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Abstract experiments and studies have been conducted in the past

This paper presents work conducted towards theand adequate information is available.

development of an effective software engineering-based Panko and Halverson [2] have provided an excellent
methodology for integrity control in the process of compilation of such information from a host of different
spreadsheet development. Various approaches andsources. Apart from that, large and well-known auditing
concepts within the discipline of software engineering are firms such as KPMG Management Consulting and
investigated. The proposed methodology consists of a se€oopers & Lybrand have reported that spreadsheet errors
of coherent stages incorporating relevant software are occurring at appalling rates. According to a financial
engineering techniques and principles. The framework formodel review by KPMG Management Consulting,
spreadsheet quality control is mainly aimed at addressingLondon [3], at least 5 errors were found in 95% of the
the widespread problem of spreadsheet errors. This papeifinancial models reviewed. In addition to that, an article in
elaborately discusses the application of relevant softwareNew Scientisf4] has reported that a study conducted by
engineering techniques and principles in the construction the British accounting firm Coopers & Lybrand found
of spreadsheet models, accompanied and supported bgrrors in 90% of the spreadsheets audited. Therefore, it is
appropriate examples. The principles and techniques ofbeyond any doubt that the rate of occurrence of these
tree-based formula representation, unique definition of errors is in fact significantly high.

spreadsheet elements and separation of data and

operations, are among the main features explored.. 1.2. The real-life consequences

The second aspect of the spreadsheet integrity
1. Introduction phenomenon concerns the real-life impact and
consequences of these errors. Investigating the adverse

Numerous publications over the years have describeceffect of spreadsheet errors on businesses leads to a better
the seriousness of the problem of spreadsheet errors d8Sight into the seriousness of the situation. Such
well as the extent to which it has adversely affected information has been presented in numerous publications.
businesses. There are three different perspectives fronft Must however be noted that these are just reported

which the phenomenon of spreadsheet errors can b&aSes: There must be many other similar cases that have
investigated [1]. They are as follows: not been brought to public attention due to fear that it

« the frequency of the occurrence of the errors might affect the reputation of the company involved.
.t Llif f dsheet Some of the reported cases are given in Chadwick et al
€ real-lile consequences of spreadsheet errors [5], Rajalingham & Chadwick [6] Rajalingham et al [1].

*  the actual errors themselves An analysis of a large collection of reported cases over
a decade, on the problem of spreadsheet errors and its
1.1. Frequency of spreadsheet errors negative consequences, clearly shows the extent of the
damage that can be caused. Spreadsheet errors adversely
This area has attracted much attention and researchaffect the integrity and reliability of spreadsheet models.
This is evident from the fact that most of the literature on Consequently, numerous problems are encountered as a
the spreadsheet integrity problem concern the frequencyesult of poor decisions made based on the unreliable or
of the occurrence of spreadsheet errors. Numerous relatethcorrect figures on spreadsheets.
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1.3. The specific errors and flaws committed 2. Applying software engineering principles

This is an issue that has not at all been adequatelyp 1. A spreadsheet is a computer program
explored or discussed in publications on the problem of
spreadsheet errors. Four research papers that have The increasing complexity and importance of
addressed this issue and analysed specific types ofpreadsheet models means that they have to be viewed
spreadsheet errors from business and academia are Pan'émferently. Contrary to the traditional view that a
and Halverson [2], Chadwick et al [5], Rajalingham & spreadsheet is merely a flexible electronic worksheet, it
Chadwick [6], and Rajalingham et al [1]. The outcome of should be viewed as a computer program. A close
research into specific types of spreadsheet errors is thexamination of spreadsheet structure would reveal that a

prOViSion of a more Compl’ehensive classification or Spreadsheet is fundamenta”y similar to a Computer
taxonomy of spreadsheet errors, presented and elaboratelyrogram.

