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Abstract 
 
Individuals vary across many dimensions due to the effects of gender-based, personality, and cultural 
differences.  Consequently, programming contests with a limited and restrictive structure (e.g., scoring 
system, questioning style) are most favourable and attractive to a specific set of individuals with the 
characteristics that best match this structure.  We suggest that a more inclusive and flexible structure will 
allow contests to be more appealing to a wider range of participants by being less biased towards specific 
traits.  As well, by making contests more broadly appealing, they become better post secondary recruiting 
tools and can potentially be used to attract under-represented populations to the discipline of computer 
science.  In this paper, we focus on gender-based differences and the effect of a competition’s structure on 
female participants. 
 
 
1.0 Introduction 
 
It is well known that females are equally capable to males, but less represented in computer-oriented 
professions [CW03].  This under-representation is the result of many interacting gender-based, social, and 
cultural factors.  While it is beyond the scope of this paper to examine these factors in detail, we focus on 
one element, gender, as it leads to several promising and novel ideas. Specifically, we suggest that  
programming contests can become more inclusive to female participants if changes are introduced that 
make the contest more sensitive to gender-based differences.  This paper begins by examining these 
differences from a theoretical perspective, using relevant literature in psychology, sociology and education.  
Then, we examine specific contest components, such as scoring, which could be improved to be more 
inclusive and less biased.   It should be stated that, although this paper focuses on gender, the results are by 
no means limited to this variable alone, as Schofield [Sch95] found that many of the factors that dissuade 
female use of a U.S. high-school computer center are equally applicable to cultural groups such as African 
Americans.   
 
Fully inclusive contests that are enticing to a wide range of participants provide computer science 
departments with a high profile tool for advertising the discipline and potentially addressing issues of 
under-representation by specific population groups.  Actively attracting students to the discipline by 
providing an enjoyable, seemingly fair and unbiased recreational event can lead to increased interest, and 
hence provides a recruiting tool for post-secondary education.  With respect to gender-based under 
representation, it is known that women will engage in competitive activities [Hrd99], but will be most 
likely to do so when they believe they can succeed in these activities.  By providing a contest environment 
that does not inherently disadvantage women, as we suggest some current practices do, it is possible that 
female participants will be more successful at IOI1 level competitions, and thus, be more likely to pursue 
careers and educational opportunities in computing and information technology. 
 
We are not suggesting that this paper presents a solution to the problem of female under-representation in 
computer science or their low level of participation in programming contests.  Rather, the issues we 
examine and the practices we suggest in response to these issues should be viewed as an element of a larger 
solution strategy.  While changing a contest environment can minimize the likelihood of gender-based 
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disparity occurring during competition, it will not address the complex social and cultural factors that 
dissuade women from participating.  However, by avoiding exclusionary practices and providing a fair and 
equitable environment, computing contests can be part of the solution as opposed to perpetuating the 
problem. 
 
This paper will now review some of the literature pertaining to gender-based differences in cognition and 
behaviour that affect performance in competitive events.  We will review different elements of competition 
that are particularly gender sensitive, under a conceptual framework that considers current research 
findings to be applicable to programming contests.  This examination is followed by some suggestions that, 
based on the reported differences, will lead to a fairer, more sensitive, more inclusive and less biased 
competitive environment. 
 
2.0 Factors Influencing Individual Performance 
 
We believe that gender influences how people will perform within computing contests, although it is 
presumable that there are numerous other variables, such as ethnicity, personality, experience, and so on.  
We focus on gender because there exists a large body of contemporary research on the interaction of gender 
and competition, whereas current literature is more limited with respect to these other variables.  In 
addition, casual observation, as well as various reports (e.g., Helgeson [Hel05]), reveals a systemic under-
representation of women in computer science.  We do not address the reasons for low institutional 
enrollment, and instead, our contribution will be to suggest reasons why women may feel excluded from 
these contests, or are prevented from maximizing their performance.  To address these issues, we identify 
practices that will lead to higher levels of participation and success.  Correspondingly, increased 
participation can be used to improve enrollment when computing contests are used as a vehicle for 
advertising the discipline and recruiting college-level students. 
 
