DETECTING ERRORS IN SPREADSHEETS

Yirsaw Ayalew, Markus Cler mont, Roland T. Mitter meir

Institut für Informatik-S yst eme, Universität Klagenfurt

Klagenfurt, Austria

Email: {yirsaw, mark, mitt er meir}@ifi.uni-klu.ac.at

ABSTRACT

The paper presents two complementary strategies for identifying errors in spreadsheet programs.

The strategiespresented are grounded on the assumption that spreadsheetsare software, albeit of a different nature than conventional procedural software. Correspondingly, strategiesforidentifying errors have to take the inherent propertiesof spreadsheets as much into account as they have to recognize that the conceptual models of ^spreadsheet programmers~ differ fromthe conceptual modelsof conventional programmers. Nevertheless, nobody can and will write a spreadsheet, without having such a conceptual model in mind, be it of numeric nature ora layout focussed, geometrical nature.

1 INTRODUCTION

Spreadsheet syst ems arethemost widely used and themost popular end user syst ems.

Hence, spreadsheets (wemight refer to them as ^spreadsheet programs~) arean important basis for far reaching decisions in almost any field of a moder n societ y. Studies on the quality of spreadsheets resp. spreadsheet based decisions show, however, that ther eis a substantial diver gencebet ween significanceand carein this area 3, 6, 12, 13, 14, 15, 16 .

Nardi and Miller 10, 11 discussed thecharacteristics spreadsheet la nguages providefor end-user programming. Among them is theproperty that spreadsheets shield users from low-level deta ils of traditiona l programming. They allow users to think in t er ms of tabular layouts of adequately arranged and t extually designat ed numbers. They appear to users as analogous to pencil and paper. Thecomputing model upon which they finally rest is so hidden fr omtheusers that theter m^programming~ seems inappropriateand thet er m

^testing~ simply inapplicable.

As professionals weha veto recognizet hat below thesurface, spreadsheets areprograms.

They areeven special programs fromtheperspect ivet hat theplacement of codeis dependent on thelayout of theresult. ˘ A fact that seems t o reducecomplexit y at first sight

(and it does so in simplecases), but that might become a burden in complex situations and specifica lly during modification. Thus, given thefactual importanceof spreadsheets duet o theimportanceof thedecisions based upon spreadsheet computations, very convent ional considerations for soft warequalit y need t o beconsidered. Theseconsiderations might encompass testing as much as they might encompass design or maint ena nceand configuration management. However, in using theset echnical t er ms, wemust not forget that thespreadsheet user does not consider him-/ herself as a programmer. (S)heis an enduser who does not want to bebother ed with t echnicalities of theworld of programming. In order to becomesuccessful, approaches to impr ovequalit y control for spreadsheets havet o avoid convent ional progra mming- or soft wareengineering jargon. They rather have to link directly to theconceptual structures, spreadsheet users haverea dily available.

In this paper wewill, therefor e, first try to highlight some commona lities and some differ ences bet ween sprea dsheets and convent ional algor ithmic software. Wethen give somedefinit ions of thebasic ter ms needed for further discussion about errors in spreadsheets. In section 4 a framewor k for theclassification of spreadsheet faults is described on thebasis of some protot ypical errors. Finally, in section 5 two complementary approaches to alleviat equalit y problems in spreadsheet progra ms areoutlined.

2 SPREADSHEETS AND SOFTWARE: WHAT´S DIFFERENT?

Software is written in a professional manner byProfessionals; Spreadsheets are written by End-Users! Whilet his statement is trueon somefacevalue, it raises wrong connotations. Soft wareprofessionals, if working professionally, will build their products based on design that is based on some conceptual model or specification linking the application problemt o an algorit hmic solut ion with thealgorit hmusually consider ing also certain comput er idiosyncracies (input/output being not theleast among them).

Spreadsheet -writ ers areend-users and as such, they arenot programming professionals.

