UNIVERSITY OF JOENSUUDEPARTMENT OF COMPUTER SCIENCEReport Series AEmpirical study of novice spreadsheet usage:Comparing two spreadsheet calculation paradigmsMarkku TukiainenReport A-2000-1ACMH.1.2, H.5.2, D.mUDK681.3.02, 519.68ISSN0789-7316ISBN951-708-906-6

1Empirical study of novice spreadsheet usage:Comparing two spreadsheet calculation paradigmsMarkku TukiainenE-mail: Markku.Tukiainen@Joensuu.FIEmpirical studies of spreadsheet programming have commonly shown high over all errorrates but much less attention has been paid to reasons for these errors. One often mentionedcause for errors is the low conceptual level of spreadsheet systems. By changing theconceptual level of spreadsheet system, we wanted to study whether this will producedifferent type of errors compared to traditional spreadsheet systems. In this paper we presentan empirical study comparing the traditional spreadsheet calculation paradigm and thestructured spreadsheet calculation paradigm that utilizes goals, plans and spreadsheet datastructures in computation. The results show that the error behavior of novice spreadsheetusers is systematically different between paradigms.1. IntroductionTraditional spreadsheet calculation systems provide a fast method to express data and tomake calculations, provided that there is some natural way to lay all the data on one or moret w o - d i m e n s i o n a l s h e e t s . S p r e a d s h e e t c a l c u l a t i o n i s t h e m o s t w i d e l y u s e d e n d - u s e r programming language. The success of spreadsheet calculation systems has been attributedto their ease of use, users can see what is to be done and do it (Kay, 1984) and to themetaphorical and visual nature of the user interface (Norman, 1986). Despite this ease ofuse (for more balanced view, see (Lewis and Olson, 1987)), spreadsheet applications tend tohave a lot of faults (Panko, 1997): Even experienced users made errors in 44% of the casesreported by Brown and Gould (1987). Their study also showed that the errors were mostlymade in entering calculations, not simply in typing constants: Seventy percent of reportederrors were errors in formulae.There are several reasons for errors in using the traditional spreadsheet systems. First, thereare errors due to the characteristics of the spreadsheets systems themselves. For example,formulae are not visible all the time; they are represented linearly, whereas the spreadsheetitself is presented spatially, and the physical distance on the screen between a formula andthe cells referred to by the formula is large. All these reasons hide the true structure of aspreadsheet from the user, leading to errors (Brown and Gould, 1987). Second, there areerrors due to the physical limits of current computer systems. For example, if the amount ofdata entered is substantial, the physical limits of a computer screen force the user to see onlya part of the application at a time. Usually, the user divides logically grouped data intosmaller physical clusters in order to see and understand the workings of the application.Third, there are errors due to limitations of the current spreadsheet calculation model. Forexample, naming the references is the only way to structure computations (Ronen et al.,

21989), the specification of absolute and relative cell referencing is vague (Doyle, 1990,Sajaniemi, 1999), and the connection between the computation and the data is establishedby referencing to locations in a sheet, not the actual data structures in the model. Usually,these have been attributed to the low conceptual level of current spreadsheet systems (Lewisand Olson, 1987, Ronen et al., 1989).The common way to construct computations within a spreadsheet system is to first entersome data and then make a formula once and copy it to other locations as needed (withrelative cell addresses changed automatically by the spreadsheet program). This type ofaction has been demonstrated in many studies (Brown and Gould, 1987, Napier et al., 1992,Olson and Nilsen, 1987-1988), for example Brown and Gould (1987) call this working�locally� i.e. nearly all of the copying operations took place immediately following thecorresponding data or formula entry. Naming ranges for referring into in formulae, copyingformulae and data, and moving the data and formula ranges are the normal means tostructure the computation and appearance of a spreadsheet (Nardi, 1993). They are also theonly means in traditional spreadsheet systems.The low conceptual level of current spreadsheet systems manifests itself especially in theabsence of the connection of the computation in-the-large and the data areas. Thespreadsheet user enters formulae once and is supposed to remember to make changes to thereferenced addresses if the input data area changes in size. For example, if a user creates atable of values and then writes an expression using the addresses of the corner cells in thetable or a named reference to the table and later adds a new row (or column) to the end ofthe table, the calculation (i.e. the formula) is not updated automatically.Traditional spreadsheet systems have not changed much computationally since VisiCalc in1979. The complexity of the interface and the amount of new features like easy graphingand helping agents have increased, but the formula specification remains relativelyunchanged. One example of slow change in specifying the calculation can be found inrecent versions of Microsoft Excel: the AutoSum feature. The user selects an area and thenpresses the AutoSum button and gets, by default, columnwise sums. Of course, the user canpoint to a row and press AutoSum and get a rowwise sum and then copy it across the neededareas. But the problem remains the same; if the user adds a new row of values to the area,the AutoSum-formula is not updated to reflect this change in data.Although traditional spreadsheet systems offer no other data structuring tools than rangenaming the users of a spreadsheet system do not see spreadsheets as collections ofindividual cells, but rather as logical collections of cells (Saariluoma and Sajaniemi, 1989).This has led to a new approach to spreadsheeting called the structured spreadsheetcalculation (Hassinen et al., 1988). One of the main ideas of the structured spreadsheetcalculation is to make these implicit structures explicit so that the users can refer to thesestructures as a whole and connect these structures to computation so that the changes instructures will be reflected automatically to the computation. By offering this kind ofabstraction system, the conceptual level of the structured spreadsheet calculation becomeshigher than the traditional spreadsheet calculation.We wanted to examine whether this change of the conceptual level will have an impact onthe number or the type of errors novice spreadsheet users will produce. Especially, if thetypes of errors are different this will have important implications to the further developmentof spreadsheet calculation systems. In this paper we present an empirical study comparing

3the traditional spreadsheet calculation paradigm and the structured spreadsheet calculationparadigm. The study was conducted using Microsoft Excel (a traditional spreadsheetsystem) (Microsoft, 1994) and Basset (a structured spreadsheet system) (Tukiainen, 1996).The purpose of the study is to compare two spreadsheet paradigms, traditional andstructured, having different conceptual levels. The subjects are, however, using actualspreadsheet systems (Microsoft Excel and Basset) that represent these paradigms. Some ofthe errors that subjects will make may be due to the specific system features while othersmay be affected by the paradigm used. Therefore, a clear distinction must be made betweenerrors evoked by problems inherent to the paradigm and errors evoked by problems inherentto the spreadsheet system.In the next section we define the main concepts behind the structured spreadsheetcalculation paradigm. In section 3, we give an example of Basset usage. These two sectionsdescribe the conceptual level of the structured spreadsheet paradigm and make it possible todifferentiate between paradigm evoked errors and spreadsheet system evoked errors in thelater analysis. In section 4, we present the experiment and discuss the results. This sectiongives a classification of error types and discusses about reasons for these error types. Weconclude in section 5 by supporting the view that raising the conceptual level of spreadsheetsystems causes less paradigm evoked computational errors.2. Structured Spreadsheet CalculationStructured spreadsheet calculation (Hassinen et al., 1988) is a paradigm entirely differentfrom the traditional spreadsheet calculation paradigm. It is based on the separation of logicaland physical data structures for data representation, and on the separation of goals and plansfor computation definition. Physical data structures refer to the surface layout of aspreadsheet and logical data structures refer to the conceptual data in the application and inthe application domain. For example, the logical sequence of twelve elements (e.g., monthlysales) can be physically laid out as two lists containing six cells (two halves), or as four listscontaining three cells (four quarters), or as two lists containing five cells and one listcontaining two cells (e.g., because of the physical width of the screen), or in some otherway.arrayfieldscattering2-dimensional----1- dimensionallistribbon0- dimensionalcellFigure 1: The hierarchy of physical data structures.Computations in the structured spreadsheet calculation paradigm are defined as ,which describe what the calculation will produce (like a total sum) and implemented by

