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Abstract

Spreadsheets have become a routine application in most organizations and
universities. Consequently, students are required to learn spreadsheet
applications such as Microsofi Excel. The learning of spreadsheets is often
accompanied by problems related to spreadsheet applications and their
mathematical content, The EXITS (Exce! Intelligent Tutoring System) research
project aims to develop a Microsoft Excel tutor that helps students to overcome
their learning difficulties. The paper reports on the first phase of our EXITS
research project. We firstly identify barriers that may prevent a student from
successfully using a spreadsheet program. We then analyse the different types of
errors students make and identify their causes. We also classify the errors. This
classification will form the besis for an error library that is required for our
studert model. At the end of the paper we give an example of how our model
will be used for student modelling purposes.

1. Introduction

The main task of a spreadsheet program is to analyse and
manipulate numbers, For example, numbers can be entered into ceils
and mathematical calculations can be performed to solve almost any
kind of numeric problem. It also allows the user to represent the
numerical data in a more accessible form as charts. Although
spreadsheets have been around for about 20 years, novice and expert
spreadsheet users still have difficulties when using spreadsheets

(Tukiainen 2000: 247; Brown 1987: 258).
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When users start working with spreadsheet programs, they have to
cope with two challenges. One is t0 master the application program
and the other is to understand the mathematical concept of
spreadsheets. We have found that computer literacy students
experience both spreadsheet and mathematical leaming difficulties
when using a spreadsheet program for the first time. Unfortunately, the
majority of available spreadsheet tutorials focus only on spreadsheet
concepts, {e.g., how to use a SUM function or how to create a chart),
but do not provide mathematical assistance. Thus, these packages will
not be able to assist students in performing more complex spreadsheet
calculations or overcoming learming difficulties associated with
mathematical and logical thinking. Each student has individual needs
and problems. Therefore our aim is to develop a software program to
provide students with individualised tuition to overcome these
problems. We have decided to develop an intelligent tutoring systermn
(ITS), namely EXITS (Excel Intelligent Tutoring System), to provide

.. personal instruction and error-specific feedback for a variety of
= problems a student may experience.

: This paper reports on the first phase of our EXITS research
* project. The aim of this phase was twofold. For student modelling
. purposes, barriers that may prevent a student from successfully using a
= spreadsheet program were identified. Secondly, a survey of the
i different types of problems experienced by students was conducted.
- This information will be used to guide the error feedback for EXITS.

2. An Overview of Student Modelling As Part of an
©  Intelligent Tutoring System

; Intelligent tutoring systems are software programs that provide
: individualized tutoring or instructions. They have the ability to present
the teaching material in an interactive environment and provide
* personal instruction and error specific feedback (Mandridou 2003:
: 157). Compared to other computer-based training techniques ITS
¢ systems assess each learner’s actions within these interactive
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environments and develop a model of their knowledge, skills and
expertisc. Based on the learner model, the ITS system aims to simulate
a human tutor who can adapt his or her instructional strategics in terms
of both the content and the style, and provide explanations, hints,
examples, demonstrations, and practice problem- solving as needed.
The widespread use of ITSs has been impeded by the high costs
associated with developing these systems (Mizoguchi 2000: 107).

An intelligent tutoring system usually consists of four
interconnected core modules: A domair/ expert module, which defines
the expert knowledge In an area and the problem-solving
characteristics (Serengul 1998). The pedagogy/-tutoring module
contains teaching strategies and teaching instructions. The
communication module provides an interface, which controls the
interaction among student, teacher and knowledge, and the student
module captures the student’s knowledge, which is used to guide the
feedback and information presented (Baffes 1996: 403). In order to
provide individualized tuition to students, one of the main tasks of an
ITS is to construct a student model, which i1s used to guide the
feedback and information in response to the student’s performance.

