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Gender Differences in End-User Debugging Strategies

1. Introduction

Our research group, “Gender HCI”, began investigagender differences empirically
in end-user problem solving environments earlyhm year 2003, by employing theories
from different related domains like psychology éthis led to many interesting findings
regarding females’ self-efficacy and willingness @pproach and adopt new features
[Beckwith et al. 2005]. Our group also discoveretder differences in playful tinkering
with features [Beckwith et al. 2006].

Following this, our group used data-mining as d tooexplore patterns of feature
usage by males and females and the relationshipdeibugging success [Grigoreanu et
al. 2006]. This work discovered that there wasnailarity in the patterns of successful
males and that ofinsuccessful females. This made us interested insthaegies
employed by males and females in problem solvimgesthe strategies used during the
debugging session could have influenced the outcaie wondered if there was a
difference in the feature usage patterns becausetthtegies employed by males and

females in debugging were fundamentally different.
“Strategy” can be defined as a reasoned plan onadebor achieving a specific goal.

Gender differences in strategy have received sagmt research attention in many fields
outside problem solving. One such study is in tle#dfof information processing.
Meyers-Levy generated a theory called the “Selégtiypothesis” to bring together
numerous theories of gender differences with ragpeiaformation processing [Meyers-
Levy 1989]. The theory states that males tend ¢é@g®s information in a manner termed
“heuristic”, paying particular attention to cuesttare highly available and particularly
salient in the focal context. Females, on the oktz@rd, process information in a manner

termed “comprehensive”, attempting to assimilatevahilable cues.

In the area of navigation, there has been reseambrting that males and females
navigate through the real world using differenatggies [Halpern et al. 2000, Kimura et
al. 1999]. These findings state that females tendide landmarks to navigate, while

males use the direction in which they are headiihgre also exist good summaries of the
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known gender differences in spatial abilities arabigation strategies [Kimura et al.
1999], and most reports tend to document male ddgas in spatial tasks. Several
studies suggest that these gender differencesidhef exaggerated when the spatial task
IS navigation in a virtual environment [Sandstranale 1998, Waller et al. 1998].

Similarly, in the area of hardware design, it wasnd that larger displays helped
reduce the gender gap in navigating virtual envirents [Czerwinski et al. 2002]. With
smaller displays, males’ performance was betten tleenales’. With larger displays,

females’ performance improved and males’ perforreamas not negatively affected.

A study of children’s problem solving abilities eated gender differences in strategy
use [Fennema et al. 1998]. Girls tended to useretamanodeling (e.g., counting on
fingers or counting strategies which were simpiyatter of following the methods they
were taught), while boys tended to use more alisssaategies such as invented

algorithms or derived facts.

In a study of fault localization [Prabhakararaoaet2004] in the field of end-user
problem-solving, users adopted two kinds of stiaeegamely “ad hoc” and “data flow”
when they noticed an incorrect value in the spreaels The dataflow strategy consisted
of following the dependencies back from the cellmthe incorrect value through cell
references until they found the fault. The remajrstrategies were termed “ad hoc”. The
results showed that the dataflow strategy was nsaczessful than ad hoc strategies

overall. However, such studies in this field did take the gender factor into account.

The gender factor is important in designing an esek problem-solving environment.
Ideally, such an environment should be designedupport the strategies of both
genders. For this, we first need to understand dnestrategies employed by the end
users vary based on the gender and if so, whieltegfies help them in their debugging
process. There may be strategies that favor thecesac of males, but are
counterproductive to the success of the femalesvaredversa. Studying them will not

only help us understand the needs of the end-usgrgmmers during their process but
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also guide us in designing a gender-neutral enment supporting the needs of both

males and females.

Keeping this in mind, members of our group desigaedexperiment during the
summer of 2006, and used it to gather data to tigade the different strategies used by
males and females while debugging spreadsheetge®yrexists only in the head of the
subjects and the questionnaire was used to obitaimerhead data which is not directly
observable. One of our group’s researchers inwgstig this further by coding the
responses and found that the strategies that gadisant statistical differences among
male and/or female success groups were: dataflesting, and code inspection.
Furthermore, testing and code inspection were thst mommonly co-occurring among

the mentioned strategies and over half of the esaaf-participants used them together.

Investigating the behavioral evidence of thesetesjfas using qualitative and
guantitative methods was a good next step to datermhat strategies the participants
actually used and how it helped in their success. The topic lo§ tthesis is the

investigation of the behavioral evidence of thage $trategies.



2. Experiment

This chapter describes the experiment conductexionmer 2006 by our group which
serves as the background to this thesis. The cfeditonducting the experiment and
writing this chapter goes to Dr. Margaret Burn®&teeraja Subrahmaniyan, Valentina

Grigoreanu and Dr. Laura Beckwith.

2.1 Participants and Procedures

There were 61 participants: 37 females and 24 malée participants were
undergraduates from a variety of majors. They haal gxperience using spreadsheets,
but very limited programming experience. Few baokgd differences existed between
genders. Those present favored females, who hagimally significantly higher GPAs
than the males (males: 3.32 (0.41) females: 3.8RJDANOVA: F(1,59)=3.81, p<0.06).
Females also had higher academic ages, but noficignly so. Participants’ ties to
engineering/science/math were very low: only 6 fiemand 5 males were studying these
fields. People studying computer science or whotadn significant computer science

coursework were not allowed to participate.

A pre-experiment questionnaire, based on Compeal Higgins' validated scale
[Compeau et al. 1995], contained 10 self-efficaayesiions specific to end-user
debugging tasks. Bandura'’s self-efficacy theoryn@aa 1977] defines self-efficacy as a
person’s belief in his/her ability to do a spectfask. There was a significant difference
in self-efficacy of males versus females (males:9@0(4.87) females: 37.73 (4.93);
ANOVA: F(1,59)=6.30, p<0.02). Some previous studiemve also reported lower
computer-related self-efficacy scores among femtilas males (e.g., [Beckwith et al.
2005], [Busch et al. 1995]).

A 25-minute hands-on tutorial (described later Ine tchapter) was presented to
familiarize participants with the spreadsheet fezguSubsequently, participants carried
out two experimental tasks. Participants’ actiomsl dhe system’s feedback were
captured in electronic transcripts, along with thigmal spreadsheets. A post-session
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guestionnaire assessed participants’ compreherdighe features and also asked the

participants to describe the strategies they usefinding and fixing errors.

2.2 Software Environment

The environment used in the study is a researa@adpheet environment that includes
explicit support for testing and debugging by eséruprogrammers in the form of
WYSIWYT (“What You See Is What You Test”). WYSIWYiIE a collection of testing
and debugging features for end-user programmersnfBuet al. 2005]. Although the
intent of the WYSIWYT features is to support tegtivased strategies, the features were
flexible enough to allow participants consideralgleway in the strategies they actually
used. We chose to use our research spreadsheemsipsicause its features provide
participants more choices of testing and debuggstategies than Excel. Our
environment also included a logging capability, erhprovided the ability to collect the

extensive activity data necessary for statistioalysis of behavior patterns.
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Figure 1. Forms/3 environment (Gradebook spreadshee

With WYSIWYT, if the user notices that a cell’'s ualis correct, he or she can check

it off. Borders of untested cells are red (lighayin this paper), partially tested cells are
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a shade of purple (intermediate shades of gray),falty tested cells are blue (black).
Colors reflect how much of the “code” (formula sypeessions) have been covered by
the checked-off values. Optional dataflow arrowss @so colored to reflect testedness of
specific relationships between cells and sub-eswas. For example, if a user checks
off the MinMidtrm1Midtrm2 cell in Figure 1, the dysn updates all affected cell border
colors that fed into the answer of MinMidtrm1Midtnthe color of any visible dataflow
arrows, and a “tested %” progress bar (top of Fgly), all reflecting the formula

expressions covered by the testing so far.

The user might notice that a value is wrong, and “‘@ait out” (cell Course_Avg in
Figure 1). X-marks trigger fault likelihood calctitans, which cause interiors of cells
suspected of containing faults to be highlighted silades along a yellow-orange
continuum (shades of gray in this paper), with darkrange shades on cells with

increased fault likelihood [Burnett et al. 2004].

Sometimes it is not easy to conjure up useful value that case, the user can press a
“Help Me Test” button (not shown), which suggestdues that, if the user checks them
off, will enable formula subexpressions to be cedethat haven’t been covered by prior
tests [Burnett et al. 2004].

Each of the features mentioned above is suppohexgh the mechanisms of the
Surprise-Explain-Reward strategy. This strategiesabn a user’s curiosity about features
in the environment. If the user is surprised by stinmg she sees in the spreadsheet, for
example, changes in cell border colors, she camgbek out explanations of the features
via tooltips [Wilson et al. 2003]; every element time spreadsheet has an associated
tooltip which pops up when the user hovers overhie aim of the strategy is that, if the
user follows up as advised in the explanation, rds/avill ensue, such as an increase in
testedness progress bar at the top of the spresidghehruff et al. 2004]. The features
are also based on the Attention Investment modielcf@vell et al. 2002]. By reading a
tool tip, following its advice, and receiving a ramd, the user may perceive the value of
performing the action to be greater than the c@atsime and effort) of doing it. This

encourages further use of features in the spreatishe
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When the user displays a formula (lower right ajufe 1) by clicking the arrow tab
below that cell, it stays displayed until the usleses it. This device allowed participants
to have multiple formulas open simultaneously, @éasing the viability of debugging
strategies based on code inspection, if a partitipgas so inclined. These and all
features in the environment were supported withttindtips (shaded text box in Figure
1).

2.3 Tutorial

To avoid suggesting strategies to our participdrs might introduce bias, the tutorial
covered features only. It did not emphasize antiqudar feature over another, nor did it
present any problem-solving scenario that mighggeagghow to build a strategy using the

feature. The participants got explanations of #aures and hands-on practice

The tutorial covered six features: Tool tips, Cheakks, X-Marks, Arrows, Formula
Edits, and Help Me Test. Participants also receigedne-page quick-reference style
handout with all the features, to help them stagmded in the tutorial and to refer to later
in the experiment. At the end of the tutorial, m#peints were given time to further
explore the features by working on a practice syskeaet debugging task. Half of the
tutorial sessions were presented by a male andgaffemale. This design ensured that
approximately 50% of males were instructed by aesgender instructor and 50% by an
opposite-gender instructor (and likewise for thadées) [Whitworth et al. 2002], serving

to distribute any gender effect of the tutorialgaeter equally over the two genders.

