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Abs t rac t .  The notion of quality in requirements specifications is poorly 
understood, and in most literature only bread and butter lists of useful 
properties have been provided. However, the recent frameworks of Lind- 
land et al. and Pohl have tried to take a more systematic approach. In 
this paper, these two frameworks are reviewed and compared. Although 
they have different outlook, their deeper structures are not contradictory. 

The paper also discusses shortcomings of the two frameworks and pro- 
poses extensions to the framework of Lindland et al. The extensions 
build on social construction theory and the resulting framework should 
contribute to understanding quality in requirements engineering and con- 
ceptual modelling. 
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1 Introduction 

The notion of quality in requirements specifications is so far poorly understood. 
Software metrics [7] have mostly concentrated on the deliverables of the later 
phases, such as design and coding, or on detailed process metrics. Moreover, 
these efforts have concentrated far more on the issue of 'building the product  
right' than 'building the right product ' ,  whereas both should be covered to en- 
sure quality from the user's point of view [2]. Previously proposed quality goals 
for conceptual models [6, 14, 22, 25] have included many useful aspects, but 
unfortunately in the form of unsystematic bread and butter  lists. Two recent 
frameworks [17, 20] have a t tempted to take a more structured approach to un- 
derstanding the problem. Still, both these need more development before they 
can result in concrete guidelines for the requirements engineering process. A use- 
ful first i teration is to compare the two frameworks and see if they fit together, 
and possibly unite and extend them. 

The rest of the paper is structured as follows: Section 2 reviews and compares 
the two frameworks. Then, section 3 establishes an extended framework based 
on the comparison. Section 4 concludes the paper. The terminology used in the 
papers follows the one usually used in the areas of conceptual modelling and 
requirements engineering. One should be aware of that  the use of many terms in 
these areas differs significantly from their use in for instance logic programming. 
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2 Review and Comparison 

We will briefly present the main parts of the two frameworks, before performing 
a comparison between them. 

2.1 L i n d l a n d / S i n d r e / S o l v b e r g ' s  F ramework  

The main structure of this framework is illustrated in Figure 1. The basic idea is 
to evaluate the quality of models along three dimensions - -  syntax, semantics, 
and pragmatics - -  by comparing sets of statements. These sets are: 

- f14, the model, i.e., the set of all the statements explicitly or implicitly made 
in the model. The explicit model M s ,  consists of the statements explicitly 
made, whereas the implicit model, A4/, consist of the statements not made, 
but implied by the explicit ones. 

- /:, the language, i.e., the set of all statements which are possible to make 
according to the vocabulary and grammar of the modelling languages used. 

- l), the domain, i.e., the set of all statements which would be correct and 
relevant about the problem at hand. Hence, notice that the term domain 
is used somewhat differently from the usual. Here, it means the 'ideal' 
model/solution to the problem. 

- Z, the audience interpretation, i.e., the set of all statements which the au- 
dience (i.e., various actors in the modeling process) think that the model 
consists of. 

Domain appropr ia tenes~ 

quality Model I quality 

Language I 

appropriateness pragmatic quality 
I Audience interpretation 

appropriateness 

Fig. 1.: The framework by Lindland et al. (From [17]) 

The primary sources for model quality are defined using the relationships 
between the model and the three other sets: 
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- syntactic quality is the degree of correspondence between model and lan- 
guage, i.e., the set of syntactic errors is Jk4 \/~. 

- semantic quality is the degree of correspondence between model and do- 
main. If M \ :D # ~ the model contains invalid statements; if V \ A/( ~s 0 
the model is incomplete. Since total validity and completeness are generally 
impossible, the notions of feasible validity and feasible completeness were in- 
troduced. Feasible validity is reached when the benefits of removing invalid 
statement from M are less than the drawbacks, whereas feasible complete- 
ness is reached when the benefits of adding new statements to jk4 is less than 
the drawbacks. The term drawback is used instead of the more familiar term 
cost in an effort to cover both purely economic issues and factors like user 
preferences and ethics. 

- pragmatic quality is the degree of correspondence between model and audi- 
ence interpretation (i.e., the degree to which the model has been understood). 
If 77 # A/(, the comprehension of the model is not completely correct. Usu- 
ally, it is neither necessary nor possible that the whole audience understand 
the entire conceptual model - -  instead each group in the audience should 
understand the part of the model which is relevant to them. Feasible com- 
prehension was defined along the same lines as feasibility for validity and 
completeness. 