A number of different student modelling strategies have been
developed over the years. One of the approaches is the perturbation
student model (Burton [982: 157). This model assumes that the
student’s know!ledge is a subset of the expert knowledge and that this
student knowledge may contain sets of errors or misconceptions,
which must also be represented. To build such a model the system
requires a library of mustakes (bug library) students are likely to make.
The aim of this is to grow the student’s subset of the expert knowledge
while climinating the errors and misconceptions in the student’s
knowledge,

This paper is addressing the student modelling aspects by
identifying factors that influence student performance negatively and
analyse errors made by students.
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3. Course Background and Experimental Methodology

The spreadsheet course is part of a Computer Literacy course that
is held every semester at the University of KwaZulu-Natal. The
spreadsheet section usually consists of about 12 spreadsheet lectures,
one 12 -hours and two 3-hour practical sessions. The software
package used to teach the students is Microsoft Excel 2000.

A questionnaire was administered to Computer Literacy students at
the Urnsversity of KwaZulu-Nata! during a Microsoft Excel practical
session to collect data for the student module. We used a practical to
hand out our questionnaire because it allowed the students to respond
to problems experienced, something which cannot be achieved in a test
environment.

In addition of formatting tasks, 2 multiplication formula, the SUM,
AVERAGE, MIN, MAX and COUNT function, and a percentage
calculation were included. Functions like SUM, AVERAGE etc. are
predefined functions that Microsoft Excel uses to perform calculations
= by using specific values, called arguments, in a particular order or
! structure. For example, the SUM function adds together values or
- ranges of cells, and AVERAGE finds the average of a group of
-pumbers. Both the multiplication formula and the percentage
: calculation require the use of cell references, which refer io a place in
- a worksheet where Microsoft Excel picks up the value. Brown (1987:
- 258) showed that 70% of the reported errors were errors in formulae,
From our experience we believed that the students had more problems
. in dealing with formulac using cell references and functions than with
- simple formatting aspects.

: The aim of the questionnaire was to get information about the
= students’ backgrounds as well as information about problems
experienced during the practical. With the analysis of the questionnaire
“ we tried to identify the barriers that may prevent a student from
* successfully using spreadsheets.

. To provide individualized feedback on the errors made by the
" student, we needed to find a methodology to assess these errors. Our
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aim was to identify the problems students experience and to look at the
kind of errors the student made without the influence of a human tutor,
which would obviously affect the result. This study was therefore done
during a spreadsheet test with the purpose of using the outcome as a
basis to provide necessary error feedback for the students and to create
our error library. Although we are mainly concentrating on errofs in
formulae and functions in this paper, we will also handle other errors
in our student model, for example, errors when creating a chart or
sorting data.

Not all the students that attended the test attended the practical and
vice versa. Therefore the size of our sample groups varied. A total of
151 students attended the practical and returned the questionnaire and
a total of 165 students antended the test. 121 students participated in
both test groups.

4. Analysis of Learning Problems and Identification of
Problem Groups for Student Modelling Purposes

4.1. Student Background

In order to identify barriers and the relationship between student
background and performance, we investigated the background of each
student to see if the problems experienced by the students might be a
lack of computer knowledge (e.g. that students may have difficulties at
all to use a computer) or a lack of mathematical knowledge (e.g. that
students struggle when dealing with mathematical calculations in
spreadsheets). We investigated whether a correlation exists between
the understanding of spreadsheets and the mathematical knowledge as
well as computer skills. We also included the language aspect in our
survey,

A report on problems in Mathematics education at the former
University of Durban-Westville discussed the language issue (Paras
2001:66). They stated that students were not sufficiently exposed to
the mathematical concepts in English and most of them struggle when
they come to university because the instructions are given in English.
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When second-language leamers do not understand the English
instructions they immediately switch to mother tongue. From
interviews with Computer Literacy tutors we also found that if a tutor
explained something to one student, this student will explain it to the
other students in his home language. Research at the University of Port
Elizabeth (South Afnica) also showed, that apart from study habits and
Mathematics pre-knowledge, the English language proficiency can be
used to predict academic performance of students in subjects that
require the ability of mathematical thinking (Koch 2001: 138). When
looking at the language aspect we didn’t test the English language
proficiency because it would have been too time consuming for the
students to fill in the questionnaire and te do an English language
proficiency test. Thus we used the student’s first language as an
indicator.

