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ABSTRACT 
General-purpose software applications are usually not 
tailored for a specific user with specific tasks, strategies or 
preferences. In order to achieve optimal performance with 
such applications, users typically need to transition to an 
alternative efficient behavior. Often, features of such 
alternative behaviors are not initially accessible and first 
need to be customized. However, few research works 
formally study and empirically measure what drives a user 
to customize. In this paper, we describe the challenges 
involved in empirically studying customization behaviors, 
and propose a methodology for formally measuring the 
impact of potential customization factors. We then 
demonstrate this methodology by studying the impact of 
different customization factors on customization behaviors. 
Our results show that increasing exposure and awareness of 
customization features, and adding social influence can 
significantly affect the user’s customization behavior. 
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INTRODUCTION 
One of the aims of HCI research is to design interfaces that 
allow users to maximize their performance while 
interacting with the computer. However, for complex 
software applications, supporting optimal efficiency while 
remaining universally accessible is a challenge [33]. For 
example, many desktop applications are designed to 
accommodate a broad spectrum of users and usage 
scenarios. These general-purpose interfaces are usually not 
tailored for a specific user with specific tasks, strategies or 
preferences. As such, the most apparent way to use 
software is rarely the most efficient way for any particular 
user. Users typically need to adapt their own behaviors if 
they are ever to achieve optimal performance.  

In some cases, alternative enhanced behaviors are, by 
default, available for use. An example is preconfigured 
hotkeys. However, in other cases, features that would lead a 
user to more optimal performance are not initially 
accessible and first need to be customized [18].  

While evidence suggests users spend a considerable amount 
of time personalizing the appearance of their interfaces [23] 
(i.e. customizing aesthetics), they can be reluctant to 
customize the functionalities to perform their tasks more 
efficiently [21] (i.e. customizing behaviors). In particular, 
users are reluctant to change their behavior when they are in 
the middle of a production process [4]. However, at some 
breaking point, a user may decide to perform a 
customization. This may be triggered when the perceived 
benefits outweigh the costs of setting up the customization. 
If software systems can manipulate this breaking point, 
then users could more rapidly approach optimal 
performance. 

Although many studies look at the performance of 
customizable interfaces, few formally study and empirically 
measure what drives a user to customize. Typically, 
customizable interfaces are evaluated on the assumption 
that the user does choose to customize [9]. Customization 
factors established by Mackay [21] are probably the most 
thorough to date, but the identified “triggers” and “barriers” 
have not yet been empirically measured. In particular, it is 
worthwhile to explore whether such factors can be 
manipulated through the software application itself, to 
increase the customization behavior of its users, and 
ultimately, optimize their performance. 

With these goals in mind, we present our contributions, 
which are both methodological and empirical. First, we 
describe the challenges involved in empirically studying 
customization behaviors, and propose a methodology for 
formally measuring the impact of potential customization 
factors. We then demonstrate this methodology by studying 
the impact which exposure, awareness, and social factors 
have on customization behaviors. Our results show that 
users develop different customization strategies, and that 
some might be more eager to customize and switch to an 
enhanced behavior. But more importantly, we also show 
that increasing exposure and awareness, or adding social 
influences, can significantly impact a user’s breaking point. 
This implies that there exist customization factors which 
can be manipulated in software.  
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RELATED WORK 
Our work is related to research on novice to expert 
transitions, personalized user interfaces, customization 
facilities, and customization behaviors. 

Learning and Novice-Expert Transition 
Grossman et al. [17] explicitly identified the lack of 
transitioning to a more expert approach as one of five main 
learnability problems in software. Past research looked at 
ways to help the user make this transition by explicitly 
teaching how to use an alternative approach [18, 25, 31], or 
even forcing the user to use the more efficient approach 
[16]. That body of work, however, does not focus on the 
customization portion of the transition.  

Personalized User Interfaces 
Software personalization can improve task performance and 
reduce workload in GUI control structures. We refer the 
reader to Findlater and McGrenere [12] for a detailed 
overview of such user interfaces.  

Prior work has proposed numerous adaptive user interfaces 
that can improve user performance compared to static 
interfaces. Most adaptive approaches looked at ways to 
improve the performance of accessing items from a menu 
[6, 11, 13, 15, 29, 35], with variations on frequency-based 
menus [27] and split menus [14, 32] being very common.  
Another example in the research literature is layered 
interfaces [5, 10, 26, 33] which provide multiple levels of 
interface complexity, to match a user’s skill level. Some of 
these adaptable interfaces also showed benefits over 
adaptive ones, with users performing faster [9], or showing 
preference for adaptable interface over adaptive ones [26].  