However, they areprofessionals too, professionals in their application doma in. And in this capacity, they do whenever they expr ess their problems/solut ions in writing ˘ likeanybody elsewho writ es somet hing mea ningful ˘, express themselves based on someconceptual model. Of course, this applies also when they expr ess themselves in writ ing a spreadsheet.

Theonly differ enceto t hesoft wareprofessiona l is that their model is not related to programming concepts. It relates application aspects to two-dimensional (tabular) arrangements of numbers int erspersed wit h explanatory t ext. Thenumbers arefurther conceptually int errelated by eit her oneof thefollowing situations:

· Thegiven number is theresult of a computation of some other numbers placed (or to bewritt en later) at a given location.

· Thegiven number is part of a set of numbers playing conceptually thesa merole.

This ^samerole~ is generally expr essed by geometrical proximit y (physical area).

However, wewill lat er ident ify cases wheret his conceptual embracement cannot be expr essed by geometrical proximit y (logical area).

Spreadsheet experts will recognizet hat thetwo cases mentioned arenot compr ehensive.

However, weclaimt hat they cover most of theterritor y, at least most of thet erritory ^nonexpert~ end-users arefamiliar wit h.

As spreadsheet syst ems are easy to use, do not requir emuch training on for mal met hods of designing and progra mming, and show in contrast to convent ional progra ms theresults of the effort whilet hedevelopment effort is still in progr ess, they arealso writt en in a differ ent style. Ther eis a notion of immediat efeedback 5 oncet hecont ent of a cell is specified. This easy way t o quick feedback leads to a development styleof trial & error, cutting & pasting, copying & modifying; a mixturethat must behorrifying for an orderly soft waremet hodologist. Figure1 shows t heseaspects. Given t heseconsiderations, it becomes obvious that irrespectiveof thetruenatureof spreadsheet-^soft ware~, convent ional wisdomon soft waretest ing 2, 9, 17 does eit her not apply or applies only to a limit ed ext ent. It applies specifically fromt heperspect ive though that spreadsheet computations arebasically numer ical computations. Wewill comeback to this property in section 5.2 .

Hence, rather than banking too much on preaching designing first and establishing a quality improvement cureon theobser vation of this gospel, webaseour approach on the very natureof exist ing spreadsheets and existing processes of how spreadsheets are writt en. In this paper, wefocus specifically on ^spreadsheets as they are~. This leads us to discuss in thesequel model visualization and plausibility t esting. For model visualization wesuggest that end-users should beableto transformtheir problems/solut ions int o twodimensional structures and highlight irregularities in this transfor mation. For plausibilit y testing werely on theend-users gut feeling for mea ningful boundaries of t hedata

(numbers!) treated in a spreadsheet. Discussing strategies for ensuring spreadsheet qualit y dyna mically (focusing on spreadsheet evolution) would bebeyond t hescopeof this paper.

Figure 1 : Conventional program vs. spreadsheet program development process

Befor edelving into both of theseareas, wewill proceed by defining some key ter ms needed for further discussion and ment ioning some protot ypical faults in sprea dsheets and their related categories.

3 SOME TERMINOLOGY

Sincet het er m^spreadsheet ~ itself is overloaded, we explain below thesema ntics attached to spreadsheet related t er ms in t his paper.

A

FHOO is theatomic unit of a spreadsheet and can havefive states: (a) it can be empty , (b) it

can hold a constant value that is supplied by theprogrammer of thespreadsheet, (c) it can

hold an input value that is supplied by theuser of thespreadsheet, (d) it can hold a value

that is calculated by a for mula or (e) it can hold a label which describes thecont ents of a

set of ot her cells.

A

VSUHDGVKHHW is an n -dimensiona l matrix of cells. Each cell is uniquely identified by n - coordinates. If n =2 , as in thestandard case, a cell is uniquely ident ified by its row and column addr ess.

A

FHOO�UHIHUHQFH is a referenceto another cell´s valuewhich is eit her relativeor absolute.

Theaddress of thereferenced cell is given wit h a pair of coordinat es, in thefirst casethe

origin is therefer encing cell, in thelatter theupper left corner of thesprea dsheet.

