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Abstract

A human-centric issue that has not been considered in
the design of end-user programming environments is
whether gender differences exist that are important to the
design of these environments. Ignoring this issue would
miss the opportunity of enhancing the effectiveness of
end-user programmers by incorporating appropriate
mechanisms to support gender-associated differences in
decision making, learning, and problem solving. This
paper takes a first step toward building a foundation for
investigating this issue by surveying gender difference
literature from five domains with an eye toward possible
implications for end-user programming. We present a
taxonomy of this literature, and derive a number of
specific issues for each element of the taxonomy (stated as
hypotheses). This foundation provides a starting point for
organized investigations into issues that may be important
for making breakthroughs in the effectiveness of end-user
programmers.

1. Introduction

Although gender differences in a technological world
are receiving significant research attention, much of the
research and practice has aimed at how society and
education can impact the successes and retention of
female computer science professionals. The possibility of
gender issues within software, however, has received
almost no attention, nor has the population of end-user
programmers. We hypothesize that gender-related factors
within a software environment that supports end-user
programming may have a strong impact on how effective
end-user programmers can be in that environment.
Evidence from other fields and preliminary investigations
of our own have already begun to reveal evidence
supporting this hypothesis.

Despite substantial human-centric research relevant to
end-user programming (e.g. [4, 18, 31, 34]), few
researchers have considered potential gender HCI issues:
gender differences that may need to be accounted for in
designing end-user programming environments. The most
notable exception is Czerwinski’s pioneering research on
the support of both genders in navigating through 3-D
environments [12, 40]. Evidence from Czerwinski’s work

as well as work in other domains, such as psychology and
marketing, suggests that women process information and
problem solve in different ways than men do. In fact,
some research has shown that some software is
(unintentionally) designed for men [21].

Even though individual differences, such as in learning
styles or spatial abilities, are known to have greater
effects on an individual’s performance than any group-
based influences, such as gender or ethnicity, studying
group-based differences, such as gender differences, has
revealed useful solutions (i.e. [12, 26, 27, 40]).

One reason it is important to consider gender HCI
issues in end-user programming is simply that ignorance
of these issues is risky. Ignorance of gender issues has
already proven to be dangerous: today’s low percentage
of computer science females [9] has been directly
attributed to the past unawareness of gender issues in
computer science education and in the workforce. There
is a risk that if gender HCI issues of end-user
programming environments are ignored, a similar
phenomenon could occur with end-user programmers.

This paper surveys literature across disciplinary
boundaries to provide an initial foundation for the
following open human-centric question: Is gender an
important factor in end-user programming environments?

This paper's contributions are fourfold: (1) the open
question itself, (2) a survey of the relevant literature, (3) a
taxonomy of gender issues that satisfy two constraints:
they potentially impact end-user programmers' success
while at the same time being addressable within end-user
programming software systems, and (4) specific
hypotheses relating to each element of the taxonomy.

2. What Could Go Wrong?

What gender differences might matter in the design of
end-user programming environments? Consider the
following scenario in one particular end-user
programming environment.

Imagine a female teacher engaged in preparing a
spreadsheet to track her students’ scores and to calculate
ways of providing students with the best grades. Part of
her process of preparing her spreadsheet is to test the
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Figure 1: A spreadsheet calculating the average of three homework scores. Assertions about the ranges and values
are shown above each cells’ value. For example, on HomeWorkl1 there is a user-entered assertion (noted by the
stick figure) of 0 to 50. The other three cells have assertions “guessed” by the Surprise-Explain-Reward strategy.
Since the value in HomeWorkl is outside of the range of the assertion, a red circle notifies the user of the violation.
A “tool tip” (lower right) shows the explanation for one of the guessed assertions.

spreadsheet. While she is engaged in testing, the system
surprises her by decorating some of the spreadsheet cells.

The surprises were intentionally placed into the
software by the designers relying on a strategy for end-
user programming environments called Surprise-Explain-
Reward [43]. The surprise, which was intended to capture
the teacher’s attention and arouse her curiosity, reveals
the presence of an “information gap” [24]. In this case the
system is using the surprise to interest her in assertions
[6], which she can use to guard against future errors by
specifying, for example, that the value of a cell calculat-
ing a grade average should always fall between 0 and 100.

