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Abstract In the recent years in the End-User Development (EUD) research there is a
shift from the study of tools that focus on desktop graphical applications, to the
development of EUD for web environments. Human-Computer Interaction (HCI)
research has shown significant gender differences while users interact with EUD
systems. However, most of this research focuses on desktop spreadsheet environments.
In this paper we examine the potential gender differences in perception and acceptance
in modern web-based EUD environments. We step on previous gender research in the
fields of EUD and Technology Acceptance to concentrate a set of appropriate items and
examine a set of related hypotheses. To check out our research hypotheses we have
conducted a field test using a prototype web-based EUD tool based on a natural
language approach (named ‘simple talking’), to assist end-users in creating database-
driven mobile applications. The results of the field test show significant gender
differences in Risk-Perception and Perceived-Ease of Use. As it was predicted, male
users perceived significantly higher ease of use and female users perceived significantly
higher risk. Gender differences also exist in the correlations between different pairs of
perception and acceptance items.
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1 Introduction

In the field of Human Computer Interaction (HCI) and its subfield of End-User
Development (EUD) many research works (e.g. Beckwith et al. 2005, 2006a, b;
Beckwith and Burnett 2004; Burnett 2009, 2010; Burnett et al. 2008, 2010, 2011;
Saadé et al. 2012; Subrahmaniyan et al. 2008) have found that end-users tend to be
‘prone’ to the influence of human factors such as gender, while interacting with
computer environments.

Research has proved gender a determinant factor to the end-users’ developing
performance (Beckwith et al. 2005, 2006a, b; Beckwith and Burnett 2004, 2007) and
can determine their choices, debugging strategies, motivations and effort (Burnett et al.
2011; Grigoreanu et al. 2008; Kulesza et al. 2009). Research works have also found
that most of the user perception and acceptance items (e.g. Perceived-Ease of Use,
Perceived-Usefulness, Self-Efficacy, perceived-risk, etc.) tend to meet different values
cross different gender end-user groups (Burnett et al. 2010).

However, most of the previous-mentioned EUD behavioural studies have conducted
their experiments on traditional EUD desktop spreadsheet environments (such as Excel
sheets) and these environments are not so much ‘optimized’ in terms of user interaction
and user-centered design principles if compared to recent web-based and mobile tools.

While first EUD tools mainly focused on desktop graphical and spreadsheet appli-
cations, in recent years a considerable amount of work has been carried out to apply the
EUD approach to web environments (Paternò 2013).

Since web-based EUD is mostly a recent trend (Paternò 2013), there is limited
gender or other user behavioural human-oriented research on web-based EUD envi-
ronments for web and database-driven applications. There are various research works
analysing gender differences in website production, web interface and task preferences
and interaction with web in general (e.g. Moss and Gunn 2009; Teo and Lim 2000) but
only limited research has been conducted to study users’ behaviour while interacting
with web-based developing-oriented (EUD) applications. In a recent example,
Tzafilkou et al. (2016) found some main gender differences in web-based EUD
performance.

The abovementioned situation triggered our interest to examine a set of perceptual
and acceptance potential gender differences in web-based EUD environments. This
work aims to find out whether there are gender differences in the end-users’ perception
and acceptance while interacting with a web-based EUD environment targeted at the
development for database-centric mobile applications.

This paper is organized as follows. The second section presents a theoretical
foundation of web-based EUD, gender issues in EUD and Technology Acceptance.
The third section presents the research methodology which is composed of four main
steps: the prototype tool that was used for the field test, the set of hypotheses that were
formed to be examined, the field test procedure that was followed and the data analysis
methodology that was chosen. The fourth section shows the results. A discussion
section analyses the results and explains the study’s possible issues and limitations.
Finally, the conclusions and future research are presented. Appendix 1 presents the
questionnaire used for the survey and Appendix 2 provides both a numeric and visual
representation of the sample characteristics as regards to normal distribution values
across the two genders.
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2 Literature review

2.1 End-user development and gender issues

According to Lieberman et al. (2006), End-User Development (EUD) is ‘a set of
methods, techniques and tools that allow users of software systems, who are acting
as non-professional software developers, at some point to create, modify or extend a
software artifact’. What characterizes end-user developers is that they express a need to
modify on their own the computer systems they use and to gain more control over their
computer applications (Lieberman et al. 2006; Repenning and Ioannidou 2006). In
other words, people who are not professional developers can use EUD applications to
create or modify software artifacts and complex data objects without significant
knowledge of a programming language.

EUD is inherently different from traditional software development. Burnett and
Scaffidi (2011) declare that trying to support EUD by simply mimicking traditional
development approaches will possibly lead to unsuccessful outcomes.

In the past decades numerous studies reported on marked gender differences
interacting with computers, such as different conception of computers, different mo-
tives for using computers, different preferences, different styles (Saadé et al. 2012) and
even different cognitive styles (Hubona and Shirah 2004).

Behavioral studies also accept and explain the existing grounded differences in the
way male and female end users process information and generally behave during their
interaction with computer systems (Beckwith et al. 2006a, b; Saadé et al. 2012;
Subrahmaniyan et al. 2008). Gender has also been singled out as an important variable
in the design of user interfaces and visualization techniques. It is also considered as an
important user diversity issue for achieving Buniversal usability^ of web-based and
other computer services (Hubona and Shirah 2004).

In Tzafilkou et al. (2016) the authors have aggregated the predominant end user
behavioral theories stressing the gender factors in HCI and EUD behavioral research,
namely Attention Investment Theory, Technology Acceptance Theory, Self-Efficacy
Theory, Information Gap Theory, and Personality Traits Theory.