Figure 1 shows that the background of our survey group was very
mixed in terms of their first langnage, Mathematics level and computer
.. experience. The majority of the students (53%) had English as their
- first language followed by Zulu (20%) and Setswana (9%) (Figure
: 1(a)).
We also asked the students about computer experience before they
¢ started the Computer Literacy course. The computer skills of the test
: group (Figure 1{b)) was very mixed and ranged from students with
i “Computer Science in matric (school-leaving exam), including
© programming experience” to studenis with “no computer experience
- before the course”. About 10% of the students stated that they worked
- with Microsoft Excel before and 48% of the students had no
: experience with a computer before they started the course. We will
* refer to the latter group as “novice users” in this survey.

The breakdown of the mathematical experience is shown in Figure
- 1{c). 43% had higher-grade 12 Mathematics and 29% had standard
. grade |2 Mathematics. The mathematical education of 17% of the
: students was below standard-grade 12 Mathematics.
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®
Figure 1; Background of survay group. (a) First language (N=151), (b} Mathematics lavel
{N=150) and (¢} Computer experience (N=151).
4.2. Analysis of Problems vs. Student Background

The objective was to determine whether an association exists
between the number of problems a student had when doing the
practical and their mathematical education, their computer experience
and their first language. In order to test these hypothesis we used the
Pearson chi-square (y2) test, which is often used as a significance test
to determine if there is a dependence of two qualitative variables.

Table 1: Number of problams in relation lo mathematical education, first language and
computer experience

] Hypothesis x| df P Y
100 Mathemafical adugation 303 6 | PQOt | O
12 First language 16.9] 3 | P<0O01 | 039
100 | Mathematical educationf First | 48.5 | 15 | P<0.01 | 0.3

language
112 Compuler experience 78 | 3 | P<0055 | 0.07
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Table 1 shows the preliminary analysis of the demographics with
the following results: the mathematical education is strongly
associated (V=0.71) with the number of problems experienced with
Microsoft Excel. This is also displayed in Figure 2(a), which illustrates
the number of problems in relation to the mathematical education. 57
students considered had higher grade 12 Mathematics, 30 students had
standard grade 12 maths and 17 had lower grade 12 Mathematics or
lower. If we look at the different groups we can see that from the 57
students with higher-grade 12 Mathematics most of them (39%) had
no problems with the practical and only 9% of this group had more
than 6 problems with the practical. If we compare the group with
lower grade Mathematics and below lower grade Mathematics, none of
the students in the group had “no problems” and the majority of this
group (61%) had more than & problems. In general, we observed that
students with higher mathematical gqualifications had fewer problems
doing the Microsoft Excel practical than smdents with a low level

mathematical background. This is what we expected, because
* spreadsheets in general are mathematically oriented programs and
s therefore students with a poor mathematics background may find it
- difficult to form equations and understand the concept of spreadsheet
; functions. This finding is aiso reflected in Figure 3 which shows that
: most of the problems occur when students were requested to write an
- equation.

; Table 1 illustrates that there is a moderate association {(V=0.39)
“between first language English and number of problems
- experienced with Microsoft Excel, which is also displayed in Figure
- 2(b). In this figure, we can see that the number-of students with more
* than 6 problems is larger for students with the first language not being
- English {39% of the first language not English group) than for student
-with first language English (9% of the first language English group).
: Also the number of studemts with fewer than 4 problems is
- proportionally higher for students with the first language English
: (72%) compared to 37% observed for students with the first language
" not being English.
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However, there is a correlation between the students’
mathematical ability and language proficiency as indicated by a V of
0.31. Thus, there could possibly be an indirect correlation between
success in the spreadsheet course and language proficiency due to the
methodology employed to teach Mathematics at second language
schools. Alternatively, language proficiency could have a direct impact
on the students’ success in Mathernatics.
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Figure 2: Number of problems in relation to (a) Mathematical education, {b) First
ianguage and (c) Computer experience

Students with no computer experience appear to have had more
problems than those students that have previcusly used a computer. It
= seems that there is a correlation between computer experience and the
" number of problems experienced. But if we look at the calculated
“ correlation factor in table 1 we can deduce that there is only a very
-weak association (V=0.07) between computer experience and the
“number of problems students” experience. This association is not as
- strong as the language and mathematical correlations.