Given that these contests are competitive, we begin by discussing gender differences in perceptions and 
acceptance towards competitive environments.  Previously, researchers have argued that women’s low 
representation rates in competitions, such as in athletic contests, was simply due to women’s cooperative 
nature.  That is, it has long been argued that women are far more cooperative than men, and will shy away 
from any competitive situation in favour of reaching an amicable “everyone wins” solution.  This belief is 
still widely held today, but is only correct within limited extents.  Females are able to compete, and do so 
willingly, even when there is only one winner and a clearly ranked hierarchy of finishers.  For example, a 
cursory view of the online Scripps National Spelling Bee participation data, which is a voluntary contest 
held annually in the United States, readily shows that females are active in these contests at levels nearly 
equivalent to males (127 females and146 males participated in 2005).  Women can compete as vigorously 
as men, and sometimes enjoy it as much as men [HH93]. 
 
Although females are able and willing to compete, and do so well in specific situations, the widely held 
notion that they tend to be more cooperative and less competitive than males does hold merit.  In general, 
findings from social and developmental psychology indicate that females prefer cooperative activities, 
while boys prefer competitive activities (see Hoyenga and Hoyenga [HH93] for a more comprehensive 
review).  In competitive games, where the rules state that everyone must compete to win, males will often 
compete individually, while females will form small, cooperative alliances, with the group competing as a 
single entity [Hug88].  Also, although public school teachers tend to use cooperative learning strategies less 
frequently than competitive strategies to aid student learning, cooperative strategies allow girls to achieve 
on par or higher than boys in math-related tasks [FP87].  In fact, competitive games have been repeatedly 
found to give boys an edge, while cooperative activities generally give girls the advantage [FP87].  
 
The problem is that, although women’s performance is not always jeopardized by a competitive 
environment, exposure to these settings may be detrimental to women’s performance at higher rates than 
for men [HH93].  This contention should not be mistaken as an attempt to say that women are unable to 
compete, or that activities that are competitive in nature explicitly rule out women’s participation; in 
contrast, we argue that these sorts of environments may simply disallow women to perform at their best.  It 
must also be remembered that there is a stigma preventing women being positively viewed as competitive 
[JC99], and therefore, it is hardly surprising that women will sometimes label their behaviours as more 



cooperative then men’s, when in fact it is equally competitive [SVD88].  Moreover, women often feel 
pressured by popular stereotyping to be considered as passive and feminine, and thus actively hide their 
competitive nature [Cas99].  We now outline some of the variables that occur in competitive environments, 
which may lead to decreased performance by women. 
 
2.1 Risk 
 
When it comes to problem solving, four distinct approaches have been identified: apply a solution that is 
familiar, solve it via logical-mathematical reasoning, use trial and error whereby one works backwards 
from a possible answer and plugs in values or the use of a guess and check approach, and lastly, using a 
one-shot guess [BT93].  While all these strategies, and indeed the process of choosing a strategy, have an 
element of risk, the latter two strategies can be viewed as having higher levels of risk than the first two.  
Hence, the performance of risk averse individuals is more likely to be impacted when they cannot use the 
first two strategies.  Thus, an interaction occurs between one’s risk taking behaviour and contest questions 
that cannot be answered using familiar solutions or logical reasoning. 
 
It has been well established among social psychologists that men are more risk prone, or take more risks, 
than women (see Daly and Wilson [DW01] for a comprehensive review).  Instead, women tend towards a 
strategy of risk aversion, and accept risk only as a last resort, or when the benefits are maximized and costs 
minimised.  In general, women tend to choose high probability, low payoff strategies, whereas men tend to 
choose, under the same situations, low probably but high payoff strategies [DW01].  This difference in 
strategy may lead to differences in programming contest performance.  We predict that men will be more 
likely to rush at forming a solution, completing it as quickly as possible, and then submit it for judging.  
Women will be more likely to devote more time to conceptualizing a solution, spend longer working on an 
individual solution, and then submit it for judging.  This difference means that women will have less 
opportunity to try various solutions, in the belief that they have increased their accuracy by spending longer 
on a solution.  
 