In addition to these primary quality concerns, it is pointed out that cor- 
respondence between domain and language, between domain and audience in- 
terpretation, and between language and audience interpretation may affect the 
model quality indirectly. These relationships are all denoted appropriateness as 
shown in Figure 1. 

It is also argued that previously proposed quality goals such as minimality, 
traceability, consistency, and unambiguity are subsumed by the four goals of 
syntactic correctness, validity, completeness, and comprehension, and a distinc- 
tion is made between goals and means to reach these goals. For more details 
on this framework, the reader should consult [17]. The parts of the framework 
dealing with fault detection have been applied in connection with integrating 
the development and testing of object-oriented software [18]. 

2.2 P o h l ' s  F r a m e w o r k  

Pohl's framework [20] which is one of the results of the NATURE-project [12] 
defines three dimensions of requirements engineering: 

- the specification dimension deals with the degree of requirements under- 
standing. At the beginning of the process, this understanding is opaque. 
The desired output of the RE process is a complete system specification, 
where completeness is measured against some standard, guideline, or model. 

- the representation dimension deals with the degree of formality. Various lan- 
guages can be used in the process; informal ones such as natural language, 
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informal semi-formal formal 

Fig. 2.: Pohl's framework (From [20]) 

semi-formal ones such as many graphical modelling languages, and formal 
ones (e.g., logic). At the beginning of the process, statements will usually 
be informal. Since formal representations allow reasoning and partial code- 
generation, these are more system-oriented. Hence, a transformation of in- 
formal requirements to a formal representation is desirable. 

- the agreement  d imension deals with the degree of agreement. The RE process 
has many stakeholders, and in the beginning each of these will have their 
personal views concerning the requirements to be made. The goal of the 
process is to reach agreement on the requirements. Detected conflicts must 
be solved through discussions among those affected. 

The RE process can be characterized as an arbitrary curve within the cube 
spanned by these three dimensions, as illustrated in Figure 2. Pohl distinguishes 
between original RE problems, which are those caused by the three dimensions, 
and problems caused by approaches to solve the original problems, i.e., those 
related to methods, tools, social aspects, cognitive skills and economical con- 
straints. Furthermore, the article discusses the computer support for RE in light 
of the three dimensions and discusses how the framework can be applied in 
analyzing RE methods, practise, problems, and process situations. 

2.3 Overal l  compar i son  and  cr i t ique  

At first sight, the two frameworks may seem completely different. The termi- 
nology used is different. Lindland et al. [17] defines the quality of models (e.g., 
requirements specifications) according to the linguistic dimensions of syntax, 
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semantics, and pragmatics, Pohl's framework [20] identifies the goals of require- 
ments engineering along the three dimensions of completeness, formality, and 
agreement. 

Although the two frameworks have a quite different appearance, they are 
rather similar in their deeper structure. The following observations can be made: 

- the representation dimension corresponds to the syntactic dimension, since 
both these deal with the relationship between the specification and the lan- 
guage(s) used. The main differences in this respect is that Pohl's framework 
discusses several languages, whereas Lindland~s framework sees the language 
as one and just considers whether the specification is correct according to 
the rules of that language (which may be a union of several languages, for- 
mal and informal). It should also be noted that Pohl's framework regards a 
formal specification as a goal. Lindland's framework states that formality is 
a mean to reach a syntacticly correct specification, as well as higher semantic 
and pragmatic quality through consistency checking and model executions 
of different kinds. 

- the specification dimension corresponds to the semantic dimension, since 
both these deal with the goal of completeness. A notable difference here is 
that Pohl sees completeness as the sole goal (possibly including validity?), 
whereas Lindland's framework also identifies the notions of validity and fea- 
sibility. The reason for this discrepancy seems to be a somewhat different use 
of the term completeness, where Pohl uses the term relative to some stan- 
dard, whereas Lindland et al. uses it relative to the the set of all statements 
which would be correct and relevant about the problem at hand. 

