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Abstract  

Recent research has begun to report that female end-
user programmers are often more reluctant than males 
to employ features that are useful for testing and de-
bugging.   These earlier findings suggest that, unless 
such features can be changed in some appropriate 
way, there are likely to be important gender differences 
in end-user programmers’ benefits from these features.   
In this paper, we compare end-user programmers’ 
feature usage in an environment that supports end-user 
debugging, against an extension of the same environ-
ment with two features designed to help ameliorate the 
effects of low self-efficacy.   Our results show ways in 
which these features affect female versus male end-
user programmers’ self-efficacy, attitudes, usage of 
testing and debugging features, and performance. 
 

1.  Introduction  

Although there is a large body of literature about is-
sues facing women in IT professions, until recently, 
researchers had not considered how gender differences 
interact with features and tools in programming envi-
ronments.  However, researchers are now beginning to 
report theory and empirical data pointing to gender 
differences in the use of end-user programming envi-
ronments.  Evidence of these differences has accumu-
lated, indicating gender differences in programming 
environment appeal, playful tinkering with features, 
attitudes toward and usage of end-user programming 
features, and end-user debugging strategies [2, 3, 6, 12, 
14, 17, 18, 21].   

In these studies, females have been shown to both 
use different features and to use features differently 
than males.  Even more critically, the features most 
conducive to females’ success are different from the 
features most conducive to males’ success—and are 
the features least supported in end-user programming 
environments.  This is the opposite of the situation for 
features conducive to males’ success [21]. 

These studies have not delved into how to remedy 
this situation so that feature barriers to females’ suc-
cess can be removed.  Although a few isolated solu-
tions have been reported [12, 18], these solutions have 
not been tied to theory, and therefore do not provide 

designers of end-user programming environments the 
fundamental information they need about how to find 
and remove such barriers in their own environments.   

In this paper, we tackle this issue.  Our long-term 
research goal is to answer the following question: 

Can theory be directly applied to end-user pro-
gramming environment features to narrow the gender 
gap in end-user programmers’ debugging success, by 
better supporting females? 

The answer to this question holds the key to ena-
bling designers of end-user programming environments 
to spot barriers in their own tool set, and further, to 
figure out what is needed to remove them.   

In earlier research, we proposed two theory-based 
features that aimed to improve female performance 
without harming male performance: (1) adding “may-
be” nuancing, inspired by self-efficacy theory, to fea-
tures with which users input quality judgments and (2) 
integrated explanations geared toward gender dif-
ferences in information processing and problem-
solving styles [4].  We evolved these features over 
three years through the use of formative investigations, 
drawing from education theory, self-efficacy theory, 
information processing theory, metacognition, and 
curiosity theory [4, 13, 20].   

In this paper, we now face the challenge head-on.  
Namely, we committed these features to a robust im-
plementation, and we investigated statistically whether 
they do indeed help to remove barriers to female end-
user programmers’ debugging efforts.   

Our specific research questions were: 
(RQ 1): Do these features help to close the gender 

gap in feature usage for female and male end-user 
programmers? If so, how does that relate to their suc-
cess? 

(RQ 2): Do these features help decrease the gap be-
tween females' and males’ debugging self-efficacy? If 
so, how does that relate to their debugging success? 

2.  Background  

2.1 Theoretical and Empirical Basis  

Self-efficacy theory has had a strong influence on 
our work.  Bandura’s social-cognitive theory identifies 
self-efficacy (or confidence in one’s ability to carry out 
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information and self-efficacy based on a slightly modi-
fied version of Compeau and Higgins’ validated scale 
[8]; the modifications made the questionnaire task-
specific to end-user debugging.  In post-session ques-
tionnaires participants answered the same self-efficacy 
questions, rated the usefulness of the features, and an-
swered an open-ended question about how parts of the 
software affected their confidence in finding and fixing 
bugs. 

The hands-on portion began with a 30-minute “tour 
of features” tutorial, which explained what the features 
in the spreadsheet environment meant, but it did not 
imply any strategies for how best to use these features.   