The main conclusion is that researchers have been long reporting theory and
empirical data pointing to gender differences in the use of EUD and End-User
Programming (EUP) environments. Evidence of these differences has accumulated,
indicating gender differences in programming/developing environment appeal, playful
tinkering with features, usage and attitudes toward end-user programming features, as
well as end-user debugging strategies (Beckwith and Burnett 2004, 2007; Beckwith
2003, 2007; Beckwith et al. 2005, 2006a, b; Burnett 2009; Burnett et al. 2008, 2010,
2011; Kissinger et al. 2006; Grigoreanu et al. 2006, Grigoreanu et al. 2008, 2012;
Subrahmaniyan et al. 2008). In these studies, the two genders have been shown to
mainly use different features, but also to use same features in a different way. The most
important conclusion of these studies is that the features most conducive to females’
success are different from the features most conducive to males’ success (Beckwith and
Burnett 2004).

Traditionally gender aspects of technology in general, and IT products in
particular, have been studied as related to education and the impact of society
(Beckwith et al. 2005).
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Gender HCI (Beckwith and Burnett 2004) explores the different way male and
female end-users behave when interacting with computer systems, especially with
desktop-based end-user programming environments. The authors’ research was a
continuation of investigating visual programming for managing spreadsheets. Gender
HCI has proved that men and women tend to have different perceptions and preferences
with respect to the use and satisfaction with different features of these computer
systems. The main aspects of Gender HCI include Self-Efficacy and confidence issues
as related to problem solving tasks on a given interface design, willingness to try out
new and different features, performance of tasks, tinkering/exploratory behaviour,
motivations for system usage, general attitudes towards interface designs, etc. As
summarized by Beckwith and Burnett (2004), gender differences in Self-Efficacy and
Risk-Perception can be used as explanatory factors for different behaviour, strategies,
and performances of end-users.

According to Beckwith and Burnett (2004), ignoring the gender issue while design-
ing end-user programming environments would miss the opportunity of enhancing the
effectiveness of end-user programmers. As they explain, such a solution could be
achieved by incorporating appropriate mechanisms to support gender associated dif-
ferences in decision making, learning, and problem solving.

Gender has also been considered as an important user diversity issue for
achieving Buniversal usability^ of web-based and other computer services
(Hubona and Shirah 2004).

Grigoreanu et al. (2008) have confirmed previous studies’ reports of the existence of
a gender gap related to the end-user programming software environments and most
important, they have shown that it is possible to design features in these environments
that help to close the gender gap.

Tzafilkou et al. (2016) have shown the existence of gender differences in perfor-
mance in a web-based EUD environment and also presented some main gender
differences between performance and perceptual items.

A number of studies of women and EUD have also been conducted, focusing on
how the design of web applications could be planned (Harshbarger and Rosson 2012;
Rosson et al. 2007, 2010).

Stressing this need to address gender-differences in computer interaction, a recent
research work of Burnett et al. (2016) designed and suggested a new methodology,
named GenderMag, to find gender-inclusiveness issues in software, so that
software developers or user experience designers can design and produce
problem-solving software that is more usable by the end-users. GenderMag
can be used to analyse usability based on a set of gender-oriented attributes
such as Self-Efficacy, Risk-Perception, tinkering, motivation and information
processing style.

2.2 Technology acceptance and gender issues

Technology Acceptance Model (TAM) (Davis 1989) explains and predicts IT accep-
tance and facilitate design changes before users have experience with a system. TAM is
considered one of the well-known models related to technology acceptance and use
since it has shown great potential in explaining and predicting user behaviour of
information technology (Park 2009).
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According to TAM, when users are presented with a new technology, two key
factors influence their decision about how and when they will use it: Perceived-
Usefulness and Perceived-Ease of Use (Venkatesh and Morris 2000).

Gender related empirical findings in TAM show that female and male users differ in
beliefs, intention and usage. According to Venkatesh and Morris (2000) women are
more influenced by Perceived-Ease of Use in adapting new technology whereas men
are more strongly influenced by Perceived-Usefulness. The same is concluded in Terzis
and Economides (2012) where the authors indicate gender differences in Perceived-
Ease of Use, behavioural intention and social influence.

Unified Theory of Adoption and Use of Technology (UTAUT) (Venkatesh et al.
2003) is the latest model which has been conceived to understand the nature of
technology usage. Gender has been attributed as a significant variable in
explaining the technology acceptance behaviour of users. In particular, UTAUT
has extended TAM by including a set of direct and indirect factors in predicting
intention to use a technology. The indirect factors include gender, age, experi-
ence with the technology, and voluntarily use of technology. The direct factors
include performance expectancy, effort expectancy, social influence and facili-
tating conditions.

Many different research works (e.g. Chang et al. 2007, 2008; Hung et al. 2007; Liu
et al. 2008; Sumak et al. 2010; Teo 2011; Terzis and Economides 2011; Venkatesh et al.
2008; Wang et al. 2009, 2010; Wang and Shih 2009; Wu et al. 2007, 2008; Zhang et al.
2010; Zhou 2008; etc.) have conducted UTAUT studies by applying a variety of
research methodologies in different environments.

According to Lee et al. (2003) reviewing the performance of UTAUT or assessing
the findings and limitations is crucial to recognize possible future research topics and
guide future research endeavours. In Williams et al. (2015), the authors present a
comprehensive literature review on the most prominent UTAUT research works.

According to Goswami and Dutta (2016), gender plays a significant role in deter-
mining the intention of accepting new technology and there are cases where gender
differences cannot be discerned.

Gender differences have been found in UTAUT (e.g. Venkatesh et al. 2003)
although age has influenced some relationships. For example, performance expectancy
has been more influential for males’ and young workers’ intention to use a technology,
while effort expectancy has been more important for females’ and older workers’
intention to use a technology (Venkatesh et al. 2003).

