Improving Spreadsheet Test Practices

Felienne Hermans

Delft University of Technology

Abstract

Current testing practices for spreadsheets are
ad hoc in nature: spreadsheet users put ‘test
formulas’ in their spreadsheets to validate out-
comes. In this paper we show that this practice
is common, by analyzing a large set of spread-
sheets from practice to investigate if spread-
sheet users are currently testing. In a follow up
analysis, we study the test practices found in
this set to deeply understand the way in which
spreadsheet users test, in lack of formal testing
methods. Subsequently, we describe the Ex-
pector approach to extract formulas that are
already present in a spreadsheet, presenting
these formulas to the user and suggesting im-
provements, both on the level of individual test
formulas as on the spreadsheet as a whole by
increasing the coverage of the test formulas. Fi-
nally, we offer support to understand why a test
formula is breaking. We end the paper with
an example underlining the applicability of our
approach.

1 Introduction

Spreadsheets are highly important to the busi-
ness world; it is estimated that 95% of all U.S.
companies use spreadsheets for financial anal-
ysis and that 90% of all analysts use spread-
sheets for modeling. However, the use of
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spreadsheets is sometimes the cause of errors.
In 2003, TransAlta lost US$24 Million because
of an error in a spreadsheet!. More recently,
the Federal Reserve made a copy-paste error
in their consumer credit statement which, al-
though they did not make an official statement
about the impact, could have led to a difference
of US$4 billion?. These stories, while anecdo-
tal, underline the fact that more attention de-
voted to the correctness of spreadsheet could
be beneficial for many companies.

In this paper we focus on supporting spread-
sheet users in testing their spreadsheets, by
leveraging and strengthening current testing
practices in spreadsheets. Previous efforts in
spreadsheet testing have mainly focused on ei-
ther the automatic verification of spreadsheets
or on supporting spreadsheet users in express-
ing tests or assertions, which could be subse-
quently verified by a spreadsheet systems, such
as the WYSIWYT (What You See Is What You
Test) spreadsheet testing system.

We start with the assumption that spread-
sheet users already express tests, but that,
since there are no testing platforms for spread-
sheets, users use ordinary spreadsheet formu-
las to test with. These test formulas are for-
mulas that differ from normal formulas, as
they are used when a spreadsheet user wants
to express a boundary or invariant, such as
IF(A10<100,”OK” ,”ERROR”).

Firstly, we describe an approach to detect
test formulas. With that approach, we val-
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idate our assumption that test formulas oc-
cur frequent in the EUSES corpus [12], a well-
known test set of spreadsheets. Since test for-
mulas are indeed common, we perform a sec-
ond, exploratory analysis on the EUSES cor-
pus, in which we investigate their frequency,
coverage and quality. From this analysis, we
distill the most important problems with the
current state of spreadsheet testing: 1) many
formulas are not complete—i.e. they only con-
sist of one branch, such as IF(A5=5,"0K")—,
2) coverage of the test formulas is often low
and 3) support for understanding why a tests
is breaking is often missing.

Subsequently, we describe an approach to
solve these three problems. By analyzing the
gathered test formulas and determining their
completeness and coverage, our spreadsheet
test tool Expector can support a spreadsheet
user in improving their tests. Also, by gener-
ating names for the tests, Expector can give
detailed feedback in the case a user broke a
test.

We conclude with an example of our ap-
proach on one of the spreadsheets of the EU-
SES corpus, with which our approach is illus-
trated. With this example we show that focus-
ing the attention of a spreadsheet user on test
formulas can help to improve those tests and
to catch errors early.

The remainder of this paper is structured as
follows: In Section 2 we present an overview
of related work on spreadsheet testing. Sec-
tion 3 introduces the necessary background in-
formation, followed by Section 4 in which the
selection of test formulas is treated. Section 5
and 6 describes the two analysis we performed
on the EUSES corpus. The Expector approach
is introduced in 7, while Section 8 explains its
implementation. In Section 9 an example is
described with which the applicability of our
approach is illustrated. Limitations of this ap-
proach is discussed in Section 10, followed by
the concluding remarks in Section 11.

2 Related Work

Improving the quality of spreadsheets is a sub-
ject of ongoing research, in which there are dif-
ferent directions to recognize. This section de-

scribes the most important of those directions.

Firstly, there is a set of papers that focuses
on the unit correctness of spreadsheets, imple-
mented in the UCheck tool [2, 8, 11]. Their
units form a type system based on values in
the spreadsheet, which is used to determine
whether all cells in a column or row have the
same type and is able to detect possible anoma-
lies based on this type system. Ahmad et al.
[3] also created a system to annotate spread-
sheets, however their approach requires users
to indicate the types of fields themselves.