Typically, when such techniques are evaluated, the main 
goal was to study the benefits of customization under the 
assumption that the user customized, and not whether or not 
the user would choose to customize [9]. Therefore, it still 
remains important to formally study what causes a user to 
choose to customize.  

Customization Facilities 
McGrenere et al. [26] pointed out that for some users the 
amount of time it took to adapt the system was an inhibitor 
to customization. As such, the customization facility should 
be efficient. Research has proposed to simplify 
customization by providing in-place customization features 
(e.g. from user’s command history [19], or by selecting any 
GUI widget in-place and replicating it onto a command 
palette [34]). Neither of these two customization facilities 
has been formally evaluated. 

Mixed-initiative incremental interfaces [1, 36], and 
multiple-interfaces [2] could improve the user’s 
performance. Such interfaces provide mechanisms to 
prompt the users to make a customization based on user’s 
behavior, proficiency, or current task. An example is the 
Adaptive Bar [7], which prompts the user to add a 
command to an application bar based on historical 
frequency of the command. The evaluation of that system 

showed advantage over a purely adaptable system, and also 
noted that novice users mostly did not customize the purely 
adaptable system.  

Customization Behavior 
Users often customize software because they wish to 
personalize it, improve their performance, or reduce their 
workload while using the software [23]. However, Mackay 
[21] showed that most users do not customize, and 
identified a comprehensive list of triggers as well as 
barriers to customization. However, few studies have 
empirically evaluated the impact of these factors on 
customization behaviors. 

Past research has investigated user behaviors with different 
personalized systems. Marathe and Sundar [24] showed that 
customization behavior could depend on the proficiency of 
the user, and that power-users might be more inclined to 
customize to gain a sense of control over the software.  

Social influence has also been identified as an important 
factor that could influence user customization behavior [20, 
21, 37] and could encourage transition to expert use [30]. 
Research has shown that often there exist users within 
organizations that customize software and are willing to 
share their customizations [22], which could also be 
beneficial as it prevents intelligibility problems associated 
with local customization [8]. In our study we investigate 
how we can encapsulate this social influence into a mixed-
initiative system in order to influence customization. 

CUSTOMIZATION FACTORS 
We define a user’s breaking point as when a user decides to 
customize their software. The factors which Mackay [21] 
identified are all potential influences of a user’s breaking 
point. Those factors describe the contexts and the social 
processes in which the user is more likely to customize. If 
software systems could influence this breaking point by 
manipulating those customization factors, then users could 
more rapidly approach optimal performance. 

However, some of the customization factors listed by 
Mackay [21] are beyond the control of the software 
application (e.g. external factors such as job changes). 
Other customization factors can potentially be manipulated, 
which we discuss below. There, we draw parallels between 
these customization factors and factors that drive 
technology adoption in general. We refer to the factors in 
Unified Theory of Acceptance and Use of Technology 
(UTAUT) [38]: performance expectancy, effort expectancy, 
social influence, and facilitating conditions. 

Awareness.  One of the first important triggers of 
customization is the user’s performance expectancy, or 
realization that there is an alternative way of performing the 
task, which improves the user’s performance or reduces the 
user’s workload. In order to customize software, the user 
must also be aware of the facilitating conditions, or the 
customization facility. If software could increase awareness 



 

 

of the mechanism for performing customizations, it could 
influence the user’s breaking point. 

Exposure. It is often the case that the user is aware that 
customization is possible, but believes that the process is 
too complicated. The inability of the user to determine the 
actual time it would take to switch from one way of 
performing a task to another, where the time includes the 
time to customize, could be a barrier to customization. On 
the other hand, exposing the user to the customization could 
change user’s effort expectancy and trigger a customization. 

Social influences. The social influence to perform better or 
simply like other users could be a strong customization 
trigger. Furthermore, the recommendation from a friend to 
customize could influence a user’s perceived benefit of the 
customization. Integrating social cues with a software 
environment may allow for such triggers. 