UTAUT extended research has also been conducted to examine gender differences
(e.g. Wang et al. 2010) and related gender differences have been detected in the
acceptance to mobile activities and mobile learning where they were found to moderate
the effects of social influence and self-management of learning (Wang et al. 2009;
Wang and Shih 2009).

Many other UTUAT research works that examine the influence of gender on
technology adoption can be found in the recent literature review of Goswami and
Dutta (2016).

Technology acceptance gender issues are crucial in the interaction between users and
EUD systems since Perceived-Ease of Use and Perceived-Usefulness are strong vari-
ables that can determine the end-users’ perceived experience and their developing task
performance (Beckwith et al. 2005, 2006a; Burnett 2009, Burnett et al. 2008, 2010,
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2011; Lee 2008). Hence, technology acceptance should be integrated in the behavioural
analyses of EUD researches.

2.3 Experience, performance and gender issues

Many differences in the working and thinking mode have been detected to exist
between end-user groups of different experience level and various interface styles
have been adapted to serve better their distinct needs and preferences (Burnett
et al. 2011). Basic behavioural differentiation between novice and more experi-
enced end-users are comprehensively presented in Jason et al. (2010).

Burnett et al. (2010) use in their work the term ‘programming populations’ to refer to
the different users’ experience levels and examine the existence of gender-based
behavioural differentiation among users within these populations. What comes to a
conclusion is the fact that gender differences tend to exist cross all the experience
levels. However, their degree of fluctuation seems to shrink and some differences even
disappear between genders when users have more expertise.

Research has also pointed out computer gender differences as regards to
performance and perceived items (e.g. Hoxmeier et al. 2000; Tzafilkou et al.
2016). According to Stipek and Gralinski (1991), women are more likely to
attribute their task failure to their lack of capability. Also, according to Brosnan
(1998), women tend to underestimate their performance and ability in computer
related tasks.

Based on Bandura’s (1986) research, performance accomplishments are typically the
strongest determining factor in an individual’s assessment of Self-Efficacy. As Johnson
et al. (2016) explain, end-users’ self-efficacy unsuccessful performance on one task can
affect future efficacy estimations for the same or other related task. Hence, since
women tend to perceive lower Self-Efficacy than men and are more prone to future
lower performance (Beyer et al. 2003; Colley and Comber 2003; Cao et al. 2010;
Durndell et al. 2000; Grigoreanu et al. 2008; Margolis and Fisher 2003; Vekiri and
Chronaki 2008).

According to Jason et al. (2010), user performance can be increased when the
computer interface characteristics match the user skill level (Jason et al. 2010).
Indeed, many design solutions have been proposed to assist end-users accomplish
programming and development tasks (e.g. Ko and Myers 2004). There have also
been some EUD personalization technologies to enable end-users receive opti-
mized advice based upon their experience level (Burnett et al. 2011). A good
example is the Wire system, developed by De Angeli et al. (2011), which is used
as a EUD recommendation tool.

2.4 Hypotheses

2.4.1 Perceived-ease of use

Perceived-Ease of Use (PEOU) is defined as the degree to which a person believes that
using the system would be free of effort (Davis 1989). Its role is crucial in EUD tasks
and it can affect users’ performance, as mentioned in many researches (e.g. Beckwith
et al. 2005, 2006a; Burnett 2009, Burnett et al. 2008, 2010, 2011).
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Also, PEOU many times influences Perceived-Usefulness (PU) (Agarwal and
Prasad 1999; Hu et al. 1999; Venkatesh and Davis 1996). Venkatesh and Morris
(2000) found that women are more influenced by PEOU in adapting new technology
whereas men are more strongly influenced by PU.

Researchers also conclude that PEOU is more important for female users since male
users tend to be more familiar towards computer use (Kim 2010; Ong and Lai 2006;
Venkatesh et al. 2003). For all these reasons, we hypothesized:

H1.1. Perceived-Ease of Use will be significantly higher for women than for men.
H1.2. There will be a stronger correlation between Perceived-Ease of Use and

Perceived-Usefulness for women than for men.

2.4.2 Perceived-usefulness

Perceived-Usefulness (PU) is determined as the degree to which a person believes
that using a particular system will enhance his/her job performance (Davis 1989).
As already mentioned, Venkatesh and Morris (2000) and Terzis and Economides
(2012) found that women are more influenced by PEOU in adapting new tech-
nology and using computer based assessment whereas men are more strongly
influenced by PU.

A strong influence of PU on performance and other perception attributes (e.g.
perceived playfulness) has been found by many studies (e.g. Lee 2008; Ong and Lai
2006; Terzis and Economides 2012; Van Raaij and Schepers 2008). Moreover, previous
studies have shown a moderate effect of gender on PU (Ong and Lai 2006; Venkatesh
and Morris 2000).

Thus we hypothesized:

H2.1. Perceived-Usefulness will be significantly higher for men than for women.

2.4.3 Self-efficacy

Self-Efficacy (SE) is an important behavioural variable that conveys an individual’s
level of confidence to execute courses of action in a given situation. Self-
Efficacy has been studied in depth by Bandura (1977; 1997) who found that it
can be influenced by environmental situations, cognitive and personal factors as
well as demographic characteristics.

Researchers have reported many gender differences in Self-Efficacy across nation-
alities and across levels of computer expertise (e.g. Beyer et al. 2003; Colley
and Comber 2003; Grigoreanu et al. 2008; Margolis and Fisher 2003). Low
computer Self-Efficacy among females is a prevalent research result in the
literature (Cao et al. 2010; Durndell et al. 2000; Vekiri and Chronaki 2008).

Previous studies supported a causal link between SE and PEOU (Agarwal et al.
2000; Padilla-Melendez et al. 2008; Terzis and Economides 2012; Venkatesh and Davis
1996). Finally, SE has shown to influence PEOU more strongly for women than for
men (Ong and Lai 2006).
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Thus we hypothesized:

H3.1. Self-Efficacy will be significantly higher for men than for women.
H3.2. There will be a stronger correlation between Self-Efficacy and Perceived-Ease

of Use for women than for men.