4, which describe how the calculation is actually done. A user creates and uses logicaldata structures only in computations while physical data structures are used for externalrepresentation. The user can modify the representations, for example to add titles, split thestructure to many pieces and locate the pieces in various parts of the sheet.Figure 1 shows the hierarchy of physical data structures. A is the smallest unit of alldata structures. It is an individual element containing a text, a number or a formula, andoccupying a certain location in the spreadsheet. A is a consecutive line of one ormore cells located in one row or in one column. A is a line of one or more ribbons, alllocated in the same row (in case of row-wise ribbons) or in the same column (in case ofcolumn-wise ribbons). The lengths of the individual ribbons in a list may be different. Afield is a rectangular collection of one or more cells and can be considered as a line of row-wise or column-wise ribbons. An is a collection of two or more fields that could bethought to be obtained from a larger field by leaving out some rows and/or columns. Thusan array can also be seen as a list of lists. Finally, a is any (unstructured)collection of individual cells not covered by any of the other forms.Logical data structures reveal the conceptual relations of individual data items on the logicallevel. The hierarchy of logical data structures is shown in Figure 2. A chamber is thesimplest unit. It is an individual data element describing text, a number or a value obtainedthrough computations from other data. The only properties of a chamber are its identity (i.e.,name) and contents. It is important to note that a chamber has no location informationbecause, from the logical point of view, the position of a piece of information in aspreadsheet is unimportant per se. A is an ordered, non-empty set of chambers.Thus, the elements in a sequence can be denoted by their index within the set. A sequencehas no information of its position or direction (vertical vs. horizontal). A sequence may be into two or more parts. The lengths of the parts may vary within a sequence. Sequencesdescribe 1-dimensional application domain data, and the splitting within a sequence modelsthe internal structure of application domain qualifiers. For example, the sales figures withina year can be modeled as a sequence split into 12 parts consisting of 31, 28, 31, ... elements.tablecluster2-dimensional1- dimensionalsequence0- dimensionalchamberFigure 2: The logical data structures hierarchy. A table is an ordered, non-empty set of similar sequences. Two sequences are similar ifthey have the same number of elements, or they are split into the same number of parts andthe lengths of these parts are pair-wise equal. A table may be into two or more parts ofconsecutive sequences. Similar to sequences, tables have no position or direction. Finally, a

5 is a logical collection of elements that cannot be structured in any of the previousways.Goals and plans provide a schema-based approach to expert programming knowledge thatemphasizes the role of semantic structures more than the role of syntactic structures(D e t i e n n e , 1 9 9 0 ) . T h i s a p p r o a c h c a n b e u s e d t o a c c o u n t f o r p r o b l e m s o l v i n g a n d u n d e r s t a n d i n g a c t i v i t i e s i n m a n y g e n e r a l p r o g r a m m i n g t a s k s , e . g . , f o r c o d i n g a n d debugging. The schema-based approach has been developed mainly by Elliot Soloway andhis colleaques who conducted a series of studies of novice Pascal programmers� bugs andmisconceptions. According to them, expert Pascal programmers have and use high-level,plan knowledge that directs their programming activities (Soloway et al., 1982).The notion of Soloway�s programming plan comes from the text comprehension researchnotion of schema (Soloway and Ehrlich, 1984). A plan in Soloway�s theory is a procedureor strategy in which the key elements of the process have been abstracted and representedexplicitly. Soloway�s group identified a set of plans which they thought to be used in simplePascal looping programs. Figure 3 presents a set of such basic plans: running-total-variable-plan that captures the notion of a variable responsible for gathering the total sum ofindividual items, division-by-zero-guard-plan that unifies the actions needed to prevent adivision by zero error to occur, etc.Figure 3: Soloway�s basic programming plans (adapted from (Curtis, 1988)).The notion of goals and plans in the structured spreadsheet calculation follows these ideas.As an example, Figure 4 defines two goals and three plans in a notation developed forspreadsheet knowledge representation (Sajaniemi et al., 1999). The goal TotalSum can beimplemented by many plans, one of which is TotalSum_direct. This plan has as its subgoalthe SumClause which can be implemented by the operator + or the function SUM.CountervariableplanPROGRAM alpha(Input, Output);VAR Count, Sum, Number: INTEGER;Average : REAL;BEGINCount := 0;Sum := 0;READLN (Number);WHILE Number <> 99999 DOBEGINSum := Sum + Number;Count := Count + 1;READLN (Number);END;IF Count > 0 THENBEGINAverage := Sum / Count;WRITELN (Average);ENDELSEWRITELN (�No valid inputs�);END.

Runningtotalvariableplan

Divisionby zeroguardplan

PrintplanRunningtotalloopplan

6 G: D: c1 = TotalSum(Input) TotalSum sums up all the elements in input structure to the output chamber P: _direct _splitted _cumulative P: D: Description: c1 = TotalSum_direct(Input) TotalSum_direct sums up all the values of elements in the input structure directly T: c1: G: D: c1 = SumClause(Input) SumClause sums up all the elements in input structure to the output chamber with a single addition P: _addition _sumFunction P: D: Description: c1 = SumClause_addition(Input) SumClause_addition sums up all the values of elements in the input structure using the addition operator T: c1: +Input.c1n P: D: Description: c1 = SumClause_sumFuntion(Input) SumClause_sumFuntion sums up all the values of elements in the input structure using the sum function T: c1: SUM(Input)Figure 4: An example of goals and plans (D = description, T = formula template).Logical data structures correspond to application domain data, and physical data structurescorrespond to programming domain data representations of logical structures. Thus,c o m p u t a t i o n a l g o a l s a r e u s u a l l y r e l a t e d t o l o g i c a l d a t a s t r u c t u r e s w h i l e t h e i r implementations, i.e., plans, are related to physical data structures. These relationships arepresented in Figure 5.In spreadsheets, application domain goals are, however, simple, and hence practically allgoals have a direct application level interpretation. Further, spreadsheet users tend to usesubgoals that deal with data that has a clear meaning in the application domain, rather thanoperating with tricky computations using artificial data structures. As a consequence, goalsdeal with application domain data much more frequently than in procedural programming.For further discussion of the goals and plans approach to the programming knowledge, see(Davies, 1990, Davies, 1993, Detienne, 1990, Ehrlich and Soloway, 1984, Rist, 1989, Rist,1995, Soloway and Ehrlich, 1984).The conceptual level of the structured spreadsheet paradigm is higher than in traditionalspreadsheets because of its more abstract data structuring mechanism and its approach toapply computations to structured data. Furthermore, the distinction between application