Secondly, there are papers that use the code
smells metaphor of Fowler [14] to locate suspi-
cious formulas in a spreadsheet. In our previ-
ous work, we have investigated smells between
worksheets [17] and within worksheets. Cunha
et al. have also created a catalog of spread-
sheet smells [9], which aims at smells in val-
ues, such as typographical errors and values
that do not follow the normal distribution. Dig
and Badame recently created a tool with which
users can refactor spreadsheets [4].

Finally, there is the category of papers fo-
cused on testing spreadsheets. Burnett and
Rothermel have written a series of papers on
testing spreadsheets [5, 22]. With their WYSI-
WYT—Whay You See Is What You Test—
method, spreadsheet users can explicitly mark
cells of which they are sure their value is cor-
rect. With this information they calculate the
‘testedness’ of a spreadsheet and provide feed-
back to the user on how well a spreadsheet
is tested. In empirical evaluations of the tool
they showed that their system reaches an av-
erage fault detection percentage of 81% which
is “comparable to those achieved by analo-
gous techniques for testing imperative pro-
grams.” [23]. In subsequent papers they have
improved their method to work on large spread-
sheets [13] and added support to help users
test spreadsheets with multiple similar formu-
las [7]. A bit different in focus is the ele-
gant work of Burnett et al. [6] that proposes
to let end-users add assertions to their spread-
sheets and generated ‘system-generated’ asser-
tions by propagating the user-entered asser-
tions through the dependency graph of the
spreadsheet. In an experiment with these as-
sertions, the authors found that assertions help
end-users debug more effectively and more ef-



ficiently and that users were able to formulate
assertions easily.

3 Background and motivat-
ing example

The related work on spreadsheet testing that
we described in the previous section, however
powerful, requires users to define their asser-
tions or validate their formula outcomes in
a somewhat new paradigm. We assert these
methods have not yet caught wind in practice
because of this necessary effort and paradigm
shift. We have however seen that spreadsheet
users do some testing, but do that in the form
they are most familiar with: spreadsheet for-
mulas.

Since most spreadsheet systems, including
Excel, do not offer the possibility to test ones
spreadsheets, spreadsheet users resolve to us-
ing ordinary formulas, when they feel the need
to validate important outputs. We have seen
in practice that this ‘poor man’s testing’ has
become a status quo. This method entails the
use of conditional formulas like IF to express
tests. Such a test formula is a formula of the
form

IF(A1<16,“OK”,“margin cannot be over
167)

The intention of this formula clearly differs
from a ‘calculation’ formula, like SUM(A1:A5).
In the test formula, the user is using the con-
ditional formula construction to express a test
and some explanation on why the test could
fail.

Figure 1 shows an example spreadsheet, from
the EUSES corpus, where a test formula is used
to validate that the sum of cells D6 to D10
sums to 100%. If this is the case, “100%” is
outputted, if it is not, the formula shows “ER-
ROR”. These type of formulas are created by
spreadsheet users to validate inputs and for-
mulas. Sometimes, ‘overall test formulas’ are
created that gather the results of all test for-
mulas to indicate whether all tests have been
passed. We state that the use of test formulas is
common in practice and that test formulas dif-
fer enough from calculation formulas that they
can be automatically detected.

sum - * « J | =IF(SUM(D6:D10)<>100%,"ERROR","100%")

A B © [u] E |
1 OMB Program Assessment Rating Tool (PART)
2 Capital Assets & Service Acquisition Programs

3 |Name of Program: Asset Management of Federally-Owned Real Proper
~

4 Section b Program Purpose & Design (Yes No)

Vieighted
5 Questions Ans. Weighting Score
1 |s the program purpose clear? Y ves 20% 0.z
B
2 Does the program address a T ves 20% 0.2
T specific interest, problem or need?
3 Iz the program designed to have a Y No 20% 0.0
significant impact in addressing the
a interest, problem or need?
4 Is the program designed to make a T No 20% 0.0
unique contribution in addressing
the interest, problem or need (i.e.,
not needlessly redundant of any
other Federal, state, local or private
g efforts)}?
5 Iz the program optimally designed to' Yes 20% 0.2
address the interest, problem or
10 need?
il
1z Total Section Score =IF(5UM(D6 60%

13 il

Figure 1: A spreadsheet with a test formula:
The SUM of the values in D6:D10 should add
up to 100%.

4 Selecting test formulas

In this section, we describe this approach to
automatically distinguish between test formu-
las and calculation formulas.

The first characteristic of a test formula is
the fact that the formula should have a condi-
tional construction as root, to distinguish be-
tween a desired and an erroneous outcome. For
this initial attempt, we only consider the sim-
plest conditional construct: IF.