43 Discussion on Problem Groups

¢ The statistical tests indicated that a significant relationship exists
- between mathematical education and the number of problems a student
- experienced. We observed that smdents with a lower level of
- mathematical education experienced more problems during their
: practical than students with a more extensive mathematical
~background. The questionnaire also revealed a significant relationship
- between the language proficiency and the number of problems
experienced. Studenis whose mother tongue was not English
- experienced more problems during their practical session. The
. relationship between a computer experienced user and the number of
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problems is on the other hand not as significant as the mathematical
background and the first language. Based on this survey we can now
identify two barriers that may prevent a student from successfully
using a spreadsheet program. One is the mathematical literacy, and the
other ts the first language.

Mathematics is used as an indicator of both the student’s
mathematical knowledge and problem-solving ability. If the
mathematical ability of a student is low and he/ she cannot perform
calculations, that student will also experience problems performing
calculations in Microsoft Excel. If the problem solving ability of
students is low we can predict that those students will experience
difficulties with logical and complex problems like sorting, if
staternents, financiai functions, and absolute cell addressing. They can
be expected to experience fewer problems with simple functions like
the SUM function, or simple calculations.

5. Analysis of Spreadsheet Errors

For our mode! it was necessary to identify both the errors studenis
make when they solve a problem and the causes of these errors, The
analysis of the causes will help us to generate the error library and to
guide the feedback in our model. Once we know what the problems
are we will be able to provide individual instruction and error-specific
feedback.

Most of the error classifications described in the literature only
provided a general overview of the errors made and thus lack the
details needed for our error library {(Panko 1997: 21; Tukiainen 2000:
247).

5.4. Errors Using Formulae and Functions

To reduce complexity and to structure our error library we tried to
find out if students frequently made similar errors in different formulae
and functions.

439



Tanya Reinhardi & Nelishia Pillay

We looked at the different types of errors students made, and we
can make some generalisations (Figure 3, Table 2 in Appendix A). We
classified three error categories:

1. Errors that apply to any functions and formulae. For example,
errors where students were not able to write down a solution at
all (GED).

2. Errors that occur in formulae and functions with a similar
syntax. A lot of funchions (predefined formulae that perform
specific calculations), like the SUM or AVERAGE function use
the same syntax (=function name{argument)} to perform a
calculation. Errors that occurred in any simple function were
errors related to the argument (GEA4).

3. Errors that only occur in specific formulae or functions. For
example if students added individual cells instead of ysing the
SUM function (SE1).

We defined errors that belong to category 1 and 2 as general errors
-and those errors that belong to category 3 as specific errors. Table 2 (in
-Appendix A) gives an overview of the different error types with
“examples of errors student made. ‘GE’ indicates a general error and
.*SE’ a specific error.
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Figure 3: Overview of general errors (GE) and specific (SE) emors using the SUM
funciion

3.5. Classification of Error Categories in Relation to Student
Knowledge

To provide error- specific feedback and assistance for our ITS it
was necessary to identify the causes of these errors.

If we look at all the errors made when students had to use
formulae or functions, we can identify two major causes. Firstly,
students made errors because they lack the knowledge of Microsoft
Excel concepts. For example, students didn’t know how to form a
correct argument in a function. Also students often didn’t understand
some of the concepts like the use of absolute cell references and
relative cell references. In our study, we refer to these emrors as
“spreadsheet errors”. For these errors, the assistance will concentrate
on the spreadsheet concepts or the syntax of formulae and functions.

Other errors were related to mathematical problems (e.g., the
studenis where not able to set up an equation to calculate a
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percentage). This also includes logical errors, such as, the use of
wrong units when using a financial function. Here we need to assist
the student to understand the mathematical concept of that task. For
some errors we are not able to distinguish whether the error is due to
the lack of spreadsheet knowledge or due to the lack of mathematical/
logical understanding.