What could go wrong in surprising the user?
According to Lowenstein’s information gap theory, a user
needs to have a certain level of confidence in order to
reach a useful level of curiosity [24]. However, given
documented gender differences in computer confidence,
the teacher’s level of computer confidence could interfere
with the surprise’s ability to capture her interest.

Returning to our scenario, suppose for this particular
user, the surprise is effective at arousing her curiosity; she
looks to the object that surprised her (the assertion) for an
explanation. The explanation, viewed through a tooltip,
includes the semantics, possible actions she can take
(regarding the assertion), and the future reward(s) of
taking the action. (See Figure 1.)

What could go wrong with the explanation? According
to one theory, males and females process information
differently [28], and thus both the presentation and the
content of the explanation may impact its effectiveness
for males versus females. If the information needed by the
user is not effectively communicated, the user’s ability to
problem solve is likely to be reduced.

Another role of the explanation is to help users make a
reasonably accurate assessment of the risk in taking some
action — but since males and females differ in their
perceptions of risk, the explanation may need to serve
these two populations differently in this respect as well.
(An example of risk may be the fear that the user will lose
their work if they try a certain feature.) If one gender
perceives an explanation of a feature as communicating
higher levels of risk than another, the users with higher

risk perceptions may avoid supposedly “risky” features
that may be important to overall effectiveness.

Perhaps the most important role of explanations is to
make clear the rewards of using particular end-user
programming features. Providing information about
rewards in the explanation is consistent with the
implications of the Model of Attention Investment [4], an
analytic model of user problem-solving behavior that
models the costs, benefits, and risks users weigh in
deciding how to complete a task. An implication of this
model is that if the system provides the user an idea of
future benefits, users can better assess if the cost of using
a feature (here assertions) is worth their time. The reward
aspect of the strategy refers to rewards such as the
automatic detection of errors, which is depicted by the red
circle around HomeWork1’s erroneous value in Figure 1.

What could go wrong with rewards? Since males and
females are often motivated by different factors, there
may be gender differences in what actually is a perceived
“reward.” If the rewards are only tailored to one gender’s
perceptions of rewards, the other gender may not be moti-
vated to use the devices that will help them be effective.

In this end-user programming scenario, potential
problems arose that may be addressable within the end-
user programming software itself. Four issues that arose
here were (1) software features whose effects depend
upon users’ computer confidence, (2) the software’s
ability to communicate effectively with users, (3) the
possibility of a user’s perception of risk interfering with
the user choosing to use appropriate features, and (4)
possible differences between a user’s actual motivations
and the software’s attempt to “reward” users for using
particular features. These and other issues potentially
addressable within end-user software environments will
be discussed further in Sections 4-6.

3. A Taxonomy of Gender Differences

Literature on gender differences that may have
implications for end-user programming spans a multitude
of research areas. The research from within computer
science has come primarily from computer science
education and the area of computer games. In addition to
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Learning styles
Problem-solving style
Information processing

Marketing

Issue Domain Summary Potential impacts of these
contributing differences on end-user
evidence programmers

Confidence Computer Science |Females tend to be less confident | Users’ level of engagement with

Lack of self-confidence | Psychology and to perceive more risk than the software.

Overconfidence Education males do [7, 8, 16, 19, 22, 27].

Perceived Risk
Support Education Females and males not only have | Users’ ability to understand

Computer Gaming | differences in learning styles,
they also process information
differently [1, 13, 20, 28, 29].

communications and problem-
solve effectively.

Motivation Computer Science
Ease of use vs. usefulness | Psychology
Technology use

Males and females are motivated
to use technology for different
reasons [5, 26, 42].

Users’ interest in pertinent end-

user programming features that

can aid effectiveness in problem
solving.

Table 1: Taxonomy of gender differences relevant to end-user programming.

these areas, we have also drawn research from
psychology, marketing, and education.

To organize the relevant literature into a coherent
form, we have devised a taxonomy of this work. See
Table 1. Each element of the taxonomy is a particular
issue that has emerged as a recurring theme from the
literature we survey here. Many of the issues in the
taxonomy have interdependencies with one another (e.g.,
confidence can affect motivation and even vice versa), but
each issue was selected due to having received attention
as a theme in multiple literature works. The next three
sections of this paper survey the relevant literature
following the sequence of the taxonomy, deriving specific
hypotheses along the way.