discussed by Rajalingham & Chadwick [6] and

Rajalingham et al [1]. 2.2. Unique Definition of Spreadsheet Elements
Figure 1 shows a marginally improved version of the

model of classification of spreadsheet errors given by  various concepts and principles from structured

Rajalingham & Chadwick [6] and Rajalingham et al [1]. analysis and design can be used in spreadsheet

These papers also contain an elaborate discussion of thgevelopment as well. Uniquenessis a concept that is

errors with examples. present in many parts and aspects of structured
% readsheet Errors
Softw are User
Errors Errors
Qualitativ Quantitative
Errors Errors
Formatting  Update Hard-coding  Semantic Mechanieal Logic Omission
Errors Errors Errors Errors Errors Errors Errors
Overwriting Datalnput  Ermersin Errorsin
Ermors Errors Enabling Skills Planning Stdlls
Unreferenced Referenced Unreferenced Referenced
Data Data Data Data

Figure 1. Types of spreadsheet errors
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approaches. The main purpose of this is to preventformulae to perform a particular operations. Labels are
ambiguity and confusion. In relational database design,associated with data values and formulae to provide them
there has to be uniqueness in the following aspects ofwith a meaning. Some labels describe the entire model.

design: Referring tofigure 3, examples of data values would

» Every relation or entity type has a distinctumique be 40,360 (cell B6)4,515 (cell B14)and800 (cell B27)
name. An example of a formula 40,360 (cell B6) + 72,360

» Every attribute within the same relation/entity type (cell B7) + 1,570 (cell B8)the result of which i414,290
must beunique. (cell B9). An example of a label i&ross profit (cell

+ Every relation must have a primary key, which is an All), which offers a meaning to the formula rest8t556
attribute or set of attributes capable whiquely (cell C11)
identifying a particular occurrence of the relation or ~ Research undertaken into spreadsheet errors has
entity type. revealed that a majority of errors committed in
Observing spreadsheets, we find that there are nospreadsheets are formula-based errors. In most cases, the
mechanisms for enforcing such constraints. Consequentlyformula is incorrectly constructed either due to a lack of

there are many spreadsheet models designed without dugnderstanding of the underlying algorithm or carelessness
attention paid to the uniqueness of the definition of in entering the right cell addresses. Formulae are the most

elements within the model. The example [7]igure 2 is important elements of the spreadsheet model as they are

used to illustrate this. the ones that actually calculate and provide useful results
Two important design flaws can be identified from the based on raw, user-entered data values. The process of

spreadsheet model figure 2 [1]. They are as follows: formula construction in spreadsheets is basically a form of

¢ Adata value is not associated with any labeleetys ~ COMPUter programming. The modelfigure 4 shows the

B9 (114,290) and C23 (36,019) Although the basic components of a spreadsheet formula.

meaning can be understood by carefully studying the There are two main aspects to a formula, namely the
model, it is not immediately obvious, especially to formula structureand thearguments/termsThe structure

someone who is not familiar with such models. of a formula refers to the organisationbfiary operators
¢ A label is placed on the same row as two different (+, - /, * or ") and/obuilt-in spreadsheet functioris the
values noE[) distinguished by a column label. This formula. An argument/term in the formula is either
" o o represented in the form of cell
results is some ambiguity as to exactly which value V?/ﬁ ese tEd” d::i e form o G:; thad?resscl)r ac%nsttr;\]ni |
the label refers to e.gells B27andC27, both being en a cel address 1s used Ihe formua reads e vaue

. entered in the corresponding location on the spreadsheet.
on the same row and labelléateign exchangeOnly b g b

ft fully studving th del it is K toatl If this value changes, the result value of the formula
after carefully studying the "‘10 €litis known toa , changes accordingly, although the actual formula itself
C27 actually represents the ‘total of appropriations’.

. remains unchanged.

