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Abstract: An energy simulation tool is a tool to predict the energy consumption of a building. Today there are many energy simulation tools in the 
market. However, architects find that the existing energy simulation tools do not meet their needs. One thing that does not meet their need is the user 
interface. In relation to that, we carried out a user interface survey to know which user interface is preferred by architects. We found that architects prefer 
visual user interface (user interface that uses image) than textual user interface (user interface that merely uses text). In inputting value, they prefer to 
input it using drag-and-drop style rather than typing using keyboard. We also find that architects do not like to input too many values in the user 
interface. 
 
Index Terms: Energy Efficient Building, Energy Simulation Tool, Human Computer Interaction, User Interface Design. 
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1 INTRODUCTION 
An energy simulation tool is a tool to predict the energy 
consumption of a building that is used to maintain constant 
temperature of around 20

o
C. Today, there are many energy 

simulation tools in the market, either free or commercial. 
However, several studies show that architects find the current 
tools are inadequate, user hostile and incomplete [1]. From 
the perspective of many architects, most energy simulation 
tools are judged as too complex and cumbersome [2]. This is 
confirmed by findings that most existing energy simulation 
tools are not compatible with architects‘ working methods and 
needs [3]. Mahdavi [4] states that one of the most frequently 
mentioned shortcomings of existing tools is excessive data 
input requirement since this will be a problem in the early 
stages of design. In this stage, fairly detailed input information 
may not be available [5]. The statement above is supported 
by Lam, Wong, Henry [6] where their survey result shows that 
69% of the respondents felt that the main limitation of the 
surveyed tools is the very extensive data input required. This 
can impose a very serious problem especially during the initial 
design stage where design information is very limited. Another 
shortcoming of the traditional simulation tools is problems of 
communication. This is in the form of non-intuitive and 
cumbersome user interface [4]. The user interface should be 
designed such that it is familiar, cognitive and compliments 
the concepts and processes of architectural design and 
energy modelling [7]. Morbitzer, Strachan, Webster, and 
Spires [8] agree that user interface at the early stage of the 
design, where rapid feedback is required, should be simple. In 
order to know which kind of user interface that is preferred by 
Architects, we have carried out a survey to answer this 
question. This paper will be presented as follows: we describe 
the principles of user interface design in Section 2. Proposed 
user interface is presented in Section 3, detail of the survey in 
Section 4. Sections 5 and 6 present survey result and 
discussion respectively. Section 7 will conclude the paper. 
 

2 PRINCIPLES OF USER INTERFACE DESIGN 
Human-Computer Interaction (HCI) is a discipline concerned 
with the design, evaluation and implementation of interactive 
computing systems for human use and with the study of major 
phenomena surrounding them [9]. The original technical focus 
of HCI is on the concept of usability. This concept was 
originally articulated naively in the slogan "easy to learn, easy 
to use‖. Usability is a quality attribute that assesses how easy 
user interfaces are to use. The word ‗usability‘ also refers to 

methods for improving ease-of-use during the design process 
[10]. ISO 9241 standard defined usability as the extent to 
which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction 
in a specified context of use. [11]. In order to be usable, user 
interface design must be simple. In this simple interface, it 
includes only the elements that are most important for 
communication [12]. This is to assure that the application is 
easy to learn and easy to use. Hence, needless complexity 
and useless innovation must be avoided [13]. The famous 
example of simple usable design is Google.com. The simple 
design makes millions of people can use the search engine 
with ease. In user interface design, consistency between 
pages, functions, and options is vital. Users come to expect 
certain things as they use the program, and if those things 
change from one page to the next, it is both confusing and 
frustrating [14]. Therefore, consistency must be maintained 
[15]. For instance, we must put buttons in consistent places 
on all pages, use the same wording in labels and messages, 
use a consistent colour scheme [16] and use a consistent 
general layout [14]. Another kind of consistency is in the 
behaviour of the interface. It means that people can use their 
previous knowledge from one application to any other [17]. 
This kind of consistency enables users to apply their existing 
knowledge of their computing environment and other 
applications to understanding a new application. This not only 
allows users to become familiar with new applications more 
quickly, but also helps create a sense of comfort and trust in 
the overall environment [18]. Other things that improve the 
user interface design are grouping and symbol usage. Proper 
grouping can be used to improve readability of the information 
and can highlight relationships between the information [13]. 
One kind of grouping is by using tabbed navigation. Many 
Web applications have adopted the tabbed navigation 
approach for their main navigation menu. Tabbed navigation 
is a menu that looks like each item is a tab on a file folder, 
with the active tab connected to the body of the page [19]. We 
can use metaphor in the design to represent elements in our 
application. Metaphor is a familiar concept from the outside 
world [18]. This graphical representation is immediately 
intuitive to users and helps them learn the application faster 
[20]. The purpose of the interface metaphor is to give the user 
instantaneous knowledge about how to interact with the user 
interface [21]. One example for metaphor is an image of a 
folder that suggests a container to place documents. Direct 
manipulation allows people to feel that they are directly 
controlling the objects represented by the computer. 
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According to the principle of direct manipulation, an object on 
the screen remains visible while a user performs physical 
actions on the object. When the user performs operations on 
the object, the impact of those operations on the object is 
immediately visible. An example for this is that a user can 
move a file by dragging an icon that represents it from one 
location to another [17]. Besides for aesthetic reason, user 
interface utilizes colour to increase productivity [13]. However, 
we must avoid over-using colour that becomes distracting [22] 
since it will degrade performance [13]. In using colour, we 
must follow the contrast rule: use dark text on light 
backgrounds and light text on dark backgrounds [23]. 
 