4. Confidence

This paper uses the term “confidence” for the
interrelated concepts of self-confidence, self-efficacy,
overconfidence, and perceived risk.

4.1 Lack of Self-Confidence

“I’m actually kind of discouraged now. Like I said
before, [there are] so many people who know so
much more than me, and they’re not even in
computer science. Like I was talking to this one
kid, and ...oh my God! He knew more than I do. It
was so... humiliating kind of, you know? So I get
discouraged by things like that—I don’t know what
I think I need to know. And that inhibits my
willingness to continue (laughs) ... if you can
understand that. It shouldn’t. It should like make
me want to learn even more. But I feel like I’ll
always be behind, and it’s discouraging.” [27]

From the field of computer science, there is substantial
evidence of low confidence levels as computer science
females compare themselves to the males [26, 27]. Of
particular pertinence to end-user programming, however,

is the evidence showing that low confidence relating to
technology is not confined to computer science females
[7, 11, 14, 21, 41]. For example, Busch reports on a study
with business students who were finishing a year long
course covering the use of word processing and
spreadsheet software [7]. The study investigated how
males and females viewed their ability to complete
complex tasks in these programs, and found that females
were significantly less confident than the males.

As a measure of confidence, researchers often use self-
efficacy, as was done in the Busch study. Self-efficacy is
belief in one’s capabilities to perform a certain task [2,
44]. Pajares argues that self-efficacy can affect task effort,
persistence, expressed interest, and the level of difficulty
of goals users will strive to attain [33]. Further, there is
specific evidence that low self-efficacy impacts attitudes
toward a new software package prior to its use [19].
Females’ low self-efficacy is further complicated by their
tendency to attribute failure at a task to their own lack of
capability, whereas the males attribute this to the
difficulty of the task [39]. Taken together, this research
suggests that a first experience with end-user
programming software can impact attitudes which may in
turn impact users’ future choices to (or not to) use end-
user programming features.

This leads to our first hypothesis:

Hypothesis HI: There will be gender differences in

users’ interest in exploring new features in end-user

programming environments.

4.2 Overconfidence

At the opposite end of the confidence spectrum from
low self-efficacy is the issue of overconfidence.
Overconfidence about one’s own performance is a well-
known and robust finding in behavioral science research;
Panko’s survey of a number of findings from multiple
domains has helped to document its pervasiveness [35]. In
particular, overconfidence in spreadsheet correctness is
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common [35]. Overconfidence matters because it can
prevent people from suspecting errors, leading to
misplaced trust in erroneous programs. In our research we
have incorporated methods into our end-user
programming environment that effectively help to reduce
overconfidence in spreadsheet correctness [6], but we do
not know how our strategies impact underconfident users.
There is evidence suggesting gender differences in
overconfidence just as in underconfidence. For example,
in Lunderberg et al.’s work, while both men and women
were often overconfident, men were significantly more
overconfident in their incorrect answers for math-based
computational skills [25]. Pulford and Colman also report
that men were significantly more overconfident than the
women [36]. Hence, designing methods to help alleviate
overconfidence in end-user programming needs to be
carefully targeted specifically toward overconfident users.
Hypothesis H2: In order to overcome the documented
tendency of overconfidence by males, it will be
especially important to point out potential errors in a
manner that is effective for males.

4.3 Perceived Risk

According to the Attention Investment Model (a model
of how users allocate their attention in problem solving)
[4], a user, in deciding to take any action, first weighs the
perceived costs, pay-offs, risks, and benefits of taking that
action. If they decide that the costs and/or risks are too
high in relation to the benefits they may choose not to
follow through with the action. Perception of risk thus
plays an important role in a user’s decision making about
whether to use end-user programming features.

There is evidence that women perceive higher risk in
everyday choices and behaviors than men do (especially
Caucasian men) [16]. Although Finucane et al.’s research
does not consider computer use, it is consistent with
findings from other research [3].

Just as the Attention Investment Model predicts, higher
perception of risk can lead to differences in actual
behavior, and such differences have been tied to gender.
For example, researchers have found that women are
more risk-averse in their financial decisions [22]. Women
are also more risk-averse in “informed guessing” [8].
Informed guessing is the willingness to make an educated
guess on questions when the result of an incorrectly
answered question is negative (such as losing points
versus winning points with correct answers).

