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Abstract. The paradigm of multilayer interface was created to promote 
universal use of software. We previously revisit this concept and adapt it to 
smooth the transition between two versions of software involved in a critical 
activity. Then we generalized this idea by proposing multilayer interface as a 
technical and psychological way to ease transition between software versions. 
We resumed two projects applying this paradigm and observe common results 
into those two different contexts. It mainly enabled to break a psychological 
barrier toward changes and improve the acceptability of new versions of 
software and new working methods. 
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1 Introduction 

As every other piece of software, upgrades involved the question of usability. But, 
more than this issue, upgrades must tackle too the question of continuity: continuity in 
the interaction paradigms and continuity [10] of the service involving the software 
use. A user well accustomed to a piece of software work in a comfort zone. As every 
other working method changes, rupture in interaction paradigms or reorganization of 
the interface may require a new learning phase. It may make the user to leave his 
comfort zone, and then generate a rejection of the software upgrades. This behavior 
can occur even if this rupture improves highly the global usability of the software. 
Moreover, some services cannot afford the users’ temporal lack of efficiency induced 
by the changes (services dealing with a critical activity involving human lives for 
instances). In these contexts, the upgrades must be completed by a user training 
campaigns that not always succeeds. For instance, in spite of the formation, the 
introduction of a new train reservation system, in France in 1993, brought down the 
commercial agent performances during the heavy loaded holydays period and 
generated a large discontentment [7]. 

We previously studied the concept of multilayer interface as a way to ease the 
acceptation of upgrades by smoothing the transition between the versions of a piece of 
software involved in a critical activity [14]. The multilayer interfaces were initially 
designed to promote universal use of application and allow users (novice, amateur, 
expert) to use the interface efficiently with both heterogeneous objectives and training 
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levels [20][9][8]. These interfaces enable different kinds of uses for the same 
application (from the most superficial to the most complex use), by activating  [20] 
or refining [4] the use of functions and adapting visual density to the user’s skills 
[5][6].  

We argued that the multilayer concept would enable to make a progressive 
introduction of the upgrades in order to: avoid brutal changes in the evolution of the 
application; limit the loss of efficiency caused by the takeover of the new system; 
adapt the rhythm of changes to the user receptiveness; and at last involve the user in a 
continuous evolution process of his software. To reach this goal we defined guidelines 
for the creation of the layers. 

In this article, we propose to relate two independent experiences that applied the 
concept of multilayer interface as a way to ease the acceptation of software evolution. 
The first experience occurred in the context of the project ASTER/ACROPOLE 
dealing with modernization of air traffic control tools in France. The second 
application aims at easing the acceptation of new a layout for soft keyboards. In spite 
of the large project differences, we observed several common benefits in the 
multilayer interface application. 

The rest of the paper is organized as follow. In section 2, we discuss the concept of 
multilayer interfaces. In section 3 and 4, we detailed the two applied experiences that 
lead us to use multilayer interfaces in order to help software transition. In section 5, 
we discuss the similar impact of multilayer interfaces use into those two experiences 
before concluding. 

2 Multilayer Interfaces Paradigm 

The paradigm of multilayer interface was created to promote universal use of 
software. We revisit this concept and adapt it to smooth the transition between two 
versions of software involved in a critical activity. Then we generalized this idea by 
proposing multilayer interface as a technical and psychological way to ease transition 
between software versions. 

2.1 Multilayer Interface and Design for All 

The multilayer interfaces were initially designed to promote universal use of 
application and allow users (novice, amateur, expert) to use the interface efficiently 
with both heterogeneous objectives and training levels [9][8]. These interfaces enable 
different types of uses (from the most superficial to the most complex use), by 
activating [20] or refining the use of functions [4] and adapting visual density to the 
user’s skills [5]. The multi-layer interface aims to lead the user gradually improve his 
efficiency with the software while retaining continuous control of it. To reach this 
goal we have to define guidelines for the creation of each layer.  

A group of functions and the available visual entities define a layer. Transitions 
between active layers are controlled either by the user or by the system; when the 
layer selection (or composition) is automatic, the selection is based on user activity 
analysis [4]. 
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But, multilayer interface paradigm does not only tackle the heterogeneity of 
expertise levels. For instance, Reinecke observed that layouts and interaction 
paradigms are related to cultural aspect [19] and she explored the usage of multilayer 
interface to lead with these cultural differences [18].  

Moreover, it enables to integrate population with restricted access to computers. 
Leung [12] implements a multilayer interface to ease the appropriation of mobile 
tools by older adults. Lalji [11] evoked it as a way to integrate illiterate populations 
and Brunet [3] as a way to adapt the interface for vision impairments. 

2.2 Smoothing the Transition between Two Software Versions Involved in a 
Critical Activity 

In 2008 we extended the concept of MLI in order to smooth the mutation into an 
operational systems [14, 15] involved in the context of critical activities. The new 
paradigm focuses on two additional issues:  

• How to reduce the training period and to increase the application’s acceptance 
during the transition between two systems;  

• How to avoid brutal changes in the evolution of the applications; 
• How to maintain security during the transition.  