2.4 Tasks and Materials

Participants tested two spreadsheets, Gradebogur@i) and Payroll. Other than the
layout, the spreadsheets and the seeded faultstiesame as those of [Beckwith et al.
2005a]. While designing the layout, we took careawoid potential confounds among
different sequences participants might follow. Eaample, Western reading order was
distinguishable from description order, and fromtaflaw order, and so on. The
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spreadsheets had a total of 11 faults represeatafivthe fault categories in Panko’s

classification system [Panko 1998], six in Gradéband five in Payroll.

6urse Totals \

Quizzes are worth 40% of a student’'s grade. Midsesine
worth 40% of a student’s grade. The final contrésu20%. £
student’s course grade is determined by their ecavsrage,
in accordance with the following scale:

90 and up: A
80-89 :B
70-79 :C
60-69 :D

\ Below 60 : | J

Figure 2. Description handout.

The participants were given the spreadsheet, acdwhmdescribing the spreadsheet
(Figure 2), and a handout with examples of the asleeet with two sets of correct
values. The order in which the handouts were calldor the participants was random
across tasks, to avoid order exerting any systemafluence on participants’ strategy
choices. The time limits for the debugging tasksen2?2 minutes for Gradebook and 35
minutes for Payroll. The time constraints were nten simulate time constraints
frequently encountered in real world computing sasind to prevent experimental
confounds, such as participants spending too muaoh on the first task or not enough

time on the second task, participants leaving eatky. The tasks were counterbalanced.
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The participants were told that a spreadsheet bad bhpdated and that, “Your task is to

test the updated spreadsheet and if you find aloyseifix them.”
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3. What Were Successful Females Doing? Code Inspect

3.1 What is Code Inspection?

In the software engineering field, code inspectgdefined as a process of examining
the computer source code to uncover errors andtdefleressman et al]. In the Forms/3
environment, the computer source code refers tdaitmeulas and the errors refer to the
bugs in the spreadsheet. Hence, code inspectitimsrenvironment can be defined as
looking at the formulas in order to judge their reatness. This judging is used for
deciding if there are any bugs at all and for naimg down the bug or finding where the

bug lies.

Forms/3 allows multiple formulas to be simultandpudisplayed (Figure 3) thereby
supporting this strategy to some extent. For exampl a code inspection scenario, a
participant displays one formula, looks at the ceahel proceeds to look at another
formula. One behavior to suggest code inspectidraisng multiple formulas displayed
simultaneously without editing them, suggestingt thi@eir only purpose for being
displayed is inspection. In the Forms/3 environnseiogging, such behavior would have

consecutive POST actions without any formula editin
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Figure 3. A spreadsheet sample indicating evidehcede inspection.

3.2 What is NOT code inspection?

Testing and code inspection are complementary. ibgokt a value/input cell is an
indication of testing and not code inspection. Algleen a formula is posted and then
edited next, we avoid calling it code inspectiamcsiit could imply bug fixing rather than

code inspection.
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3.3 Motivation to Investigate Code Inspection

In the experiment conducted during summer 2006 gaxe the participants a post-
session questionnaire which had an open-endediguegiout what strategies they said
they followed in finding and fixing errors. We fodirthat more females than males
mentioned code inspection as one of their strasedpet the result was not statistically
significant. In the first attempt at analysis, weern decided to look for non-code
inspection, i.e., editing input cells in order tevalop test cases for testing. We supposed
that participants who occupied themselves morestirtg would do less code inspection.

We found that, indeed, males edited input cellaiantly more often than females.

In an independent study conducted by Fern et algugata-mining as a tool to find
different debugging behavior patterns, it was fouinat females used code inspection
significantly more often than males did [Fern el.aHence, the above two instances

convinced us that investigating code inspectiothimrwould not be fruitless.

3.4 Qualitative Analysis

There was a set of participants who had mentioneé mspection as their strategy in
the questionnaire. What about the rest of the @paits? Could we say with certainty
that the rest did not use code inspection as 8tetegy? The answer is NO. It is quite
possible that these participants were using tlagegly without actually mentioning it.

Forms/3 has a provision to replay the transcrigiagia tool called the script-player.
This java-based tool enabled us to view video ofeatire debugging session of each
participant of the set X. While replaying the tramgts we looked for evidence of code

inspection.

To do this, we developed criteria to which we #yi@adhered in order to determine
whether the strategy of code inspection was empldyethe participants. We used two
measures: total number of code inspection instamees total humber of formulas
displayed.

We defined an “instance of code inspection” torbprogress if:
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1. 2 or more formulas were displayed simultaneoushjpeut editing on two or

more of the displayed ones.
Or

2. A formula was displayed, then “undisplayed” witheudliting and this behavior

continued consecutively for more than 2 formulaghwio intervening actions.

An instance was defined as ending when the formwiaxe “undisplayed” or some

formula was edited.

We also counted the total number of formulas diggadafor each session. In order to
ensure that we did not mistake testing behaviaroa® inspection, we cross-checked by
ensuring that it was formulas and not values theaewdisplayed.

3.5 From Qualitative To Quantitative

By replaying the transcripts, we counted the nundferode inspection instances and
number of total displayed formulas during the swsf the Gradebook problem for
successful females and successful males using libeearules. We categorized the
participants as “successful” or “unsuccessful”’, elgting on whether they fixed the
median number of bugs (5.5). Because the qualtatiechanism was time-consuming,

we restricted our replays to the 30 successfulgiaants.

Since the formulas of the Gradebook spreadsheet smatially more spread out that
that of the Payroll spreadsheet, it enabled ubseiwve the code inspection instances and
the displayed formulas more easily in the formeenék we chose the Gradebook
spreadsheet for the qualitative observation. Wen thetermined statistically using
ANOVA whether there was any difference betweenstiecessful females and successful

males in these measures.
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3.6 Results

Groups Number of Code inspectignTotal displayed formulas
instances

16 Successful Males, | SF>SM SF>SM

14 Successful females SM = 6.5294(1.99) SM = 14.5(5.08)
SF =7.8571(2.24) SF =19(5.37)
F(1,28) =4.99 F(1,28) =5.541
p = 0.03350397 p = 0.02582071

Table 1. Numbers of code inspection instances atiadl displayed formulas (F- Females,
M-Males, S-Successful, and U- Unsuccessful). (ANQVA

As Table 1 shows, by either measure, successfualtsmsignificantly used code
inspection more often than successful males.
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3.7 Discussion

Why did successful females use more code inspectittran successful males?

One of the reasons for the above could be the calmpisive processing that females
tend to adopt in problem solving, as proposed bkys#lectivity hypothesis [Meyers-Levy
1989]. In contrast to males, females tend to maanthe comprehensiveness of their
information processing, looking for multiple, subtiues, paying attention to detail, and
making elaborative inferences. The hypothesis ptedhat females are likely to employ
detailed, elaborative information processing stig® in both simple and complex
decision tasks. Males on the other hand, have @detmy to use simple heuristics in
information processing (e.g., single cues thatraeglily available) in order to reduce

cognitive load.

Code inspection would provide an opportunity to ensthnd the big picture before
proceeding into smaller sub tasks. This could ke athe reasons why females use the
strategy of code inspection. Hence providing sofémahich supports code inspection
could help females perform better in the task dfudging spreadsheets and other such

problem solving domains.
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4. What Were Successful Males Doing? Testing

4.1 What is testing?

“Testing” is defined in the software engineeringldi as executing a program with
different inputs, with the specific intent of fimdj errors [Pressman et al 2005.]. In
spreadsheets, the program is the collection of dtamand the errors are the bugs in the
formulas. Hence, testing in this environment cardékined as executing the spreadsheet
with the intent of finding bugs, by modifying thalues of the spreadsheet to see the

answers produced.

In the summer 2006 experiment, a final post-sesgigstionnaire included an open-
ended question that asked the participants whatgbeceived their own strategies to be
for finding and fixing errors. Many participants sgeibed their strategy in terms of
testing, or said that a testing-oriented featurexample values handout was important to
their strategy. No significant difference was foundvhat the males versus females said
about this. However, there was a possibility thmhe participants used testing as their
strategy but did not mention it in the questionmain order to consider this, we decided

to look at what they actually did.

4.2 How to measure testing?

4.2.1 Percent testedness:

The debugging features that were present in thigsemxent were part of
WYSIWYT (“What You See Is What You Test”). WYSIWYiE a collection of testing
and debugging features that allow users to incréaflgricheck off’ or “X out” values
that are correct or incorrect, respectively [Burretal. 2004]. Whenever users decide a
cell’s value is correct, they can place a checkng@ylin the decision box at the corner of
the cell they observe to be correct: this commuaga successful test. Behind the

scenes, checkmarks increase the “testedness”@f according to a test adequacy crite-



17

rion based on formula expression coverage (destibgRothermel et al. 2001]), and
this is depicted by the cell’s border becoming multee.

Figure 4 shows an example of the progress bar. fiogress bar reflects the
testedness of the entire spreadsheet at a particsi@ance. We used the total percent

testedness as one measure of testing activity.

4 Gradeboo

' 42% Tested |
ME — o
TEST ‘ The software cannot make a decision about the error likelihood of 100% of the cells |
% A E C D E F ] H I
1 |3tudent Name|Organisms and Cells Student Nawme |Final:z
2 Quiz 1 Midterm 1 MidlPerc Ay for O&C Final
3 |%ally 43 0 0 7 14.3333 ¥ Sally o
= = | 3
4 HoreSt.udent.s| —| —| —| | |I-I01:e5tudents |
5 HoreSt.udent.s| | | | | | |Hore5tudents |

Figure 4. Progress bar in the Forms/3 environment.

4.2.2 Testing-related user actions
Value manual editing - The participant can charge ihput values in the value
cells (Figure 5). One source of ideas for possibpeit values was the example values

handout , which showed two sets of sample inputlsresulting values for every cell.
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i E C D E
1 |Ztudent Name|Organisms and Cells
iz 1 Midterm 1 |MidlPerc Awyg £
3 |sally 43 o 0 I 14,33
Hide Tamee || ATply |£
4 I-In:nreStudents| 43 a3 | |
5 I-IDrEStudents| | | | |
| | |Class Fiyring |

: |

Figure 5. Value editing in the Forms/3 environment

Help Me Test -

The “Help Me Test” (HMT) feature [Fisher Il et &002, Wilson et al. 2003] is

provided to help users find additional test caSesnetimes it can be difficult to find test

values that will cover the untested logic in a edtion of related formulas. If the user

pushes the Help Me Test button (upper left of Fegl), the system tries to find inputs

that will lead to coverage of untested logic in speeadsheet, about which users can then

make testing decisions.