7domain (i.e., logical structures and goals) and programming domain (i.e., physical structuresand plans) is made far more clear than in the traditional spreadsheet paradigm.Figure 5: The relationships between data structures, goals and plans (Sajaniemi,1989).3. Basset — A Structured Spreadsheet SystemBasset (Tukiainen, 1996) is a spreadsheet tool that uses the structured spreadsheetcalculation paradigm. The objects in Basset consist of goals, plans and data objects that holdeither input or output values for computations. The calculations are done by selectingsystem-implemented goals (like a cumulative sum) or by specifying one�s own goals usingthe specification language within the system. All the data objects in Basset are collections ofone or more cells. A user manipulates only these structures, not the individual cells. Inputdata objects for user data are called input structures. Output data objects holding the outputvalues of a calculation are called output structures. The user can manipulate the physicallayout of these structures on the screen.The data structure types in Basset are chamber, sequence, and table. The simplest of thesestructures is a , which consists of one cell. Chambers, like all structures, havenames, which can be used in computations. A is a one-dimensional collection ofcells. A is a two-dimensional collection of cells. In Basset the distinction betweenlogical and physical data structures is implicit to the user. Logical data structures are used inspecifying computations and physical data structures are their representations on the screen.For example, a logical data structure table can be split into a collection of sequences or to acollection of smaller tables on the screen. To the user this is just a representational feature.Calculations are always connected to logical data structures.The system-implemented goals in Basset are based on an analysis of a set of spreadsheetapplications (Sajaniemi and Pekkanen, 1988, Tukiainen and Sajaniemi, 1996). There arecurrently about 40 goals in Basset and each goal can have several plans. Computations canuse both input structures and the output structures of other goals. Examples of Basset�sgoals are various sums such as row-wise sums of a table or cumulative sum of a sequenceLogicaldatastructuresPhysicaldatastructuresGoalsPlans arerepresentedbyareimplementedby

8(accumulation). The user applies a computation by selecting a goal from the goal menu orby writing her own goal description if she does not find an appropriate system-implementedgoal for her purposes. Basset has two user levels. On the novice level, the system tries tomake decisions for the user and some of the features like plan implementation can behidden. On the novice level, the system furthermore chooses the default plan for a goalautomatically, while on the expert level, the system permits the user to select the plan or towrite a plan of her own.Plans in Basset define how the actual calculation will be done. One attribute in plandescription is a calculation expression written in Basset�s own specification language. Acalculation expression can contain references to arguments of the goal, specific structures inthe spreadsheet, and subgoals to be fulfilled with other plans. For example, Figure 6 shows aplan for the goal Cumulative Difference, which computes cumulative sums of twosequences and subtracts the elements in these two sequences pair-wise producing an outputsequence of cumulative difference. Income and Expenses are names for actual physicalstructures in the sheet. P: CumulativeDifference_UsingCumulativeSums D: sequence3 = DifferencePairwise(sequence1, sequence2) R: sequence1 = sequence2 = T: DifferencePairwise(sequence1, sequence2)Figure 6: User-defined plan for the goal Cumulative Difference.Figure 7: Create Structure dialog window.

9As an example, consider a student creating a budget for her income and expenditure. Thestudent has a government grant, a bank loan and other income, which have to cover forfood, rent, leisure time and other expenses. First she will create sequences for her incomeand expenditure data and calculate the total sums of the sequences and the difference ofthese sums. Later she gets a scholarship from the university and she has to modify theincome sequence.The process begins by creating two sequences for the input data. The user creates the inputstructures using a dialog window (see Figure 7), where she determines the type of thestructure (chamber, sequence, table) and the size of the structure. In the case of sequence theuser also selects the layout (vertical or horizontal). She also selects the cell type of inputstructure, in this case integer. After the structure is created, the user enters the headings andnumbers into the structure.Figure 8: Applying goals.Having created the input structures the user specifies the computation. This is done byselecting suitable goals from the menu. The menu is hierarchical, withcategories such as Sums, Percentages, and so forth. The uppermost level in the menu

10contains the data types (see Figure 7) limiting the number of appropriate goals by the typeof the input structure. If a goal is applicable to many input data types, it will be found in allappropriate data type categories.Figure 8 shows one goal already applied: the Total Sum of the Income sequence, with achamber as the resulting output structure. The input structures and the output structures havedifferent colors for better perception. The figure also shows an Apply Goal dialogue for thegoal Total Sum. The user must select the sequence Expenses as an argument for the goal.Arguments are chosen either by selecting the currently active structure from the sheet(Select current button) or by selecting a structure from a list of existing structures (Browsebutton). The figure also has two information windows in which the goal and the planspecifications are shown.Having applied the goal Total Sum to the sequence Expenses, the user applies the goalPairwise Difference to the total sums of Income and Expenses and obtains a workingapplication for her budget. She can modify the input structures, e.g., add or delete items,rows and columns. These changes will automatically be reflected in the output structures,i.e., output structures� sizes will change accordingly. Figure 9 shows a Resize currentstructure dialog window that can be used to add a new item into an input structure. In ourexample, the user wants to add an item Scholarship to the input sequence Income and shewants this item to be located after the item Other (see figure 9).Figure 9: Resize current structure dialog window.Figure 10 shows the final application in our example. The user has added the itemScholarship and the Total Sum goal, which has Income as its input structure, has beenautomatically updated to include Scholarship in its computation.

11Figure 10: The final application in the budget task.4. ExperimentThe traditional spreadsheet calculation paradigm and the structured spreadsheet calculationparadigm differ quite much in their concepts and approaches to the spreadsheet calculation.This raises the following question:Do programmers of the structured spreadsheet paradigm produce more or lesscalculation errors and do they produce different kinds of errors than programmersof the traditional spreadsheet paradigm?In the present experiment, we chose Microsoft Excel to be a representative system of thetraditional spreadsheet calculation paradigm and Basset to be a representative system of thestructured spreadsheet calculation paradigm. Since there are no expert programmers inBasset and the structured spreadsheet calculation paradigm, we chose to use novicespreadsheet programmers as subjects. We taught them four hours of spreadsheet calculationin general and then they practiced the use of one spreadsheet tool (Excel or Basset) for fourhours. All subjects did the same tasks but using the tool assigned to the group. We measuredthe number of error-free and erroneous solutions and classified the errors. We were onlyinterested in errors in calculations, not in layout or entering numbers and headings. The datac o l l e c t e d c o n s i s t e d o f t h e f i l e s c o n t a i n i n g t h e s a v e d s p r e a d s h e e t s a n d t h e p r e - t e s t questionnaires of subject�s background. We also videotaped a few random subjects.