These findings may have important HCI implications
for end-user programming environments. For example, if
women perceive the risk of taking an action regarding
some aspect of the software as being higher than men do,
and their perceived risk results in avoidance behavior (not
using features that might help them in their task), then the
result could be a less robust program, or a higher cost (in
time) to create the program.

Hypothesis H3: Females’ high perceptions of risk will
render them less likely to make use of unfamiliar
devices in end-user programming environments.

4.4 Preliminary Empirical Work

To obtain evidence about whether pursuing confidence
might yield insights into gender HCI issues for end-user
programming environments, we conducted a preliminary
think-aloud study.

Our preliminary study investigating gender differences
duplicated the Surprise-Explain-Reward study reported in
[43], except that we switched to a think-aloud protocol
[15] and the participants had less spreadsheet experience.
To measure pre-task confidence we used a self-efficacy
questionnaire that has been used successfully by other
researchers before [10]. The task itself was to debug two
spreadsheets, during which assertions were introduced to
the participants via the Surprise-Explain-Reward strategy
described in Section 2. To measure post-task confidence,
the post-task questionnaire asked the participants to rate
on a scale of 1 to 5 how confident they were that they had
found and fixed all the bugs. To our surprise, the females’
confidence levels dropped over the course of the study
much more than did the males’ confidence levels. (The
difference in the drop between the two genders was nearly
significant at the .05 level: p=0.0513, despite having only
13 participants in the study.) This result suggests that the
end-user programming environment itself—which, like all
other end-user programming environments, was designed
without knowledge of gender-related HCI principles—is
not serving the females’ needs as well as the males’.

5. Support

We will use the term “support” to mean the built-in
aspects of the software that help the users learn or
understand the environment better. Two examples of
support aspects are on-line help systems (to explain
features in a software package), and devices within the
environment which provide explanations, such the
tooltips of Figure 1. Here we consider gender differences
that have possible implications on the types of support
males and females need when working in end-user
programming environments.

5.1 Learning Style

Even when end users have some formal training in a
particular software system, they are unlikely to remember
all of the software’s devices. Thus, the system must
include devices to help the users achieve this mastery.
On-line help systems are a prime example.

The system’s approach to help users achieve such mas-
tery may depend on a user’s learning style. One survey of
university students found that students with an “abstract
random” learning style were both significantly more
likely to be female and had a negative correlation with
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computer confidence [1]. (In this study users who could
mentally manipulate formless concepts were “abstract”,
while the “random” aspect is characterized as non-linear
thinkers.) The author concluded that females using a
predominantly abstract random learning style may find
computer-based instruction ineffective for learning [1].
Other researchers have also found gender differences
in learning styles [13, 20, 37], but many of these studies
show only small gender differences, and at times contra-
dict one another. However, one “bottom line” from this
work is that the end-user programming field may need to
consider several learning styles when designing support
devices, especially if some users are easily dissuaded by
support that is not sensitive to their learning style.
Hypothesis H4: Gender differences in learning style
will cause some software devices aiming to “teach”
new features or procedures to be less effective for one
gender than another.

5.2 Problem-Solving Style

We have just considered how learning style may
impact the software’s ability to teach (and therefore
support) use of its features. Another aspect of a support
system’s job is to teach problem solving using the
features. However, there are gender differences in the way
people solve problems.

Several gender differences pertinent to problem
solving have been uncovered by research in computer
games. To investigate possible reasons girls play fewer
computer games than boys, Kafai examined the
differences in the games that girls and boys designed [23].
When asked to create an educational game, girls and boys
created games with distinctive differences. For example,
girls are more likely to create games with a “teaching”
theme, while the boys designed games built on adventure.

Furthermore, other researchers found that boys and
girls prefer to work through games in different ways.
Rather than working in a linear fashion through the game
girls prefer to explore and move freely about a game.
(These findings are summarized in [17].) If these results
translate to the ways females problem solve in end-user
programming, this could imply the software needs to
support both genders through a design which allows for
linear and non-linear problem-solving styles.

Hypothesis HS5: An end-user programming

environment that restricts users to a linear (non-

linear) approach will adversely impact females’

(males’) abilities to problem-solve effectively in that

environment.