Help Me Test is not fullytomated testing but rather

scaffolding: it provides new test inputs, but do@s make decisions about the outputs

that result, so does not actually “test” the spsbadt. Although we cannot identify

testing behavior using HMT clicks alone, they canused along with value edits to

cross-check the amount of a user’s testing behavior
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4.3 Results

4.3.1 Gradebook testing

Focusing first on the Gradebook problem, males raywedited value cells
significantly more often than females in the Gram@b problem (Table 2). Also, the
successful males’ total percent testedness foiGitaelebook problem was significantly
higher than that of the successful females. Fin#tly successful males had significantly
higher testedness than unsuccessful males. In, gbontnales, testing was key to their

success, but it was not implicated in the femadaestcess at all.
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Group Total value edits Total Percent-testedness
24 Males , M>F M>F
37 Females

M 24.12(15.53)
F 17.10(10.18)

M 0.756(0.1910)
F 0.651 (0.2175)

F(1,59)=4.556 F(1,59)=3.75
p= 0.03695113 p = 0.05873
14 Successful Females, SF>UF SF>UF

23 Unsuccessful Females

SF 19.62(11.16)
UF 15.19(8.95)

SF 0.652(0.2822)
UF 0.651(0.1677)

F(1,35)=1.75 F(1,35)=0.0001
p = 0.4419845 p= 0.9900
16 Successful Males, SM>UM SM>UM

8 Unsuccessful Males

SM 28.93(15.59)
UM 16.11(12.35)

SM 0.825 (0.1613)
UM 0.642(0.2047)

F(1,22)=4.40 F(1,22)=6.31
p = 0.05993785 p= 0.0197
16 Successful Males, SM>SF SM>SF

14 Successful Females

SM 28.93(15.59)
SF 19.62(11.16)

SM 0.825 (0.1613)
SF 0.652 (0.2822)

F(1,29)=3.68 F(1,29)=6.82
p = 0.07557929 p=0.0141
8 Unsuccessful Males, UM>UF UF>UM

23 Unsuccessful Females

UM 16.11(12.35)
UF 15.19(8.95)

F(1,28)=0.05
p=0.934031

UM 0.651(0.2047)
UF 0.642(0.1677)

F(1,28)=0.009
p=0.9219

Table 2. The p values of the different groups iad&book (F- Females, M-Males, S-

Successful, and U- Unsuccessful). (ANOVA)
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4.3.2 Payroll testing
The Payroll problem had results similar to thoseGoadebook. Males manually
edited value cells significantly more often thamétes. Also, successful males manually

edited value cells significantly more often thanssful females (Table 3).
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Group Total Value edits Total Percent-testedness
24 Males , M>F M>F
37 Females

M 24.54(8.78)
F 14.54(18.76)

M 0.736(0.1843)
F 0.681(0.1318)

F(1,59)=7.89 F(1,59)=1.77
p = 0.00670956 p =0.1879
14 Successful Females, SF>UF SF>UF

23 Unsuccessful Females

SF 17.00(9.06)
UF 12.87(8.38)

SF 0.699(0.1341)
UF 0.669(0.1326)

F(1,35)=2.03 F(1,35)=0.441
p=0.1627338 p =0.5106
16 Successful Males, SM>UM SM>UM

8 Unsuccessful Males

SM 29.79(21.14)
UM 17.20 (12.29)

SM 0.786 (0.1725)
UM 0.666(0.1886)

F(1,22)=2.83 F(1,22)=2.63
p = 0.1064967 p=0.1188
16 Successful Males, SM>SF SM>SF

14 Successful Females

SM 29.79(21.14)
SF 17.00(9.06)

SM 0.786 (0.1725)
SF 0.699 (1.1342)

F(1,27)=4.58 F(1,27)=2.94
p =0.04134435 p =0.0973
8 Unsuccessful Males, UM>UF UF>UM

23 Unsuccessful Females

UM 17.20(12.29)
UF 12.87(8.38)

F(1,30)=1.36
p = 0.1784454

UM 0 .669(0.1886)
UF 0.666(0.1326)

F(1,30)=0.002
p = 0.9619

Table 3. The p values of the different groups igrBld(F- Females, M-Males, S-
Successful, and U- Unsuccessful). (ANOVA)
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4.3.3 Total testing

Males did significantly more edits to value cella females. Also, successful
males did significantly more edits to value cdfiart successful females (Table 4).

We cross-verified this by combining the HMT clicksth the value edits. Here
again, males did significantly more combined Help West clicks and value edits than
females. Also, successful males did this signifiiamore often than successful females.
This indicated the robustness of the result: itsdoet matter exactly how we define

testing activity, the results come out the same.
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Group Total value edits | Manual value Total Percent-
edits +HMT testedness

24 Males , M>F M>F M>F

37 Females

M 48.67(33.02)
F 31.65(15.52)

M 53.2(31.60)
F 36.21(16.34)

M 0.746(0.184)
F 0.666(0.131)

F(1,59)=7.61 F(1,59)=7.60 F(1,59)=3.47
p = 0.007706 p =0.007718 p =0.0415
14 Successful Females, | SF>UF SF>UF SF>UF

23 Unsuccessful Females

SF 36.36(19.34)
UF 28.78(12.28)

SF 39.21(19.16)
UF 34.39(14.52)

SF 0.662(0.1820
UF0.669(0.0940

F(1,35)=2.13 F(1,35)=0.75 F(1,35)=0.22
p =0.1527884 p =0.3916012 p =0.8821
16 Successful Males, SM>UM SM>UM SM>UM

8 Unsuccessful Males

SM 59.68 (31.99)
UM 26.62(22.93)

SM 64.37 (29.85)
UM 30.87(22.72)

SM 0.796(0.141)
UMO.669(0.173)

F(1,22)=7.06 F(1,22)=7.75 F(1,22)=5.06
p = 0.0143885 p = 0.0106 p = 0.0347
16 Successful Males, SM>SF SM>SF SM>SF

14 Successful Females

SM 59.68(31.99)
SF 36.36(19.34)

SM 64.37 (29.85)
SF 39.21 (19.16)

SM 0.796(0.141)
SF 0.662(0.182)

F(1,28)=5.88 F(1,28)=7.29 F(1,28)=5.08
p =0.021984 p =0.01160 p =0.0321
8 Unsuccessful Males, UF>UM UF>UM UF>UM

23 Unsuccessful Females

UM 26.62(22.93)
UF 28.78(12.28)

F(1,29)=0.114
p = 0.7375781

UM 34.39(22.72)
UF 30.87(14.52)

F(1,29)=0.25
p =0.6154

UM 0.669(0.147)
UF 0.666(0.173)

F(1,29)=0.205
p = 0.6533

Table 4. The p values of the different groups wibth Gradebook and Payroll combined
(F- Females, M-Males, S-Successful, and U- Unsstehs(ANOVA)
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4.3.4 Is testing behavior a predictor of the totabugs fixed?
As a cross-check for our statistics on the suca¥askuccessful groups, we ran
Linear Regression tests on the following:

1. Percent testedness as a predictor of bugs fixed

Group Gradebook Payroll Total
R-Squared: 0.2281 R-Squared: 0.1035 | R-Squared: 0.2127
Males F(1,22)=6.5 F(1,22)=2.541 F(1,22)=5.94
Beta=0.0477 Beta=0.0445 Beta=0.0311
p =0.01827 P=0.1252 p=0.0239
R-Squared:0.003805 | R-Squared:0.00999 | R-Squared: 0.005067
F(1,35)=0.1337 F(1,35)=0.3532 F(1,35)=0.1783
Females
Beta=-0.0075 Beta= 0.0091 Beta=-0.0033
p=0.7169 P=0.5561 p=0.6755

Table 5. Percent testedness as a predictor ofutye fixed. (Linear regression)

As Table 5 indicates, Percent testedness was &fmedf the total bugs fixed for
males in the Gradebook problem and in total. Onother hand this was not a predictor
for females.

We ran multiple regression tests on gender, pertestédness and the interaction
between the two, being predictors of the bugs fixa&lthough we did not get any
significance in Payroll, in Gradebook the slopeshig interaction for males and females
differed significantly (multiple regression: F(3)57.009, p<0.0292,(3=2.6412,
R?=0.2695) and the slopes were marginally differemtl(iple regression: F(3,57)=5.722,
p<0.0805,3=4.1882, B=0.2315) in total. This indicates that the testigtegy helped
males but not females in debugging the Gradebomasdgheet (illustrated in the Figure
7).
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Figure 6. Linear regression of percent testednesspmedictor of bugs fixed in total.

Total bugs fixed in Gradebook
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Figure 7. Linear regression of percent testedneddags fixed in Gradebook.
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2. Number of value edits as a predictor of bugs fed

Group Gradebook Payroll Total
R-Squared: 0.1658 R-Squared: 0.08186 | R-Squared: 0.2095

Males F(1,22)=4.37 F(1,22)=1.961 F(1,22)=5.82
Beta=0.0501 Beta=0.0203 Beta=0.0348
p=0.0482 p=0.1753 p=0.0243
R-Squared: 0.006374 | R-Squared: 0.03485 | R-Squared: 0.02721

Females | F(1,35)=0.225 F(1,35)=1.264 F(1,35)=0.978
Beta=0.0140 Beta=0.0315 Beta=0.9043
p=0.6385 p=0.268 p=0.3293

Table 6. Value edits as a predictor of the bugsdixXLinear regression)

As Table 6 shows, the number of value edits wasedigtor of the bugs fixed for
males in the Gradebook problem and in total. Thiglso illustrated in the Figure 8.
However, this was not a predictor for females. bldtregression tests, however, did not
show significance on gender, total value editsher interaction between the two, being
predictors of the bugs fixed. Thus, from the linezgression statistics, we can conclude

only that this debugging strategy testing predi¢tedsuccess for males.
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4.4 Discussion

Why did successful males do more testing than sussful females?

There could be more than one explanation for tliwalguestion. Code inspection and
testing are two approaches to find bugs in theasjsigeet. Since successful females did
significantly more code-inspection successful maikess possible that this could be the

reason for the successful females to do less gestin

A rival explanation would be such that since femmalend to employ the
comprehensive strategy [Meyers-Levy 1989] towanddblem solving, it is possible that
they initially tried to understand the code usihg tode inspection strategy and then
migrated to testing. Males on the other hand, tengrocess information selectively
which would enable them to start testing the spleadt much earlier than females
during the debugging task. It would be interestinganalyze the effect of time on the

testing behavior as part of future work.