A

IRUPXOD is a mathemat ical expression, containing cell refer ences, operators, functions 1 , and constant values. At least onecell-refer enceis expect ed to beincluded in the computational expression of thefor mula. A for mula yields exactly oneresult and is freeof side-effects.

A

6SUHDGVKHHW�&RUH�/DQJXDJH (SCL) is a set of language constructs to describethedata-

flow (cell refer ences) and t hedata-manipulation (for mulas) in thespreadsheet program.

Functional properties of thespr eadsheet are expr essed by SCL. The copy and paste

primit ives arealso consider ed t o bepart of theSCL, if they areused in a cont ext wit h

logical areas.

A 6SUHDGVKHHW�/DQJXDJH (SL) is theSCL toget her with constructs for manipulation of the

layout of thesprea dsheet.

A

E and E B

As thecomput ed int erval valueof a for mula is bounded by minimuma nd maximumvalues of thepossiblecomputation (this is by definit ion of int er val arithmet ic), the expect ed int erval should liewit hin t hecomput ed int erval. In addition, theva luecomput ed by the spreadsheet programshould liewithin the expect ed magnitudeof computation. Hence, in this case, wecan say that ther eis no symptomof fault.

4 A mechanism that predicts the expected behavior of a progra m based on a specifica tion

Figure 6 : Spreadsheet program test process case 2: d E or E B

In this case, ther eis an indication of sympt omof fault. Thefault may bein thefor mula or in theuser´s perception of expect ed results. Of course, testing is perfor med based on the assumption that ther eis a correct behavior of a programagainst which theactual result is compared. However, wecan not always takefor granted that the expect ed behavior is correct. In thesituation wher e d E , dueto somemisrefer ences of cells in thefor mula or someot her errors, theactual result is shift ed fromt he expect ed result. In thesecond possibilit y wher e E B , faults affect thebounding int erval comput ed for thefor mula and createa misalignment bet ween E and B .

This approach is mainly target ed to misrefer encea nd incorrect rangespecification errors.

These errors area result of specifying or selecting a group of cells incorrectly to achieve thedesir ed goal of computation. Generally, wecan say that these errors arefailures in specifying a plan for a given computational goal. Misrefer enceand incorrect range specification errors arelikely to creat ea misalignment bet ween t hevalues comput ed by the spreadsheet program, int erval programand the expect ed int er val specified by theuser. In addition, ot her errors may also cr eatea discr epancy between thevalues d , E , and B and could bedet ect ed in theprocess. Oncet he existenceof a fault in a formula is known, the sourceof thefault may betraced using thedata dependency relation bet ween cells established t hrough thefor mula.

It has to beacknowledged t hat this int er val test ing pla ys a dual role. On oneha nd, it identifies faults in spreadsheet instances, whenever actual values d fall outsideof the per mitt ed range. On theother hand, thecomparison between E and B is rather a check on theconsist ency of theuser´s arithmet ic model. Thus, this check can bequit epowerful on a much moregeneral level tha n on thelevel of a specific spreadsheet instance.

6 CONCLUSION

This paper attempts to overcomet het ension between the statements ^Spreadsheets are

Software too~ and ~spreadsheet-authors are no Programmers~ in order to improvethe quality of spreadsheet software.

It is shown that thereseems to beno singlea nswer serving as silver bullet. However, a mix of approaches, closeenough to theend-users´ conceptual model of plausibleranges for values of it ems as well as visualization of themapping of conceptual structures to cell arrangements might help to highlight errors of frequently occurring nature.

REFERENCES

1 William B. Ackermann. Data Flow Languages. IEEE Computer , pages 15˘40, February1982.

2 Boris Beizer. Software Testing Techniques . Van Nostrand Reinhold, NewYork, second edition, 1990.

3 PollyBrown and John Gould. An experimental studyof people creating spreadsheets. Transactions on

OfficeInformation Systems , 5(3):258˘272, July1987.

4 G. W. Furnas. Generalized fisheye views. In Conference proceedings on Human factors in computing systems , pages 16˘23. ACM, April 1986.