2.4.4 Risk-perception

Risk-Perception is explained in Blackwell’s Attention Investment Model theory
(Blackwell 2002; Blackwell and Green 1999) to strongly influence the end user’s
behaviour through their cost/benefit evaluation. According to Blackwell (2002), risk
is the probability that no pay-off will result, or even that additional future costs will be
incurred from the way the user has chosen to spend attention. Perception of risk thus
plays an important role in a user’s decision making about whether to use particular
application features (Beckwith and Burnett 2004).

The Attention Investment Model predicts that higher perception of risk can lead to
differences in actual behaviour. Risk-Perception can strongly influence computer
related behaviour (e.g. Willingness to Learn, Self-Efficacy, etc.) since it determines
the whole ‘confidence and security’ the end-user feels while interacting with the
computer environment.

There is evidence that women perceive higher risk in everyday choices and behav-
iours than men do (Finucane et al. 2000). Just as the Attention Investment Model
predicts, higher perception of risk can lead to differences in actual behaviour, and such
differences have been many times tied to gender. For example, research shows that due
to the Self-Efficacy differences, a female’s perception of the cost of learning a new
feature (Willingness to Learn) may be higher than a male’s perceived cost to learn the
same feature (Burnett et al. 2011).

Thus we hypothesized:

H4.1. Risk-Perception will be significantly higher for women than for men.
H4.2. There will be a stronger correlation between Risk-Perception and Willingness

to Learn for women than for men.
H4.3. There will be a stronger correlation between Risk-Perception and Self-Efficacy

for women than for men.

2.4.5 Willingness to learn

Willingness to Learn is an important EUD behavioural attribute that affects the end-
users’ overall performance since it reveals the user’s motivation power, determines the
amount of effort the user makes and the perspectives of his/her future performance
enhancement. Willingness-To-Learn is important because it can ‘predict’ the end-user’s
willingness to try, persist, tinker and even study to learn how to use new features and
EUD technologies (Burnett et al. 2010; Grigoreanu et al. 2008).

According to Lowenstein’s information gap theory (1994), a user needs to have a
certain level of Self-Efficacy in order to reach a useful level of curiosity, and curiosity
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will leverage the levels of their exploratory behaviour (tinkering) and Willingness to
Learn, enhancing their performance (Burnett et al. 2011). Willingness to Learn is one of
the main aspects Gender HCI studies. Previous research found that female users tend to
have lower levels of Willingness to Learn and use new technologies and features in
end-user programming tasks (Beckwith et al. 2005; Burnett et al. 2010; Grigoreanu
et al. 2008).

Thus we hypothesized:

H5.1. Willingness to Learn will be higher for men than for women.

3 Research methodology

The research methodology follows a three-step approach to examine potential
gender differences in a prototype web-based EUD environment for database-
driven mobile applications. First we present the prototype tool that was used for
the field test. Then we describe the field test including the sample and procedure
details, the user-task and the measured variables and questionnaire. Finally, we
present the data analysis process.

3.1 Prototype web EUD tool

The prototype EUD tool was based on a natural language approach (named
‘simple talking’) Protogeros and Tzafilkou (2015), designed to assist end-users
creating database-driven mobile applications. The authors also developed a
prototype wizard-based web EUD tool to integrate and evaluate their EUD
approach. The end-users’ high performance results and their high levels of
Perceived-Ease of Use indicated the efficiency and usefulness of the tool as
well as a positive user experience. A detailed presentation of the particular
EUD approach for database-driven web applications can be found in Protogeros
and Tzafilkou (2015).

3.2 Field test

3.2.1 Participants and procedure

The field test was conducted on 47 end-users, 22 male and 25 female, ages 20–30, in an
introductory informatics course in the Department of Accounting and Finance of a
Greek University, and in an e-commerce course in the Departments of Master in
Information Systems and in Expert Systems in the same Greek University. There were
no significant age and expertise differences among the participants and they were
almost equally distributed concerning their gender.

Based on the EUD terminology given by Lieberman et al. (2006) that end-users act
as non-professional developers to build or modify applications, we require from our
participants to belong to the end-user developer generic population. That is, they should
be familiar enough with web and computer software and concepts but they should not
be experts and of course not programmers.
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The conducted field test did not take into account the students’ large population but
the EUD generic population which according to Costabile et al. (2003a, b) ‘it is not a
uniform population, but divided in no mutually exclusive communities characterized by
different goals, tasks and activities. The EUD population can be different according to
cultural, educational, training, and employment background, experience in computer
use, age (the very young and the elderly), types of (dis)abilities, etc.’ (Costabile et al.
2003b). Based on the EUD terminology given by Lieberman et al. (2006), that end-
users act as are non-professional developers to build or modify applications, we require
from our participants to belong to the generic end-user developer population. That is,
they should be familiar enough with web and computer software’s and concepts but
they should not to be experts and of course not programmers.

Drawing from all these, the targeted EUD group population is young (age 18–25)
users from a European country (Greece), with no disabilities, having the regular
computer skills and experience (e.g. computer use and web surfing) but they are not
professional developers, meaning that they do not have any programming or web
development skills.

To confirm these criteria, some personal information (sex, age, educational back-
ground) was collected and as mentioned, prior to the EUD task the participants were
also asked to answer a short questionnaire regarding their experience level on database
concepts, programming, World Wide Web and overall computer use. The experience
level was measured in a scale from 1 to 5 (see Fig.1). We required all participants to
have some small database familiarity (less than 2/5) and some average web and
computer familiarity (around 2.5/5).