METHODOLOGY CONSIDERATIONS 
As we have discussed, software customization takes place 
over time and is influenced by many factors. It is thus 
worthwhile to empirically evaluate the relative impact of 
these factors. Our goal is to develop a methodology where 
during the study, the user can freely choose between using 
some default behavior (e.g. using a menu), or choose to 
customize using a customization facility (e.g. a 
customization dialog box), to enable an enhanced behavior 
(e.g. using a hotkey). The primary dependent variable of the 
methodology is if and when a user chooses to customize.  

However, studying a decision on behalf of the participant is 
challenging, as extreme care must be taken to minimize any 
bias of that decision process. Here we discuss the factors 
and process of developing our study methodology in detail.  

Motivation to Customize 
In order for such a study to work, there must be a 
reasonable motivation for the user to customize. This means 
that the enhanced behavior that the customization enables 
must provide real benefits in terms of task performance or 
workload, in comparison to the default behavior. Unlike 
real-world scenarios, where the benefits of the enhanced 
behavior can propagate over long periods of time, lab 
experiments have a limited duration. As such the benefits 
need to be clear and immediate, so that it is to the user’s 
advantage to customize. In particular, the enhanced 
behavior should not have a steep learning curve. 

Between vs. Within Study Design 
Because customization behavior involves a user’s decision, 
any exposure to the customization facility or enhanced 
behavior could bias the user’s decision to perform future 
customizations. If a user is exposed to multiple conditions, 
their decision to customize in later conditions could be 
influenced by experiences from the earlier conditions [9]. 
Thus, a between-subject design should be used.  

Task Complexity 
In real-world scenarios, customization is typically a 
secondary task that competes for the user’s resources with 

the user’s primary task. In the past, experiments used low 
cognitive demand tasks which illicit customization (e.g. [9]) 
or even instructed users to customize in order to compare 
the benefits of different personalization approaches (e.g. 
[2]). However, in our case, we wish to evaluate the choice 
to customize, so using a low cognitive demand task may 
artificially bias users towards customizing. To achieve a 
higher degree of external validity, the study may need to 
include tasks that vary in cognitive load. However, due to 
limited duration of lab experiments, it might not be possible 
to test different tasks. In such cases the study should 
include at least a single primary task with a reasonable 
cognitive load. 

Customization Facility  
Desktop applications allow for a wide variety of 
customization techniques [12]. In order to study 
customization behaviors, it is important that the 
customization facility used in the experimental task 
generalizes well. Although some in-place customization 
techniques have been explored [9, 19], customizations that 
result in significant benefits typically have an associated 
cost. For example, to define a new hotkey in Microsoft 
Word 2007, a user needs to access a dialog, 4 levels deep in 
the user interface. As such, for external validity, the 
customization facility should have some associated cost. 

LESSONS FROM PILOT STUDIES 
Due to all of the above-noted challenges, we conducted 
several pilot studies, to test various methodologies and 
study environments. Our initial methodology was based on 
Grossman et al.’s evaluation of hotkey usage [16]. A user 
was shown an image and could either select an associated 
menu item from the top of the screen, or use a 
customization dialog to set up a hotkey for that item (in the 
original work, the hotkey was already configured and 
available for use).  However, we found that the mental 
demand of the enhanced behavior, using a hotkey, was too 
high, and as such participants consistently chose not to 
customize. It was apparent that this methodology did not 
provide enough motivation to customize. 

To simplify the enhanced behavior, we introduced a local 
tool palette as the enhanced behavior. The users could 
access the palette faster than the default menu bar at the top 
of the screen. Because it offers a visual support for 
successful recall of customized operations, this approach 
required lower mental demand, but all participants were 
customizing, and reported that it was obvious that this 
would improve performance. Here, it became clear that the 
abstract image matching task we chose did not introduce 
enough task complexity. 