124.1 Method4.1.1. SubjectsThe subjects were first-year undergraduate students at the University of Joensuu majoring invarious areas of study ranging from theology to mathematics. They participated in theexperiment as a course requirement for an Introduction to Spreadsheets course. A total of154 students participated in the experiment. They were randomly assigned to Basset (74subjects) and Excel (80 subjects) groups. The course prerequisites include introduction tocomputer systems, Internet and other network facilities, university�s computing facilities,the use of the university�s library (e.g. database searching), and word processing. The mainoperating system used is Windows NT, so the students know a good deal of using differentapplication programs in the Windows environment before they come to the Introduction toSpreadsheets course.4.1.2. MaterialsThe experimental materials consisted of four spreadsheet applications. The applicationdomain was simple business-type accounting. This was chosen because it is a well defineddomain, students usually have a fair understanding of the domain, and it is easy to designsimple problems in this domain. Also, spreadsheets are heavily used in business accounting.The tasks chosen for the experiment were quite elementary, but they are representative ofreal-life spreadsheet tasks.We used two types of tasks: construction and modification tasks. In the construction tasksthe subjects had to implement new spreadsheet applications, and in the modification tasksthey were given existing spreadsheet applications to modify. The applications varied in sizefrom 22 cells to 33 cells and the number of formulae in applications varied from 3 to 5. Thetasks involved data entry for numbers and headings, composing formulae with relative andabsolute cell referencing, copying formulae and saving the application. All task instructionscontained the headings and the constant numbers needed in the spreadsheets.The tasks were:Task 1A and 1B: The budget task and updating the budget task.Construction of a new application. The subjects were asked to create a budget for theirincome and expenditure. The income items (3) and expenditure items (4) were given. Thesolution was to first enter the data for the income and the expenditure. Then they had tocalculate the total sums of the income and expenditure and to calculate the differencebetween these sums. At this point the instructions asked them to save the application (Task1A). After saving, the instructions asked the subjects to modify the income by adding oneitem to the end of the income data (Task 1B). The Basset solution to the task 1B is almostthe same as the spreadsheet of Figure 10. The only difference is that the input sequenceExpenses does not include the item Fun.Task 2.: The cumulative sum of credit units.Construction of a new application. The subjects were asked to create an accountingapplication for their credit units using accumulation. The instruction showed an exampleapplication without the formulae. The subjects were instructed to create an application with

13the same information, no demands for spatial layout were made. The credit units for 6semesters were given. The solution was to enter the data and to create a cumulative sum.Task 3. Adding new items to existing data structures.Modification of an existing application. The application had two input data areas, oneconsisting of prices for 3 products and the other containing the numbers of sold items foreach of the products. The titles for the areas and the items were taken from real-life settings,i.e., the titles were Prices, Sold Items, Hammers, Saws and so on. The application calculatedsales values for the products using pair-wise multiplication of the prices and the numbers ofitems sold. The subjects were asked to add two new products into the application. Theproducts were to be located as the second and the last item of the products. The formulaehad to be updated to reflect these changes.Task 4. Adding new calculations to an existing computation.Modification of an existing application. The application to modify was the same as in thetask 3. Subjects were asked to add a computation to calculate the sales values in Euros inaddition to Finnish marks. The instruction showed an example application with the resultsof the formulae. The subjects were instructed to create an application with the sameinformation; no demands for spatial layout were made. The solution was to add a cellcontaining a constant value for the exchange rate (given in the instructions), and to calculatethe sales in Euros using multiplication of the sales in Finnish marks and the exchange rate.4.1.3. DesignAll subjects did all of the four tasks using either Excel or Basset. The tasks were orderedinto 24 task sets, which contained all of the possible orders of the tasks. The task sets weredistributed randomly to the subjects.4.1.4. ProcedureThe experiment took place in the same computer laboratories that the subjects had used forpracticing sessions (4 hours). The subjects were tested in groups of three to thirteen. Thegroups were the same as used in the practicing sessions. First the subjects were given abackground questionnaire to answer. When all were ready, (in about five to ten minutes) thetask sets with a blank page on the top were distributed to the subjects and oral instructionsabout the experiment were given.The subjects were told that there was going to be five tasks similar to those they had done inthe practicing sessions. The first task would be the same training task for all. Then the fourexperiment tasks would follow, being the same for all but in a random order. This was toldso that the subjects would not wonder if the subject next to him would stop working earlierthan himself. The subjects were told that there was a time limit of ten minutes per task. Ifthey would complete the task before the time limit, they were instructed to open a newblank spreadsheet on the screen and wait until the instructor would give permission to startworking on the next task. If they could not complete the task in the time limit, they wereinstructed to save the work as it was, with all the incomplete or erroneous calculations.

144.2. Results4.2.1. Data AnalysisThe background of the subjects was controlled in the pre-test questionnaire where we askedtheir overall computer experience (variable A: ordinal scale), experience with spreadsheetcalculation (B: years and C: number of applications done, ordinal scale) and experience inprogramming (D: years and E: size of largest application done, ordinal scale). Similarity ofthe groups was tested using Mann-Whitney Test (variables A, C and E) and t-test (variablesB and D). There were no significant background differences between groups.Table 1 gives the overall results of correctness. There are five tasks because the first taskwas divided into two subtasks, which were saved in two files. For various reasons 93spreadsheets were missing, the largest number of missing spreadsheets being with Bassetgroup in task 1B. Often the subjects did not finish the task 1A correctly, so they spend allthe time doing that task. This happened in 20 cases of total 22 erroneous tasks 1A.CorrectIncorrectMissingn%n%nTask 1A: Excel(58)85.3(10)14.712Task 1A: Basset(42)65.6(22)34.410Task 1B: Excel(57)80.3(14)19.79Task 1B: Basset(30)76.9(9)23.135Task 2: Excel(46)60.5(30)39.54Task 2: Basset(60)84.5(11)15.53Task 3: Excel(57)75.0(19)25.04Task 3: Basset(68)95.8(3)4.23Task 4: Excel(59)77.6(17)22.44Task 4: Basset(53)76.8(16)23.25Total53114693Table 1: Task correctness and numbers of missing spreadsheets.The Chi square test was used to test the interaction between the groups and the tasks. Table2 shows the c2-values and p-values. Interactions were significant in three tasks: Task 1A(=6.945, df=1, p=0.008), task 2 (=10.496, df=1, p=0.001) and task 3 (=12.449, df=1,p<0.001).Taskc2dfpSig.1A6.94510.008*1B0.17210.679210.49610.001*312.4491<0.001*40.01410.906Table 2: The interactions between the group (Excel vs. Basset) and the tasks.

154.2.2. Error AnalysisWe classified only errors that constituted distinctive groups. There were few errors thathappened only once or twice and these were not classified. Also logic errors, i.e., errors inunderstanding the task description, were unclassified. As a consequence, the errorpercentage counts for each task do not sum up to a hundred percent.There were four researchers independently devising the causes for errors and all reasons arelisted without taking up for consideration of their probabilities. Each error type is given anumber starting with the letter E denoting Excel errors or B denoting Basset errors. Theerror type name is followed by the error percentage for the task in present. This is followedby five numbers in parentheses giving error type percentages for tasks 1A, 1B, 2, 3 and 4respectively. This does not tell anything about the overall commonality of the error types,but is just incidental dependency between the task characteristics and the error types. Theseerror type percentages are followed by a list of possible causes for the error type. When acause is specific to one task, i.e., it refers directly to certain calculation characteristics of thetask, the task number is mentioned in parentheses before the cause description.We do not include in the possible error types any cognitive factors like losing attentionduring the task, because our experimental method was not planned for that type ofobservation and because such analysis is not interesting for the purposes of this experiment.We try to explain the errors in terms of the computation doctrine, i.e., spreadsheet-basedcomputation (as opposed, e.g., to procedural programming), the spreadsheet calculationparadigm used and the spreadsheet calculation tool�s usability issues (see Figure 11). Thusin the possible causes for the error type, classes doctrine, paradigm, and tool are used.Doctrine class includes error causes that could be due to the expected content or workingsof the user�s mental model of spreadsheet-based computation. This class contains also errorsin mathematical concepts underlying the spreadsheet formulae. It has been noted that noviceusers� mental models in programming tend to be incomplete and erroneous, see for exampleBonar�s (1985a) study on novice Pascal programmers� mental models. Doctrine class errorscan arise in both spreadsheet calculation paradigms discussed in this paper.Figure 11: The hierarchy of error origins.computationTraditionalStructured