It is also interesting that the difference betwessles’ and females’ strategies were
more pronounced in Gradebook than Payroll. It issgde that Payroll’'s logic was less
conducive to understanding it by reading the foamulforcing females toward more
reliance on testing despite their inclination tosvarode inspection. This is another

guestion that would be interesting to pursue inreitwvork.
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5. More on Successful Males and Females

After having observed the testing and code-inspecliehavior with respect to the
debugging success of males and females, we wergusuito know if a strategy usage
was influenced by variables other than gender. Alge knew that testing and code-
inspection was widely used by males and femalgsetively. However, we wanted to

know how the two strategies interacted with eatleiotHence we decided to analyze the:
1. Influence of background variables on strateg@ges

2. Ties of one strategy to the debugging succewipresence of the other strategy as

well as the interaction of the two strategies.

We decided to restrict the analysis to successautigppants only, since we were
primarily interested in the behavior patterns ofl esers who were successful in their
debugging. Moreover, in order to do a comparatimalysis of both strategies, code-
inspection and testing, we needed to have a unif@nof population for both testers and
code-inspectors. Since we had earlier analyzeduheessful participants alone for code-
inspection behavior, we decided to keep the undralysis as the successful males and

females.

There were three related background variables napre-self-efficacy, experience
and GPA. We ran linear regression tests on vamogsess groups of both genders. We
found that one measure of the code-inspectionegjya(total formulas opened) was
negatively predicted by pre-self-efficacy for swussfel males (linear regression:
F(1,14)=5.03, p<0.0416=0.7073, R=0.26). The other measure of the code-inspection
strategy (count of instances) was marginally negéatipredicted by pre-self-efficacy for
successful males (linear regression: F(1,14)=4.p85,063,3=-0.256, R=0.225). The
same was marginally positively predicted for susfidsfemales (linear regression:
F(1,12)=3.28, p<0.0743=0.2041, R=0.2418). No other background variables had any
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effect on the strategy usage for both groups. Tumiher strengthened the effect of the

“gender” variable on the usage of strategies.

The second part of our analysis involved invesiigatvhether the strategies and their
interaction influenced the debugging success ferdhccessful participants. We found
that the code-inspection strategy (count instannegptively predicted total bugs fixed
for successful females (linear regression: F(1,325, p<0.0407B=-0.031, B=0.30.
However, previously, we had found that significgmtiore number of successful females
mentioned code-inspection as their strategy thasueoessful femaleg-isher’s Exact:
p<0.03; 13/14 successful females and 13/23 unssitdefemales). These two results
seemed to indicate different things about codeaaospn. Similarly, we had found that
the testing strategy predicted the debugging sscdes males (linear regression:
F(1,22)=5.94, p<0.02313=0.0311, B=0.2127) . But when we ran the same tests on its
sub-group (successful males), we did not get saante. Hence, although the testing
and the code-inspection strategy helped males emdlés to be successful respectively,
there is no evidence that iextentdirectly influenced the extent to which they were

successful.

Multiple regression on testing, code-inspection #mel interaction between the two
predicting the total bugs fixed, produced no mdieats, but a significant interaction
effect for successful males (Multiple regressio(3,F2)=1.813, p<0.0497,=0.0110,
R(1=0.3118). This says that the effects of the tesitrgtegy on total bugs fixed
depended on in the effects of the code inspecti@mtegy and vice versa, for successful
males. No significant effects were found for sust@sfemales. This result is interesting
since it talks about the interaction of the stregeglt however does not say anything
about the effect of the combination of strategiesdebugging success. Hence, it would
be interesting to analyze the effect of the comtmnaof the strategies as part of future

work.
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6. What Were the Unsuccessful People doing?

6.1 What is “fixing formulas™?

“Fixing formulas” is editing formulas that have @rs so as to correct them. There are
two kinds of formulas edits that might be made:dty’ and “inappropriate”. The buggy
edits are changes to formulas that contain ermhsle the inappropriate edits are the

changes to formulas with no errors.

6.2 Fixing formulas as a strategy

In the open-ended questionnaire of the summer 20@@riment, some participants
mentioned “fixing formulas” as their strategy. Whea looked closer, we saw that most
of the participants who mentioned this strategyengrsuccessful females. This made us
wonder whether this strategy interfered with tlisbugging task.

When we ran ANOVA on the total number of edits tag@py formulas between
successful/unsuccessful groups of females and malesdid not get any significant
difference between the genders. This raised tHewolg questions: Were the females
who mentioned fixing formulas as their strategyually editing the buggy formulas or
were they mistakenly spending their time on inappete edits and thereby introducing

new bugs?

We then looked at the inappropriate edits by mate$ females. Although there was
no significant difference in the Gradebook problémthe Payroll problem females did
inappropriate edits significantly more often thamles (males: 1.625(2.20) females:
3.486(3.11); ANOVA: F(1,59)=6.45, p<0.0136). Theatavas marginally significant that
females did inappropriate edits more often thanemsiah total (males: 5.833(5.04)
females: 7.919(3.67); ANOVA: F(1,59)=3.04, p<0.0860

Linear regression tests showed that mentioning ftkieg formula strategy was
predictive of inappropriate edits for females (&neregression: F(1,35)=2.5803,
p<0.0214B=4.22, B=0.14). On the other hand, this did not have aeglistive value for
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males (linear regression: F(1,22)=0.3834, p<0.5821.00, R=0.017). Hence, when a
female mentioned fixing formulas as her stratebgre was a high chance of her editing
inappropriately. Since many of the females (8/1@®pwnentioned fixing formula as a
strategy were unsuccessful, it was possible thedettunsuccessful females spent their
time editing the wrong formulas, thereby introdgcimew bugs. One the other hand, only
3 out of 8 males who mentioned this strategy weamsuacessful. These results are
consistent with a previous study that indeed fotivad females introduced significantly
more bugs than males did [Beckwith et al. 2005halgh they fixed the same number of

bugs as males.

6.3 Discussion

We have looked into strategies like testing (hejpmales) and code-inspection
(helping females). Looking at strategies that wkeel negatively to the success of

females, it is clear that one such strategy wagnti formulas”.

Is “fixing formulas” really a strategy? If it is hothe implication is that people who
mentioned this simply spent their time in an ad hmanner, editing formulas without
being able to differentiate formulas from otherfisTmay be a consequence of them
lacking strategies like code-inspection and testwhich helped others identify the buggy
formulas. If it does count as a strategy, it wakeed a poor one. Whether are not it was a

strategy, it was a pitfall to which females weretigalarly susceptible.

Males on the other hand, were not particularly spsble to this pitfall, but they have
a different one. Instead previous studies have shtvat males tinkered more than
females and that, unlike females tinkering, mateering was often counterproductive
to their effectiveness in debugging [Beckwith et2006]. Taken together, these results

may suggest that pitfalls for male and female esel-programmers are different.
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7. Conclusion

This thesis described our investigation on theesgias used by end-user programmers
while debugging. We found that there were signiiicgender differences in the
strategies males and females were using. Furtherdébugging strategies that worked

well for the males were not the same ones that egbvkell for the females.

On analyzing two major strategies that the end-psegrammers talked about we

have the following interesting results:

Testing: Quantitative analysis of the behavior lofsarticipants showed that this
strategy was used widely by successful males. Bageu of this strategy helped in the
debugging success of males. On the other handstiiaitegy did not have any significant

impact on the success of the females.

Code Inspection: By qualitative analysis of theipsr it was found that the code
inspection strategy was preferred mainly by sudoedsmales. However successful

males preferred it less compared to the succefeshdles

Hence, it was revealed that females mostly inspeitte code for finding errors while

males preferred to test for the same.

Besides these major strategies, we also explomaihar strategy “fixing formulas”.
We found that the females who were supposedlyri§xiormulas” ended up spending

their time editing inappropriate formulas and hepossibly being unsuccessful.

In end-user programming environments, we noticed #fthough the testing strategy
is well supported, the code-inspection strategyoits Hence, these results show that end-
user programming environments have the need forawmpg their support for debugging

strategies especially the ones used by the femaleiser programmers.
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Appendix A: Tutorial Materials

Introduction

Hi, my name is , and | will belieg you through today’s study.

The other people involved in this study are Dr. §#aet Burnett, Dr. Susan Wiedenbeck,
Valentina Grigoreanu, Laura Beckwith, Neeraja Shbraniyan, and Karin Bucht. .

Before we start, I'd like to remind you to pleasentoff your cell phones.

Just so you know, | will be reading through thiggcso that I'm consistent in the
information | provide you and the other people takpart in this study, for scientific
purposes.

The aim of our research is to help people createecbspreadsheets. Past studies indicate
that spreadsheets can contain several errorsidarectly entered values and formulas.
Our research is aimed at helping users find anccbthese errors.

For today’s experiment, I'll lead you through adbiiutorial of Forms/3, our research
spreadsheet software, and then you will have aebqrerimental tasks to work on.

(Do this next paragraph only on a “just in case”$a — if most have completed
everything by the time the tutorial begins, doattthem become bored®ut first, if you
haven't already done so, please read the texteofltiormed Consent Form” that you
currently have in front of you. You only need tgrsone of the two copies; the other is
for you to keep.

(Give them time to read the form and sign it).

Please do NOT discuss this study with anyone. Welaing later sessions and would
prefer the students coming in not to have any acv&nowledge.

Questions?

If you have any questions, contact Dr. MargaretBttr who’s name and contact
information is on the paperwork you will take awaigh you.

Background Questionnaifbave them fill it out, collect, check)

Tutorial

In this experiment, you will be working with therspdsheet language Forms/3. To get
you familiarized with its features, we're goingdtart with a short tutorial. After the
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tutorial, you will be given two different spreadsteand will be asked to test those
spreadsheets and, if you find any errors, fix them.

As we go through this tutorial, | want you to ACTULY PERFORM the steps I'm
describing. Please pay attention to your scredalewbu do the steps.

Please do not get ahead of the tutorial, you migks important points.

If you have any questions, please raise your h@iadint to the driverwill also be
performing the steps on the overhead, as we gaghrthe tutorial.

We are going to teach you several features thateip you with finding and fixing
errors. So let’'s begin our tour of Forms/3’s featur

Here’s some information about the first spreadsheet
(Hand out PurchaseBudget Description - First thes€rgtion, then the Samples.)

You have two handouts in front of you. One is acdpsion of how this spreadsheet
should behave. The other handout provides exangpieat values. Read through both of
these handouts about the “PurchaseBudget” spreetdsbe.