The participants were instructed to “test the updated 
spreadsheet and if [they] find any formula errors, fix 
them.” The spreadsheet had previously been seeded 
with six bugs that we have used in many previous ex-
periments [2, 4, 13, 20, 21]; these were originally har-
vested from end users.  Participants had 45 minutes to 
complete the task.  The Treatment group was inter-
rupted after 30 minutes and asked to view either a vid-
eo or hypertext explanation of their choice.  This 
interruption was necessary to ensure actual usage of 
the explanations; without usage, we could not have 
collected data on their usefulness. 

4.  Analysis Methodology 

4.1 Measures   

In this study, we were interested in only certain 
comparison groups: Treatment females vs. Control 
females to see if the Treatment helped females, 
Treatment males vs. Control males to see if males’ 
performance was affected, and “gender gaps”, i.e., 
Treatment female/male differences versus Control 
female/male differences. 

In making comparisons, two potential confounds 
had to be taken into account: gender/group differences 
in pre-self-efficacy, and individual differences in 
minutes available for debugging.   

Regarding pre-self-efficacy, analysis of pre-session 
questionnaires revealed that females in the Treatment 
group had significantly lower pre-self-efficacy than 
females in the Control group (Treatment females: 
M=36.82, SD=5.22; Control females: M=40.13, 
SD=4.28; ANOVA: F(1,63)=7.96, p<.0064).  (Recall 
that there were no significant differences otherwise in 
participant background (e.g., academic areas, age, etc.) 
among the groups.) Consequently, except where noted, 
all statistical tests were done in ways that took pre-self-
efficacy into account. 

Regarding minutes available for debugging, the de-
bugging time available to Treatment participants varied 
by individual, depending on how much time they spent 
on explanations.  To account for the time differential, 
we calculated debugging minutes as ((45*60) – expla-

nation seconds)/60, where 45 was the number of min-
utes given to debug the spreadsheet, and explanation 
seconds was the time a participant spent viewing the 
strategy explanation videos and/or text.  We counted 
“explanation seconds” from the time they touched a 
strategy explanation until there was any event (even a 
simple mouse movement) in the spreadsheet area.  
Thus, except where noted, all statistical tests were done 
in ways that also took debugging minutes into account.  

To take these covariates into account and to allow 
direct row-wise and column-wise comparisons (e.g., 
analyzing female differences by comparing Treatment 
females vs. Control females), we used one-way AN-
COVAs and linear regressions, and in the few cases 
where ANOVAs were appropriate, we used one-way 
ANOVAs. 

4.2 Coding Methodology   

The post-session questionnaire’s open-ended confi-
dence question asked participants which parts of our 
software affected their confidence in their ability to fix 
bugs and how their confidence was affected.  To ana-
lyze their responses, we began by deriving codes close 
to the words used by the participants in their answers.  
We then iteratively regrouped the low-level codes to 
generalize them.  The result was two 3-level trees of 
codes, one tree for comments about positive effects on 
confidence (+) and a mirror image for comments about 
negative effects on confidence (-).  The top level of the 
tree included six codes: environmental conditions, user 
features, software feedback, information given, soft-
ware usability, and experiment setup. 

Two researchers individually coded 20 participants’ 
answers using this scheme, achieving a 91% agreement 
rate.  Given the high agreement, a single researcher 
coded all remaining participants’ answers. 

5.  Results   

Although not our primary research question, the 
reader may be wondering whether males or females 
fixed more bugs.  If we do not take into account self-
efficacy and actual time spent debugging, males fixed 
significantly more bugs than females (females: 
M=2.88, SD=1.75; males: M=3.84, SD=1.46; ANOVA: 
F(1,130)=15.67, p<.00013) and achieved a signifi-
cantly higher maximum percent testedness (females: 
M=0.49 (49.1% testedness), SD=0.24; males: M=0.64, 
SD=0.19; ANOVA: F(1,130)=15.05, p<.00017).  This 
is not surprising given our setting.  Previous studies 
have revealed numerous barriers to females’ success in 
debugging spreadsheets, showing that males use 
spreadsheet testing and debugging features more than 
females [2, 3], and that their strategies are better sup-
ported by the debugging features present in this envi-
ronment [21]. 

The issue of interest to this paper is whether the 
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