DoctrineParadigmToolExcelLotus 1-2-3Basset�

16 class includes error causes that could be brought about the reasons of spreadsheetcalculation paradigm used. These errors can arise only in one of the paradigms discussed.This class is the most important for the current study because it reveals the error causesconnected directly to calculation paradigms.Tool class includes error causes that could be brought about the usability problems in thespecific spreadsheet tool used. This class is less important because we are not trying tostudy the usability of the tools but the differences in the paradigms behind the tools.Possible error causes are described shortly in the following classification and furtherelaborated in the next part.Task 1A: The budget task.Excel Error type E1. Referenced sum area too large (sum includes empty cells at end) 50% (50-0-0-0-0).Possible causes:Paradigm: Subject perceives empty cells as white space and includes them intothe calculation, because there is nothing in the cells that could affectthe sum calculation. (This does not result an error in computation,but can be a potential error cause in future use of the application)Paradigm: Wrong symmetry demand. The referenced area for the sum of thefirst input sequence is enlarged to the same size as in the case of thesecond input sequence (i.e., four cells), although the size of the firstinput sequence is only three cells.Paradigm: Misunderstanding of Copy-operation. The sum formula of thesecond input sequence (four cells), is copied as the sum of the firstinput sequence, although the size of the first input sequence is onlythree cells.Tool: Subject separates the data and the calculations with empty cells andthen uses Excel�s AutoSum-feature, which automatically includesempty cells below the number area.Excel Error type E2. Referenced sum area too small (not all appropriate cells included) 30% (30-8-0-0-0).Possible causes:Paradigm: Misusage of Copy-operation. The formula for the sum of the first(smaller) input sequence is copied for the second sequence, but thereferenced area is not enlarged. The subject perceives the inputsequences as objects that the computation should use, so copying aformula referring to one structure should work for another structure.Basset Error type B1. Missing goal 68 % (68-25-64-0-31).Possible causes:Doctrine: Subject does not succeed in constructing the right goal for the task.Paradigm: Distinction between goals is too delicate. Appropriate goal is notidentified among related goals.Tool: Subject looks for the goal in the wrong submenu. In Task 1 thePairwise Difference goal cannot be found in the Table submenu.

17Basset Error type B2. Wrong goal applied 14 % (14-13-0-0-19).Possible causes:Paradigm: The distinction between available goals is so small that a wronggoal is selected.Tool: The goals are listed in a single long list without any order (e.g.,alphabetic) and the goal Pairwise Difference is at the end of the listof over 10 goals, so the subject can forget what goal she is trying toselect.Basset Error type B3. Wrong arguments for a goal 9 % (9-25-0-0-19).Possible causes:Doctrine: S u b j e c t� s m e n t a l m o d e l f o r m a t h e m a t i c a l o p e r a t i o n d o e s n o t differentiate which of the arguments is the subtrahend and whichone is the minuend.Tool: The argument selection is a tricky operation. It is easy to make theselection in an erroneous way.Tool: The wording used in the implementation of computation selection isnot natural for the subject. People do not usually �select argumentsfor subtraction operation�, they say �a-b�.Task 1B: Updating the budget task.Excel Error type E2. Referenced sum area too small 8 % (30-8-0-0-0). See Task 1A. Excel Error type E3. A new item added to both input structures 23 % (0-23-0-0-0).Possible causes:Paradigm: Adding a new item to the first input sequence using Insert rows-operation accidentally adds a new item to the middle of the secondinput sequence because the sequences were laid out horizontallynext to each other. This new empty cell is automatically added tothe referenced area of the sum of the second input sequence. Subjectcomprehends adjacent cell areas as independent objects and thinksthat a spreadsheet system operation affects the individual objectonly.Paradigm: Subject does not know any other way to insert new items to an inputstructure than using Insert rows-operation. Possible work around isto lay out the structures vertically, as was done in almost all of theerror-free application.Paradigm: Subject does not care of extra empty cells in the reference area of afunction as they do not affect the result.Excel Error type E4. Missing formula update 62 % (0-62-0-0-0).Possible causes:Paradigm: S o m e i n s e r t i o n o p e r a t i o n s a r e a u t o m a t i c a l l y r e f l e c t e d i n t h e computation (i.e., if the insertion is at the middle of the area), so as u b j e c t m a y t h i n k t h a t a l l i n s e r t i o n s a r e r e f l e c t e d i n t h e computations, although adding a new item to the end of an inputsequence requires changing the formulae referencing this area.

18Paradigm: S u b j e c t p e r c e i v e s t h e d a t a a r e a s a s w h o l e o b j e c t s t h a t t h e computation uses, so adding a new item to a object should bereflected in the computations accordingly.Basset Error type B1. Missing goal 25 % (68-25-64-0-31). See Task 1A.Basset Error type B3. Wrong arguments for a goal 25 % (9-25-0-0-19). See Task 1A.Basset Error type B4. No new item added into the input structure 38 % (0-38-0-0-0).Possible causes:Tool: Subject does not know how to add a new item into the existingstructure.Tool: Subject does not save the file after the change. Basset does notremind users to save the changes when quitting or opening a newsheet.Task 2: The cumulative sum of credit units.Excel Error type E5. First item in a cumulative sum is a constant 50 % (0-0-50-0-0).Possible causes:Doctrine: Subject does not comprehend the difference of a reference to a celland a constant with the same value. It is easier to write a constantnumber 12 than a reference =A7.Doctrine: Subject comprehends spreadsheets to consist of constants andcalculations (formulas) where the distinctive feature of calculationsis that they include operators or function calls. The formula =A7does not have operators, so it may be perceived as not beingcalculation and so the subject uses the constant number 12 insteadof the formula.Paradigm: Misusage of the Copy-operation. Subject might think that she hasmade a dynamic copy of the constant value cell using Copy-operation (so that if the cell content changes, the copy will changealso).Excel Error type E6. Malformed formula 20 % (0-0-20-0-13).Possible causes:Doctrine: Subject has not enough knowledge to implement the right formula.Especially in task 2 the cumulative sum is a cognitively quite hardplan. We saw a total of seven different ways to produce the rightresult and six incorrect versions of these ideas.Doctrine: Subject has no mathematical model for the computation needed, soshe cannot implement it with a spreadsheet.Excel Error type E9. Missing formula 23 % (0-0-23-53-44). See Task 4.Basset Error type B1. Missing goal 64 % (68-25-64-0-31). See Task 1A.