Secondly, at least one of the branches of this
root IF should result in a string value (for in-
stance “ERROR”).

Finally, no other formulas should depend on
a test formula. After all, test formulas should
not be used for calculation. There is one ex-
ception to this criterion: a test formula may
depend on other test formulas. This happens
when an overall test is performed, as described
in the previous section.

With this, we define the following character-
istics of a test formula:

e A test formula has the operation IF as root
function

e A test formula contains at least one branch



that can result in a string

e A test formula’s result is not used in other
formulas, unless these formulas are test
formulas too

These conditions form the basis for our de-
tection strategy.

5 Do spreadsheet wusers
test? An evaluation on

the EUSES corpus

In this section we describe an experiment in
which we validate our hypothesis; in other
words, we will analyze whether spreadsheets
from practice indeed contain formulas that we
classify as test formulas.

We test this hypothesis on the EUSES
Spreadsheet Corpus [12]. This corpus con-
sists of over 4000 spreadsheets collected from
practice, from 11 different domains, ranging
from educational to financial, and from in-
ventory to biology. It was created in 2005
and has since then been used by several re-
searchers to evaluate spreadsheet algorithms,
for instance [1, 10, 15].

5.1 Experimental setup

To test our hypothesis, we use the Breviz
spreadsheet analysis tool [16, 17, 18, 19] that
we extended for this goal to detect test formu-
las in a spreadsheet. We ran Breviz on the
1,903 spreadsheets formulas in the corpus that
contain formulas and outputted detected test
formulas to a SQL Server database for analy-
sis.

5.2 Results

Table 1 shows the results of this study; per do-
main, the second column lists the number of
spreadsheets in which a test formula was de-
tected, the third column shows the number of
spreadsheets in the EUSES corpus that contain
formulas.

Folder with tests | with formulas | percentage
cs101 0 8 0%
database 10 216 4.6%
filby 4 35 11.4%
financial 24 383 6.3%
forms3 1 22 4.5%
grades 46 368 12.5%
homework 39 345 11.3%
inventory 23 303 7.6%
jackson 6 12 50%
modeling 13 207 6.3%
personal 2 4 50%
total 168 1903 8.8%

Table 1: Number of spreadsheets in the EUSES
corpus containing test formulas

D3 fe | =B3*C3
A B c | D |
1
2 |Sensor Value Weight Total
3a Tosz To2  J=B3C3 1
4 B 062 0.25 =B4*C4
5 C 106 03 =B5*CAH
6 D 162 015 =B6'CH
7 E 098 01 =B7*C7
8

Figure 2: A spreadsheet containing 5 formulas,
but only 1 unique formula.

In total, the EUSES corpus contains 12,295
formulas that we marked as test formulas out of
a total of 90,468 formulas over the 1,903 spread-
sheets with formulas. Counting in unique for-
mulas, there are 567 unique test formulas over
5,785 formulas. Intuitively, a unique formula is
the first formula of a column (or row) which has
been copied through an entire column (or row).
The spreadsheet in Figure 2 contains 5 formu-
las, however, this is only 1 unique formula. We
determine the uniqueness of a formula by in-
vestigating its relative R1C1 notation. In the
relative R1C1 notation, references to other cells
are expressed relative to the cell containing the
formula. In the example of Figure 2, all for-
mulas have the relative R1C1 formula =RC]|-
2]*RC[-1] and hence, there is only one unique
formula.

From these results we conclude that spread-
sheet users do employ testing. This observa-



tion opens up possibilities to use the selected
test formulas to improve spreadsheet develop-
ment. Some of test techniques that exist for
source code could now be applied to spread-
sheets, such as test coverage calculation and
regression testing.

6 How do spreadsheet users
test? An evaluation on

the EUSES corpus

Now we know that spreadsheet users test, we
want to obtain a deeper understanding of their
test practices, in order to be able to deter-
mine the right approach to support spreadsheet
users in testing and even improve their prac-
tices. Therefore, we direct our attention back
to the EUSES corpus and investigate the de-
tected test formulas and research the current
quality of the tests in the EUSES corpus.

6.1 Experimental setup

For this second, exploratory study, we specifi-
cally study the 168 spreadsheets that contained
test formulas according to the study we de-
scribed in Section 5. These spreadsheets to-
gether contain 109,997 formulas, of which 6,703
are unique.

6.2 Number of test formulas

The first measurement for test practice in the
EUSES corpus is the number of tests per
spreadsheet. Figures 3 shows the results of
this first analysis. As can be seen in this fig-
ure, most spreadsheets (70 spreadsheets, which
amounts to 42% of the spreadsheets) contain
fewer than 10 test formulas. However, there
is a long tail of spreadsheets with more tests,
the most test formulas we encountered in one
spreadsheet was 393. Figure 4 shows the num-
ber of unique test formulas per spreadsheet.