We propose guidelines to design the layers tackling the specific following objectives: 

• Limit the loss of efficiency caused by the takeover of the new system; 
• Smooth out the evolution of working method; 
• Adapt the rhythm of changes to the user receptiveness; 
• Maintain a complete dominated system the whole transition period. 

3 ASTER/ACROPOLE: MLI for Modernization of Air Traffic 
Control Tools 

During the last decades, the air traffic controllers mainly used a radar view and paper 
strips (cf. Figure 1) to organize their work and prevent flights from accidents. Mainly, 
the radar view enables to detect the conflict between flights and the paper strips 
enables to plan the controller work. The paper strip is too an implicit but powerful 
cooperation tools between controllers working on the same area.  

 

   

Fig. 1. Main air traffic controller tools: paper strips and radar view 
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The initial goal of the ASTER [1] project was to study the security and ecological 
impacts of a vertical representation of air traffic. This auxiliary representation should 
help air traffic controllers to better manage flights into the vertical plan. However, 
even if the experimental results were positives, the air traffic controllers did not feel 
comfortable to use it. 

In parallel, other projects aimed at integrating the paper strips into an electronic 
environment in order to inform the system of the controller intentions and help to a 
better cooperation between the system and controllers. Those projects focus on 
integrating the main function of the paper strips into the electronic environment: a 
planning tool. However, they forgot to reproduce several other secondary roles played 
by the strips (and mainly the cooperation one). Consequently, these tools were 
systematically rejected in every area with high traffic density (in Europe) and did not 
play efficiently their role in the area with low traffic density (air controller just 
stopped to use a planning tool formerly played by paper strips). 

After 2006, the ASTER project (that became ACROPOLE project) reached a new 
step and was charge to design an operational tool integrating an electronic strip 
system, a vertical representation of traffic and several other new air traffic control 
paradigms. The new tool was designed during a user centered design process 
involving actively air traffic controllers in prototyping and evaluation sessions (cf. 
Figure 2).  

 

 

Fig. 2. Main prototypes created during the user centered design process 

The user centered design process ensured that the tool responds to the user needs. 
It enabled to define new working methods integrating harmoniously the different roles 
played by the strips and new paradigms of air traffic control. However, even if an 
effort had been made to maintain former references to the paper strips and to the 
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existing working methods, the new working methods remain significantly different 
comparing to the current ones.  

This gap could prejudice the general acceptance of the new tool. Indeed, air traffic 
controllers explained that their job is to create absolute certification that an accident 
will not happen. So, every significant change into their working environment or into 
the sequence of actions performed to control the flights introduces doubt and makes 
the controller leave a comfort zone. The stress is amplified by the human life 
responsibility.  

From controller point of view, this responsibility and this stress justify a high 
reluctance to changes. It encourages us to propose a strategy to smooth the transition 
between former and new working method.  

We founded this strategy on multilayer interface. The first layer of the application 
reproduced, into an electronic environment, the working method through paper strips 
with a high fidelity. The user was encouraged to adopt the other layers by himself and 
was always able to go back to its former working method by a simple interaction. To 
motivate the controller to adopt the other layers, we aggregate several fancy and very 
useful functionalities to each one of them. So, in order to benefit of these new 
functionalities, the user had to adapt his working methods. He was never obligated to 
adopt the new layers. At least, every controller was able to perform his work with the 
first layer of the application. 

During the experiment phases, the MLI plays an efficient psychological goal. The 
controllers the most reluctant to change had to admit that they were able to control 
with the new tools with the same efficiency than with paper strips. It broke down a 
psychological resistance barrier, and by adopting the tool, they easily adopted the 
other layers observing naturally that they were a progress toward the first one.  

The first layer never really be used and the users converged quickly to the new 
working methods. However, the intermediary layers enabled the progression for three 
reasons. At first, the gap from a layer to a next layer did not impact severely the 
working methods and the user did not feel uncomfortable during the transition. The 
transition between layers happened naturally. At second, this strategy never pressures 
the user to change. The user adhered spontaneously to the changes and began to feel 
curious to discover what change came next. 

4 Multilayer Keyboard 

The Multilayer keyboard [16] came from a basic observation: several studies 
demonstrated the lack of efficiency of the QWERTY layout to input text on soft 
keyboards and proposed other layouts that should much more efficient [17][21][13]. 
However, the QWERTY layout is still universally used. The new layouts failed to 
convince users. 

Observing more attentively the experiment results, we observe that the subject 
always reach performances higher with the optimized layouts than with the QWERTY 
layout, whereas these performances are obtained after several practicing sessions. In 
general, during the first sessions, the performances obtained with a new layout are 
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catastrophic. Obviously, a user well accustomed to use the QWERTY layout turn 
back beginner in front of a new layout.  

To be accepted, a new keyboard should not only enable to reach good 
performances in the long term but it should satisfy users in the short term and 
encourage them to adopt the new artifact. 