19Task 3: Adding new items to existing data structures.Excel Error type E7. Wrong reference in a new formula 30 % (0-0-0-30-19).Possible causes:Paradigm: The subject does not use mouse pointing when inserting referencesto a formula and makes a visual slip when determining the cellreference for typing.Paradigm: ( T a s k 3 ) T h e r e w e r e 3 i t e m s i n b o t h i n p u t s e q u e n c e s a n d a computation for their pair-wise multiplication. The places for newitems occurred in the middle of the input sequences. The Insertr o w s - o p e r a t i o n w a s a p p l i e d t o d i f f e r e n t p l a c e s i n t h e i n p u t structures, because the structures were laid out horizontally next toeach other but not starting from the same row. This caused the cellreferences in some of the following formulae to change so that theydid not refer to successive rows anymore. Thus the successiveformulae in output structures did not have a similar visual formanymore. This may have confused subjects to select a wrongformula to copy.Excel Error type E8. Incomplete but so far correct computation 25 % (0-0-0-25-0).Possible causes:Paradigm: The subject gets confused when the references in formulae updateda r e a u t o m a t i c a l l y a f t e r i n s e r t i n g n e w d a t a i t e m s i n t o i n p u t structures. The references in adjacent cells cross each other. Thiscan confuse the novice subject to believe that the formulae aresomehow wrong. The subject chooses a strategy to write over theold formulae by hand so that they will be �right� again. This takesl o n g e r t i m e a n d t h e y h a v e n o t e n o u g h t i m e t o c o m p l e t e a l l formulae.Excel Error type E9. Missing formula 53 % (0-0-23-53-44). See Task 4.In Task 3 the Basset group had only three erroneous applications. In all cases, the ready-made calculations were deleted by the subjects. The reasons are hard to imagine, onepossible explanation is that in Basset the output structure shrinks to a chamber whose valueis ERR, if there are any problems in calculation. When a subject adds a new element to thefirst input structure, the numbers of elements in input structures differ and the pair-wisemultiplication cannot be computed, so the temporary result is ERR. The subjects may havedeleted the output structure at this point because it seemed to be wrong. Because of thesmall number of errors, no error types are listed for Basset in this task.Task 4: Adding new calculations to an existing computation.Excel Error type E6. Malformed formula 13 % (0-0-20-0-13). See Task 2.Excel Error type E7. Wrong reference in a new formula 19 % (0-0-0-30-19). See Task 3.

20Excel Error type E9. Missing formula 44 % (0-0-23-53-44).Possible causes:Doctrine: Subject does not have the right mathematical model to calculate thecurrency exchange, so she cannot implement the computation.Paradigm: Subject does not understand the concept of absolute references. Thecalculation should refer to the multiplier cell with an absolutereference and the subject cannot enter it.Paradigm: ( T a s k 3 ) S u b j e c t c o m p r e h e n d s h o m o g e n e o u s a r e a s a s w h o l e objects. In almost all cases the input areas were constructedcorrectly. Either this took all the time or adding new items to theinput structures changed the references in formulae and this causedsubjects extra mental load and prevented them from devising thenew formulae.Excel Error type E10. Malformed decimal number 24 % (0-0-0-0-24).Possible causes:Tool: Subject uses period instead of comma as decimal number separatorin currency values and Excel misinterpreted the content of the cellas text.Basset Error type B1. Missing goal 31 % (68-25-64-0-31). See Task 1A.Basset Error type B2. Wrong goal applied 19 % (14-13-0-0-19). See Task 1A.Basset Error type B3. Wrong arguments for a goal 19 % (9-25-0-0-19). See Task 1A.4. 3. DiscussionThe error analysis above defined the types of errors the subjects produced in each of thetasks using the two tools. There were total of 10 different Excel and 4 Basset error types.We will now discuss about the possible explanations behind these error types.4.3.1. Doctrine Evoked ErrorsThree Excel error types (E5, E6, E9) and two Basset error types (B1, B3) have possiblecauses that could be explained by the structure and content of the subjects� mental model ofspreadsheet computation.There seemed to be at least four types of possible reasons for subjects� doctrine evokederrors. First there were errors concerning misunderstanding of spreadsheet concepts like thedifference between a reference to a cell containing a constant value and using a constantwith the same value in computation. Second there were errors due to fragmentaryknowledge of spreadsheet operations and usage. Examples of this could be when thesubjects could not change the layout of the sheet to compensate the effects of insertingareas. Another example could be a misconception of Copy-operation. The same Copy-operation is used to copy constants and formulae and the subjects seemed to think thatcopying constant values is a kind of dynamic copy so that if the original constant value willchange, the copy of that value will also change.

21Third there were errors resulting from cognitively hard tasks, e.g., in the error type E6subjects could not devise a plan for cumulative sum. Another example of this could be theerrors concerning the identification of all correct and needed goals for the solution. Theerror type B1 (missing goals) could be explained by subject not succeeding in constructingthe right goal for the task. Fourth there were errors in mathematical models underlying thespreadsheet implementations of formulae. These could be classified to a different (higher)class than spreadsheet-based computation doctrine because they could manifest themselvesin other computation doctrines also.4.3.2. Paradigm Evoked ErrorsFor the purposes of this paper, paradigm evoked errors are most interesting as they mayreveal fundamental differences between structured and traditional spreadsheet paradigms.Eight Excel error types (E1, E2, E3, E4, E5, E7, E8, E9) and two Basset error types (B1,B2) have possible causes that may be explained by the paradigm specific features of the twotools used in the experiment.The conceptual levels of the two paradigms differ. The paradigm errors we found in thisstudy can be explained by this difference in conceptual levels. The Excel errors deal mostlywith the low level details of formulae. This can be seen as a manifestation of the lack ofdata structuring tools and poor connection between data areas and calculations. On the otherhand, the Basset errors occur at the data structure level of computation. We will firstelaborate upon Excel errors and then upon Basset errors.Typical errors in Excel are connected to copying. In the error type E1 the referenced area istoo large and one probable cause is the misunderstanding of the Copy-operation. There aretwo input data areas, which are of different size. A subject adds empty cells to the smallerarea probably because she may think that the referenced areas have to be of the same size inorder for a Copy-operation to succeed.Another misunderstanding of the Copy-operation can be found in error type E5. The sameCopy-operation is used to copy constants and formulae, which may confuse a novice subjectto over generalize the concept of Copy-operation. Furthermore, the traditional spreadsheetcalculation paradigm does not separate constant value cells from formula cells in the cellsurface appearance. This may make it hard for a novice subject to distinguish between theconcepts of a copy of the cell content and a reference to the cell.Changing the input data area, e.g., adding new elements to the data, seemed to be a hardoperation for novice subjects. The traditional spreadsheet paradigm utilizes a fixed gridof cells in its user interface. Adding new cells to the grid moves old areas to right ordown and the new area looks good. But all the other input data or calculation areas thatwere stretching over the same rows and columns as the new added area, are mutilated.In the experiment, this kind of addition of new cells to a particular input structure wasdone by most of the Excel subjects in such a way that the result looked like new emptycells were added in the middle of the other input structures also. This seemed to confusethe novice subjects, because they did not probably comprehend what did happen. Also, ifthe added cells were at the end of an old area the formulae was not updated to contain thenew cells automatically. The novice subjects often forgot to update the referenced areas.Error types E3, E4, E7 and E9 could be explained by this type of action.