The total number of unique test formulas in
the 168 spreadsheets with tests is 567. Figure 4
shows how these formulas are divided over the
spreadsheets. As can be seen from this figure,
the highest number of unique test formulas that
any spreadsheet in the corpus has is 20.
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Figure 3: Distribution of test formulas over the
168 spreadsheets in the EUSES test set.
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Figure 4: Distribution of unique test formulas
over the 168 spreadsheets in the EUSES test
set.
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Figure 5: The number of spreadsheets for the
different coverage percentage ranges.

6.3 Coverage in the EUSES cor-
pus

Secondly, we investigate the formula cells that
have been covered by a test formula. coverage.
To calculate this formula coverage, we count
the number of formulas in a spreadsheet that
are direct or indirect precedents of a test, in
other words, cells of which the results are used
in a test formula, directly or indirectly. We call
these formulas the ‘tested’ formulas’ and obtain
the formula coverage by dividing it by the total
number of formulas in the spreadsheet. The
formula coverage is a measure for how well the
formulas in a spreadsheet are tested.

Figure 5 shows an overview of the results.
In this figure, we see that while a large group
of spreadsheets has a low coverage, there are
also a number of spreadsheets that obtain very
high coverages, up to 100%. That shows that
some spreadsheet users are already thoroughly
testing their spreadsheets, but there is quite
some improvement in coverage to be made for
spreadsheet users. While we did not interview
the owners of the spreadsheets for this study,
when analyzing the spreadsheets, it looks like
spreadsheet users did not follow a structured
method to test all formulas.

6.3.1 Difference with the WYSIWYT
approach

In the WYSIWYT spreadsheet test
paradigm[6], the ‘testedness’ of a spread-
sheet is based on spreadsheet users mark
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Figure 6: The unique formulas by average
precedent distance.

formula outcomes as correct. Then, their sys-
tem calculates what formulas led to this value
and increases their testedness. A downside of
this approach is the fact that the ‘testedness’
depends on the variation in the test cases of
the spreadsheet, as there needs to be a cell
that is pronounced correct by the user included
in each path of calculation. Our coverage does
not depend on input values, so it can even
calculate the coverage of an ‘empty’ spread-
sheet: a spreadsheet that contains formulas,
but no inputs values for the formulas have
been provided. We assert that the formulas
form the heart of a spreadsheet model, and
hence it is important that they are tested.

6.4 Location of tests

The next factor of testing we investigate is the
location of tests. We want to know where
spreadsheet users place their tests, to under-
stand how they currently test their spread-
sheet. For this, firstly, we look at the dis-
tance in the spreadsheet between the test and
the tested cell as we want to know if spread-
sheet users typically place their tests close to
the cells they are testing. We calculate the dis-
tance between two cells as the sum of the dif-
ference between their rows and the difference
between their columns. As such, the distance
between Al and C5is 6, as C- A =2and 5 -
1=4.

To calculate the distance of a test formula,
we have taken the average of the distance be-
tween the test formula and all its precedents.
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Figure 7: The number of worksheets outside of
own worksheet that test formulas refer to.

Figure 6 shows the distribution of those aver-
ages. Note that the total number of test for-
mulas in this graph sums up to 564 rather than
567, as there are three test formulas who only
range over cells in a different worksheet, and
for those, distance in undefined.

Interesting in this graph is the fact that the
biggest category is not the lowest; in other
words, the most test formulas are found quite
close (average distance between 11 and 20) but
not as close as possible. We do see that the
vast majority of test formulas (491 = 87%) has
an average under 40. We suspect this has to do
with the size of a spreadsheet on a screen. With
standard screen size, resolution and font size,
a spreadsheet user sees about 30 rows and 10
columns, so precedents with distance 40 would
still be in sight, whereas higher distances would
be outside of the view of the user. From these
results, we conclude that it is important for
spreadsheet users to see test and tested formu-
las together.

Regarding the location of test formulas, sec-
ondly we investigate the issue of test formu-
las ranging over multiple worksheets in more
depth. As stated above, there were three for-
mulas that directly referred to only cells in
a different worksheet, like IF(Mileage!E6>0,“
7 “Enter odometer reading on Mileage tab.”).
However, there were 61 formulas (11% of all
test formulas) that indirectly referred to cells
in a different worksheet. Of these, Figure 7
shows an overview. In this figure, we can see
that there are 37 tests referring to cells in 1
other worksheet, the other 24 test formulas re-

fer to even more worksheets. We concur that
these test specifically can be seen as integration
tests, testing how worksheets in a spreadsheet
work together.