As a society, successful risk taking is often admired, and it seems that men are responsive to this 
possibility. Men frequently take greater risks in the presence of others, whereas this elevation appears 
absent among women [DW01].  Thus, within the current context, when contests involve teams, especially 
mixed-sex teams, we might expect that men will take increased risks with solutions, delegating team efforts 
to support these risks, while women will not feel comfortable with these investments.  These effects, with 
respect to computing activities, will be elaborated upon later in the paper. 
 
Furthermore, men tend to be increasingly risk prone when the need to succeed, or the fear of failure, is 
intensified [DW01].  This process is even greater when only one, high-risk behaviour seems plausible as 
other options represent seemingly dead ends [DW01].  Again, within the context of computing contests, 
where there are strict time limits and only one viable solution strategy, men will more rapidly identify a 
plausible solution in the hopes that it is “close enough” to being correct.  Women will feel pressured in 
these situations, wanting to avoid unnecessary risk that consequently leads to feelings of anxiety, which for 
computing tasks is deleterious to performance [CW03]. 
 
In summary, we believe that the well researched gender difference in risk perception and acceptance is 
significant for a variety of reasons.  First, accepting risks may be perceived as an indicator of confidence, 
and perhaps, competence [DW01].  Thus, within the context of programming contests, women may be 
perceived as less competent because they adopt less risky approaches.  This matter is even more 
deleterious, given that stereotypical beliefs, such as “people view me as less competent because I am 
female” often lead directly to depressed performance [SA95].  Second, rather than gambling on their ability 
to guess the correct approach, women will take more time to explore one solution as opposed to 
implementing a “fast and dirty” solution that may not work.  This less risky strategy will allow less time for 
trying a wider assortment of potential solutions, and less time to attempt remaining questions. Third, 
women will not guess at a response as readily as men, nor direct team mates to consider a possible solution, 
when they are not sure of themselves.  They will also feel uncomfortable when, in a mixed-sex team, they 
are asked to pursue high-risk strategies. 
 



2.2 Pressures to Perform 
 
There are numerous pressures perceived by individuals within the context of competitions or contests.  
These pressures directly impact one’s ability to perform through subsidiary mechanisms, such as the 
anxiety resulting from the pressure to perform. In this section, we examine some of the factors that 
influence an individual’s perception of the pressures to perform. 
 
2.2.1 Time Constraints 
 
One area of cognition that we have been currently investigating is the spatial rotation of objects.  While this 
task significantly differs from programming, it is a robust and frequently cited example of gender-based 
differences in performance and is therefore a useful predictor of similar differences in other situations. 
 
Numerous studies  (e.g., Voyer and Saunders [VS04]) have documented a male advantage on paper-pencil 
tests where participants are asked to rotate a configuration of three-dimensional blocks and match the 
correct solutions to the rotated sample [VK78].  We raise this issue because our research, as well as other 
published studies, indicate that the sex difference in this ability is an artifact of the measure.  That is, it is 
not the ability to perform mental rotation that is different between the sexes, but the impact of the 
measurement device (test) on males’ and females’ behaviour.  For computing contests, where it is known 
that women have equal abilities, it is likely that a similar effect occurs and it is the contest environment, not 
female participants’ abilities, that affects performance.  Specifically, we have focused on two measurement 
factors, time constraints and negative scoring, as possible influences on women’s ability to succeed in these 
environments.  It is important to note that the issue of time constraint bias has also been documented with 
respect to standardized testing [GDH00] and is not exclusive to mental rotation ability. 
 
In the typical situation involving the mental rotation test, participants are given ten minutes to complete 24 
questions.  Usually, with this administration, men perform at a higher level than do women [VS04]. 
However, using tight time restrictions promotes the use of risk assessment decision-making.  For example, 
should one spend more time ensuring a few answers are correct, or devote less time to each question 
ensuring more are answered at the possible cost of accuracy?  Women tend to adopt the first strategy, 
signaling the use of risk aversion, whereas men tend to adopt the latter strategy, suggesting risk proneness.  
Evidence for these choices is provided by Gallagher et al. [GDH00] who report that on the Scholastic 
Assessment Test Mathematics Section (SAT-M), a timed test, women leave more items blank 
(unattempted) than do men.   
 