(Wait for them to read — read yourself silentlyntat cut them way short)

Now open the PurchaseBudget spreadsheet by clickirige bar labeled
PurchaseBudget at the bottom of the screen.

This is a Forms/3 spreadsheet. There are a few imayhich Forms/3 spreadsheets look
different than the spreadsheets you may be famiihr. Most notably, you can see that
some cells have colored borders.

Let’s find out what the red color around the bosd@eans. Rest your mouse on top of
the border of cell D.4 (wave the mouse around the cell and then rest mou$®rder)

A tooltip will pop up and tell us what this coloreians(No Pause)f you had trouble
getting it to come up, move your mouse out of thiéand come back over onto the
border a bit faster. Can anyone tell me what tbéipsays?(PAUSE, look for a hand.)
Yes, it means that the cell has not been tested.

You might be wondering what testing has to do wpheadsheets. Well, it is possible for
errors to exist in spreadsheets, but what usualbpéns is that they tend to go unnoticed.

So, the red border around the cells is just tellinghat the cell has not been tested.
Testing is trying out different values, leadingdifferent situations, to see if the answers
are coming out right.
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Observe that both cell C2 and cell C3 have blackidérs(wave mouse around cells)
These cells with black borders only contain valdlesy do not have formulas, so they
can't be tested. Cells with formulas have colorecibrs.

One of the sheets you have in front of you isditlescription for the PurchaseBudget
Spreadsheet Problem(Wave it around and show it to thefi)e first sentence of the
callout that points to cell D4 says that “The G@stmb. is the combined cost of pens and
paper.”(Point at it.)Since we have 0 pens and 0 reams of papers, anis @+@ve decide
that the value of “0” in cell D4 is correct. Setuyanouse over the small box with a
guestion mark in the upper-right-hand corner of @dl Can anyone tell me what the
tooltip says?(PAUSE, wait for answer.Yes, it says to click if we decide whether the
value is correct or wrong. It also tells us thasth decisions help test and find errors.

So let’s click the question mark in this decisiaxhmouse clicks)Now a line of four
options has popped up. What do these four choiethYou would choose the right-
most checkmarl(point to with mousef you were sure the cell’s value is correct. You
would choose the left-most x-manaint to with mousef you decided that the value is
definitely wrong. The inner checkmark is for casé®n you think a valumightbe

right, but are not sure. And the inner x-mark isdases where you think a value might
be wrong, but you are not sure. We'll place an xktaward the end of the tutorial.

The decision that we’re going to make now mightlmothe correct one — you will have

to decide whether this decision is correct whenwdlbe working on your own, later on

in the session. But, for the purposes of teachmgfgatures in this tutorial, let's say that
you are sure that the value is correct. Click @rtght-most checkmarkmpuse clicks)
Notice what happened. Three things changed. Akrhadk replaced the question mark

in the decision boxwave mouse) The border colors of some cells changed—sonie cel
borders turned blugg@int to borders)and the spreadsheet percent testedness at the top
of your screen increased to 2Zpoint to it)

Sometimes you may need to remove a checkmarkxémnple, if you accidentally place
a checkmark in the decision box and the value wakyrwrong, or if you haven’t seen
the changes that occurred. To "uncheck" the degisiack on that checkmarkPause)
Everything goes back to how it was. The cells' bosdurned back to red, the percent
testedness bar dropped back to 0% and a questidnrezgpeared in the decision box.

Put the checkmark back in the decision box for Wait for mouse clicks)

You may have noticed that the border colors ofsdeR and D3 are both blue. Now let’s
find out what the blue border indicates by holding mouse over cell D2's border in the
same way as beforPAUSE)The message tells us that the cell is fully test&ido

notice the blank decision box in cells D2 and M3hat does that mean? Position your

mouse on top of the box to find out why it is blark tooltip pops up that says we have
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already made a decision about this ¢®lause — Act surprisedHow did this happen?
We haven’'t made a decision about D2 and D3 yet!slfed out.

Position your mouse cursor in the middle of celldl click the scroll wheel (show it).
(Wait for mouse clicks¥olored arrows appear. To better see all of thenss, it
sometimes helps to open the cell's formula. ToB3#s formula, move your mouse to
the arrow right underneath the checkmark in cell M4ays “Click here to show
formula.” Click on this tab at the bottom righttbie cell. Its formula opened up.

Click the scroll wheel again on any one of theseves (PAUSE)—it disappears. Now,
click the scroll wheel again on cell D4 —all théet arrows disappeampouse clicks)
Now bring the arrows back again by re-clicking sieceoll wheel on D4(Wait for mouse
clicks)

Notice the arrows are colored the same way asdlhéarders. Move your mouse over to
the topmost blue arrow and hold it there until @tip appears(pause)lt first explains

that the arrow is showing a relationship that existtween D2 and D4. The value in D2
goes into or contributes to the answer for PRAUSE)The tooltip also explains that the
relationship between cell D2 and cell D4 is fulgted (ANOTHER PAUSHY you can’t
tell what cells an arrow is pointing to and frotme tooltip will tell you what those cells
are.

This explains why if you mark one cell value asnigetorrect, as you did with D4, and
there are other cells contributing to it, such &sadd D3, those cells’ borders will also
be colored as teste(RAUSE)

We don’t need those arrows on D4 anymore, so ledfe them by clicking the scroll
wheel on cell D4. Let’s also hide the formula, ginee don’t need it anymore. To hide
the formula, hit the “Hide” button above iRPAUSE)

We are now going to change some values and formkiliest, open the formula for cell
B2, the number of pens on hand/AIT FOR MOUSE CLICKST)his cell's formula is
just a value, and we’d like to try a different valWe’ve got an example correct
spreadsheet here with some valf@gave around.)t says “25” for cell B2(Point to it.)
So, let’s use this value, since it's an examplecare refer to. Try changing the value to
25 and click the “Apply” button HAUSE)

Cell E...2 tells us whether we have enough pens. ¥éel more than 68 boxes of pens.
(PAUSE)So the answer “pen quantity ok” is not right. Ddikterror in this formula
quite yet! For the purposes of teaching you featuet’'s pretend that we mistakenly
decided E2’s value was ok. Check the value off,usetthe “I'm not sure” checkmark
this time.(Wait for mouse clicksNotice that the spreadsheet testedness bar is paw u
33% tested(circle with mouse)
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Before we fix the error in cell E2’s formula, | wiaio make sure that you all understand
how “if formulas” work. Open up the formula for t&2, the pen quantity check. The
formula says “if the sum of the values in cell BRI&C2 is greater than 68, then the
answer is the phrase "not enough pens", else theeans the phrase “pen quantity ok™.

The spreadsheets that you will be given might leawars in some of their formulas. And,
sure enough, here’s an error in this spreadsHegé have 68 boxes of pensless then
we donot have enough pens, otherwise the pen quantity.iSokchange the “greater
than” sign to a “less then sign, followed by anacaign”. (wait — people might get stuck
on how to type in “<=") The formula now reads “if the sum of B2 and C2n&aHer than
or equal to 68, then print the answer is "not elopgns”, else the answer is "pen
guantity ok™. So far, our testedness bar is satilB3% and cell E2 has a purple border.
Now, hit the “Apply” button.

What just happened?!? The testedness bar went o226 tested. The border color
also changed — it went back to being red! And astjole mark also appeared in the
decision box, which used to contain a checkmarkeldavhy: since we changed the
formula, the system had to discard some of ouripusvtesting. After all, those tests
were for the old formula. We have a new formul#his cell, so those tests are no longer
valid. We now have to try some values on it to enalire that this new formula doesn’t
contain errors.

Suppose we think the value in E2 now looks righte€k it off. (Wait for mouse clicks.)
Notice that the percent testedness bar has goikeupao 33%.

The border of cell E2 turned purple. Hover oveT ite tooltip says that the cell is 50%
tested, and that it needs more testing. Remembat ‘tdsting” meanstPause)We're
trying to get values that let us try different sifilons that we haven’t already tried.

Can you think of another situation that we havémed for cell E2{Long Pause.How
about looking at whether the value in cell E2 isect when the pen quantity ok?
Change the value of C2 to 50. Don't forget to Bpply”. A question mark appeared in
the decision box of E2. Since we're glad the anssvapw “pen quantity ok”, check the
value off for this situation. The cell border colsmow blue, which means it's 100%
tested.

You were given two handouts for this task: a desicn of what the different cells

should do and a set of example correct values.Wwithtnave both of these handouts for
every task you get. Let’s pretend that, using th@s®louts, you decide that the value of
D...5 is wrong, for the purposes of showing you nfeetures. Cell D5 gives the
discounted cost. Place an X-mark in D5’s decisiox. @ o do this, first click the question
mark, then pick one of the two x-marks. If you'tgious about any of the changes, don't
forget the tooltips are there to help you.
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Look at the last sentence at the top of one oh#drlouts for PurchaseBudget; this is
your task. It says, “Test the spreadsheet tofseworks correctly, and if you find any
errors, fix them.”

Remember, if you are curious about any aspecteo$yistem, you can hover your mouse
over the item and read the tooltip. Also, you Imifind those checkmarks and X-marks
to be useful. Since we have covered a lot of featin this tutorial, we have created a
reference sheet to remind you of what we have eav@and out Reference Sheet)

You may use it both as you explore your currenéag@sheet, as well as for the actual
tasks that you will perform after this tutorial.iRember that you also have handouts that
tell you how the spreadsheet is supposed to bedrav¢hat give you example correct
values. Starting now, you’ll have 3 minutes to sl explore the rest of this
spreadsheet. While you’re exploring, look for esror the spreadsheet and fix them.
Once this time’s up, I'm going to show you one l@stture.

(Wait 3 minutes — everyone walks around as asssdan

Ok, the 3 minutes are up. Another feature thatrpaght find useful to test and find

errors is Help Me Test. Help Me Test comes up wititable test values so you can make
even more testing progress. Move your mouse cangarrthe button that says “HELP

ME TEST”, at the top of the spreadsheet. The tpokads “Help with testing this
spreadsheet.” Click on it. You now get a coupleemainutes to do any more exploring
and error-fixing you want.

The tutorial is now over. Please minimize your spsheet.
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(Hand out Gradebook description and sample values.)

Let's read the paragraph at the top of either dn@or handouts:

“A teacher has updated a spreadsheet programdhgiutes the course grade for his
students. So far, he has only entered formulaSdtly. Once he is sure that those
formulas are correct, he will also complete thegdar his other students. Your task is to
help him by testing the updated spreadsheet aywlifind any errors, fix them.”