These problems can be overcome by ensuring that
each element in the spreadsheet model is uniquely ang 3.2 Hierarchical representation of a spreadsheet
unambiguously defined. The modelfigure 3 shows the  formula in tree form. In the same way that a computer

improved or corrected version of the modefigare 2. program can be broken down into smaller parts and
represented in the form of a tree, elements of a
2.3. Hierarchical decomposition intree form spreadsheet formula (data values and other formulae) can

also be modelled diagrammatically in the form of a tree.
Hierarchical decompositiofis a techniqgue commonly This is important as it can be used to confirm our
used in software engineering to gradually break-down theunderstanding of the structure and components of a
complexity of programs. A similar approach can be particular formula as well as show its relationship with
adopted in spreadsheet design and developmentother formulae in the model. It can also be useful as a
However, prior to attempting to break-down the means of documenting the design of a spreadsheet model.
complexity of a spreadsheet model, an analysis of the All types of formulae can be represented in the form of
basic structure and components of a spreadsheet model i§ tree, including the spreadsheet (84§ Excel built-in
essential. functions. The general format of a function is as follows
8]
2.3.1. Analysis of spreadsheet structuresenerally, the ] = name (argumentl, argument2 ...)
principal elements of a spreadsheet modelabels data
valuesandformulae There are many ways in which these
terms can be defined. For our purposes, data values refer
to the bits of data directly entered or fed into the model by
users. A formula uses these data values and even other
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A, B C
1 THowe Lid
2 Trading and Profd and Loss Account for the year ended 37
Decem ber 19X4
3
4 |[3ales 135,486
a Less Cost of goods sold
b Cpening stock 40,360
7 AddPurchases 72,380
a Add T arriage it ards 1,570
= 14,290
10 |Less Closing stock ﬁj 600 AL930
11 |Gross profit l/ f Tgﬁ_ﬁ
12 |Less Expenses J.-"( J' ,Jr
13 | Salaries 7 g3 |/
14 Fates and occupatcy {/ || 4,515 J."
15 | Carriage outwards /S FEEI N
16 Office expenses ,-/ |[ 3,212 f
17 Sundry expenses /-"; |[ 1,206
18 | Depreciation: Building / | 5,000
19 Equipment  / I 9,040
20 | Directord remuneration R EEEE
21 [Met profit j f 20,733
22 |Add Unappropriated prufjt's from last year J' 15,286
23 [ e
24 |Less Appropriations / || f
25 | Proposed dividend 710,000
26 3 eneral reserve)f || J|'r 1,000
27 | Foreign exchayige I/ s0Qy 1300
28 Unﬂpprnpri&t;ﬁ profits E}tﬂﬁ{tu next year lllf %@,21 9
) /.
A data value not Two data values
associated with any lah el associated with the same lahel

Figure 2. Model with an ambiguity problem

‘name' is the function name, and ‘“argumentl', facilitate comprehension, analysis and documentation.
‘argument2’, etc., are the arguments required for theThis is shown irfigure 5.
evaluation of the function. Arguments must appear in @  Figure 5 represents the logical aspect of the
parenthesised list as shown above and their exact numbespreadsheet model, independent of physical location on
depends on the function being used. However, somethe spreadsheet. Tree structures can also be constructed on
functions do not require arguments and are used withouormulae to show the physical model using cell addresses.
parentheses [1]. Examples of this [1] are given fiyure 6.

The tree represents all the elements of a particular As all functions are of the same forms, name
formula (data values, hard-coded constants, cells(argumentl, argument2 ... ) we can represent each in
referenced, binary operators and built-in functions). Basedthe form of a tree (not necessarily a binary tree). The root
on the spreadsheet model showfigare 3, it can be seen
how formulae can be represented in the form of a tree to
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would now contain the function name while each to the fact that data values and their referencing formulae