22Subjects can comprehend homogeneous areas as objects. The error type E7 (adding newitems to the input structures) changed the references in formulae, the formulae differedperceptually and the subjects did not perceive the formula area as a homogenous areaalthough the cells were laid out uniformly. This probably caused them to switch theirstrategy from copying formulae (used in homogenous areas) to writing formulae one byone. It seems that in Task 3 subjects selected this strategy to correct and add newmultiplication. This caused a lot of errors in formula referencing.Overall the Excel subjects in this study seemed to interpret some type of objects consistingof multiple cells and sometimes they seemed to think that these objects could be used inc a l c u l a t i o n s . T h i s t y p e o f i n t e r p r e t a t i o n h a s b e e n v e r i f i e d i n e m p i r i c a l s t u d i e s o f spreadsheets earlier (Saariluoma and Sajaniemi, 1989, Sajaniemi et al., 1999). Otherempirical work on spreadsheet calculation describes also similar cases, where user feels thatthe spreadsheet system should calculate using task specific larger structures than one cell(e.g., see subject Sue in Hendry and Green study (Hendry and Green, 1994)).The Basset error type B1 (missing goals) could be explained by the amount of details ingoal descriptions. The distinction between available goals can be small and that could bewhy a subject could not select the appropriate goal. The higher conceptual level of thestructured spreadsheet calculation paradigm could also explain B1. The paradigm forces auser to think globally of the solution, i.e., to plan and design the solution before starting theimplementation. This causes a lot of mental load for novices and is against the novices�preferred strategy to think locally of the solution (e.g., see Spohrer et al. (1985) for adiscussion of Pascal novice strategies). This error manifests itself in the tasks where there isa chain of goals, i.e., tasks 1 and 4.The number of concepts that is required to successfully use Basset is quite high. Theconcepts of the structures, the types of the structures, the modification of structure sizes, theready-made goals and the concepts of calculation have to be mastered. The subjects didperform quite well, but in some tasks they seemed to make decisions based on fragmentaryknowledge of the structured spreadsheet calculation and some surface level details of thegoals in Basset. Studies of novice Pascal programming have demonstrated similar behavior(Bonar and Soloway, 1985b).The error type B2, the selection of a wrong goal could also be explained by the largeramount of details to look for in Basset than in Excel even at the beginning level ofspreadsheet calculation. The novice user has to master the goals of Basset in order to knowwhat kind of computations there are in the system. The goal descriptions have to be readcarefully in order to distinct the goals from each other. Some of the subjects did not payattention to this and selected wrong goals for the task. In budget task most of the wronggoals were Pairwise Sums instead of Pairwise Difference. It could be argued that the time tolearn Basset was short for mastering all of the goals in the system.4.3.3. Tool Evoked ErrorsTwo Excel error types (E1, E10) and four Basset error type (B1, B2, B3, B4) have possiblecauses that may be explained by the usability features of the two tools used in theexperiment.

23Both tools have some strange features at their user interface and operations. For example,Excel shows the area to be copied surrounded by a flashing line, which is not a normalfeature of Ms Windows standard. This seems to be distracting to novice users. Also Bassetfor example does not ask the user whether she wants to save the spreadsheet if it is notsaved and the user opens a new sheet.This category explains errors that were most likely caused by the low-level details of usage.One usability problem not addressed directly in the experiment was that Basset operates inthe X Window environment. The look and the feel of the X Window environment was notfamiliar to the subjects in the experiment. This was remedied by not requiring the subjectsto do any other actions in the X environment than using Basset. The counselor of thee x p e r i m e n t s e s s i o n s t a r t e d t h e X e n v i r o n m e n t a n d B a s s e t b e f o r e h a n d f o r a l l t h e workstations used in the experiment.There were six tool type error causes found in the experiment. The first was in Excel errortype E1 (usage of AutoSum-operation). Excel�s AutoSum-feature automatically includesempty cells between the referenced number area and the cell in which the formula is written.This does not produce an immediate error in computation but is a potential error cause forthe future use of the sheet. The second tool type error cause was in E10 (malformed decimalnumber). This happened because some of the subjects confused the usage of comma andperiod. They used period as a currency value in task 4 and Excel misinterpreted the contentof the cell as text. The text value could not be used in computation.Basset is still a prototype implementation of the structured spreadsheet calculationparadigm. There are problems with the menu selections, the order of elements in menus andthe division of goals into submenus. These problems cause extra mental load, which couldbe an explanation for Basset error types B1 and B2 in many cases. These Basset usabilityproblems with menus were often mentioned at after the course questionnaires.The fifth tool type error cause was in Basset error type B3 (wrong arguments for the goal).This was a serious error producing many erroneous spreadsheets in tasks one and four. Thearguments of a goal are assigned when the goal is applied in Basset. This operation�susability in Basset is poor. A user has to first select the first argument and then select astructure using several user interface operations. After this the user has to select the nextargument and so on. The arguments appear in the order they are originally written into thegoal specification and this may not meet the requirements of the user. For example, in thetask 4 we have MultiplyByConstant goal, which has a chamber (multiplier) and a table(multiplicand) as its arguments. A user can select this goal from the category Chamber(from Goals menu) and think that she is assigning the chamber as the first argument, but thefirst argument in the goal specification is the table (multiplicand).The sixth tool type error cause was in Basset error type B4 (no new item added into theinput structure). This error type happened in task 1B but the same subjects could performthe same operation correctly in task 3. One likely explanation is that the subjects performedthe operation correctly in task 1B but forgot to save the file.4.3.4. Results summaryThe Excel subjects performed significantly better in task 1 than the Basset subjects. Thiscould be explained by strategic differences of the tools. Basset forces a user to work with a

24more global approach to the solution. The user has to plan beforehand what kind of inputstructures to use, whether there is an appropriate goal existing etc. Excel allows a user towork at the local cell level, concentrating upon the details of the current cell entry at a time.The local cell level entry strategy seems to work for simple application at the novice levelfaster than Basset�s approach. Also the task 1 required largest amount of cell entries.Entering the cells is slower with Basset than with Excel because Basset requires creating theinput structures first and adding the titles require much extra work with multiple menus anddialog windows. This could have slowed Basset users down resulting the numerousincomplete applications.The Basset subjects performed significantly better in tasks 2 and 3 than the Excel subjects.Accumulation seemed to be a hard calculation for novice spreadsheet users. The Excelsubjects used the largest assortment of different plans in task 2. They also made the mosterrors in this task. The accumulation is a system-implemented goal in Basset. For the Bassetsubjects it was enough that they understood the goal and could apply it within the system.This explains the difference in groups� performance in task 2. In task 3, inserting new itemsto existing data and calculation areas in Excel was difficult for the novice subjects becausethe insertion mutilated other data structures and the cell references in existing formulae. InBasset insertion is an operation applied to an input data structure and the necessary changesin computations will be done automatically by the system. It seems that Basset�s higherconceptual level helps the novice users in more complex spreadsheet tasks.The error classification revealed the largest number of causes in the class paradigm evokederrors. There were 8 paradigm evoked error types in Excel and 2 in Basset. This result isinteresting because it suggests that raising the conceptual level of spreadsheet systembenefits the users. The overall error numbers were smaller in Basset than in Excel and theclassification revealed less paradigm evoked errors than other errors. In the other classes,there were 3 Excel error types and 2 Basset error types in the doctrine evoked error classand 2 Excel and 4 Basset error types in the class tool evoked errors. These are not sointeresting because their reasons cannot be remedied by changing the tools or are easy tofix.5. ConclusionsT h e r e s u l t s s h o w t h a t t h e e r r o r b e h a v i o r o f n o v i c e s p r e a d s h e e t p r o g r a m m e r s i s systematically different between the traditional spreadsheet calculation paradigm and thestructured spreadsheet calculation paradigm. The reasons for these error behaviors wereconsidered in the context of the content of subject�s mental model of the spreadsheet-based computation doctrine in general, the characteristic differences between the twospreadsheet calculation paradigms, and the usability of the two tools used. We classifiedthe error types into these classes and discussed the probable causes for each error type.There were 8 paradigm evoked error types in Excel and only 2 in Basset. To our opinionthis shows that Basset has succeeded in raising the conceptual level of spreadsheetcalculation preventing some of the problems of the traditional spreadsheet paradigm tooccur in structured spreadsheets. The remarkably low error rate in Basset users group forparadigm evoked errors makes it evident that chancing the conceptual level of spreadsheetsystems will have a significant effect on the number and the type of errors novicespreadsheet users will produce.