- the agreement dimension is related to the pragmatic dimension, since both 
these deal with the specification's relationship to the audience involved. The 
difference is that Pohl states the goal that the specification should be agreed 
upon, whereas Lindland et al. aim at letting the model be understood. In a 
way these goals are partly overlapping. Agreement without understanding is 
not very useful in a democratic process. On the other hand, using the semiotic 
levels described in the FRISCO-report [16], it seems more appropriate to 
put agreement into the social realm, thus going beyond the framework of 
Lindland et al. 

Although both frameworks contribute to improving the understanding of 
quality issues in requirements engineering, they still have several shortcomings. 
For instance, in Pohl's framework it appears that a formal, agreed, and com- 
plete specification is the goal of the requirements engineering phase. Although 
we support this as desirable, we - -  as argued in [17] feel that such goals are 
unrealistic and we need mechanisms for discussing when the specification/model 
is good enough. The notion of feasibility that is included in Lindland's framework 
addresses this aspect. In Pohl's framework such mechanisms are only implicitly 
included through the adherence to standards which potentially include them. 

We also feel it is problematic that a completely formal representation is a goal 
of the RE process. It is not always desirable that all the products of a requirement 



87 

specification process are formal. For instance, when developing a goal-hierarchy 
as used in, e.g., TEMPORA [23], it is not meaningful to formalise the high-level 
business goals, even if these are an important result of requirements engineering 
in order for the participants to understand and agree about the requirements 
to the information system. This kind of information is also of vital importance 
when the requirements to the information systems must be reevaluated during 
maintenance. 

In Lindland's framework, on the other hand, the social aspect of agreemen t 
is currently not handled in a satisfactory way. Even if people understand the 
requirements, this does not mean that they will agree to them. When discussing 
agreement, the concept of domain as currently defined is also insufficient, since 
it represents some ideal knowledge about a particular problem, a knowledge not 
obtainable for the actors that are to agree. 

3 F r a m e w o r k  e x t e n s i o n s  

This section aims at extending Lindland et al.'s framework in order to include 
some of the good aspects of Pohl's framework and also hopefully eliminate the 
inherent shortcomings of the current version of Lindland's framework. 

The key area for improvement is related to the relationships between the 
domain, model, and audience interpretations and the introduction of the social 
goal of agreement. 

3.1 Background  on social cons t ruc t ion  

Since 'agreement' was not thoroughly discussed in [17], we will first introduce 
our ontological position for discussing the concept. This will also influence some 
of the other relationships in the framework. 

We base our treatment of agreement on the idea that 'reality' is socially con- 
structed [1], an idea which is the foundation of most of the current theoretical 
discussion within social sciences [5], and which has received increased attention 
in the information systems community [8, 16, 24]. For a constructivist, the re- 
lationship between 'reality' and models of this reality are subject to negotiation 
among the audience, and may be adapted from time to time. This is in contrast 
to a more traditional objectivistic ontology, where the relationship between 're- 
ality' and models thereof is obvious. 

The mechanisms of social construction in an organization can briefly be de- 
scribed as follows [9]: An organization consists of individual social actors that 
perceive the world in a way specific to them. The local reality is the way the in- 
dividual perceives the world that s/he acts in. Whereas some of this local reality 
may be made explicit and talked about, a lot of what we know about the world 
is tacit. The term 'individual knowledge' is below restricted to the explicit local 
reality of an individual actor. 

When social actors act, they externalise their local reality. The most impor- 
tant ways the social actors of an organization externalise their reality, are to 
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speak and to construct languages, artifacts, and institutions. What they do is to 
construct organizational reality: To make something that other actors have to 
relate to in their work. Finally, internalisation is the process of making sense of 
the institutions, artifacts, technology etc. in the organization, and making this 
organizational reality part of the individual local reality. 

Whereas the development of a requirements specification based on a social 
actor's local reality is partly a process of externalisation of her/his reality, the 
process of developing conceptual models can also be looked upon as part of a 
sense-making process. The views of several actors are collected in a conceptual 
model and agreement about the validity of this is reached. It should also be noted 
that the ability and possibility for the different stakeholders to externalise their 
local reality will differ. Thus, in the words of Goguen one should think about 
requirements as " ...emergent, in the sense that they do not already exist, but 
rather emerge from interactions between the analyst and the client organization" 
[1@ 

In the framework of Lindland et al, 'reality' is represented by the domain, 
O. The domain represents the perfect understanding of the problem. From the 
viewpoint of social construction, as well as the view of information systems 
engineering as a wicked problem [21], it can be questioned whether a perfect 
solution at all exists. This is not an important point, however, since the perfect 
solution is anyway stated to be unachievable. Hence, the domain :D serves only 
as a useful conceptual fixpoint to make it easier to define quality terminology. 
To discuss the social aspects, the actors' understanding of the domain must be 
added to the framework, in the same sense as their understanding of the model 
was already introduced in the previous version of the framework. 