6.5 Completeness of tests

Finally, we investigate the completeness of
tests. Excel supports the use of ‘incomplete’
conditional formulas, these are conditionals in
which only one of the branches has been filled.
A formula like IF(A1<5,“ERROR”) is a valid
Excel formula, which results in the boolean
value FALSE if Al is larger than or equal to
5. These incomplete formulas can be used as
test formulas too. Furthermore, test formulas
can be of the form If(A12<100,“OK”,“”) We
consider this too to be an incomplete test for-
mula, as the else branch does not provide us
with information on why the test is failing. We
assert it is better to test with compete condi-
tionals, with a non-empty string expression for
both the if and else branch, as that way it will
be easier to understand why a test is breaking.
For instance, if IF(A5<10,“OK”) fails, we will
just get FALSE as result. Were we to add an
else clause, like “10 is the maximum value” or
even just “not OK” it is more clear that a test is
breaking. We have surveyed the EUSES corpus
and found that the use of incomplete test cases
is quite common, in 93 out of the 567 unique
formulas (16%), the else branch was either non
provided or consisted of an empty string.

A second category of incomplete tests that
we found were formulas that mixed a calcula-
tion with a test formula. An example of such a
formula can be found in Figure 8. This formula
is clearly a test formula, by outputting “??” the
creator of this spreadsheet communicates to its
user that a value below 65 is an unexpected
result. However, for values 65 and higher, the
result is the grade for the course. While this
needs additional evidence, we think it is bet-
ter to clearly separate test formulas from ‘nor-
mal’ formulas and suggesting to the user to put
the test clause—in the example of Figure 8 this
would be a formula IF(J2<65,4??”)—in a sep-
arate cell.



SUM - ® V fo| =IF()2>=95,"A",IF(J2>=90,"A-",
IF(J27=85,"B+",IF (127280, "B, IF J2>=75,"B-", IF125=70,""C+",IF J2>=65,"C","??"] )} )}

A B C D E F G H | J L M
1 CODE Q1 Q2 Q3 Q4 Q5 Qr LAB FIN AVG Grade
2| 7ar 8 6 9 4 8" 35 50 70[78.875|1F[U2>=85."B+" IF12>=80,
3 64 8 6 1 4 6" 25 105 77

Figure 8: A formula with a test and a calcula-
tion component.

6.6 Summary

By studying the test practices in the EUSES
corpus, we can identify a number of areas in
which improvements could be made. Firstly,
there is the improvement of tests that are al-
ready detected. Updating an incomplete for-
mula, or changing a formula output from “not
OK” to a more instructive message like “inter-
est cannot be negative” is a small change of
which a future user could benefit greatly. Sec-
ondly, there is the increase of coverage. This
is a change that will require more effort from
the user, as he has to think about the right
tests, but a good system could support him,
for instance by showing which formulas have
already been tested and helping them to de-
cide what additional formulas to test in order
to increase coverage. Finally, with the more ex-
pressive tests, we can help users to understand
why a recent change has broken a test.

7 The Expector approach

The studies described in the previous section
show that, although spreadsheet users tests,
testing practices could be greatly improved by
supporting spreadsheet users to reach a more
structured testing approach.

This section describes an approach to im-
prove testing practices of spreadsheet users by
analyzing the extracted test formulas. To that
end, we follow the approach outlined in Figure
9.

7.1 Step 1: Selection of test for-
mulas

The first step of the Expector approach is the
selection of the test formulas. In this step all
formulas are read by Expector and those formu-

las that comply with the test formula require-
ments as described in Section 4 are gathered.

7.2 Step 2:
pleteness

Determining com-

In this step, Expector analyzes the complete-
ness of the selected test formulas. Test formu-
las that have a branch that is either empty, like
in the formula IF(B6=0,"0K”) or that have
a branch which outputs an empty string or a
string containing spaces are marked as incom-
plete.

7.3 Step 3: Distinguishing be-
tween failing and passing out-
comes

In order to be able to reason with the extracted
test cases, we need to be able to determine be-
tween a failing and a succeeding one. Since
the formulas do not provide this information
natively, we need to perform analysis on the
outcomes. We do this by comparing the re-
sult value with a list of outputs associated with
positive and negative results. We have created
this list based on values encountered in the EU-
SES corpus. Words like “ERROR”, “Not OK”,
“REJECT”, “not correct” are linked to failing
test cases, while results like “OK”, “all ok”,
“validation passed” or “):):)” signal passing
test values.

Our Expector approach tries to map all
branches of formulas marked as test formula
to a result type (i.e. passing or failing). If only
one of branch can be mapped, we assume the
other branch has the opposite result type. This
happens for instance when a branch results in a
complex string, like TF(A1<>0,“OK”,“zero is
never an allowed value for A17). In this case we
assume that the branch not resulting in “OK”
represents a failing test case. Empty or missing
branches in incomplete formulas are mapped to
failing test cases.