When there is no time limit and participants are simply asked to complete the mental rotation test, the sex 
difference in performance disappears, seemingly because women spend longer than do men in answering 
the test questions [GHM90].  In fact, recent findings [VS04] clearly show that men are far more prone to 
guessing responses on these tests than women, and women show a far greater reluctance to guess.  
Additionally, men tend to assume that their guesses will be correct, whereas women tend to assume that 
their guesses will be incorrect [VS04].  During programming contests, we expect the same thought 
processes to be apparent, perhaps leading to lower performance by women.   
 
2.2.2 Scoring Concerns 
 
The issue of sex-differences in performance is further exacerbated by the use of negative scoring on the 
mental rotation test.  The typical instructions for the test state that every incorrect answer will result in a 
score of negative one, while every correct response will result in a score of positive one.  This scoring 
procedure increases the penalty for guessing incorrectly and hence, compounds women’s reluctance to 
guess.  Although the current scoring systems for programming contests do not use negative scoring, this 
issue is still of consequence.  The scoring for the ACM International Collegiate Programming Contest 
(ICPC)2 applies a penalty for an incorrect submission.  This penalty can be viewed as a form of negative 
scoring that will increase the reluctance of women to submit a solution for which they have any doubt.  
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While IOI style competitions do not impose any scoring penalties, it is imperative that changes to contest 
judging procedures do not introduce penalties for incorrect or partially correct solutions. 
 
2.2.3 Question Topics and Difficulty 
 
Educational research suggests that the phrasing of questions on examinations is often biased.  For example, 
in her investigations on standardized testing, Rosser [Ros89] found that women did better on questions 
involving relationships, aesthetics and the humanities, while men did better on questions involving the 
physical sciences and business.  In fact, the producer of such tests, Educational Testing Services, has 
acknowledged that questions must include items that are of interest to both genders, such as the humanities 
for women and politics or sports for men, to allow for more equal scoring, even though the topic of the item 
does not necessarily involve the contextual information [Dwy76].  With respect to programming contests, 
these studies suggest that items should include contextual information that is of interest to both women and 
men, as is further elaborated in Section 3.2 of this paper.  
 
Question difficulty is another potential avenue for gender differences to develop.  If women were less 
competent at programming, one might expect that they would be able to answer only the easier questions 
accurately.  Although we do not have direct evidence from computer science, high school mathematics 
testing suggests that women do not differ in competency and can perform as effectively as males.  In fact, 
there is evidence that females answer questions more correctly than males when the questions are 
computationally easier but the difference disappears when the questions are more difficult [DGW97, 
HFL90]. 
 
Standardized testing, such as the SAT-M, shows that gender impacts one’s ability to solve “conventional” 
problems (i.e., the problem is routine, textbook style, involving the application of algorithms) and 
“unconventional” problems (i.e., use long term math knowledge and the application of novel insight or the 
unusual use of familiar algorithms). Women are more likely to correctly solve conventional problems using 
algorithms, while men are more likely to solve unconventional problems using logical estimation and 
insight [GD94]. 
 
2.2.4 Performance Anxiety  
  
Feedback often increases women’s confidence and performance expectations.  For example, Lenney 
[Len77] found that women have lower expectations for their performance when given ambiguous feedback 
or no feedback.  Research suggests that feedback is particularly important for women as they are more 
influenced by the content of feedback than are men [Hel05]. 
 
Again, we turn to the literature on mathematics in high schools.  Routinely, females tend to receive the 
highest evaluations in such classes [Kim89], yet perform more poorly than males on standardised tests.  
One explanation is that the latter environment induces stress and anxiety for some women, and 
consequently, leads them to perform poorly [DGW97].  This contention is supported by the idea that 
standardized tests often lead to the development of stereotype threat; essentially, because women are 
thought to perform poorly on tests involving mathematics (or, perhaps computer science), they will identify 
with the threat, thus verifying it and performing sub-optimally [DGW97, SA95].  
 