In another difference in boys’ problem-solving style
versus girls’: each gender prefers different interaction
techniques in games. Boys’ games typically depend upon
competition, whereas girls prefer collaboration and
working together. In end-user programming environments
these problem-solving strategies could imply differences

in the support provided by the system. For example,

providing support for collaboration may be important to

females. (In fact, there is evidence from within the end-

user programming domain that collaboration is a common

technique used by end-user programmers [31].)
Hypothesis H6: An end-user programming
environment that explicitly supports collaboration will
enable females to complete their tasks more effectively
than environments without this support.

5.3 Information Processing

In addition to gender differences in learning style and
problem-solving style, there is another gender-related
factor that affects whether a user can benefit from an
environment’s support devices: how the user processes
the information the support devices provide.

Research in the area of marketing has turned up a
variety of gender differences relevant to information
processing [28, 29, 38]. One of these works, the theory of
selectivity [28, 29], is particularly suggestive. The theory
states that males and females differ in their information
processing strategies. For advertisers, these differences
are important in designing ads to reach specific popula-
tions. For end-user programming environments, this
research may have implications for informing end users of
important information via the software’s support devices.

According to the theory of selectivity, females are
more likely to employ elaborative information processing
strategies, regardless of whether the task is simple or
complex in nature [28, 32]. Males, however, are more
likely to select heuristic processing strategies that
minimize cognitive effort and reduce information load for
simple tasks, switching to an elaborative strategy only on
more complex tasks [32].

These gender differences have been shown to impact
diverse software-related activities, ranging from users’
perceptions of web sites used for e-commerce [38] to
users’ performance on auditing tasks [32].

Hypothesis H7: Males will be less likely than females

to thoroughly read complicated or lengthy “help”

explanations.

6. Motivation

6.1 Views of Technology

Computer science research has shown that computer
science females are motivated by how technology can
help other people, whereas males tend to enjoy
technology for its own sake [26]. The following quote is
from a female at Carnegie Mellon, describing why she
chose to major in computer science:

“I think with all this newest technology there is
so much we can do with it to connect it with the
science field, and that’s kind of what I want to
do (study diseases) Like use all this
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technology and use it to solve the problems of
science, the mysteries” [26].

These differences are also are representative of other
women who use technology, such as architects, NASA
scientists, and filmmakers. In one study [5], women and
men were asked to write a science fiction story in which
the perfect technological object is described. The women
described objects as tools to help integrate personal and
professional lives and to facilitate creativity and
communication. The men’s descriptions, however, used
the technological device to increase command and control
over nature and one another. The authors of [5] then
summarized some of the distinctions between how men
and women viewed technology as shown in Table 2.

Table 2 directly suggests several hypotheses:
Hypothesis HS8 (suggested by row 1): End-user
programming environments that support “productiz-
ing” a user’s program (for example by allowing a user
to keep his “source code” private) will be perceived to
be more valuable by male end-user programmers than
environments that do not have these features.
Hypothesis H9 (suggested by row 3): End-user
programming environments that support communi-
cation (for example by connecting users working on
similar environments though the network) will be
perceived to be more valuable by female end-user
programmers than environments that do not have these
features.

Hypothesis HIO (suggested by row §8): End-user

programming environments that support sharing will

be perceived to be more valuable by female end-user
programmers than environments that do not have these
features.

6.2 Ease of Use vs. Perceived Usefulness

The Technology Acceptance Model (TAM) [30, 42]
provides researchers with a model to examine users’
acceptance and usage behavior of technology. According
to TAM, user acceptance, and ultimately technology use,
is determined by two key beliefs: perceived usefulness
and perceived ease of use [42]. “Perceived usefulness” is
defined as the degree to which a user believes that using
the system will enhance their performance, and
“perceived ease of use” is defined as the degree to which
the user believes that using the system will be free of
effort. According to one study, the relative importance of
each differs by gender [42]; they found that women were
more influenced by perceived ease of use in adapting new
technology whereas men were more strongly influenced
by perceived usefulness.