Domain 

Participant 
knowledge 

semantic quality 
Model 

I . syntactic quality 

perceived semantic 
quality 

pragmatic quality 

Audience l-- s o c i ~  
interpretation quality J 

Fig. 3.: Extended framework 

Language 

3.2 E x t e n d e d  f r amework  

We are now ready to extend the framework of Lindland et al. The main concepts 
and their relationships are shown in Figure 3. The following sets are defined: 
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- .4, the audience, i.e., the union of the set of individual actors A1,...,Ak the 
set of organizational social actors Ak+l ,...,An and the set of technical actors 
An+l,...,Am who needs to relate to the model. The individual social actors 
being members of the audience is called the participauts of the modelling 
process. An organizational social actor is made up of several individuals. 
The audience consists of all who need to understand the model during the 
RE process. The participants are a subset of the stakeholders of the pro- 
cess of developing the new or improved information system, a stakeholder 
being someone who potentially stands to gain or lose in the process. Stake- 
holders typically include project managers, system developers and analysts, 
financers, maintainers, and future users. 

A technical actor is typically a computer or computer program, which must 
"understand" part of the specification to automatically manipulate i t . .4  is 
often evolving during the process of requirements engineering. 

- JPl, the model, i.e., the set of all statements explicitly or implicitly made 
in the model. At an  early point of requirements engineering there may be 
one model for each participant, but usually fewer models which are the joint 
models of organizational actors exists. For each participant, the part of the 
model which is considered relevant for the actor can be seen as a projection 
of the total model, hence .hi can be divided into projections .M1,...,/vI k 
corresponding to the involved participants A1, ..., Ak. Generally, these pro- 
jections will not be disjoint, but their union cover M.  The complete model 
will be evolving during the process of requirements engineering. 

- 12, the language, i.e., the set of all statements that are possible to make 
according to the vocabulary and grammar of the modelling languages used. 
Several languages can be in use at the same time, corresponding to the sets 
/:1,.-.,s A sub-language is related to the complete language by limitations 
on the vocabulary or on the set of allowed grammar rules or both. 

The set s can be divided into several subsets, e.g., s s and s for 
the informal, semi-formal and formal parts of the language, respectively. 
A language with formal syntax is termed semi-formal, whereas a language 
which also has formal semantics, is termed formal. Note that this does not 
imply that the language has a semantics based on formal logic. 

- :D, the domain, i.e., the set of all statements which would be correct and 
relevant about the problem at hand. l) denotes the ideal knowledge about the 
problem. The domain evolves during the requirements engineering process. 

- Z, the audience interpretation, i.e., the set of all statements which the audi- 
ence thinks that a model consists of. Various parts of the model will be 
of interest to various participants. Just like the model is projected into 
calM 1, ...,.h4k above, its interpretation can be projected into Z1, ...,:Zk ac- 
cording to the interests of the participants. 



- /C, the knowledge of the participants, i.e., the union of the sets of statements 
~l,...,K;k, one for each individual social actor in the audience. The set K;i 
contains all possible statements that would be correct and relevant for ad- 
dressing the problem at hand according to the knowledge of the actor Ai. 
/Ci is a subset of the explicit internal reality of the social actor/(;i./Ci is also 
evolving during requirements engineering. 3di is an externMisation of K;i and 
is a model made on the basis of the knowledge of the individual actor. Even 
if the internal reality of each individual will always differ to a certain degree, 
the explicit internal reality concerning a constrained area might be equal, 
especially within groups of social actors [9, 19]. 

With this new framework in place, we have an increased potential for dis- 
cussing specification quality. The primary goal for semantic quality is a cor- 
respondence between the model and the domain, but this correspondence can 
neither be established nor checked directly: to build the model, one has to go 
through the audience's knowledge of the domain, and to check the model one has 
to compare this with the audience's interpretation of the model: Hence, what 
we do observe at quality control is not the actual semantic quality of the model, 
but a perceived semantic quality based on comparison of the two imperfect in- 
terpretations. 

