estimates to evaluate the feasibility of alternative requirements
in terms of implementation effort. Thiswork is concernedwith find-
ing subsets of requirements that can be implemented without
exceeding the maximum effort available whereas our work is con-
cerned with assessing the potential for building the wrong system.

Marchant et al. describe an investigation intohowametric canbe
applied to requirements gathering to determine the likely success of
re-engineering legacy systems [17]. The proposed confidencemetric
was used in two industrial case studies to analyse the probable suc-
cess of theprojects. Themetric is for useduring the re-engineeringof
legacy systems, whereas our method is intended for use during the
requirements analysis stage of any project.

Knauss et al. describe an empirical study into assessing soft-
ware requirements specifications quality [15]. They analysed 40
projects developed by undergraduate software engineering stu-
dents using a quality model for software requirements. Their re-
sults suggest that there is a relationship between the quality of
the requirements engineering undertaken and project success.
However, this work is directed at assessing software require-
ments specifications themselves, whereas our work is at a
meta-level: we are assessing what is known about the software
requirements.

Problem Oriented Software Engineering (POSE) [10] is also con-
cerned with the adequacy of requirements. The meta-analysis of
requirements used inourmethodcouldalsobeusedwithPOSE. Sim-
ilarly the goal-structuring notation (GSN) proposed by Kelly [13,14]
involves goals supplemented by contexts and justifications that are
refined in a stepwise manner. The results from a GSN analysis could
be abstracted into a goal sketch to which our confidence factors
could be applied. These ideas will be investigated in future work.

Fig. 10. Original results for the UPI Project.

Table 11
Original Results.

Goal Experienced pain Threat ratio in [2] Pain predicted in [2] Mapped threat ratio Mapped pain prediction

20 Low 2/7 Low 2/7 Low
25 Low 0/2 Low 0/2 Low
31 1/1 High 1/1 High
34 Med 5/5 High 3/5 Med
38 Low 1/2 Med 0/2 Low
56 Med 7/7 High 5/7 High
72 High 0/2 Low 1/2 Med
74 Low 0/8 Low 0/8 Low
84 High 4/4 High 4/4 High

Key: Bold: Incorrect prediction.
Italic: Untested prediction.
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8. Threats to validity

The validity of this study is limited by a number of consider-
ations [29]. Here we consider the threats to construct, internal
and external validity.

8.1. Construct validity

Construct validity is concerned with whether the variables used
in the study accurately measure the concepts they purport to mea-
sure, i.e. has the data that we collected given us accurate estimates
of Assumptions, Achievability, Refinement and Engagement. We iden-
tified two possible threats to construct validity. Firstly, the map-
ping from risk factor probabilities to discrete confidence factor
ratings is somewhat subjective and could have been performed dif-
ferently, although we believe that our technique is reasonable and
defensible. Secondly, during the interviews held with the project
manager it became clear that subtly different interpretations of
the Refinement confidence factor are possible. However, we clari-
fied our description of this factor and also one of the authors
worked closely with the project manager to try to ensure that this
threat was minimized through shared understanding.

8.2. Internal validity

Internal validity in this study is concerned with whether the
relationship between the confidence factors and the threats to
the project is a causal relationship, and has not simply arisen as
a result of chance. We are reliant on the assessments reported in
[2], which were performed over a period of time (several months)
and this could be a threat to validity because the assessors may
have changed their criteria in this time. However, the assessments
were discussed at length by the authors and also with the project
manager, both in the first study and during the study reported
here.

8.3. External validity

External validity is concerned with the generalizability of the
results. The fact that we retrospectively used one medium-sized
case-study during the validation of the new method is clearly a
threat to external validity. However, this project is typical of the
re-engineering of data-intensive systems which can run into prob-
lems because of a lack of attention to feasibility and adequacy.

9. Future work

Further work remains to be done on validation. This includes
the application of our method to a range of systems from different
application domains via collaboration with our industrial partners
to determine the application domains to which the method is best
suited. This will help to strengthen the validation of the method
and may lead to improvements for the real-world application of
the method. In particular we wish to improve our guidelines for
reviewers as to the use of our 4-point rating scale for assessing
the confidence factors and investigate the use of rebuttals so that
this part of our method can become accepted as best practice.
We have an on-going agenda which is to address the issue of
how analysts, designers and developers can move between the
stages of software development with confidence. Identifying the
risks posed by incomplete requirements and reasoning about them
will help project managers working under time pressures make in-
formed decisions about whether to continue or stop requirements
engineering work prior to taking design decisions. In the fullness of
time we hope to provide an automatable method to facilitate

requirements engineering. There is still much to be done before
this can be achieved.

The method presented in this paper could also be applied to
system testing. Testing is an important part of validating systems.
A necessary condition for test completeness is that there is confi-
dence in the refinement argument (which is measured by our
Refinement factor). A second necessary condition is that every leaf
goal has a test case (this can be measured by our Assumption and
Achievability factors). In this way a manager with limited resources
can determine how to apportion the resources for maximum ben-
efit. This is something we will explore further in future work.

10. Conclusions

This paper has described a newmethod for assessing confidence
during requirements analysis. We identified 4 factors which can
cause difficulties (Assumptions, Achievability, Refinement and
Engagement). We described a method to assess these factors and
from this to estimate the Feasibility and Adequacy of the proposed
work. The method extends our earlier work by using a 4-point
ordinal scale, moderating the expert assessments using argumen-
tation theory and propagating the assessments using tabulation.
The method was illustrated with a small but typical problem and
was validated by retrospectively applying it to a case study which
we had assessed earlier and comparing the results. Our new meth-
od is thus a refinement and extension of the original technique,
and was found to be much more straightforward to apply in prac-
tice. The method is being used during consultancy with a number
of our industrial collaborators, and has been found to be useful. Our
meta-level assessment of a system’s requirements provides a
practical and pragmatic method that will prove useful to managers,
analysts and designers who need to know whether enough
requirements analysis work has been done and whether or not it
is safe to proceed to the design stage. Future work will include
further validation to determine the application domains to which
this method is best suited, and the construction of tools to fully
automate the method.
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