If we look, for instance, at errors where students didn’t enter
anything into the cell (GE2a), we cannot decide whether the student is
not able to construct a formula with cell addresses (which would be a
“spreadsheet error”) or whether the student does not know how to
perform the calculation at all (which would be a “mathematics error™).
Therefore our feedback needs to cater for both aspects, to assist the
siudent with the mathematical feedback and to assist the student with
spreadsheet knowledge.

As mentioned earlier we identified two barriers, a mathematical
and a language barrier. So far we have concentrated only on the
“mathematical/ spreadsheet side and didn’t take the language aspect
inte consideration. From our experience as Computer Literacy tutors
-we identified some errors that can be related to language problems. For
-example, if somebody enters a number, which is not the calculated
;:result, as an answer into the cell, there are basically two possibilities as
‘to why the student failed to solve the problem. One possibility is that
the student doesn’t know how to perform the required calculation, the
‘other is that he/she doesn’t know how to apply the required
‘spreadsheet concept. But another possibility is that the student didn’t
aunderstand or misinterpreted the problem that he was asked to solve
-due to language probiems.

5 6. Error Statistics

> An analysis of the distribution of spreadsheet and mathematics
‘errors in formulae and functions revealed that the majority of errors in
:thc SUM function are related to spreadsheet problems (Figure 4a).
_From the type of errors the student made we can deduce that, although
“they made errors, they understand the mathematical concept of adding
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numbers. 64% of the errors students made were due to the fact that
they added single cell references (SE1) and 7% of the students typed
the result of the sum calculation into the cell (GE2¢). Therefore, we
can assume that most of the students who made an error using the
SUM function didn’t understand the concept of the SUM function.

The errors made when using the AVERAGE function were also
mostly (67%) spreadsheet errors {Figure 4b). 42% of the students
making errors using the AVERAGE function were able to carry out
the calculation. The number of spreadsheet errors made when using the
MIN or MAX function {36%) is lower than the number of spreadsheet
errors in the SUM and AVERAGE function (Figure 4¢).

As soon as a function requires more advanced mathematical/
logical knowledge we observed that the proportion of pure
mathematical/ logical errors increases, for example, when the students
have to deal with the IF-function (27%) or with the PMT/ FV-function
(31%). About a third of the errors made when using the IF function
were related to spreadsheet errors. It is obvious that some students
know the Mathematics and the logic of the task, but they were not able
to consiruct the required function correctly. For the PMT and the FV
function we couldn’t identify any “pure” spreadsheet ervors. The
majority of errors that occurred can be related to both categories.

In simple formulae 46% of the errors made were related to
spreadsheet errors. Most of the spreadsheet errors were due to cell
referencing. This is even more obvious when we lock at absolute cell
referencing. 58 % of the errors {GESa, GE2c, SES) made were due o
the fact that students had difficulties with the concept of absolute cell
addresses.
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Figure 4: Distribution of spreadsheet and mathematical errors in (a) SUM-, (b), Average-
- (c) Min/Max-, (d) IF-, (e) PMT/ FV-function, (f) simple formulae and (g) formulae using
~ absolute cell addressing. (Emor keys see Table 2 in Appendix A).
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6. Feedback Guidance Using the Buggy Medel - An
Example

Based on the different error categories we are now able to generate
a buggy model for our ITS. The classification of general and specific
errors allows us to structure the error library and to reduce the
complexity of the library. The analysis of spreadsheet errors in terms
of mathematical and spreadsheet knowledge will help us to provide the
necessary assistance for the students and to guide the feedback in our
buggy model. The investigation of student barriers also revealed that it
is necessary to provide additional help for students with language
problems, which needs to be implemented in our system.

Figure 5 shows the general concept of our buggy model. To
demonstrate the operation of our buggy model we use a problem
involving the SUM function as an exampie. The system generates a
SUM function problem (“Calculate the number of tickets sold”) that
the student has to solve. Our model will generate problems with
different levels of difficulty. These levels will depend on knowledge of
the individual student. The student types his solution into the cell
(“1675”") and the system compares this string with the solution
(“16757 £ "=SUM(CI:ES"). If the student soives the probiem he will
get positive feedback. In this example the student made an error. The
program now analyses and classifies the error to decide on a response
strategy.