Syn tac t i c  qua l i ty  Syntactic quality is the correspondence between the speci- 
fication and the language. The goal is syntactic correctness, Ad \ /2  = 0, or for 
a given externalization, Adi \ /2  = 0. Typical means to ensure syntactic quality 
is f o rma l  syntax ,  i.e., that the language is parsable by a technical actor in the 
audience, and the modeling activity to perform this is termed syntax checking. 

Seman t i c  qua l i ty  For the semantic quality of the complete model Ad, no major 
changes are necessary to the previous version of the framework. [17] defines two 
goals, feasible validity and feasible completeness. 

Discussing perceived semantic quality, we get the following: 

- Perceived validity of the model projection: 5[i \ K;i = 0. 

- Perceived completeness of the model projection:/Cl \ Zi = O. 

The perceived semantic quality can change, for better or for worse, either as a 
result of changes in (the understanding of) the model, or as a result of changes in 
the knowledge about the domain. Notice that one way the knowledge of the actor 
can change, is through the internalization of another sub-model. InternMisation 
can be expressed crudely as a mapping between the sets of statements, being 
part of the explicit internal reality of an actor. 

I N T  : lCi --~ (]Ci U .A/') C M j  \ ( 0  C ~ i )  " (1) 

A/" and 0 above is sets of statements. 0 might be empty giving a monotonous 
growth of ~i.  If 0 is not empty there is a non-monotonous growth of/Ci. 
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P r a g m a t i c  q u a l i t y  Pragmatic quality can be defined largely the same way as 
before, the goal being comprehension, i.e. that  the model is understood, not its 
understandability. [17] also defined this on behalf of various participant groups, 
since each such group will usually only be interested in a part of the model. 
Similarly, we can define individual comprehension: Zi -- .A4 i, as the goal that  
the participant Ai understands the relevant part of the model. 

For total comprehension, one must thus have (Vi, i E [1...k]) I i  = .44 i, i.e., 
that  every participant understands the relevant part of ~4. 

Total comprehension is also an unrealistic goal. Hence it is interesting to 
define feasible comprehension as the situation where comprehension can still be 
improved, but the drawbacks of doing this exceeds the benefits. This has been 
done in [17]. 

That  a model is understood from the technical actor's point of view, means 
that  (Vi, i E In + 1...m])Ii = Az[ i , thus all statements that  are relevant to the 
technical actor to be able to perform code generation, simulation, etc. is com- 
prehended by this actor. In this sense, formality can be looked upon as being 
a pragmatic goal, formal syntax and formal semantics are means for achiev- 
ing pragmatic quality. This illustrates that  pragmatic quality is dependant on 
the different actors. This also applies to social actors. Whereas some individu- 
als from the outset are used to formal languages, and a formal specification in 
fact will be best for them also for comprehension (regardless of execution etc.), 
other individuals will find a mix of formal and informal statements to be more 
comprehensive, even if the set of statements in the model is in fact redundant. 

Some of the means to achieve pragmatic quality have been identified earlier, 
namely formality, executability, expressive economy and aesthetics. The corre- 
sponding modelling activities are inspection, visualization, filtering, diagram lay- 
out, paraphrasing, explanation, execution, animation, and simulation. Another 
important  activity is training the participants in the syntax and semantics of 
the modelling languages used. 

Social  q u a l i t y  Inspired by Pohl, we set up the goal for social quality as agree- 
menL However, this is not straightforward to define. Four kinds of agreement 
can be identified, according distinctions along two orthogonal dimensions: 

- agreement in knowledge vs. agreement in model interpretation. 

- relative agreement vs. absolute agreement 

Agreement in model interpretation will usually be a more limited demand than 
agreement in knowledge, since the former one means that  the actors agree about 
what (they think) is stated in the model, whereas there may still be many issues 
they disagree about which have not been stated in the model so far, even if it 
might be regarded as relevant for one of the actors. 

Relative agreement means that  the various projections are consistent - -  
hence, there may be many statements in the projection of one actor that  are 
not present in that  of another, as long as they do not contradict each other. Ab- 
solute agreement, on the other hand, means that  all projections are the same. 
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Since different participants often have their expertise in different fields, relative 
agreement is a more useful concept than absolute agreement. On the other hand, 
the different actors must have the possibility to agree on something, i.e. the parts 
of the model which are relevant to them have to overlap to some extent. 