Fig. 1 Prior to task questionnaire regarding the user previous experience (translation in English is provided in
hand-written fonts)
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As the results showed, the measured mean value of the participants’ database
familiarity was 1.07, revealing that they could be ‘safely’ considered as non-profes-
sional/non-expert end-users in database-development tasks. Additionally, their
programming experience was 0.94, their familiarity with web was 2.71 and
their general familiarity with computer use was 2.65 (see Table 1). These mean
values satisfy our target group (end-user developers) requirements, i.e. users
that are non-experienced programmers, with no or limited knowledge on data-
base concepts but with efficient familiarity with web interaction and computer
use in general. This information could allow us to generalize the results from a
small sample and make broad claims about web-based EUD behavior of similar
EUD populations.

After completing the user task (see 3.2.2), each participant had to answer a
questionnaire-based survey consisted of 22 items measuring a set of perception and
acceptance variables (see Appendix 1). The questionnaire was in Greek language and it
was provided to the users as an online survey form, embedded in the last page of the
EUD application.

The participants had no previous training on how to use the EUD tool. As explained,
the EUD interface was in a wizard like logic and the users had to move from one step to
another using simple buttons and answering to simple questions in order to construct
their database-driven mobile application. In the end of the user task a link was
generated so that the end-users could access their application (both in web and in
mobile view) to see what they had done and use it if they wanted to. Teachers did not
give any other special instructions at the beginning of the test, except to present the
exercise (i.e. the requested development task). Few students who were not very
comfortable with the use of the system, asked for help on its use and received some
further assistance.

3.2.2 User task

The exercise (user task) needed to be small enough to be resolved in a limited time by
the end-users, and as comprehensive as possible in order to capture most of the
relational logic concepts. The example of a DVD store management system is simple
and comprehensive as well, since its basic functionalities are familiar to most end-users
and its database structure encompasses the creation of all the basic database (relational)

Table 1 Participants’ experience level

Measured Item Users (N = 47)

mean (1–5) St. Deviation St. Error

Database Experience 1.07 1.17 0.16

Programming Experience 0.94 1.04 0.14

Web Experience 2.71 1.32 0.18

Computer Use Experience 2.65 1.32 0.18
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items: Tables, fields and relationships. So, the exercise given to the participants was to
develop a simple database-centric mobile application, to record, edit and retrieve movie
rentals and customer data.

What we expected from the users was to efficiently design the database schema of
Fig. 2.

3.2.3 Measured variables and questionnaire

In the following list we present the set of variables we will measure. The independent
variable (IV) is gender and there are five dependent variables (DV) that will be
compared between the gender groups.

& IV– Gender
& DV– Self-Efficacy (SE)
& DV–Risk-Perception (RP)
& DV–Perceived-Ease of Use (PEOU)
& DV–Perceived-Usefulness (PU)
& DV–Willingness to Learn (WL)

Regarding the questionnaire survey, it consisted of 22 questions (items) which
measure the five independent above-listed variables. A five point Likert-type scale
with 1 = Bstrongly disagree^ to 5 = Bstrongly agree^ or 1 = Bnever^ to 5 = Bmany times^
was used to measure the items.

Our questionnaire structure was based on previous research of computer perception
and acceptance related questionnaires (e.g. Compeau and Higgins 1995; Davis 1989;
Moon and Kim 2001; Venkatesh et al. 2003; Wang et al. 2009) and was not entirely
self-made. However, we have adjusted the questions in order to cover all the survey
attributes.

The original questionnaire was in a five-point Likert scale form consisted of a
prompt, Bduring the usage of the EUD tool I felt that I was totally confused, or I was
bored, or I was confident^ etc. (see Appendix 1).

As presented in Appendix 1, five items were used to measure Self-Efficacy, Risk-
Perception and Perceived-Ease of Use, four items were used to measure Perceived-
Usefulness and three items were used to measure Willingness to Learn.

The internal validity of the questionnaire is presented in Table 4 in the next section.

Fig. 2 Entity Relationship Diagram of the expected database schema (solution)
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3.3 Data analysis

3.3.1 Sample characteristics

A normality distribution test was conducted to test whether the values of every
measured dependent variable were approximately normally distributed for every
gender.

A Shapiro-Wilk’s test (p > 0.05) (Shapiro and Wilk 1965) and a visual
inspection of their box plots (see Fig. 3 Appendix 2) showed that the values
of Self-Efficacy, Risk-Perception, Perceived-Usefulness, Perceived-Ease of Use
and Willingness to Learn were approximately normally distributed for both
male and female end-users. Also, Normality Q-Q plots showed that there was
a normal distribution per attribute for the whole sample (see Fig. 4 Appendix
2). The fact that the sample size is approximately normally distributed rein-
forces the validity of the statistical results.

3.3.2 Data analysis method

Since our data are approximately normally distributed we can use a parametric
analysis method.

Since we have one categorical independent variable (gender) with two levels (male,
female) and a small set of continuous dependent variables, and we plan to examine
whether there is a statistically significant difference between the two gender groups for
each one of the dependent variables, we will conduct an independent samples T-Test.

In our case, T-Test is a simple and adequate method to examine potential differences
between male and female participants.

In order to measure the correlations between the measured variables for each gender
group we will use the Pearson correlation, since it is an appropriate method to define
the correlation among a small set of continuous variables.

In order to evaluate the questionnaire internal consistency we will calculate the value
of Cronbach alpha (α).

Finally, to present the general results concerning every variable for every gender we
will use general descriptive statistics.

4 Results

Construct validity and reliability have been tested to ensure that the results are reliable
and consistent. The questionnaire’s reliability has been tested through Cronbach alpha
which requires as minimum 30 participants (Yurdugül 2008). The current work
respects this minimum limit since the field test was conducted on a sample size
of 47 participants.