45



Tanya Reinhavdt & Nelishia Pillay

T e Problem:
“Calcziste the rumber al' ﬂckeu
sold”

rebian Student solution: “1675"

T ———" vt ] Comparison with correct resubt:
“1675" = “=SUM{CLES)"
(SUM(C1:ES) retums value 1675)

Error clagsification:
“GE2”
(see figure & for details)

Feedback on error with hint on what
the error was:

“Your caleulation is corvect. But it ia
not dyzaic. You need o enter
function intg the cell.”

.;f Figure 5: Flow chart of feedback module with SUM function example

- Figure 6 illustrates in detail how the buggy modei will analyse the
error and provide feedback to the specific problems using a decision
: tree. The student’s solution to this problem is a number, but not the
"reqmred calculation that uses the SUM-function. The decision tree
< identifies the error as a GEZc error (the student manually calculated
= the result and typed it in). The feedback presented by the system is
~ similar to a response from a human tutor to this problem. The response
: that the system will provide is: “Your calculation is correct, but it is
~ not dynamic. You need to use a function for the calculation.” The
i feedback gives the student an indication of what his error is “Your
“ calculation is correct, but it is not dynamic” and also provides the
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student with additional information that his answer was not correct
because he didn’t use a function. “You need to use a function for the
caiculation.”

The student has the possibility to correct his error and to submit
his solution again. If this solution is correct he will continue with
another problem, otherwise the system will provide additional
feedback on the problems the student experiences.

e 1]

o TP N

< =
S ]
QR

Figure 6: Emor decision tree for feedback in SUM function

Corract solution

Checl if “=8UM(cell range)” is correct

GE2a, Check if cell is empty

GE3, Check if funcfion starts with “="

GEZ2, Check if entry is a number

Check if number = “result”

GE2c, "Your calculation is comecl. But it is not dynamic. You need to enter a

function into the ceil.”

GE2b, "You entered a number into the cell. Did you place your resuli in another

ceil? Or do you want me 10” 1) “expiain the task”, 2} “expiain the syniax of the SUM

function®

9 Check if cell entry starts with “SUM"

10 “You enfered a text into the call. Did you place your result in another cell? Or do you
want me 10" 1) “explain the task’, 2) “explain the syntax of the SUM function®

11 GE3, “You are on the right way. Check the syntax of your function if something is
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missing.”

12 GE2a, “You didn't fill anything into the cell. Did you place your result in another cell?
Or do you want me 10" 1) “explain the task”, 2} “explain the syntax of the SUM
function”

13 Check if function-name ="SUM"

14 Check if function has syntax “=...+...+°

15 GE1, “You used an incorrect functionfformula® Do you want me to” 1) “explain the
task”, 2) “explain the syntax of the SUM function”

18 Check if function adds all cells in celi range

17 SE1, “Your calculation is correct. But it is better io use a funclion instead of a
formuia.”

18 Check if formuia adds cell references

18 GESa and GESc, “You shouid use a funclion and you should use cell references
instead of values’

20 GESb, “You should use a function and you should also check on cell references’

21 Check if cell ref has format “celiref : celiref

22 GE4a, “You ysed the correct funciion. But you should check on the format of your
argument.”

23 Check if stud_ceil range = cell range - celis

5 24 Check if stud_cell range = celt range + celis

© 25 GE4d, "You used the correct function. But your cell references are not correct.” Do
. you want me 0" 1) “expiain the task’, 2) “explain the syntax of the SUM function”

> 26 GEde, “You used the correct function. But you should check if you included to many
© cells info your argument.”

+ 27 GE4b, “You used the comect function, But yoy should check if you included all the
 cells into your argument.”

7. Conclusions

: The main aim of this paper was twofold. For student modelling
purposcs barriers that may prevent a student from successfully using a
- spreadsheet program were identified. Secondly, a survey of the

- different types of problems experienced by students was conducted.
- This information forms the basis of our buggy model.