Hypothesis HII: An end-user programming

environment that emphasizes the potential usefulness

of its features (such as in its on-line help content) will

Women ... Men ...
1 Fantasize about it as a Fantasize about it as a
medium product
2 See it as a See it as a
tool weapon
3 Want to use it for Want to use it for
communication control
4 | Are impressed with its Are impressed with its
potential for potential for
creation power
5 See it as See it as
expressive instrumental
6 Ask it for Ask it for
flexibility speed
7 | Are concerned with its | Are concerned with its
effectiveness efficiency
8 Like its ability to Like its ability to
facilitate facilitate
sharing autonomy
9 Are concerned with Are intent on
integrating into their consuming it
personal lives
10 | Talk about wanting to Talk about using it to
explore exploit resources and
worlds potentialities
11 Are Want
empowered by it transcendence

Table 2: Summarization of gender differences in ways
men and women fantasized about technology [5].

be perceived as being more valuable by male end-user
programmers than an environment that does not

emphasize usefulness of its features.

7. Discussion

In Sections 4-6, we presented the literature basis of
each element of the taxonomy, including a specific set of
hypotheses suggested by that literature. A complete list of
these hypotheses is given in Table 3.

Although the hypotheses are presented in
“encapsulated” ways, taking only one issue into account
each, some interactions will obviously arise from any
decisions that might be made based upon the outcomes of
individual investigations into these hypotheses. For
example, regarding confidence, the contrasting
overconfidence trend for male users, and trend for high
risk perceptions by female users make clear that a design
decision made to help address confidence-related issues
for one gender might well have exactly the wrong effect
on the opposite gender.
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In some cases, the hypotheses directly suggest design
approaches. For example, in the support category,

Confidence

H1: There will be gender differences in users’ interest in
exploring new features in end-user programming
environments.

H2: In order to overcome the documented tendency of
overconfidence by males, it will be especially
important to point out potential errors in a manner
effective for males.

H3: Females’ high perceptions of risk will render them
less likely to make use of unfamiliar devices in end-
user programming environments.

Support
H4: Gender differences in learning style will cause

some software devices aiming to “teach” new
features or procedures to be less effective for one
gender than another.

H5: An end-user programming environment that
restricts users to a linear (non-linear) approach will
adversely impact females’ (males’) abilities to
problem-solve effectively in that environment.

H6: An end-user programming environment which
explicitly supports collaboration will enable females
to complete their tasks more effectively than
environments without this support.

H7: Males will be less likely than females to thoroughly
read complicated or lengthy “help” explanations.

Motivation

H8: End-user programming environments that support
“productizing” a user’s program (for example by
allowing a user to keep his “source code” private)
will be perceived to be more valuable by male end-
user programmers than environments that do not
have these features.

H9: End-user programming environments that support
communication (for example by connecting users
working on similar environments though the
network) will be perceived to be more valuable by
female end-user programmers than environments
that do not have these features.

H10: End-user programming environments that support
sharing will be perceived to be more valuable by
female end-user programmers than environments
that do not have these features.

H11: An end-user programming environment that
emphasizes the potential usefulness of its features
(such as in its on-line help content) will be perceived
as being more valuable by male end-user
programmers than an environment that does not

emphasize usefulness of its features.

Table 3: Summary of the hypotheses derived for each
element of the taxonomy.

consider hypothesis HS. If formal investigation into this
hypothesis verified that it was indeed well supported, the
obvious solution would be for an end-user programming
environment to avoid restricting users to a single
problem-solving style, instead giving them the flexibility
to choose either (or both) as needed.

8. Conclusion

Drawing from five domains, this paper has surveyed
literature relevant to the following open question:

Is gender an important factor in end-user

programming environments?

All of the literature included in this survey meets the
following constraints: it identifies one or more issues that
(1) potentially impact end-user programmers’ success and
(2) are potentially addressable within end-user
programming software systems.

From the surveyed literature, we proposed a taxonomy,
each of whose elements is a recurring theme in the
literature. Using the taxonomy as an organizing device,
we then derived a number of subquestions, stated as hypo-
theses about end-user programming environment char-
acteristics, that are strongly suggested by the literature.
One possible outcome of researching these hypotheses is
a list of guidelines for designers of end-user software
systems to consider, to avoid excluding either gender.
Together, the open question, survey, taxonomy, and
hypotheses are intended to provide a foundation for future
investigation into this human-centric programming issue.
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