argument would form a node. are placed close to each other and users are sometimes
unable to distinguish between the two. This means that the
cause
A B C
1 T Howe Lid
2 Troding and Prof@t and Loss Account for the year ended 27
December 19X4
3
4 Sales 135,486
B Crpeting stock 40,360
T Adri Py chazes T2.380
2 Add Carriage it ards 1,570
9 Zost of goods sold 14,290
10  |Less Clositng stock 54,360
10 |Cost of goods sold Jess Closing stock / f A61,930
11 |Gross profit ;o /73,556
13 | Saaries S 1g30]/
14 Rates and occupancy / I|I 4,515 I.'r
15 | Camiage outwards / I 1,390
16 Office expenses f || 3,21;r
17 Sundry expenses / || 1,33‘5
168 | Deprecistion: Building / | 3,000
19 Equipment /‘ ||' Q,I}fEIEI
20 Directord remunetration /" I|I QlfﬁEIEI
Less T otal Expenses J,-"{ III I.'r 54,823
21 [Het profit / I 20,733
22 | Add Unappropriated prnfitsﬁum last yeat lf J.'[ 15,286
23 |Met profit Add Unapproprfated profits from 36,019
last year /n/ [ / T
25 | Proposed dividend [/ | 40000
25 (Generalreserve  / A7 1,000
27 Foreign exchangef |r I.'r L |
Less T otal Appropfiations I I| 411,200
28 Unappru:upri&ted}:{mﬁts cy&eﬁ/tn fiext year b“ JI f24,219
I |'
/

L ’
The data valies are now These data values are also now
associated with unijue hahels associated with unijue hahels

Figure 3. The ambiguity problem resolved

2.4. Separation of data and operations
is the physical proximity of data values and formulae
It is important to control data integrity and maintain performing operations.
the consistency of data in information systems. A frequent ~ The strategy to be adopted is to separate user-entered
error committed by users is the accidental overwriting of data values from the formulae that operate on them. The
formulae. Formulae are important and must be protectediser-entered data values, along with their corresponding
from such undesirable events. This is mainly attributable
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labels are placed in a physically isolated matrix. The
operations part of the model, consisting of formulae are

FORMULA

STRUCTURE ARGUMENT S/ TERMS

OPERATORS FUNCTIONS CELL ADDRESSES CONSTANTS

Figure 4. Components of a spreadsheet formula

Gross Profit

Sales Cost of goods sold
less Closing Stock

Cost of goods sold
les= Closing Stock

Cost of Closing
goods sold stock

Cost of

goods sold
Opening Purchazes Carriage
stock inwards

Figure 5. Selected formulae in  tree form
difficult to understand now. It is incomplete without the

placed in a another part of the spreadsheet. After they areelevant data values put in the appropriate adjacent cells.
programmed, the operations part is protected as a pre- The strategy that can be used to solve this problem
caution against any overwriting of data. would be to include absolute copies of data values from

This approach is very similar to the technique the data component in appropriate places in the operations
proposed by DiAntonio [9]. DiAntonio proposes the component. As such, the absolute copy is present as a
splitting of the spreadsheet model inttaets matrixand a formula in the operations component. There can even be
solution matrix The facts matrix is similar to our data multiple copies of a piece of data value provided they all
component while the solution matrix is fundamentally reference the same original data value in the data
similar to our operations component. In addition to that, component. The refined model is showrfigure 7. It is
the operations section is also strictly protected. based on the spreadsheet model shovigure 3.

There is, however, one obvious and potentially serious
problem with this method. The operations component is
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Exampies
Eg 1. = 41+EB1 2. =Al/Bl ie Al-B1
1]

3. = AIYBI/BD) ie. pydalBl

Az all functions are of the same form, = name (argumentl, argument2 ... ), we can represent each in
the form of a tree (not necessarily a hinary tree). The root would now contan the function name while
each argurert would form a node.

Function nathe

Eg 4. Al=SUME3 D3, B4

Al—3TM

Figure 6. Examples of formulae in  tree form

3. A coherent software engineering-based According to Kavanagh [10], companies are being put
methodology at risk due to their failure to realise that the process of

constructing spreadsheets requires the discipline of
traditional programming. Spreadsheet applications are
more vulnerable to poor design and to errors than

. . conventional programs [11]. This means that a greater
Many authors who have carried out research into thedegree of discipline is required in the process of

etemon i e s soon e . sy SPEACShect devlopment. A soture engineeing-bas

phenomenon is the absence of a structured approachme“ﬁ'()dOlogy is capable of providing Su.Ch _discipline.