In order to limit this problem, Bi [2] proposed a compromise between obtaining 
performances at long term and maintaining the user’s references during initial use: the 
quasi-QWERTY keyboard (cf. Fig 3). The quasi-QWERTY keyboard optimizes the 
layout toward linguistic properties but allows only permutation of neighboring 
characters. Thus, the visual search of characters is eased for a mini-QWERTY user 
beginning with this new keyboard. During the first usages, Bi demonstrates better 
performances than performances with a layout freely reorganized, whereas the user 
still remains less efficient than with the mini-QWERTY. 

 

Fig. 3. Keyboard layouts for Quasi-QWERTY (up) and QWERTY (Down) 

We were convinced that this strategy of smoothing the transition from the 
QWERTY layout to another layout was promising. So, we propose and studied the 
concept of multilayer keyboard inspired by the concept of multilayer interface. The 
multilayer keyboard enables to progressively improve the layout by proceeding casual 
permutations converging through an optimal layout1 . The principal goals of the 
keyboard are: Maintaining the users complete efficiency with the keyboard during the 
whole time (no learning period must be needed); making the keyboard and the users 
evolving progressively during a transition period; and stimulating the user to require 
the further evolutions. 

To obtain his new layout, Bi performed one round with several simultaneous 
permutations. As a consequence, the resulting keyboard layout does not enable to 
reach the performances obtained with a keyboard layout freely reorganized; the cost 

                                                           
1  With a physical keyboard and some experience, a user can easily perform text input without 

looking at the keyboard. So, the permutation of two characters gets an important impact on 
the input. However, to input text with a soft keyboard a visual retro-control is needed. Thus, 
switching two neighbored keys should not have a deep impact on text input. 
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for a beginner is lower than the cost with a layout freely organized, but it remains 
significant due to the multiplication of the permutations performed simultaneously. 

With the Multilayer Keyboard, we proposed to perform the permutations one by 
one and spaced in the time. The permutations enable to progressively improve the 
performances by reducing the distances between the characters frequently enchained 
in the language. When a user has completely absorbed the consequences of one 
permutation, the next one is performed. Thus, the user must learn one permutation at a 
time that should not have a significant impact on the key search. Moreover, 
permutation after permutation, we can progressively reach the configuration of a 
freely organized layout.  

We performed a first evaluation of the multilayer keyboard. It aimed at testing if 
the user was able to assimilate the permutations without prejudicing his performance 
and if the user was understanding the benefit of these permutations. 

Users performed 80 sessions (about 8 minutes per session at the beginning) at a 
rhythm of 5 sessions per day. During every session, each user input 10 short 
sentences. The 10 first sessions were performed with the QWERTY keyboard. 30 
successive permutations were planned. During the further sessions, the user decided 
when to perform a permutation. They were not obligated to do it and did it 
voluntarily. 

Some results are illustrated figure 4. During the 80 sessions, every user performed 
the 30 planned permutations. As forecasted, between the 10th (beginning of the 
permutations) and the 80th session, they increased their input speed by 40% without 
the feeling to loose their complete domination of the keyboard at any time. No 
regression of the performances was noticed.  

The major critic toward the system was that, sometimes, the users would have 
performed the permutations in a different order. It proved the user’s implication in the 
process and the perception of the permutation interest. 

 

Fig. 4. Individual results for the two first users (in red the input speed, in blue the errors rate x, 
the green bars identify the sessions when a permutation where performed, the gray and white 
bars identify the day alternations) 
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The Multilayer Keyboard (so as to the Quasi-QWERTY keyboard) does not only 
target the long term performance at the long term but also focused on maintaining 
acceptability of the new layouts. By introducing insignificant changes into the user 
layout, the Multilayer Keyboard turn these changes acceptable. It enabled to break the 
QWERTY paradigm and to raise the enthusiasm for other layouts. 

At last, the experimentation illustrates that if we performed at least one permutation 
every 6 months simultaneously on every soft keyboard, the whole population would 
improve its performances by 40% after 10 years without a real cost for anybody. 

5 Conclusion 

We exposed two different projects that applied the concept of multilayer interface as a 
way to smooth the transition between two versions of software. Despite the deep 
difference of context, we observe several common results between the two projects:  

• At first, by maintaining the same paradigms into the first layer of the new software, 
the user remained completely efficient with the new system without requiring any 
training period. 

• By progressing gradually into the layouts, the users did not encounter any difficulty 
to adopt to the new paradigms proposed by the new version of the software. 

• The progression into the new layers did not concretely require a training period. It 
not means necessarily that the user exploited quickly the last layer. But, during the 
transition between the first layer and the last layer, the user was and felt completely 
efficient with the software. The training period has been substituting by a 
discovering period. This discovering period may be longer than a training period 
required to learn directly the last layer whereas it less stressful for the user. 

• As a consequence, the multilayer interface enables to break a psychological barrier 
and facilitate deeply the acceptability of the new software. The user tolerated easily 
the changes because he did not have to leave his comfort zone to do it.  

• At last, the process put the user into a constant mutation of his ambient and 
stimulated him to look for new changes and suggest new mutations. 
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