Anxiety can be important longitudinally, especially since participants in contests are expected to repeatedly 
compete over time. Research on mathematics suggests that the less anxiety students feel, the higher their 
motivation to succeed, and consequently, the better their performance at a later point [DGW97]. 
As well, women experience a decrease in self-confidence when they perceive that their work will be 
compared to others for evaluation [Len97].  When there is no pressure (i.e., in a non-competitive 
environment), there is equivalent enthusiasm reported between women and men for computing activities 
[Ast04].  This finding is supported by data that indicates, for computing tasks, women experience 
decreased performance in competitive situations [JJS85].  It is likely that this performance penalty is 
partially the result of the increased anxiety that women experience when they are required to perform 
computing activities in public as opposed to in private [RC90].  Moreover, psychological research has 



indicated that women, but not men, who compete successfully against the opposite sex feel tense, nervous 
and anxious during the competition [MM73]. 
 
When it comes to motivation and participation, research in developmental psychology shows that boys 
often enjoy competition, which leads to higher levels of mastery of the task at hand.  In contrast, girls’ 
mastery, particularly for stereotypically non-female subjects such as math, was directly related to the 
degree of support they perceived from the instructor [Far97].  Thus, feedback is a particularly important 
tool for reducing female anxiety and increasing measurable performance.   
 
2.3 Strategies of Completeness 
 
Education research on standardized testing has shown that women use a different problem solving style 
than men. They are more likely to work a problem out in completion before moving on to another item, to 
consider more than one possible answer, and to check their answers3.  As mentioned, women are less prone 
to guessing [VS04] and more prone to using algorithmic solution approaches [GD94].  Since women desire 
and perform more effectively when they receive feedback [Hel05], it is likely that women use a more 
thorough solution strategy as to generate personal feedback.  By carefully exploring, in a systematic 
manner, all approaches to a problem, one can rule out ineffective approaches and thus generate some 
feedback in the process.  As well, the likelihood that a strategy is correct increases, and the level of risk 
decreases, when one can filter out inappropriate responses and strategies.  Thus, there is ample reason for 
women to be more careful and fully explore a single problem before attempting the next.  
 
In the domain of programming, one checks the correctness of code by performing testing.   Women are 
therefore likely to expend more effort in testing their code in order to verify its correctness.  As well, since 
executing a test generates feedback, there is additional incentive for women to thoroughly test contest 
solutions.  
 
When not motivated by competition, one is not likely to focus on the speed in which a question is 
completed, which matters only for competition scoring.  Instead, one may focus on the actual problem and 
its solution.  Solving a difficult problem well can be as motivating and enjoyable as solving it quickly.  
Thus, as a consequence of their tendency to fully explore a problem, women are likely to find more 
enjoyment in solving a problem well, as opposed to solving it quickly but inelegantly.  
 
3.0 Mitigating Biasing Behaviours 
 
3.1 Feedback 
 
To aid in solution development, the ACM’s ICPC provides a minimal feedback mechanism by providing 
participants with sample data.  Such a mechanism is imperative to obtain female participation and could 
benefit by being improved.  One suggestion would be to provide participants with the test data, at some 
points penalty, for the tests that their solution fails.  To add an element of strategy, the penalty could be 
based on the time remaining in the contest, thus forcing participants to wait as long as possible before 
requesting the judging data.  As well, if the data is organized by some scale of difficulty, participants might 
only be given the data for the first failed test case.  The number of variations is endless and is certainly the 
subject of some interesting experimentation.   
 
Contests that provide no correctness feedback, such as the IOI, are particularly discouraging to female 
participants.  The addition of some feedback mechanism would certainly be an improvement.  As well, the 
ability to see other contestants progress would decrease risk by improving the information available to 
make decisions about which questions to attempt, and when to abandon a question and move to another.  
Such information is vital to minimizing risk. 
 

                                                
3 Gender Bias in College Admissions Tests. FairTest: The National Center for Fair & Open Testing, 
Cambridge, Massachusetts. http://www.fairtest.org/facts/genderbias.htm (last accessed 7/11/2005). 