Now open the Gradebook spreadsheet by clickindgnerbar labeled Gradebook at the
bottom of the screen.

One of the handoutsvave it aroundyives a description of how the spreadsheet should
work. The othefwave it aroundprovides you with two correct sample report cards.

Remember, your task is to test the spreadsheeifamdy find any errors, fix them. To
help you do this, use the checkmarks and x-markdibtking cell decision boxes.

Start your task now, and I'll tell you when timeu.
(Task is 22 minutgs
Your time’s up for this first task. Minimize yourr@ebook spreadsheet.

(Hand out short Gradebook questionnaire.)
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(Hand out Payroll description and example.)
Here is a payroll spreadsheet problem. Let’s thagaragraph at the top of either one of
your handouts:

“A spreadsheet that computes the net pay of thmrg@oyees has been updated by one of
your co-workers. So far, they have only entereddneulas for Bob. Once they are sure
that those formulas are correct, they will go omlsn modify the formulas for other
employees. Your task is to test the updated spheatdsind if you find any errors, fix
them.”

Now open the Payroll spreadsheet by clicking orblrelabeled Payroll at the bottom of
the screen.

One of the handoutsvave it aroundyives a description of how the spreadsheet should
work. The othefwave it around)provides you with two correct sample payroll stubs.

Remember, your task is to test the spreadsheetf gad find any errors, fix them. To
help you do this, use the checkmarks and x-markditiing cell decision boxes.

Start your task now, and I'll tell you when timeu.
(Task is 35 minutés
Your time’s up for this final task. Minimize yourakroll spreadsheet.

(Hand out long Payroll questionnairePJease take your time to fill out this last
guestionnaire.

Thank you for participating in our study. Now ifiytand us back your signed receipt
you will receive your $20.
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Appendix B: Questionnaires

Background Questionnaire

1. Gender (circle your selection): Male / Female

2. Age <20 20-29 389- 40 - 49 50 -59 60+
3. Major or Educational Background:

4. School that you are attending:

o

Year or Degree Completed: Fresh. Soph. Jun. Best Bac. Grad.

6. Cumulative GPA:

7. Do you have previous programming experience?
a. High school:
* How many courses?

* What programming languages?

b. College:
* How many courses?

* What programming languages?

c. Professional and/or recreational
* How many years?

* What programming languages?

8. Have you ever worked with formulas in spreadshiet§lease check all that
apply):
o A high school course How many spreadsheets?

o A college course How many spreadsheets?



47

o Professional use How many years?

o Personal use How many years?

9. Have you participated in any previous Forms/3 expents? Yes / No
10.1s English your primary language? Yes / No

If not, how long have you been speaking English? years.

Pre-session Questionnaire

The following questions ask you to indicate whetyau could use a new spreadsheet
system under a variety of conditions. For eactihefconditions please indicate whether

you think you would be able to complete the jolngghe system.

Given a spreadsheet which performs common task$ @sicalculating course grades or

payroll) | could find and fix errors:

... if there was no one | Strongly Disagree| Neither Agree | Agree | Strongly
around to tell me what | Disagree Nor Disagree Agree

to do as | go.

... if  had never used a| Strongly Disagree| Neither Agree | Agree | Strongly

spreadsheet like it Disagree Nor Disagree Agree
before.

... if  had only the Strongly Disagree| Neither Agree | Agree | Strongly
software manuals for | Disagree Nor Disagree Agree

references.
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... if  had seen someoneStrongly Disagree| Neither Agree | Agree | Strongly
else using it before Disagree Nor Disagree Agree
trying it myself.

... if I could call Strongly Disagree| Neither Agree | Agree | Strongly
someone for help if | Disagree Nor Disagree Agree
got stuck.

... f someone else had | Strongly Disagree| Neither Agree | Agree | Strongly
helped me get started. | Disagree Nor Disagree Agree

... if  had a lot of time | Strongly Disagree| Neither Agree | Agree | Strongly
to complete the task. | Disagree Nor Disagree Agree

... if I had just the built-| Strongly Disagree| Neither Agree | Agree | Strongly
in help facility for Disagree Nor Disagree Agree
assistance.

... if someone showed | Strongly Disagree| Neither Agree | Agree | Strongly
me how to do it first. Disagree Nor Disagree Agree

... if  had used similar | Strongly Disagree| Neither Agree | Agree | Strongly
spreadsheets before thisDisagree Nor Disagree Agree

one to do this same

task.
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The following questions ask you to indicate whetymu could use a new spreadsheet system under a
variety of conditions. For each of the conditighsase indicate whether you think you would be &ble

complete the job using the system.

Given a spreadsheet which performs common taské @si calculating course grades or payroll) | could

find and fix errors:

... if there was no one around to tell | Strongly | Disagree| Neither Agree | Agree | Strongly,
me what to do as | go. Disagree Nor Disagree Agree
.. if I had never used a spreadsheet| Strongly | Disagree Neither Agree = Agree — Strongly
like it before. Disagree Nor Disagree Agree
... if ' had only the software manuals| Strongly | Disagree Neither Agree | Agree | Strongly
for references. Disagree Nor Disagree Agree
.. if I had seen someone else using |t Strongly | Disagree Neither Agree | Agree | Strongly
before trying it myself. Disagree Nor Disagree Agree
... if I could call someone for help if I Strongly | Disagree| Neither Agree | Agree | Strongly
got stuck. Disagree Nor Disagree Agree
... if someone else had helped me get Strongly | Disagree| Neither Agree | Agree | Strongly,
started. Disagree Nor Disagree Agree
... if I had a lot of time to complete the Strongly | Disagree| Neither Agree | Agree | Strongly
task. Disagree Nor Disagree Agree
.. if I had just the built-in help facility Strongly | Disagree Neither Agree | Agree | Strongly
for assistance. Disagree Nor Disagree Agree
... if someone showed me how to dolit Strongly | Disagree, Neither Agree | Agree & Strongly
first. Disagree Nor Disagree Agree
... if I had used similar spreadsheets| Strongly | Disagree Neither Agree | Agree | Strongly
before this one to do this same task. Disagree Nor Disagree Agree
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Circle the answer corresponding to how much yoeagr disagree with the following statements.

1. | am confident that | foundll of the errors in the Payroll spreadsheetcleione)

Strongly Disagree Neither Agree Agree Strongly
Disagree Nor Disagree Agree

2. | am confident that | fixedll of the errors in the Payroll spreadsheetcleione)
Strongly Disagree Neither Agree Agree Strongly
Disagree Nor Disagree Agree
How much additional time would you need to comptéie task?
___ None. ltonlytookme __ minutes.
None. | took about the entire time.
| would need about _ more minutes.

| am not sure.
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3. Mark how you found the following features thatres available to you fdinding and fixing errors:

Cell Border Colors  helped 0 vl Never | Strongly | Disagree| Neither | Agree | Strongly
me make progress Used | Disagree Agree Agree
this Nor
feature Disagree
Interior Cell Coloring (yellow | Never | Strongly | Disagree| Neither | Agree| Strongly
0 | and orange) helped me make | Used | Disagree Agree Agree
progress this Nor
feature Disagree
X-Markshelped me Never | Strongly | Disagree| Neither | Agree | Strongly
make progress Used | Disagree Agree Agree
2 this Nor
feature Disagree
CheckmarkgV) helped me Never | Strongly | Disagree| Neither | Agree | Strongly
make progress [ Used | Disagree Agree Agree
this Nor
B feature Disagree
Arrows Never | Strongly | Disagree| Neither | Agree | Strongly
helped me make zzaa M| 140- | Used | Disagree Agree Agree
progress 2] this Nor
/ feature Disagree
Tooltipshelped me =y Never | Strongly | Disagree| Neither | Agree | Strongly
make progress Used | Disagree Agree Agree
21 100% ofthis cell has been tested | this Nor
feature Disagree
Percent Testedness Bar helped me| Never | Strongly | Disagree| Neither | Agree | Strongly
Used | Disagree Agree Agree
| this Nor
make progress feature Disagree
Error Likelihood Bar helped me make Never | Strongly | Disagree| Neither | Agree | Strongly
| Used | Disagree Agree Agree
| this Nor
progress feature Disagree
HELP “Help Me Test helped me make Never Sf[rongly Disagree| Neither | Agree | Strongly
ME progress Used | Disagree Agree Agree
= this Nor
feature Disagree
Spreadsheet Description (on the handout) helped mblever | Strongly | Disagree| Neither | Agree | Strongly
make progress Used | Disagree Agree Agree
this Nor
feature Disagree
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Sample Values (on the handout) helped me make
progress

Never
Used
this
feature

Strongly
Disagree

Disagree

Neither
Agree
Nor
Disagree

Agree

Strongly
Agree
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4. From the following list of features, pick theawou preferred the most and describe how you thesd
to find and/or fix errors:

Cell Border Colors, Interior Cell Colorings, X-MakCheckmarks, Arrows, Tooltips, Percent
TestednessBar, Error Likelihood Bar, Help Me Test

A) Most Preferred Feature:
How you used it to find and/or fix errors:

B) Second Most Preferred Feature:
How you used it to find and/or fix errors:

5. In the figure below, what does the X-mark in tleeision box mean?

20

[=][A

6. In the figure below, what does the orange cimdhe interior of the cell mean?

15 B
2]

7. In the figure below, what does it mean whendtier in the interior of one cell is a darker orariban
others?

E Jz0 R|1s x|
2] =] 2
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/our ansfvens the choices below. One or more

8. If we place an X-mark in cell D, the color oétimterior of cell D:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

9. If we place an X-mark in cell D, the color oétimterior of cell C:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don'’t know

10. If we place an X-mark in cell D, the color bétinterior of cell E:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

Assume for the next three Questions (13-15) that a&mark has been placed on the cell D.
11. If we place an X-mark in cell C, the color bétinterior of cell C:

a. Remains the same

b. Gets darker

c. Gets lighter

d. Don't know

12. If we place an X-mark in cell C, the color bétinterior of cell B:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

13. If we place a Checkmark in cell C, the colottaf interior of cell D:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know
14. What does a blue border of a cell with a yeltmange interior mean (refer to figure below)?
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(Circle 1 option for each part)

a) The value is: (circle 1) CORRECT WRONG COULD BE EITHER

b) The cell is: (circle 1) TESTED UNTESTED COULD BE EITHER

¢) The cell has: (circle 1) ERROR NO ERROR COULD BE EITHER
LIKELIHOOD LIKELIHOOD

d) My answers to a, b, and c are just YES, JUST GUESSES NO, NOT GUESSES SOME YES,

guesses. SOME NO

€) The combination of blue border and MAKES SENSE MAKES NO SENSE NOT SURE

yellow-orange interior colors on this cell;

(circle 1)

15. There is a cell with a purple border artwlank in its decision box.

5z [
AL

[

A) If you place a checkmark in that decision boses the border color change?

yes
no
I'm not sure

B) What is the border color after you've placedaheckmark in the decision box?
Red

Same purple

"Bluer" purple

Blue

Depends on the formula, but definitely me r

Depends on the formula, but definitely mdue b

I’'m not sure

C) If you place a checkmark in the decision bog, fibrm's Percent Tested Bar, shown below, will:

Increase

Stay the same

Decrease

Not enough information to tell
I'm not sure

16. There is a cell with a purple border arglastion mark in its decision box.
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37 il
Ik
A) If you place a checkmark in that decisionxbdoes the border color change?
Yes
No
I'm not sure

B) What is the border color after you have pladedldheckmark in the decision box?
Red

Same purple

"Bluer" purple

Blue

Depends on the formula, but definitely me r

Depends on the formula, but definitely mdue b

I'm not sure

C) After placing the checkmark, the form's Perceedted Bar, shown below, will:

| 0% Tested
Increase
Stay the same
Decrease
Not enough information to tell
I'm not sure

17. In a few sentences, describe your generakglydor finding and fixing errors in the spreadskee
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18. Did you place X-marks? If yes answer Questi8A, otherwise answer Question 18B.
A) When | placed an X-mark...