After the initial suggestion has been done by
Expector these suggestions can be viewed and
altered by the user, via the interface shown in
Figure 10.
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Figure 9: The six steps of the Expector approach: Selecting test formulas, determining completeness,
determining failing and passing, name generation, coverage calculation and additional test selection.
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Figure 10: A screen shot of the Expector plu-
gin. In this screen the user can verify the choice
for failing and passing branches that has been
made automatically.

7.4 Step 4: Generate names for
tests

We want to help users to understand when a
test is breaking and to be able to give a good ex-
planation for this, we generate names for each
test case. Names for test cases will be gener-
ated in the form of:

Referenced cell name “should be” passing
rule for test

To generate descriptive names for the refer-
enced cells, we use an approach based on our
earlier work [15], in which we extracted class di-
agrams from spreadsheets. This method entails
identifying row and column labels to generate
labels for a cell. Here, we refine this approach
slightly, by first analyzing whether a cell has an
assigned named range. If so, the name of the
named range is used. Otherwise, the approach
of [15] is applied.

For instance, the name of the test in cell C1
in Figure 9 is ‘Weight should be 100%’, since
1) the name of C8 is “Weight’, as this is the
column header and 2) the value 100% results
in “OK”, hence this is the clause that should
hold.

7.5 Step 5: calculating the test
coverage

In the fifth step of the Expector approach, we
calculate the percentage of formulas that the

extracted set of test formulas currently covers,
with the method that was described in Section
6.3: we divide the number of tested formulas by
the total number of formulas. In the example in
Figure 9, this formula coverage is 50%, as there
are 12 formulas: C3:C8 and D3:D8 of which 6
are covered by a test, C3 to C8.

7.6 Step 6: selecting the best for-
mulas to test

In the final step of the Expector approach, the
formulas are selected for which adding a test
would increase coverage the most. To detect
these formulas, we inspect all untested formu-
las and rank them by the number of untested
formula precedents, i.e. cells containing a for-
mula whose value is used in the untested for-
mulas. The untested formula with the high-
est number of untested formula precedents will
contribute the most to the formula coverage, as
all its untested precedents will become tested if
a test is added for this cell. In the example in
Figure 9, the formula in D8 is selected as for-
mula to test, as it refers to 5 untested formula
cells: D3 to DT7.

8 Implementation

Our Expector approach to extract and present
test formulas Expector has been implemented
as an Excel 2010 plugin and is written in C#
4.0. Tt uses the spreadsheet analysis core of
our previous tool Breviz[16, 17]. It utilizes the
Gembox component to read Excel files.3
Expector analyzes an Excel file and executes
the above described test extraction algorithm
and subsequently shows the user what tests
have been detected, what the current formula
coverage percentage is and what test formu-
las still need manual validation of passing or
failing outcomes. Furthermore, Expector pro-
vides suggestions for the improvement of tests
and the increase of coverage. Suggestions are
shown in the the ‘what’s next’ screen, in which
the first improvement is listed that a user could
perform to improve the spreadsheet’s tests.
Our approach favors making incomplete tests

Shttp:/ /www.gemboxsoftware.com /spreadsheet /overview



complete over adding new tests, as this is the
easiest improvement to make.

Finally, by generating names, Expec-
tor warns the user if a test is breaking. This is
done by showing the name of the test and the
conditional that has been broken in red below,
see Figure 12. In addition to immediate feed-
back, it is also possible to view the outcome of
all tests at once in the ‘tests overview’ screen.
In future empirical tests, we plan to determine
what type of feedback spreadsheets users pre-
fer.

9 Example spreadsheet

This section describes how our Expector ap-
proach addresses the problems with spread-
sheet testing that we found in the EUSES cor-
pus: improving the quality of test formulas, in-
creasing coverage and supporting test under-
standing. We illustrate our approach on one of
the spreadsheets of the EUSES corpus.

9.1 Test run

We have studied the file Grades_suffix_19 from
the folder Grades. A screen shot of this file can
be found in Figure 11. The spreadsheet includ-
ing our analysis can be downloaded from the
authors webpage*. We have ran Expector on
this spreadsheet and describe the suggested im-
provements in the following.

9.2 General outcome

Expector analyzed the given spreadsheet in
9.75 seconds on a Intel i5 1.70 Ghz processor
with 4Gb of RAM. 46 formulas were detected
of which 10 were marked as test formulas, these
are the formulas in J2:J11. This leads to a cov-
erage of 24%.