 
3.2 Questioning 
 
Lepper and Malone [LM87], in their study of computer aided learning, identified specific differences in the 
types of gaming activities that appealed to each gender.  Not surprisingly, males preferred action and 
adventure games that females found to be uninteresting and unappealing.  While this study examined 
gaming, it is equally applicable to programming contests.  It is highly likely that the majority of contest 
questions, that are developed by male computer scientists, are more interesting to male students.  As 
Schofield [Sch95] reports, girls in an advanced university level computer science class felt ridiculed and 
experienced increased anxiety for their inability to differentiate football and baseball teams and each 
sport’s statistics on an assignment. 
 
The ACM ICPC often obfuscates questions using elaborate and detailed stories.  If these stories involve 
sports and engineering, they will often lack interest, increase anxiety, and decrease the performance of 
female participants.  While we do not suggest the use of stereotypical “women’s” issues (e.g., cooking, 
child-raising) as the basis for questions, there is certainly room for the use of more generic topics that are 
equally appealing to members of both genders. 
 
3.3 Practice and Motivation 
 
It would be unreasonable to expect an athlete to excel in competition without practice.  As well, we do not 
expect athletes to initially practice against world-class opponents.  Instead, there are developmental leagues 
and teams where novices can compete against opponents of an equivalent skill level.  For academic-
oriented competitions, there must be equivalent developmental opportunity.  As women are particularly 
discouraged by failure in computing activities [CW03], it is important that their chance of success is 
maximized by providing them with opponents that they have a chance of defeating.  While low-level 
competitions exist, such as the Junior-level competition of the Canadian Computing Competition4, they are 
too few in number and frequency to support competitor development.  
 
Investigations on children  (e.g., Strayer and Strayer [SS76]) and adults (e.g., Cashdan [Cas99]) have 
revealed that females are much less interested in hierarchical evaluation than males.  Thus, for 
programming contests, coaches and organizers should emphasise the benefits of participation if they wish 
to attract females.  We predict that women will be more interested in the content of a contest, including the 
material and skills that they will learn, and not the evaluation of their performance.  Designing contests 
such that they build on previously learned skills will permit participants who are not as initially motivated 
by the competitive aspects to view the contest for its developmental opportunities and likely increase 
participation.  
 
Computer programming is often viewed as a solitary activity with minimal social content.  However, 
women are often willing to forego active or immediate socializing (e.g., watching a movie) when an event 
provides them with a basis for future socialization.  Contests will thus be more appealing to women if they 
can be integrated into their social context.  It is possible that, rather than encouraging the most capable girls 
to enter a high-school programming contest, coaches may have more success in encouraging those with a 
leadership role who will entice their peers to participate and thus create a group social event.  Furthermore, 
the travel and other activities (e.g., after-contest parties) associated with programming contests are highly 
social in nature.  If participants are unaware of these elements, they will decide on whether to participate 
using only stereotypical views and knowledge. 
 
3.4 Privacy 
 
While many contests require contestants to participate in open view of other contestants, it is possible that 
this practice is particularly discouraging to female participants.  Robinson-Stavely and Cooper [RSC90] 
report that female performance significantly exceeded that of males on a computer-based task (playing the 
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game “Zork”) when in private, but was significantly exceeded by males when another person was present.  
Of course, it is not realistic to give each contest participant their own, private, facility for computing 
competitions.  However, the magnitude of the performance decrease is highly distressing.  Contest 
organizers should consider this effect and seek to afford female participants a preferred seating location.  It 
is likely that even simple interventions, such as giving females the more private seats at the back of the 
room, will have an impact on their performance.   
 
Females also benefit from working in single-sex groups (all female environment) [LLB00] when 
performing computing tasks.  Again, when possible, it would benefit female participants to be located 
together, preferably in their own room, during competitions.  Of course, this is not always possible, but for 
contest organizers to be aware of this affect and to attempt beneficial interventions is an important step 
towards increasing female participation. 
 
Privacy can also be increased using anonymity.   For example, when providing a real-time scoreboard 
during a contest, participants can be identified by a randomly assigned identifier that only the participant 
knows.  Each contestant can identify their standing against the others, but is secure in the knowledge that 
the others cannot identify their position.  When the winners are announced, those contestants that did 
poorly are spared from embarrassment. 
 