Calculating Cronbach’s alpha coefficient tested the construct reliability. This coef-
ficient measures the internal consistency by indicating how a set of items are closely
related as a group (Moolla and Bisschoff 2012). Nunnally (1967) suggests that a
Cronbach alpha value of 0.7 is acceptable, with a slightly lower value might sometimes
be acceptable.
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In Table 2, Cronbach’s alpha values for all factors are above 0.70 indicating that all
measures employed in this study demonstrate a satisfactory internal consistency, and
the measurement model is supported.

Table 3 presents the descriptive statistics results for all the measured vari-
ables for the two gender groups separately. The variables’ mean values are all
measured in a scale 1–5.

Table 4 shows the T-Test analysis for the users’ differences in relation to gender. The
confidence interval percentage was set to 95%.

Tables 5 and 6 show the correlation coefficients between pairs of the
measured variables for every gender group. As the results show there are some
basic differences between the two groups regarding the correlations’ signifi-
cance (where sig. = p-value).

Table 2 Results for the whole sample and validity of the measurement model

Construct Item Mean (1–5 | n = 47) Standard Deviation Cronbach α (>0.70)

Self-Efficacy 3.08 0.49 0.78

SE1

SE2

SE3

SE4

SE5

Risk-Perception 2.94 0.77 0.76

RP1

RP2

RP3

RP4

RP5

Perceived- Ease of Use 3.60 0.74 0.77

PE1

PE2

PE3

PE4

PE5

Perceived-Usefulness 3.68 0.96 0.92

PU1

PU2

PU3

PU4

Willingness to Learn 3.90 0.77 0.81

WL1

WL2

WL3
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5 Discussion

Although previous gender research (e.g. Beckwith and Burnett 2004, 2007;
Beckwith 2003, 2007; Beckwith et al. 2005, 2006a, b; Burnett 2009; Burnett
et al. 2008, 2010, 2011; Kissinger et al. 2006; Grigoreanu et al. 2006, 2008,
2012; Subrahmaniyan et al. 2008) has been conducted in End-User Program-
ming (e.g. desktop spreadsheets) environments, the current work showed that
some gender differences can also exist in modern web-based EUD
environments.

As mentioned in the literature review, previous works (e.g. Beckwith and
Burnett 2004, 2007; Beckwith 2003, 2007; Beckwith et al. 2005, 2006a, b;
Burnett 2009; Burnett et al. 2008, 2010, 2011, 2016; Kissinger et al. 2006;
Grigoreanu et al. 2006, 2008, 2012; Lee 2008; Subrahmaniyan et al. 2008)
showed significant gender differences in all the measured acceptance and
perception items (Self-Efficacy, Risk-Perception, Perceived ease of Use and
Perceived Usefulness).

Table 3 Descriptive statistics results for gender groups

Variable Male Users (N = 22) Female Users (N = 25)

mean (1–5) St.
Deviation

St.
Error

mean (1–5) St.
Deviation

St.
Error

SE 3.20 0.50 0.10 3.06 0.47 0.09

RP 2.81 0.75 0.16 3.15 0.77 0.20

PEOU 3.85 0.65 0.13 3.49 0.78 0.15

PU 3.80 0.91 0.19 3.69 1.02 0.20

WL 3.84 0.90 0.19 4.08 0.63 0.12

Table 4 T-Test analysis results

Variable Male Users (N = 22) Female Users (N = 25) Gender differences

variance variance t-value p-value

SE 0.25 0.22 1.05 0.14 ns

RP 0.56 0.60 −1.50 0.06 *

PEOU 0.62 0.43 −1.69 0.04**

PU 1.06 0.82 −0.44 0.32 ns

WL 0.40 0.81 1.00 0.16 ns

ns not significant

*p < 0.1: medium significance

**p < 0.05: high significance
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However, in the current research only some significant gender differences are
detected in end-users’ acceptance and perception. In the current research experiment
users interacted with a modern web-based EUD tool, while most of the previous
research works were conducted on desktop spreadsheet-like environments. The limited
number of gender differences, compared to previous studies, can possibly be explained
by the tool’s different nature (web-based) but also by some interface design concepts,
like user friendliness, experience, etc. Also the fact that the prototype EUD tool was
designed to assist end-users constructing and then accessing their own web applications
has might affected the end-users’ and especially females’ perception and acceptance in
a way that eliminated the discussed gender gap (e.g. Grigoreanu et al. 2008) in EUD
and other development activities.

Table 5 Correlations for female users (N = 25)

SE RP PU PEOU WL

SE Pearson Correlation (r) 1 −0.27 0.36* 0.44* 0.10

Sig. 0.09 0.04 0.01 0.32

RP Pearson Correlation (r) −0.27 1 −0.15 −0.38* 0.47**

Sig. 0.09 0.24 0.03 0.01

PU Pearson Correlation (r) 0.36* −0.15 1 0.58** 0.40*

Sig. 0.04 0.24 0.00 0.02

PEOU Pearson Correlation (r) 0.44* −0.38* 0.58** 1 0.19

Sig. 0.01 0.03 0.00 0.18

WL Pearson Correlation (r) 0.09 0.47** 0.40* 0.19 1

Sig. 0.32 0.01 0.02 0.18

* Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level

Table 6 Correlations for male users (N = 22)

SE RP PU PEOU WL

SE Pearson Correlation (r) 1 −0.08 0.42* 0.33 0.14

Sig. 0.37 0.02 0.07 0.27

RP Pearson Correlation (r) −0.08 1 0.12 −0.16 0.15

Sig. 0.36 0.29 0.23 0.24

PU Pearson Correlation (r) 0.42* 0.12 1 −0.02 0.80**

Sig 0.02 0.29 0.46 0.00

PEOU Pearson Correlation (r) 0.33 −0.16 −0.02 1 −0.11
Sig. 0.07 0.23 0.46 0.31

WL Pearson Correlation (r) 0.14 0.15 0.80** −0.11 1

Sig. 0.27 0.24 0.00 0.31

* Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level
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Following we explain the confirmation or not of our hypotheses one by one,
discussing on their main outcomes.