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use them properly. Disagree Nor Disagree Agree

... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn them. Disagree Nor Disagree Agree

B) Idid not place X-marks because...

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use them properly. Disagree Nor Disagree Agree

... lwas afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn them. Disagree Nor Disagree Agree

19. Did you use Help Me Test? If yes answer QaastBA, otherwise answer Question 19B.
A) When | used Help Me Test...

... l was afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use it properly. Disagree Nor Disagree Agree

... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn it. Disagree Nor Disagree Agree

B) Idid not use Help Me Test because...

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use it properly. Disagree Nor Disagree Agree

... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn it. Disagree Nor Disagree Agree

Thank you for participating in our study!

Post-session Questionnaire (Gradebook)

The following questions ask you to indicate whetywu could use a new spreadsheet system under a
variety of conditions. For each of the conditighsase indicate whether you think you would be able
complete the job using the system.

Given a spreadsheet which performs common taské @si calculating course grades or payroll) | could
find and fix errors:
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... if there was no one around to tell me | Strongly | Disagree| Neither Agree | Agree | Strongly
what to do as | go. Disagree Nor Disagree Agree
... if I had never used a spreadsheet like it Strongly | Disagree| Neither Agree | Agree | Strongly
before. Disagree Nor Disagree Agree
... it I had only the software manuals for | Strongly | Disagree| Neither Agree | Agree | Strongly
references. Disagree Nor Disagree Agree
... if I had seen someone else using it Strongly | Disagree| Neither Agree | Agree | Strongly
before trying it myself. Disagree Nor Disagree Agree
... if I could call someone for help if I got|  Strongly | Disagree| Neither Agree | Agree | Strongly
stuck. Disagree Nor Disagree Agree
... if someone else had helped me get Strongly | Disagree| Neither Agree | Agree | Strongly
started. Disagree Nor Disagree Agree
... if I had a lot of time to complete the Strongly | Disagree| Neither Agree | Agree | Strongly
task. Disagree Nor Disagree Agree
... if ' had just the built-in help facility for | Strongly | Disagree| Neither Agree | Agree | Strongly
assistance. Disagree Nor Disagree Agree
... if someone showed me how to do it first. Strongly | Disagree| Neither Agree | Agree | Strongly
Disagree Nor Disagree Agree
... if  had used similar spreadsheets before Strongly | Disagree| Neither Agree | Agree | Strongly
this one to do this same task. Disagree Nor Disagree Agree
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Circle the answer corresponding to how much yoeagr disagree with the following statements.

3. lam confident that | foundll of the errors in the Gradebook spreadshertlémne)

Strongly Disagree Neither Agree Agree Strongly
Disagree Nor Disagree Agree

4. | am confident that | fixedll of the errors in the Gradebook spreadsheitlécwne)
Strongly Disagree Neither Agree Agree Strongly
Disagree Nor Disagree Agree
How much additional time would you need to comptéie task?
___ None. ltonlytookme __ minutes.
None. | took about the entire time.
| would need about _ more minutes.

| am not sure.
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3. Mark how you found the following features thatres available to you fdinding and fixing errors:

Cell Border Colors  helped 0 71l NeverUsed| Strongly Disagree Neither Agree | Strongly
me make progress this feature Disagree Agree Nor Agree
Disagree
Interior Cell Coloring Never Used| Strongly Disagree Neither Agree | Strongly
0 | (vellow and orange) helped | this feature Disagree Agree Nor Agree
T me make progress Disagree
X-Markshelped me Never Used| Strongly Disagree Neither Agree | Strongly
make progress this feature Disagree Agree Nor Agree
2] Disagree
CheckmarkgV) helped me Never Used| Strongly Disagree Neither Agree | Strongly
make progress [ this feature Disagree Agree Nor Agree
Disagree
e ]
Arrows Never Used| Strongly Disagree Neither Agree | Strongly
helped me make 220 K| 1400 this feature | Disagree Agree Nor Agree
progress 2l / Disagree
Tooltipshelped R Never Used| Strongly Disagree Neither Agree | Strongly
me make progress this feature Disagree Agree Nor Agree
211 00% ofthis cell has been tested | Disagree
Percent Testedness Bar helped | Never Used| Strongly Disagree Neither Agree Strongly
this feature Disagree Agree Nor Agree
Disagree
me make progress
Error Likelihood Bar helped me Never Used| Strongly Disagree Neither Agree | Strongly
this feature Disagree Agree Nor Agree
| Disagree
make progress
HELP “Help Me Test helped me make Ne_ver Used S'_[rongly Disagree Neither Agree | Strongly
ME progress this feature Disagree Agree Nor Agree
= Disagree
Spreadsheet Description (on the handout) helpedNever Used| Strongly Disagree Neither Agree Strongly
me make progress this feature Disagree Agree Nor Agree
Disagree
Sample Values (on the handout) helped me makeNever Used| Strongly Disagree Neither Agree Strongly
progress this feature Disagree Agree Nor Agree

Disagree
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4. From the following list of features, pick theawou preferred the most and describe how you thesd
to find and/or fix errors:

Cell Border Colors, Interior Cell Colorings, X-MakCheckmarks, Arrows, Tooltips, Percent
TestednessBar, Error Likelihood Bar, Help Me Test

A) Most Preferred Feature:
How you used it to find and/or fix errors:

B) Second Most Preferred Feature:
How you used it to find and/or fix errors:

5. In the figure below, what does the X-mark in tleeision box mean?

20

[=][A

6. In the figure below, what does the orange cimdhe interior of the cell mean?

15 B
2]

7. In the figure below, what does it mean whendtier in the interior of one cell is a darker orariban
others?

E Jz0 R|1s x|
2] =] 2
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/our ansfvens the choices below. One or more

8. If we place an X-mark in cell D, the color oétimterior of cell D:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

9. If we place an X-mark in cell D, the color oétimterior of cell C:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don'’t know

10. If we place an X-mark in cell D, the color bétinterior of cell E:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

Assume for the next three Questions (13-15) that a&mark has been placed on the cell D.
11. If we place an X-mark in cell C, the color bétinterior of cell C:

a. Remains the same

b. Gets darker

c. Gets lighter

d. Don't know

12. If we place an X-mark in cell C, the color bétinterior of cell B:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know

13. If we place a Checkmark in cell C, the colottaf interior of cell D:
a. Remains the same
b. Gets darker
c. Gets lighter
d. Don’t know
14. What does a blue border of a cell with a yeltmange interior mean (refer to figure below)?
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(Circle 1 option for each part)

a) The value is: (circle 1) CORRECT WRONG COULD BE EITHER

b) The cell is: (circle 1) TESTED UNTESTED COULD BE EITHER

¢) The cell has: (circle 1) ERROR NO ERROR COULD BE EITHER
LIKELIHOOD LIKELIHOOD

d) My answers to a, b, and c are just YES, JUST GUESSES NO, NOT GUESSES SOME YES,

guesses. SOME NO

€) The combination of blue border and MAKES SENSE MAKES NO SENSE NOT SURE

yellow-orange interior colors on this cell;

(circle 1)

15. There is a cell with a purple border artwlank in its decision box.

5z [
AL

[

A) If you place a checkmark in that decision bosesl the border color change?

yes
no
I'm not sure

B) What is the border color after you've placedaheckmark in the decision box?
Red

Same purple

"Bluer" purple

Blue

Depends on the formula, but definitely me r

Depends on the formula, but definitely mdue b

I’'m not sure

C) If you place a checkmark in the decision bog, fibrm's Percent Tested Bar, shown below, will:

Increase

Stay the same

Decrease

Not enough information to tell
I'm not sure

16. There is a cell with a purple border arglastion mark in its decision box.
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37 il
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A) If you place a checkmark in that decisionxbdoes the border color change?
Yes
No
I'm not sure

B) What is the border color after you have pladedldheckmark in the decision box?
Red

Same purple

"Bluer" purple

Blue

Depends on the formula, but definitely me r

Depends on the formula, but definitely mdue b

I'm not sure

C) After placing the checkmark, the form's Perceedted Bar, shown below, will:

| 0% Tested
Increase
Stay the same
Decrease
Not enough information to tell
I'm not sure

17. In a few sentences, describe your generakglydor finding and fixing errors in the spreadskee



18. Did you place X-marks? If yes answer Questi8A, otherwise answer Question 18B.

A) When | placed an X-mark...

65

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use them properly. Disagree Nor Disagree Agree
... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn them. Disagree Nor Disagree Agree
B) Idid not place X-marks because...

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use them properly. Disagree Nor Disagree Agree
... lwas afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn them. Disagree Nor Disagree Agree

19. Did you use Help Me Test? If yes answer QaastBA, otherwise answer Question 19B.

A) When | used Help Me Test...

... l was afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use it properly. Disagree Nor Disagree Agree
... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn it. Disagree Nor Disagree Agree
B) Idid not use Help Me Test because...