3.5 Teams and Individuals 
 
Johnson, Johnson and Stanne [JJS85] examined student learning and test performance after engaging in 
computer-based learning alone and in cooperative groups.  While, as previously mentioned, female 
performance is negatively impacted by the presence of others, the impact is decreased when females are in 
a cooperative environment.  Working alone and being solely responsible for one’s results increased anxiety 
and reduced performance, as compared to working with others and sharing responsibility for results.  The 
impact of the finding is clear for programming contests.  Female participants will prefer team-based 
cooperative contests over individual contests.  For cultures that prize cooperation over competition [Gal03] 
this finding is also critical.  When it is not possible for team-based competitions, anonymising the 
participants may help alleviate some of the anxiety experienced by contestants.  
 
Computer science suffers from a lack of female role models [JP02].  This situation is certainly reflected in 
programming competitions where the majority of competitors, coaches and judges are male.  It has been 
reported that at some ACM ICPC events, the only female participants have been from all-female colleges 
(e.g., Smith and Wellesley Colleges).  While it is known that women function better in a single sex 
environment [CW03], students from these schools will also have an advantage in that older students can 
serve as role models for younger students on contest teams.  To encourage the development of role models, 
the participation of women should be recognized.  In some contests, the best-placed team from a particular 
geographic region is identified.  Perhaps this practice should be extended and the best placed female 
competitors also recognized.  There are certainly pitfalls to such a practice, but potential solutions to this 
issue warrant future investigation. 
 
3.6 Scoring 
 
Most scoring systems are particularly biased in favour of male participants.  As mentioned, females are 
more risk averse and prefer to receive some level of feedback about their performance.  The lack of 
feedback in most current systems, such as not reporting the number of test cases that a solution passed or 
failed, prevents an incremental approach that permits contestants to submit partial solutions and then refine 
the solution.  Furthermore, it is known that women tend to prefer a bottom-up program development 
strategy [TP90] that uses incremental development, likely due to the reduced risk of such a strategy.  One 
need not make the feedback system trivial and could, for example, use an approach based on the strategy 
game “Mastermind” to report correctness.   
 
For many contests, the primary judging criteria, after correctness, is the time taken to achieve a correct 
solution.  For female participants, it has been shown that time pressure will negatively affect performance.  
We are not suggesting that time is not a significant indicator of programming skill.  It is clear that a correct 



solution developed in less time is, in some ways, better than one that takes longer to develop.  However, the 
quality of the developed code, the algorithmic elegance employed, and the robustness with respect to 
invalid data are also indicators of a solution’s quality.  In general, our ideas can be summarized by the 
phrase “good code should be rewarded.”  That is, sound practices and their products should be rewarded 
and, for equally correct solutions, participants that produce high quality solutions should not be excessively 
penalized because of the extra time that this quality required.  
 
The need for speed that current scoring systems use often forces contestants to abandon programming 
practices that they have been taught are desirable.  For many students, this change causes contests to 
become artificial and less attractive.  As previously discussed, women tend towards using algorithmic 
approaches to problem solving that are based on the familiar.  Practices that vary from those taught in the 
classroom are likely to have a more negative impact on women than on men.  Thus, we suggest that code 
quality is also an attribute worth rating.  Students are taught to select meaningful variable names, format 
code appropriately and so on.  We have seen these practices abandoned in contest environments as they can 
hinder the speed of program development.  Women are less likely to change their programming style for an 
unfamiliar setting, and are thus harmed further by a scoring system based primarily on time.  The points 
awarded for code quality need not be many, but their inclusion in a more encompassing scoring system is 
something that should be considered. 
 
In our experience with ACM ICPC teams, we have observed that female participants often attempt to 
develop elegant (i.e., efficient) solutions to problems rather than rapidly obtaining a working solution.  As 
we have shown, the available literature supports this observation. While the “time to market” is an 
important element of real-world software development, code that is slow and inefficient will soon drive 
users to seek other products.  Programming contests often impose execution constraints to prevent the 
submission of grossly inefficient solutions.  However, a binary judgment of efficiency is perhaps much too 
coarse a measure.  As well as development time, execution time could also be recorded and used to 
determine overall scoring. 
 