H1.1. Perceived-Ease of Use will be significantly higher for women than for men.

Results in Table 2 do not confirm hypothesis H1.1 since they show that female
users’ PEOU (=3.49) is lower than males’ PEOU (=3.85), reversing our expected
outcome. However, results in Table 4 reveal a significant correlation since p-val-
ue = 0.04 which is lower than α = 0. 05. We see that there is a statistically significant
difference in PEOU for female and male users.

H1.2. There will be a stronger correlation between Perceived-Ease of Use and
Perceived-Usefulness for women than for men.

Results in Table 4 confirm hypothesis H1.2 since the correlation coefficient
between PEOU and PU is significant at the 0.05 level for women, revealing a
high correlation, whereas it appears to be of a non-significant correlation for
the group of men.

H2.1. Perceived-Usefulness will be significantly higher for men than for women.

Results in Table 2 show that male users’ PU (=3.80) is indeed higher than females’
(=3.69) but results in Table 4 do not reveal a statistically significant difference since p-
value = 0.32 which is higher than α = 0.05. Hence, hypothesis H2.1 is not confirmed.

H3.1. Self-Efficacy will be significantly higher for men than for women.

Results in Table 4 show that male users’ SE (=3.20) is indeed higher than females’
(=3.06) but results in Table 5 do not reveal a statistically significant difference since p-
value = 0.14 which is higher than α = 0.05. Hence, hypothesis H3.1 is not confirmed.
This is a very important outcome since most previous research works underline the
lower levels of female SE while interacting with computer environments. However, in
the prototype EUD tool there is not a significant difference between males’ and
female’s SE.

H3.2. There will be a stronger correlation between Self-Efficacy and Perceived-Ease
of Use for women than for men.

Results in Table 5 confirm H2.3 since there is a significant correlation
between SE and PEOU for women but there is not a significant correlation
for men.

H4.1. Risk-Perception will be significantly higher for women than for men.

Results in Table 3 show that male users’ RP (=2.81) is indeed lower than females’
(=3.15) but results in Table 3 do not reveal a statistically significant difference since p-
value = 0.06 which is a little higher than α = 0.05. Hence, hypothesis H4.1 is not
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confirmed. However, the p-value is less than 0.1 revealing a possibility of significance
(medium significance) in RP gender differences.

H4.2. There will be a stronger correlation between Risk-Perception and Willingness
to Learn for women than for men.

Results in Table 5 and Table 6 confirm H4.3 since RP is significantly correlated to
WL for women, but not for men.

H4.3. There will be a stronger correlation between Risk-Perception and Self-Efficacy
for women than for men.

Results do not confirm H4.3. As Tables 5 and 6 depict there isn’t a significant
correlation between SE and RP neither for men nor for women.

H5.1. Willingness to Learn will be significantly higher for men than for women.

Results in Table 4 show that male users’WL (=3.84) is lower than females’ (=4.08),
but results in Table 4 do not reveal a statistically significant difference since p-value = 0.
16 which is higher than α = 0. 05. Hence, hypothesis H3.1 is not confirmed.

The gender differences detected in the current work are not of low value, since they
reflect an important aspect of the contemporary interaction with web EUD environ-
ments and stress the need for gender-neutral design. In particular, the significant gender
differences existing in Perceived-Ease of Use should be taken under consideration
when designing web-based EUD systems.

As already explained in the reviewed literature, Perceived-Ease of Use can deter-
mine the end-users’ perceived experience and their developing task performance
(Beckwith et al. 2006a; Beckwith et al. 2005; Burnett 2009, Burnett et al. 2008,
2010, 2011; Lee 2008).

Also, the significant gender differences existing in Risk-Perception integrate
the concept of the Attention Investment Model (Blackwell 2002; Blackwell and
Green 1999) in the EUD field and contribute in the research effort of
explaining the EUD-related user behaviour. According to the Attention Invest-
ment Model and behavioural EUD studies (e.g. Beckwith et al. 2005), Risk-
Perception can affect the users’ behaviour such as their willingness to use new
features and their overall user experience. In the current paper, we showed that
women’s Risk-Perception is significantly correlated to Perceived-Ease of Use
and Willingness to Learn. Additionally women proved to have significantly
higher Risk-Perception levels than men.

Although not many significant differences were revealed, this research is
important to understand the current ‘gender-gap’ in modern EUD environments
that seems to be eliminated compared to ‘traditional’ desktop EUD software.
Taking under consideration users’ behavioral and gender differences in modern
web-based environments, and gender-neutral tools can be designed. As ex-
plained in the Conclusions and Future Work section, this could be achieved
by implementing user modeling methodologies that use as user feedback their
gender-oriented behavioral attributes.
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The differences underlined in the current work, re-confirm previous studies of
Grigoreanu et al. (2008) implying the persistent existence of a gender gap in end-user
development software environments as well. This gender-gap should be further
eliminated in future web EUD environments since according to Beckwith and
Burnett (2004), Bignoring the gender issue while designing end-user program-
ming environments would miss the opportunity of enhancing the effectiveness
of end-user programmers.^

5.1 Possible issues and limitations

Since this research is the first in the area of measuring/analyzing gender
differences in web-based EUD environments for database driven mobile appli-
cations, there are some limitations.

First, the approach involves a limited number of variables and there are a number
of other important variables that could be added in future studies. These variables
could for instance include some behavioural EUD-related variables like curiosity
(Hartzel 2003; Grigoreanu et al. 2008; Scaffidi et al. 2010), tinkering/exploratory
behaviour (Beckwith et al. 2005, 2006a, b; Burnett et al. 2010, 2011; Grigoreanu
et al. 2008; Martinson 2005; Rode 2008), overconfidence (Beckwith and Burnett
2004), etc.