As such, we introduced a more involved primary task to the 
methodology. After running several participants, the 
methodology seemed to provide a good balance, as 
advanced users chose to customize, while less advanced 
users did not. We settled on this methodology for our full 
experiment, which we now describe in detail. 
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 “At first I did not want to change the option. I figured it would 
take too much work. But when I saw that my friend changed it, I 
thought I might as well try it once.” –P10 social 

“During the first round I was not adventurous enough to spend 
time discovering how to use/customize the pallet. After seeing my 
friend had, I decided to attempt to customize my own, and 
discovered it was a fairly simple process.” – P1social 

However, for some participants in both awareness and 
social groups, the notifications had little impact. In fact 
some chose to disregard the messages thinking the content 
had no importance, while for others the messages added 
negative pressure, and may have inhibited customization: 

 “I didn't want to get stressed out by what he was doing. I really 
didn't care what he was doing to be honest!” –P5social 

 “I didn't want to waste time [finding out how to customize]. I tend 
to be rather competitive, so it just added extra pressure to 
perform. [My friend] is competitive too, so I like to beat him if I 
can.” –P7social 

DISCUSSION 
Through our analysis, we have identified that the factors we 
tested have a significant influence on users’ customization 
behavior. In this study, this was mainly manifested in 
changing when a user chose to customize. While not 
significant, it also seemed to influence whether or not a user 
chose to customize. These are encouraging results. 

The analysis revealed only subtle differences in the impact 
of the three test conditions. Larger scale studies, with more 
participants, may be required to more accurately measure 
the relative impact of these factors. Most prominent was 
that in the social condition, users performed the task 
significantly faster than in other conditions. This could be 
due to competition rather than benefits of customization. 
Even so, in addition to changing the customization behavior 
this approach could be used to increase user performance.  

We also found that the factors might have a different effect 
on power and non-power users. In the control group, only 
25% non-power users customized, and in the awareness 
group, only 57%. On the other hand, in the exposure and 
social conditions, more non-power users customized (80% 
and 78% respectively). This may indicate that awareness is 
a weaker influence for non-power users. 

In an actual application, exposure to the customization 
facility could be achieved through occasional enforced 
training. But it could also be combined with social 
influences, where the system notifies the user about her 
friend’s or colleague’s behavior and offers to guide her 
through the customization process.  

It was interesting to note that some participants chose not to 
customize even in the test conditions. While we expected 
this behavior in the control group, we found various reasons 
for such behavior in other groups. In the exposure group 
this could be due to participants being overly reluctant to 
changing their behaviors [4]. Providing a rationale for 
customization might help [3], but it remains unclear how 

behavior of such users could be changed, and more research 
is required. In the awareness and social groups some 
participants did not customize simply because they chose to 
disregard the messages. As such, other techniques to expose 
users to awareness and social factors, besides system 
messages, should be explored. An ambient display of such 
information, which a user would not be as rushed to 
dismiss, could be one potential solution [25].  

The social condition might have an adverse effect on some 
users, as the pressure to perform faster could inhibit their 
willingness to explore customization options. Future 
research should explore how social factors affect users with 
different personalities. However, as users were under time 
pressure in the lab study, it remains an open question if 
such adverse effects would occur in a more relaxed setting.  

A secondary contribution of our work is that we show how 
sensitive customization studies are to the particulars of the 
study methodology. Small changes made after each of our 
pilots had large effects on user behaviors. Our experiences, 
and our methodology considerations discussion, provide 
important lessons for future customization studies. 

In summary, each of the factors we tested impacted 
customization behaviors, and some trade-offs between the 
techniques appeared. In order to design successful 
customization facilities, designers should consider the 
strengths and weaknesses of these factors. However, some 
of these influences could potentially work together (e.g. 
social influence on top of a mixed-initiative system) to 
remedy some of the weaknesses and enhance the strengths.  

CONCLUSION AND FUTURE WORK 
In this paper we demonstrated a methodology for 
personalization studies which require a user choice. We 
then used this methodology to design and execute a user 
study. The results of the study exposed different 
customization strategies and differences in how users 
respond to increased exposure and awareness, and social 
influences. We showed that these three factors can decrease 
the time to the breaking point, and that software can in fact 
control such factors in order to change user behavior.  

Based on these findings we proposed directions in which 
future research can improve customization facilities. While 
our results may generalize beyond the specific facility and 
enhanced behavior from our methodology, the factors 
should be evaluated against different customization 
approaches [12]. Also, our findings provide grounding for 
follow-up field studies with more complex and real-world 
software applications to test whether our results would 
extend to such systems. As we discussed, lab studies have 
inherent challenges when running studies that involve user 
choice. It would be interesting to develop field study 
methodologies to test how closely our results would be 
replicated in actual usage scenarios. Nevertheless, our 
findings provide insights into customization factors and allow 
for more focused field studies of customization factors that can 
be controlled by software. 
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