5 D.G. Hendryand T.R.G. Green. Creating, comprehending and explaining spreadsheets:a cognitive interpretation of what discretionaryusers think of the spreadsheet model. International Journal of

Human-Computer Studies , 40(6):1033˘1065, 1994.

6 Thomas Isakowitz, Shimon Shocken, and Henry C. Lucas. Toward a Logical/Physical Theoryof

Spreadsheet Modeling. ACM Transactions on Information Systems , 13(1):1˘37, 1995.

7 Panakaj Ja lote. An Integrated Approach to Software Engineering . Springer-Verlag New York,Inc., second edition, 1997.

8 Krishna M. Kavi, Bill P. Buckles, and Narayan Bhat. AFormal Definition of Data Flow Graph Models.

IEEE Transactions on Computers , C-35(11):940˘947, November 1986.

9 Glenford J. Myers. The Art of Software Testing . Wiley-Interscience, New York, 1979.

10 Bonnie Nardi and James Miller. An Ethnographic Studyof Distributed Problem Solving in Spreadsheet

Development . In Proceedings of the conference on Computer-supported cooperative work , pages 197˘

208. ACM, October 1990.

11 Bonnie A. Nardi and James R. Miller. The Spreadsheet Interface:ABasis for End User Programming.

Technical Report HPL-90-08, HP Software TechnologyLaboratory, March 1990.

12 Raymond R. Panko. Applying code inspection to spreadsheet testing. Technical report, Department of

Decision Sciences, College of Business Administration, 2404 Maile Way, Honolulu, Hi 96822,

November 1997.

13 Raymond R. Panko. What we know about spreads heet errors. Journal of End User Computing: Special issue on Scaling Up End User Development , 10(2):15˘21, Spring 1998.

14 Raymond R. Panko. Two Corpuses of Spreadsheet Errors. In Proceedings of the 33rd Hawaii

International Conference on System Sciences 2000 , volume 33. IEEE, 2000.

15 Raymond R. Panko and Richard P. Halverson,Jr. Spreadsheets on trial:Asurveyof research on spreadsheet risks. Proceedings of the Twenty-Ninth Hawaii International Conference on System

Sciences , January2-5 1996.

16 Ra ymond R. Panko and Jr. Ralph H. Sprague. Errors in developing and code inspecting a simple spreadsheet model. Working paper 96-02, Universityof Hawaii, Department of Decision Sciences,

College of Business Administration, 2404 Maile Way, Honolulu, Hi 96822, December 1996.

17 WilliamPerry. EffectiveMethods for Software Testing . John Wiley& Sons,Inc., U.S.A, 1995.

18 D.K. Peters and D.L. Parnas. Generating a test oracle from program documentation-work in progress.

Proceedings of the 1994 international symposiumon software testing and analysis(ISSTA) , pages 58˘

65, August 17-19 1994.

19 D.K. Peters and D.L. Parnas. Using test oracles generated from program documentation. Proc. Third

IEEE Transactions on Software Engineering , 24(3):161˘173, March 1998.

20 Kamalasen Rajalingham, David Chadwick, Brian Knight, and Dilwyn Edwards. QualityControl in

Spreadsheets:ASoftware Engineering-Based Approach to Spreadsheet Development. In Proceedings of the 33rd Hawaii International Conference on System Sciences 2000 , volume 33. IEEE, 2000.

21 Boaz Ronen, Michael Palley, and HenryLucas. Spreadsheet analysis and design. Communication of the

ACM , 32(1):84˘93, January1989.

22 Pertti Saariluoma and Jorma Sajaniemi. Transforming verbal descriptions into mathematic al formulas in spreadsheet calculation. International Journal of Human-Computer Studies , 41(6):915˘948, 1994.

23 Magaret-Anne Storey, KennyWong, P. Fong, D. Hopper, K. Hopkins,and Hausi Müller. On Designing an Experiment to Evaluate a Reverse Engineering Tool. In Proceedings of the 3rd Working Conference on Reverse Engineering , 1996.