9.3 Improving test formulas

By clicking the ‘what’s next’ screen, we find
that Expector’s first suggestion is to improve
the selected test formulas, as they contain
an empty branch. The first improvement
we could make is to add an output value

4http://swerl.tudelft.nl/bin/view /FelienneHermans

n - Fe | =IF(12590,"A",IF(12>80,"8",IF{12>70,"C", IF{12>60,"D", IF(12<60,"F",""}))})

A B = D E F G H 1 J
Student D PID Test1 Test2 Test3  Testd Total  PCT  Lefter
312-34-

Adams, J|5678 |4-5678 80 86 82 85
35-67-

1

2 253 84333338
4

3 Boyd,S 8364 |7-6864 90 38 75 o 253 8433333 B

4

5

354-54-
Carr,J |9867 4-9867 65 o 75 77 217 7233333 C

987-56-
Davis, M | 7456 [6-7456 77 82| o o 239 79.66667 C
132-56-
6 |Evans,B |o435  [6-2436 98 90 92 100 290 9666667 A
897-76-
7 |FarrisW [8743  [6-8743 67 76 75 76 219 7c
345-24-
8 |Grant,§ |8365
356-87-
9 Hill.) |o845 |79m45 87 60 65 o 212 70.66667 C
132-45-
10 |Lake, P |3401  |5-3421 9 92 % o8 280 93.33333A
546-34-
11 |Stills,C_|7643 47643 7ol o 78 771 234 78C
EreTn
12 |Perfect |1111 100 100 100 100 300 100

4-8565 86 80 o 79 245 8166667 B

Number
Taking

14 | Test 10 8 7 8

Figure 11: The Grades_suffix_19.xls example
that illustrates our approach.

and, for instance, change the formula into
IF(12>90,” A” IF(12>80,”B” ,IF(12>70,” C”
JF(12>60,”D” IF(12<60,”F” ”ERROR”))))).
But if we look more closely at the spreadsheet,
we can see that a value above 100 in column
I would still result in “A” and the user most
likely would want an error value there, judging
by the ‘perfect’ score in row 12. A test formula
which catches values over 100 would improve
the spreadsheet even more. Since our attention
was drawn to this test formula, we start to
investigate it more thoroughly. This illustrates
a benefit of the Expector approach: it focuses
the attention of the spreadsheet user on test
formulas and the formulas that are being
tested.

9.4 Selecting most contributing
formulas to coverage

With respect to improving coverage, Expec-
tor can calculate where to add tests to increase
the coverage the most. In the case study, Ex-
pector firstly suggests to add a test for 112, as
this would cause I12 and H12 to become tested.
While it might seem a bit too much to add a
test for the ‘perfect’ row, doing so might im-
prove the spreadsheet by adding additional in-
formation. We could, for instance, add the for-
mula for calculating the mark and subsequently
validate whether it results in “A” This will 1)
help to prevent errors in the future, if the val-
ues in D12:G12 might be manipulated and 2)



express to the user of the spreadsheet that the
grade “A” corresponds to the perfect score. In
this way spreadsheet test, like unit tests or in-
tegration tests in software, can also serve as
documentation.

When a test for 112 is added, Expector sug-
gests to add tests for D14:G14. These formulas,
that count the number of students that took a
certain test, have not been tested yet. To test
these, we could add a test comparing them to
the total number of students or validate that all
tests were taken by at least one student. After
this test is added, only the formulas in C2:C11
remain untested. In these cells, the first 4 char-
acters of the student ID are removed.

9.5 Warn users if a test is break-
ing

Finally, we investigate the usefulness of Expec-
tor in helping us to understand when we are
breaking a test. Since we added a test express-
ing that the formulas in column I cannot ex-
ceed 100, when we enter a value causing this,
for instance by entering 130 in D2 we get de-
tailed feedback from Expector. As shown in
Figure 12, in the bottom of the screen the rea-
son of the breaking test is shown in red. In the
interface, we choose a negotiation style—that
allows the user to act when he wants—over an
interruption style, where the user has to act im-
mediately. In previous work, it has been shown
that end-users are more productive in debug-
ging with the negotiation feedback style [21].

10 Discussion and future
work

The current Expector approach, while just a
first prototype, is able to detect spreadsheets
test formula and present them to users, and to
support users in improving their tests. This
section describes limitations to the current ap-
proach and directions for future research.

10.1 Extensive user study

In this paper, we have mainly focused on ana-
lyzing the problems around spreadsheet test-
ing in the EUSES corpus and describing an

02 - £ | 130

A B E D 3 F G H 1 J
1 Student 1D PID Test1  Test2 Test3  Test4  Total  PCT Letter
312-34-
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Figure 12: The Grades_suffix_19.xls where a
test is breaking. This is indicated by the warn-
ing ‘PCT should be smaller than 100’ in the
status bar.

approach to improve that practice. In fu-
ture work, we will run a more extensive study
with spreadsheet users to fully validate our ap-
proach.