However, it is not given that  all participants will come to agreement. Few 
decisions are taken in society under complete agreement, and those that  are are 
not necessarily good, due to e.g group-think. To answer this we introduce feasible 
agreement: 

Feasible agreement: A situation of feasible comprehension where inconsisten- 
cies between statements in the different 27i are resolved by choosing one of the 
alternatives when the benefits of doing this is less than the drawbacks of working 
out agreement. 

The pragmatic goal of comprehension is looked upon as a social mean. This 
because agreement without comprehension is not very useful, at least not when 
having democratic ideals. Obviously if someone is trying to manipulate a situa- 
tion, agreement without comprehension is useful. The area of model monopoly [3] 
is related to this. 

Some activities for achieving feasible agreement are: 

- Viewpoint analysis [15]: This includes techniques for comparing two or more 
models and find the discrepancies. 

- Conflict resolution: Specific techniques for this can be found in the area 
of computer supported cooperative work, see [4, 11] where argumentation 
systems are presented. 

- Model merging: Merging two potentially inconsistent models into one con- 
sistent one. 

The above activities can be done either manually, semi-automatically or auto- 
matically, for semi-automatic or automatic support,  formal syntax and semantics 
are again useful. In addition is it useful to be able to represent inconcistency and 
disagreement directly in the model, and not only have to compare separate mod- 
els. 

4 Concluding Remarks 

This paper has reviewed and compared two recent frameworks for disussing 
quality of requirement specifications: the framework of Lindland et al. in [17] and 
Pohl's framework in [20]. The comparision has shown that  the frameworks have 
different appearences and uses different terminology, but  the deeper structures 
of the frameworks are quite similar. 

The main objective of the paper has been to push our understanding of 
quality aspects in requirements engineering one step further. The comparison of 
the two frameworks has been useful in that  respect. In particular, the concept 
of agreement in Pohl's framework has inspired us to look deeper into the social 
process of building a specification. 
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In contrast to the previous version of the framework of Lindland et al. we 
are now able to discuss the quality of models where different social actors are 
developing their submodels based on individual domain knowledge. Furthermore, 
the process of merging different viewpoints is defined as contributing to social 
quality. Here, agreement among the actors is the major  goal. 

Table 1 shows an overview of the goals and means of the extended framework. 
The overview is based on a similar one in [17], but has been extended as discussed 
above. 

Quality types Goals Means 

Model properties 

Syntactic q. Synt. correctness Formal syntax 

Semantic q. Feasible validity Formal semantics 
Feasible eompl. Modifiability 

Perceived sem.q. Perceived validity 
Perceived compl. 

Pragmatic q. Feasible compr. 

Soda] q. 

Expressive economy 
Aesthetics 

Executability 

Feasible agreement Conflict modelling 

Activities 

Syntax checking 

Consistency checking 
Statement insertion 
Statement deletion 

Statement insertion 
Statement deletion 
Audience training 

Inspection 
Visualization 
Filtering 
Diagram layout 
Paraphrasing 
Explanation 
Audience training 
Execution 
Animation 
Simulation 

Viewpoint analysis 
Conflict resolution 
Model merging 

Table 1.: Framework for model quality 

Although the framework contributes to our understanding of quality issues 
with respect to requirement engineering, the contribution so far lies on a high 
level of abstraction. There are several interesting paths for further work by which 
the framework can be refined to become more directly useful for requirements 
engineering practitioners. Among others, the follow areas need further explo- 
ration: 
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- development of further product metrics: In the current framework quality 
goals are mainly defined as the degree of correspondence between various 
sets. Future work should concentrate on developing quantitative metrics so 
that  the quality of the model, audience, and the domain knowledge can be 
more explicitly assessed. Some initial efforts in this direction are reported in 
[13]. 

- development of process guidelines: The framework gives an overview of de- 
cisions that  will have to be made in the requirements engineering phase. 
Further work should result in guidelines that  practitioners may use directly 
in concrete projects. 

Since semantic, pragmatic and social quality are in practice immeasurable, 
process heuristics may be a more interesting issue to pursue than product met- 
rigs. 
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