A second possible limitation is the generalizability issue. The current field test is
conducted on a generally small sample size and this can possibly affect the ability to
generalize the findings. The current study does not take into account the generic users’
or students’ population but a EUD subset and based on this, it evaluates the sample
representation. As mentioned, we refer to a EUD subpopulation since according to
Costabile et al. (2003b), EUD population is not uniform and is divided in a set of
communities characterized by different goals, tasks and activities. EUD population can
be different according to cultural, educational, training, and employment background,
experience in computer use, age, types of (dis)abilities, etc.

Finally there may be another possible limitation involved by the wizard-
based design of the prototype tool. Wizard-logic has been shown to be pre-
ferred by female users (Beckwith et al. 2005; Burnett et al. 2010) and it can
positively affect their perception and acceptance. Also, this can possibly lead to
differentiated results in future web-EUD research that will be conducted on
non-wizard like interface designs.

6 Conclusions and future work

This paper presents a basic examination of the influence of gender on the end-users’
perception and acceptance while interacting with a modern, web-based EUD environ-
ment for database-driven mobile applications.

The conducted field test on 47 end-user participants in a Greek university
showed that there are some significant gender-oriented differences while end-
users interact with today’s web-based EUD environments. However, in some
cases the results indicated non-significant gender differences and even strong
similarities.
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In particular, significant gender differences were shown to exist in the end-
users’ Perceived-Ease of Use and some differences of medium significance
were showed to exist in their Risk-Perception levels. Regarding the correlation
between the measured variables, significant gender differences were found in
the correlations between Self-Efficacy/Perceived-Usefulness, Perceived-Ease of
Use/Perceived-Usefulness and Willingness to Learn/Perceived-Usefulness.

The experiment did not reveal other significant perception-related or acceptance-
related differences between male and female end-users. An important finding of gender
similarity was that there was a strong correlation between Perceived-Ease of Use and
Self-Efficacy both for male and female users.

The main contribution of the current work is to provide the EUD research commu-
nity with a supplementary research background and a motivation to study further the
end-user perception and acceptance of web-based EUD environments for database
driven applications, as well as the influence of gender.

In the future these findings could be significantly enriched by analysing performance
or other indicators as well. This analysis is important to better understand the factors
that influence the end-users’ performance in EUD tasks.

Also, as mentioned in the limitations section, our approach involves a limited
number of variables and there are a number of other important variables (e.g.
curiosity, overconfidence, etc.) that could be added in future studies. These
studies could possibly reveal new gender differences that complementary to
ours could enrich the knowledge on end-user’ developing behavior and the
influence of gender.

It would also be useful to conduct a similar study on a larger sample size, to address
generalizability issues and represent broader EUD populations (such as the student
population).

In our future works we plan to use gender-based differences as user feedback
in the design of gender-neutral self-adaptive EUD systems. In particular, as
explained in Tzafilkou et al. (2016), gender differences in end-users’ behavioral
attributes could be used as user feedback in user modeling mechanisms for
adaptive and personalized feedback in EUD environments. In the future, self-
adaptive web-based EUD environments could be developed to assist users
perform better and eliminate gender differences both in their developing behav-
ior and performance.

Another interesting future research direction could also be to examine gender
issue in users’ behavior using mouse monitoring or eye tracking methodologies.
In our future works we plan to conduct new web-EUD exploratory studies
monitoring both eye and mouse movements to detect possible new behavioral
differences between genders. By capturing the end-users’ development behavior,
dynamic user-modeling methodologies could be developed to adapt/personalize
the EUD environments, aiming to eliminate the gender gap and enhance the
end-user performance and experience.

Gender studies should be further integrated in HCI and EUD research to analyse
nowadays end-users’ behavior. Hopefully our research will shed light on the necessity
of similar human-oriented behavioural analyses in the EUD evolution and to encourage
relative future work.
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Appendix 1 Questionnaire

Table 7 Survey Questionnaire

Constructs Items Questions

Perceived-Usefulness

PU1 The system is useful.

PU2 The system makes me more productive.

PU3 The system makes me save time.

PU4 The system satisfies my needs and requirements.

Perceived-Ease of Use

PE1 The system is easy to use.

PE2 I do not need to try too hard to use the system effectively

. PE3 I can use the system without written instructions.

PE4 I can learn how to use the system easily and fast.

PE5 I can easily correct my mistakes while I use the system.

Self-Efficacy

SE1 I felt confident while I was using the system.

SE2 I believed that I could perform well.

SE3 I felt I had the control of the task.

SE4 I felt that everyone else knew what to do but me.

SE5 I felt confused while using the system.

Willingness to Learn

WL1 I wanted to learn how to use the system while I was using it.

WL2 I’d like to learn more how to use the system.

WL3 I’d like to learn how to use other similar systems too.

Risk-Perception

RP1 It was taking me time to decide on how to move while using the system.

RP2 I felt nervous every time I took an action (e.g. pressed a button).

RP3 I well checked my actions before moving to the next steps.

RP4 I had no hesitation to take an action.

RP5 I had no difficulty to decide which feature (among others) to use.
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Table 8 Test of Normality

Measured Variable Gender Shapiro-Wilk

Statistic Sig.

Risk-Perception Female 0.948 0.246

Male 0.973 0.824

Perceived-Usefulness Female 0.927 0.083

Male 0.941 0.253

Perceived-Ease of Use Female 0.956 0.371

Male 0.967 0.687

Willingness to Learn Female 0.929 0.090

Male 0.927 0.135

Self-Efficacy Female 0.926 0.081

Male 0.912 0.070

Fig. 3 Box Plots based on gender

Appendix 2 Normal distribution test results
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