In programming contests, it is typical to instruct participants to expect the judging data to be correctly 
formed.  However, as any experienced coach knows, errors in judging data are common-place and an 
occurrence for which one must be prepared.  Students who develop solutions that detect these errors should 
be rewarded.  In programming classes, robustness is taught and good students develop code that detects 
invalid input.  It does not seem desirable to suddenly suggest that these good habits are no longer 
appropriate and are not worthy of reward.  Risk averse students, and in particular female students, should 
not be subject to time penalties when they continue to employ the good programming practices they have 
been taught.  While the rewards (points) for robustness should likely be minimal, it should be valued and 
earn the competitor some credit.   
 
In an improved contest scoring system, the combination and weight that should be attributed to each of 
these issues is a topic for future discussion.  We advocate the development of a more inclusive system that 
rewards good programming practices, as well as the speed of program development.  Even if such a system 
does not turn out to be feasible, it is still possible to reward competitors for alternative solutions.  For 
example, a simple improvement would be the rewarding of subsidiary prizes for “Most Efficient Solution” 
and “Best Quality Solution.”  Such ideas are not completely novel, as the Programming Challenges web 
site5 reports the run-time for each submission and the best run-time for each question. 
 
Although, as a mathematical discipline, computer science tends towards “absolute” judging, there are 
merits to a “relative” approach.  As suggested by Colwell [Col05], “both relative and absolute judging are 
essential to achieving the right balance of fun and education (in science fairs).”  As an example, he suggests 
the case where all contestants provide unfeasible solutions.  Rather than give a score of 0 to everyone, it is 
possible to relatively rate the submissions on their merits.  For lower-level competitions that seek to foster 
involvement through making the event fun and enjoyable, relative judging can provide the motivation for 
continued involvement, rather than the disincentives of a 0 score. 

                                                
5 See http://www.programming-challenges.com for additional detail. 



 
The IOI uses “relative judging” for some questions and assigns the best solution full marks, with other 
submissions graded relative to the best solution.  This scoring approach can be beneficial to women if 
scores are based on program performance and not simple development time.  An alternative form of 
relative judging is to evaluate submissions relative to a predetermined standard.  For example, submissions 
could be evaluated against a best known, or theoretically best, solution.  Women may find this variation 
more attractive if they focus on equaling the standard as opposed to crafting a better solution than other 
competitors.  Research is needed to determine the least biased and most equitable form of relative judging. 
 
4.0 Conclusion 
 
Over a decade ago at the 1991 IOI in Greece, it was suggested that, “Girls should be strongly encouraged to 
participate.”6  In 1992, a Dutch proposition for all teams to have at least one female team member was not 
endorsed.  While the proposal was well intended, we believe that it would likely have failed to achieve its 
goal.  For women to succeed at the IOI, they must enter the competition with both the competence and 
confidence to win.  For a world-class event, participants must have world-class skills; selection based on 
gender would not guarantee that female participants had the necessary skills and would thus set them up for 
failure, exacerbating and not solving the initial problem.  
 
The available literature makes the focus of this paper clear: Our current practices for programming contests 
do little to encourage participation by women, and presumably other demographic groups.  However, 
simply changing a contest’s management, scoring or environment is not going to immediately increase 
womens’ participation or address current social and cultural issues.  Complex social problems have 
complex solutions with many elements and that require considerable time to enact.  As part of the solution, 
contest organizers must slowly and carefully identify areas where improvement in gender equity can be 
made.  Competitive computing, by presenting an unbiased and fair environment, has the potential to be a 
leader in addressing gender inequity in computing disciplines.  We suggest that it is time to begin exploring 
the changes that are needed. 
 
Although the culture and organization of existing contests is well established, there is certainly room for 
improvement.  In this paper, we suggest several interventions that may aid in improving female 
participation and improve the ability of contests to serve as a recruiting mechanism for higher-level, post-
secondary academic institutions.  These suggestions, while based on sound theory, should now be 
examined in actual contests to determine their effectiveness and to identify other areas where 
improvements can be made.  Contests provide an important venue for the best and brightest to distinguish 
themselves; it should be our goal to ensure that exclusionary barriers are minimal and that all of our best 
are equally capable of earning the accolades they deserve. 
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