25In doctrine evoked error class, there were 3 Excel error types and 2 Basset error types.These are errors that can only be remedied by learning and experience. This was a study ofnovice subjects and the difference between the paradigms in this error class is not great.There were only 2 Excel and 4 Basset error types in the class of tool evoked errors. Theseare the easiest error causes to fix because they require only minor changes in the userinterface of the tools.The traditional spreadsheet calculation paradigm has been criticized for it�s low conceptuallevel. It has been argued that this low conceptual level causes many errors in spreadsheetdevelopment and use. Our study supports this view by finding a large number of traditionalspreadsheet paradigm evoked errors. Yet there has not been many attempts to change theconceptual level of spreadsheet calculation (Napier et al., 1989). The structured spreadsheetcalculation paradigm is one effort to help the users of spreadsheet calculation to performmore error freely by raising the conceptual level of spreadsheets. The current study clarifiedsome error types in both the traditional and the structured spreadsheet paradigms. Thisprovides a promising area for further investigation of the underlying reasons for these errortypes, the advancement of both paradigms and the development of better tools to supportspreadsheet users.AcknowledgmentsThe author would like to thank Jorma Sajaniemi for his deeply thought advice and warmencouragement during this work, Kari Hassinen, Marja Kuittinen and Jorma Sajaniemi fortheir insightful explanations of the spreadsheet errors, and Juha Hakkarainen for runningone half of the experiment sessions.

26References:B o n a r , J . & Soloway, E. (1985b). Preprogramming Knowledge: A Major Source ofMisconceptions in Novice Programming. Human-Computer Interaction (2): 133-161.Bonar, J. G. (1985a). Understanding the Bugs of Novice Programmers. Ph. D. Thesis,Computer and Information Science, University of Massachusetts.B r o w n , P . S . & G o u l d , J . D . ( 1 9 8 7 ) . An Experimental Study of People CreatingSpreadsheets. ACM Transactions on Office Information Systems 5(3): 258-272.Curtis, B. (1988). Five Paradigms in the Psychology of Programming. In Helander, M.Handbook of Human-Computer Interaction. Elsevier Science Publishers B. V.Davies, S. P. (1990). The nature and development of programming plans. Journal of Man—Machine Studies 32: 461-481.Davies, S. P. (1993). The Structure and Content of Programming Knowledge: DisentanglingTraining and Language Effects in Theories of Skill Development. Journal of Human—Computer Interaction 5(4): 325-346.Detienne, F. (1990). Expert Programming Knowledge: A Schema-based Approach. In Hoc,J.-M., Green, T. R. G., Samurcay, R., Gilmore, D. J. Psychology of Programming.London, Academic Press.Doyle, J. R. (1990). Naive users and the Lotus interface: a field study. Behaviour &Information Technology 9(1): 81-89.Ehrlich, K. & Soloway, E. (1984). An Empirical Investigation of the Tacit Plan Knowledgein Programming. In Thomas, J. C. & Schneider, M. L. Human Factors in ComputerSystems. Norwood, New Jersey, Ablex Publishing Corporation. 113-133.Hassinen, K., Sajaniemi, J. & V�is�nen, J. (1988). Structured Spreadsheet Calculation.1988 IEEE Workshop on Languages for Automation, Computer Society Press, 129-133.Hendry, D. G. & Green, T. R. G. (1994). Creating, Comprehending and ExplainingSpreadsheets: a Cognitive Interpretation of What Discretionary Users Think ofSpreadsheet Model. International Journal of Human-Computer : 1033-1065.Kay, A. (1984). Computer Software. Scientific American 251(3): 41-47.Lewis, C. & Olson, G. M. (1987). Can Principles of Cognition Lower the Barriers toProgramming. Empirical Studies of Programmers: Second Workshop, Washington,D. C., Ablex Publishing Corporation, 248 - 263.Microsoft (1994). Microsoft Excel User’s Guide ver. 5.0. Ireland, Microsoft Corporation.Napier, H. A., Batsell, R. R., Lane, D. M. & Guadagno, N. S. (1992). Knowledge ofCommand Usage In a Spreadsheet Program. DATA BASE 23(1): 13-21.Napier, H. A., Lane, D. M., Batsell, R. R. & Guadagno, N. S. (1989). Impact of aRestricted Natural Language Interface on Ease of Learning and Productivity.Communications of the ACM 32(10): 1190-1198.Nardi, B . A . ( 1 9 9 3 ) . A Small Matter of Programming: Perspectives on End UserComputing. London: MIT Press.Norman, D. A. (1986). Cognitive Engineering. In Norman, D. A. & Draper, S. W. Centered System Design. Hillsale, NJ, Lawrence Erlbaum. 31-61.Olson, J. R. & Nilsen, E. (1987-1988). Analysis of the Cognition Involved in SpreadsheetSoftware Interaction. Human-Computer Interaction 3(4): 309-349.Panko, R. (1997). Spreadsheet Research (SSR) http://panko.cba.hawaii.edu/ssr/. (5.1.2000).Rist, R. S. (1989). Schema Creation in Programming. Cognitive Science 13: 389-414.

27Rist, R. S. (1995). Program Structure and Design. Cognitive Science 19: 507-562.Ronen, B., Palley, M. A. & Lucas, H. C. J. (1989). Spreadsheet Analysis and Design.Communications of the ACM 32(1): 84-93.Saariluoma, P . & S a j a n i e m i , J. (1989). Visual information chunking in spreadsheetcalculation. International Journal of Man-Machine Studies 30: 475-488.Sajaniemi, J. (1989). Goals and Plans as a Basis for User Interfaces in SpreadsheetCalculation. In Pulliainen, K. & Sihvo, H. West of East. University of Joensuu. 129-140.Sajaniemi, J. (1999). Modeling Spreadsheet Audit: A Rigorous Approach to AutomaticVisualization. Accepted for Journal of Visual Languages and Computing .Sajaniemi, J. & Pekkanen, J. (1988). An Empirical Analysis of Spreadsheet Calculation.Software—Practise and Experience 18(6): 583-596.Sajaniemi, J., Tukiainen, M. & V�is�nen, J. (1999). Goals and Plans in SpreadsheetCalculation. Dept. of Computer Science, University of Joensuu, Technical Report,A-1999-1.Soloway, E. & Ehrlich, K. (1984). Empirical Studies of Programming Knowledge. IEEETransactions on Software Engineering 10: 595-609.Soloway, E., Ehrlich, K., Bonar, J. & Greenspan, J. (1982). What Do Novices KnowAbout Programming. In Badre, A., Shneiderman, B. Directions in Human/ComputerInteraction. Ablex Publishing Co.Spohrer, J. C., Soloway, E. & Pope, E. (1985). A Goal/Plan Analysis of Buggy PascalPrograms. Human-Computer Interaction 1: 163-207.Tukiainen, M. (1996). ASSET: A Structured Spreadsheet Calculation System. Machine-Mediated Learning 5(2): 63-76.Tukiainen, M. & Sajaniemi, J. (1996). Spreadsheet Goal and Plan Catalog: Additive andMultiplicative Computational Goals and Plans in Spreadsheet Calculation. Dept. ofCS, University of Joensuu, Technical Report, A-1996-4.