Many of them have also proposed the adoption of a. P_anko _and Halverson [2] have also |nd|cat_ed that when

sofware  engineering-based  approach employingdealmg with complex spreadsheets, there is a need to
' adopt strict programming disciplines. They have also said

traditional programming principles. This is evident from . . .
numerous publications on the subject [1]. that a programming approach might be feasible due to the

3.1. Rationale for the methodology
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Data Component Operations Component protecteq
A B C A B C
1 [THoweLtd | 23 [THoweLtd | |
2 |Trading and Profit end L ess Account for the year ended 31 24 |Trading and Profit and Loss Account for the year ended 31
December 1954 December 19%4
3 |Sales e T I
4 |Cost of goods sold: Opening stock 40,360 W |Sales —»t 135 486
g Purchases 72,360 27 | Opering stock 40,360
B Cartiage inwards 1,570 % | AddPurchases 72,360
7 |Closing stock 52,360 29 | AddCarriage inwards 1,570
B |Expenses Ddaties 18,310 0 |Cost of goods sold 114,290
g Rates and occupancy 4515 Less Closing stock 52,360
10 Cartiage outwat ds 1,390 2 Coﬁwsclnﬁng stock 61,930
11 Office expenses 3212 33 |Gross profit 73,536
12 Sundry expenses 1,296 W | Salaries S 18310
13 Deprecistion Building 3,000 3 | Ratesand occupancy 4515
14 Eqpipment | 9,000 | Carrisge outwards 1,390
7 | Office expetises 3212
B | Suody expenses 1,304
39 | Deprecistion: Building 500
40 Equipmm ert 5,000
41 | Directors remuneration 8.300

Figure 7. A segment of the refined model

similarity between spreadsheet errors and programmingsiep 1:

errors. The spreadsheet problem is analysed thoroughly,
Hendry and Green [12] have suggested that instead ofnainly in terms of the operations required to serve the

creating the whole spreadsheet first and then checking fopurposes of the model. All the formulae performing these

errors, errors ought to be checked for at various stages obperations in the spreadsheet model are identified.

the development process. This will make it easier to traceStep 2:

and correct errors. This strategy of stage-by-stage Based on the technique lerarchical decompositign

component testing is a software engineering principle [6]. each formula is organised in a hierarchical form. This
Based on these published reports, there is an obviousierarchy takes the form ofteee

and urgent need to apply the principles of software Step 3:

engineering in spreadsheet development in order to All user-entered data values are identified. Most of

enhance the integrity and reliability of the models these data values are referenced by some formula or

produced. This will help address the currently major several formulae. Thi®rmula treescan also be helpful in

phenomenon of spreadsheet errors [1]. determining the data values. These data values are then
organised in the form of a matrix and physically separated
3.2. The methodology step-by-step on the spreadsheet. This is based on the technique of

separation of data and operations the spreadsheet.
The methodology consists of a step-by-step process to the Each element of the data matrix is uniquely described
construction of spreadsheet models incorporating theby @ label or a pair of column and row labels. This is

software engineering concepts and principles discussed if?ased on the technique wiique definition of spreadsheet
the previous section. elementgliscussed earlier.
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Step 4: The various features of this approach, as detailed in

The various formulae operating on the data values arethis paper, are currently being trialled with cohorts of
organised into a separatperations sectioralong with students at the University of Greenwich. They form the
absolute copies of data values (where appropriate) inbasis of further work towards a working methodology.
order to provide completeness and understandability toSuch a methodology would represent a major step towards
the model. As done previously step 3 each element in  managing the quality of spreadsheets.
the operations part is uniquely described by a label or a
pair of column and row labels. 5. References
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