10.2 Improving name generation

The approach for name generation that we cur-
rently use is simple: we just look at the cells
that are referenced in the test formula. For in-
stance, looking at the example in Figure 10, we
just output the name of the cell that is refer-
enced. The naming could be stronger, for in-
stance if we also analyzing the calculations. In
the example in Figure 11, we gather the name
‘PCT’ just by inspecting the label. By tak-
ing the formula, H2/H12*100, into account we
could gather that this means percentage and
is calculated with respect to the perfect score,
which is calculated in H12.

10.3 Different types of test for-
mulas

While examining the test formulas in EUSES
corpus, we found that there are different types
of test formulas. Some clearly express a stan-
dard boundary value above or below a cell re-
sults should never be, as the example in Figure
9, where a sum of percentages should sum to
100%. This is not a choice of the spreadsheet



user, but a ‘fact of nature’, so to say, in most
cases, percentages should sum to 100.

In addition to such tests, we also found tests
that validate a certain assumption or business
rule, for instance, where an interest rate should
never exceed 3%. In principle, it is possible
that an interest rate does exceed 3%, but in
this model the user wanted to express that
this should never happen. These types of tests
might benefit from different treatment in the
future, since for such a test, a user likely wants
to validate that it is consistent over a whole
spreadsheet, or even over an entire collection of
spreadsheets. Extracting and validating such
‘business rule tests’ is an interesting direction
for future work.

10.4 Conditional formatting

In addition to using formulas for testing, Excel
and other spreadsheet systems also provide the
option to change the markup of a cell based on
its value. This feature can also be used to test
formulas in spreadsheets, for instance by color-
ing a cell red when an unexpected value is cal-
culated. We did a small analysis in the EUSES
corpus and found that conditional formating is
not used that extensive, only 27 spreadsheets in
the corpus contained formulas with conditional
formatting. This is probably caused by the fact
that not all spreadsheet users are aware of this
feature. We could however add the option to
add conditional formatting formulas to the test
set automatically. However, determining what
values are failing and passing might be a chal-
lenge. Red and green text or background values
could be easily mapped to test failing and pass-
ing outcomes respectively. However, the results
of conditional formatting can also be a whole
spectrum from green to red making automated
mapping more difficult.

10.5 Taking formula smells into
account

Inspired by the methods of Hodnigg and Mit-
termeir [20], we could also suggest the user to
test the most complex formulas in a spread-
sheet first. This could, for instance be done by
the methods we previously developed to find
smells within [18] and between [17] worksheets.

The smelly cells might be important to test, if
not yet covered by a test formula, as we found
in previous work that smelly formulas are per-
ceived as more error-prone. In an empirical
evaluation of formula smells, one of the sub-
jects stated that “the chance of errors in such
a long formula is so much bigger; when I find er-
rors, it is almost always in long formulas” [18].

10.6 A dedicated test formula

In this paper we have investigate the use of
testing by means of formulas that Excel of-
fers, namely the IF formula. While useful for
the purpose of testing, it is not perfect for it.
A downside of this approach, for instance, is
duplication in the output, as in the formula
IF(A5=0,“rate is 0, OK”,“rate should not be
0”). It could be interesting in the future to of-
fer spreadsheet users a dedicated test formula,
where only a condition and a rationale are
inputted and the negation is generated auto-
matically. A formula like TEST(A5=0, “Rate
check”) might help users to see the difference
between a test formula and a calculation for-
mula. However, these dedicated formulas could
also have negative effects, for instance because
of the learning curve. Additional research is
needed to investigate the challenges and bene-
fits of such a special formula.

11 Concluding remarks

This paper aims at supporting spreadsheet
users to test their spreadsheet. We firstly pre-
sented an analysis of the EUSES corpus to in-
vestigate if and how spreadsheet users are cur-
rently testing. As we found that spreadsheet
users do test to some extent, have developed an
approach to extract formulas that are already
present in a spreadsheet, presenting these for-
mulas to the user and suggesting improvements
both on the level of individual test formulas as
on the spreadsheet as a whole by increasing the
coverage of the test formulas. Finally, we offer
support to understand why a test formula is
breaking.



11.1 Contributions

The contributions of this paper are the follow-

ing:

A method to select test formulas in spread-
sheets (Section 4)

An analysis of the occurrence of such
spreadsheet test formulas in the EUSES
corpus (Section 5)

A second exploratory analysis of test prac-
tices in the EUSES corpus (Section 6)

A description of a the Expector approach
for selecting and utilizing test formulas in
spreadsheets (Section 7)

An implementation of this approach in a
tool (Section 8) and an illustration of its
use (Section 9)
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