... lwas afraid that | would | Strongly | Disagree Neither Agree Agree | Strongly
not use it properly. Disagree Nor Disagree Agree
... l was afraid | would take | Strongly | Disagree Neither Agree Agree | Strongly
too long to learn it. Disagree Nor Disagree Agree

Thank you for participating in our study!
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Appendix C: Spreadsheets and Spreadsheet Descripti®

A B [ D ’—E—\

1 O Hand Order Cost Check
2 |Pen= ] ] 1] [Flpen quantity ok

3 |[Paper

|
1

Cost

A discount of 10% is /Pen and Paper \
taken if the total cost Check

is greater than You must keep
$1500. more than 68 boxes

of pens and 400
reams of paper on
hand and you
cannot exceed a
budget of $2000.

NG J

Figure 9. Description of Purchase Budget Spreadshee
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EXAMPLE CORRECT VALUES FOR PURCHASE BUDGET SPREADSHEET PROBLEM .
You are in charge of ordering office supplies fog bffice you work at. You must order enough pens

and paper to have on hand, but you cannot spene than your allotted budget for office supplies.

Test the spreadshemtd if you find any errors, fix them.

E E 17
1 On Hand Order Cost Check

Z |[Pens 75 a a i pen quantity ok kil
2 2 2 g
Paper |21 |4DEI Il,GEID %paper quantity ok il
4 & g

4 | lcost cown.  f1,600 [T

4
5 | [piscomted  [1,440 %Buﬂget ok i
I

Figure 10. Example of Purchase Budget Spreadsheet
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Description of Payroll Task
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Figure 11. Miniaturized description of Payroll spdsheet
The description sheet has been miniaturized beaafusgace constraints. The texts in

the boxes have been expanded below:

(LA AR ENRRNENNNENENENNENRENRNENRNENERNLNENRENNERNLRENRRENERRNLRENRRNRERNENRRSENRRSR:RRHR} ™
@_,E DESCRIPTION FOR PAYROLL SPREADSHEET PROBLEM
A spreadsheet that computes the net pay of thrgtogees has been =

updated by one of your co-workers. So far, theyehany entered the =
formulas for Bob. Once they are sure that thosefibeis are correct, they;
will go on to also modify the formulas for other ployees. -

Your task is to test the updar shet and if you find any errors, fix the.
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I

/Federal Income Tax Withholding \

To determine the federal income tax withholding:

1. From the monthly adjusted gross pay subtract the
allowance amount (number of allowances claimed
multiplied by $250). Call this amount the adjusteatje.

2. Calculate the withholding tax on adjusted wagegisin
the formulas below:

a.If Single and adjusted wage is not greater than
$119, the withholding tax is $0; otherwise the
withholding amount is 10% of (adjusted wage -
$119).

b. If Married and adjusted wage is not greater than
$248, the withholding tax is $0; otherwise the

withholding amount is 10% of (adjusted wage -
\\ $248) /

4 N

Adjusted Gross Pay

Pretax deductions (such as child care and employee
insurance expense above the employer’s insurance
contribution) are subtracted from Gross Pay toiabta
kAdiusted Gross P& J

/Social Security and Medicare \

Social Security and Medicare are withheld at a dost
rate of 7.65% of Monthly Gross Pay. The Social &iecu
portion (6.20%) will be withheld on the first $80M of
the Year-To-Date Gross Pay, but there is no caghen
1.45% withheld for Medicare.

- /




@ > The monthly health insurance premium is $480

70

/Insurance Costs \

for Married and $390 for Single. Monthly dental
insurance premium is $39 for Married and $18 fq
Single. Life insurance premium rate is $5 per
$10,000 of insurance. The monthly employer
insurance contribution is $520 for Married and

QIBOO for Single j

Payroll Example Sheet

-
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11
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13
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16
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EXAMPLE CORRECT VALUES FOR PAYROLL SPREADSHEET PROB LEM .
A spreadsheet that computes the net pay of thredogees has been updated:
by one of your co-workers. So far, they have omiteeed the formulas for Boba
. L]
Once they are sure that those formulas are cothest,will go on to also .
modify the formulas for other employees. Your tasto test the updated .
snreadsheet and if vou find anv errors. fix t. .
LB R R R R NN RENRERRERRERRRRNRNERERERRERRERNERNERNNRERERRERRERNERNENRNRERERNERNERNERHNSNDNHS.
Fy E C D B F G H
Federal Income Tax Witholding Calculations
Mitatus Allowances SingleWithHold Hartiedwithl{oldl Fed[-]ithHold.&lJ.ow‘ Adjustediage
Boh Single 1 i i i E
z El El = ] &l Z
OtherEmployee | ‘
OtherEmployee | | | | ‘
Tax Sunmary
Focdec Medicare FedlilithHold |EmpJ.UYEETaXES PreTaxChildCare
Boh 372 [kl EH kil B i 000.6 7 i
2 2 2 =] =] =
DthErEmpluyeel | | | | ‘ |
DthErEmpluyeel | | | | ‘ |
Insurance Costs
Lifedmount HealthPremium DentalPrenium |L1fePtemium EnployeeCost ‘Emplnyercant,nb.|Net.Cost.
Eob 10,000 330 kil I il B 7 |a1z T7 300 ki PR [k
T ] 2 ] = ] 2] &
OtherEmployee | ‘ |
UEhEIEIﬂplUYEEl | | | | ‘ |
Pay Calculations
GrossPay MokdjustGrossPay |NetPay TTDGrossPay New¥TDGrossPay ‘I}rnssﬂverﬁ?}(
Eob &,000 5,887 Fja,876.2 F|54,000 ¥ 7
T ] ] = = ] =
DthErEmpluyeel | | | | ‘ |
D:herEmploYeel | | | | ‘ |

Figure 12. Example sheet of Payroll spreadsheet
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Description of Gradebook Task

, % DE$ CRIFTION FOR GRADEE 00K SPREADSHEET FROELEM ¥
. Undt Averages + Ateacherhae updated a spreadshest program that compnates fhe couee grade for i sidads. So far hehas

¢ ) Foreh ! ol anterse formalas for Sally. Cince he 1 sure fhat fhose fomurlac are comect, he will also complete e Toms
texthook chapter : forhs offier stadets. 2
e D ]]s),‘thrz Fourtask is to halp him by testingthe vpdsted Sreaddiest wrd o find sy errors, focthen. : 5
T T o . 1P e e T S s R R T
sltnog)\ezf(x of o i B 3 F [ H 1 3 L Final Exam ¥ Quiz AYE E
S L [Student Rame[Deganisme gpdeSelloms == = e P [Svudenc Rane [Finala There aze 146 The sverage of
Bt e 2 Duiz | Midcers | [Magiferc | W awa tar ouc || Final Final Percenceqdodlt Pussi;hgﬁdh te iges s,
1o 13 SCOres
cmbludtogt |13 [sany 0 ilo 0 [ 1[0 7], [sauiy o 0 8; T e s e
Ifidtenms are ) e ] & & percentage scale @ig2 md quiz3
weightadtogin | (4 [morestugents| [ 1] [| [moreswusencs L s
them tisice 15 T T droppe
mmachvrahie 1
s it |8 |Morestudencs| ol | " : | [ Morestudenca ‘]_1 ¥ ] | // n;“m%
i T s === == Lot
+ first b

—l [ —— e — = ||

I i = e s e g B || peceages s
Aimittieins 5] mfecules of Life T Tesr hvecages dropped  The
Thre are three = T aveTage midenn
midemms, ome 8 Duiz 2 |Quiz 3 :lmuuu 2 D ]l\:v for Mol Min0203 ]llan'l(d[lnll(dtln? [ouizivg [mideecan [Exenava scare 1o farilie
gx:hag‘kd\m o fsuy A o a o Iﬂl [o 4 Satly o d [1 Eo gc. i [ T | aversze afthe

3 T i m i m
The first | Z. 2l 1 | , i the
midennbas 30 | Q10 [mFsrudens] L [ [ nerestutents | [ | | | thie firct
possblepoiits; b — >t ] , ;
ey il R T —— ] ] l
T adfiptedtoa noW Morestudents I
s | A | -
paenlar ik, L s the midern
Tt e || — ] [ | I v | 1] e
AT SCO0R.
omrved; mdats
i | a8 I T T e S Cougss Tesala
point baros i 14 Floviz 3 Jouz s Midcers 3 |Cvatideeca[fey for ©4o Coucae Avg|Course Grade >y
thelr score ¥ mot 15 [satiy o o B LE ] [id [ Sally o mir [id
zmo. } “ = i o
o 7] \\
L Course Totals
S e F | [ [T [ [Rorestutent= | [ B i mwmhw:;?:ﬂ’u; stadart’s grude. .
L] lidenms e wnocth a studerd’s g(mi!

v Y ; i ] 1 final corributes 20%. A staded’s course grade &
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Figure 13. Miniaturized description of Payroll spdsheet
The description sheet has been miniaturized beaafuggace constraints. The texts in

the boxes have been expanded below:

(LA AR ENRRNENNNENENENNENRENRNENRNENERNLNENRENNERNLRENRRENERRNLRENRRNRERNENRRSENRRSR:RRHR} ™
@_’E DESCRIPTION FOR GRADEBOOK SPREADSHEET PROBLEM
A teacher has updated a spreadsheet program thgiutes the course grade for his
students. So far, he has only entered formulaSé#tly. Once he is sure that those
formulas are correct, he will also complete thegdar his other students.
Your task is to help him by testing the updateaagdsheet and if you find any errors,
fix them.
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( —

-

Unit Averages

For each textbook chapter (eg: Organisms and C#iks)
scores (out of 100) of the quizzes and midterms are
combined to get a score. Midterms are weightedvi® g
them twice as much value as the quizzes

N

~

/

There are three midterms, one for each textbook
chapter.The first midterm has 50 possible points;
however, it must be adjusted to a “0-100” percemtag
scale. The third midterm score is curved; students
receive a two-point bonus if their score is nobzer

/Midterms \

\ )

Quizzes
There are five quizzes in all, with scores out éDa
points possible.
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w

11

12

13

14

15

16

them

Final Exam
There are 146 possible points. It must be adjusted
to a “0-100” percentage scale.

Gradebook Example Sheet

are correct, he will also complete the rows fordttser students.
Your task is to help him by testing the updatedagdsheet and if you find any errors, fix
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llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll.
EXAMPLE CORRECT VALUES FOR GRADEBOOK SPREADSHEET PR OBLEM 1}
A teacher has updated a spreadsheet program timgubes the course grade for his .

students. So far, he has only entered formulaSétly. Once he is sure that those formulgs

A B c D E F H I 7 K L N
I:Stude:nt Name|Drganisms and Cells Student Fame |Finals
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Figure 14. Example sheet of Gradebook spreadsheet