:  We have demonstrated how the background of the stdent in terms
- of English language proficiency and mathematical knowledge can
. influence the performance in Microsoft Excel spreadsheets.
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The study also showed that most errors occurred in areas where
students had to use formulae and functions that require logical or
mathematical thinking, or an advanced understanding of concepis,
such as the use of absolute cell addresses.

The errors that the students made can be classified as spreadsheet
errors, or mathematical-/ logical errors. Apart from the two error
categonies “mathematical/logical” and “spreadsheet” we could also
distinguish between general (GE) and specific (SE) errors.

We implemented the result of this study in our buggy model and
are now able to provide error- specific feedback and support.
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Appendix

Table 2: Overview of eror types and error examples in formulae and funclions (GE
general-, SE function! formula- spacific errors)

Ewror type Efror example
GE1 Student uses syntacticaily comect Student used the future value
formuia/ function, which is not function although the calculation
appropriate for this task. required the periodic payment
function
GE2 Student is not able to write down a
formula/ function at all.
GE22  Noceli gniries, Student didn't entar any formulal
function into the celi at all.
GE2b  Number typed in. Student entered an arbitrary number,
which was nol the calcutated result
GEZ¢  Resulttyped in. Student enterad the result in form of
a number of a textinto the ceil.
GE3 Error in syntax when forming formuia  Student left out brackets in a formula
of function. or forgot to place an equal sign at the

beginning of a formula or function.

GE4 Error in simple function ~ Emonaous
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argument

GE4a  Fommat of argument not comrect, Sludent used a formula as the
argument instead of cell references.

GEdb  Notall appropriate cellsincluded in ~ Student didn't indlude cell references

argument. that wera required for the comect
calculation.

GE4c  Title or additional cells inciuded in Student included the tithe or addifional

argument, cells at tha end or at the beginning of
the necessary block of cells.

GE4d  Incomect cell referencs (argument}  Student referred fo wrong cell
references and therefore caleulated
something completely different from
what was required.

GES Error in formula ~ error using cell

references
GESa  Formuia using values instead of celi  Student applied the comect equation
references. but instead of using call references
that allows the calculation to be
dynamic they typed in the constant
value found in that cell.

GESh  Incomect cell reference. Student refarred to a celi that
contained text or {o a cell, which was
not redevant for the calculation.

GES¢  Mixture of values (instead of cell Student used a cell reference for

references) and csil references. variablet and a constant value for
variable2 in the same formula
although he could have used a cell
reference for variable 2.

SE1 Adding individual cells instead of Student added individual cells inslead

SUM function of using the SUM function (e.g.
=A2+A3+B2+B3 inslead of
=SUM{AZ:B3}}

SE2 Calculating average manually

SEla  Using SUM function, Student used SUM function instead
of AVERAGE function for the average
calculation {e.g. =SUM{A2:AE)/5)).

SE2b  Using formula. Student used formula instead of

AVERAGE function for the average
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- SE5a

reference.

calculation (e.g.
={A2+A+AL+AS+AB)/S).
SE3z  IF-function - Condition
SE3ai  Incomect condition Student usad an incarrect condilion.
SE3a2  Comect condition, but amor in cell Studenl was supposed o use
reference absalute cell referance in condition
but used relative cell reference,
Student used an incorrect cell
reference in condition.
SE3b  iF-function ~ Truef False statement
SE3b1  incomect statement, Student used the same statement for
the true and the false statement.
SE3b2  Missing statement. Student left oul false statement.
SE4 Financial function -~ Erroneous
arqument
8E4a  Wrong unit specified for interest rate.  Student used yearly interest rate
whereas a monthly interest rate was
reguired.
- SE4b  Wrong unit specified for time period.  Student used yearly periodic payment
::f whereas monthly periodic payment
2 was reguired.
= SES Formula — Absolute cell reference
Values inslead of absolute cell Similar to GESa. Student used a

consiant value instead of an absolute
cell reference.

Reiative cell refarence inslead of
absolute cell reference.

Student used reiative cali reference
whereas an absolute cell address
was required

Made cell reference absolute

Student confused the concept of
absolute and relative cell addresses
and used an absolute cell address
whergas a relative cell address was
required.
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