3 PROPOSED USER INTERFACE 
This section will describe user interfaces that we have used in 
the survey. There are three user interfaces: user interface 1, 
user interface 2, and user interface 3. 
 

3.1 User Interface 1 
User interface 1 is depicted in Figure 1. The interface use light 
background colour and black big letters so the users can read 
them very clearly. To input a value in this interface, the users 
must type the value using keyboard. There are only two 
windows in this user interface: Enclosure and Aperture. This 
user interface is proposed because currently there are still 
many energy simulation tools using this kind of user interface. 

 

 
 

Fig. 1. User interface 1. 
 

3.2 User Interface 2 
User interface 2 has different look from user interface 1 
(Figure 2). The user interface 2 shows a box containing four 
values on the left and an image of a house on the right acting 
as a container. To the right of the box is a Building Properties 
box. To input data in this user interface, users must drag and 
drop a value from the four provided values into the container. 
Since this application is about a building, this metaphor 
informs the users where they must drop the value. Instead of 
using multiple windows, user interface 2 uses tabbed menu. 
Each menu represents each parameter. In this way, the users 
can move to other menus but still in the same window. The 
data inputted by the users are shown on Building Properties 
box. Hence users can see all the data they have inputted. 
This is a kind of direct manipulation where users can see all 
the process and the value in one window. This user interface 
is proposed since it is different from the common user 
interfaces used in the existing energy simulation tools. 

 

 
 

Fig. 2. User interface 2. 
 

3.3 User interface 3 
User interface 3 has similar look as user interface 1 (Figure 
3). The difference is that the users input value by selecting a 
value from a drop down list. The other difference is that, in 
here users must select material in each layer and input the 
layer‘s thickness to get the u-value instead of just filling the u-
value. This user interface has also more windows than user 
interface 1. It has four windows: Wall, Roof, Floor, and 
Aperture. This user interface is proposed because we want to 
know whether Architects really like more complex user 
interface which asking them to fill more data. 
 

 
 

Figure 3. User interface 3. 
 

3.4 Design considerations 
A user interface is a system by which users interact with 
computer. A good user interface must be usable. Usability is 
concerned with the extent to which users of an application are 
able to work effectively, efficiently, and with satisfaction in 
their particular contexts [11]. Cortes [24] states that good user 
interfaces rarely need or use warnings or error dialogs. Hence 
to prevent error in data input, user interfaces 2 and 3 provide 
a list of values to be selected by the users. Since studies 
showed that new users spent a third to half of their time in 
error recovery [25], having error free user interface will help 
the users to finish the work faster. The data input by way of 
selecting from a list of data (in user interface 2 and 3) is also 
easier than having to enter a value using keyboard (in user 
interface 1). The user response time for applications depends 
on the design of their GUIs. According to the model human 
processor, three basic processes are involved in this 
interaction: perceptual capacity, cognitive speed, and motor 
speed [26]. In HCI, displays designed for visual information 
must consider visual comfort as one of their foremost 
requirements. It is the ease with which the information can be 
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read from the screen [27]. Zuffi, Brambilla, Beretta, Scala [28] 
state that a condition for achieving visual comfort is the 
readability of textual information. Readability is the property 
that allows reading easily sentences from the stimulus 
material, irrespectively of their meaning. Efficient readability 
requires good legibility of the displayed text, where legibility 
refers to the visual properties of a character or a symbol 
determining the ease with which it can be recognized. In order 
to increase the readability, user interfaces 1 and 3 also some 
part of user interface 2 use big font. The usage of big font will 
assure the text legibility hence readability. Vallerio, Zhong, 
and Jha [29] state that readability also depends on the colour 
scheme, contrast ratio and luminance. Human vision has 
different sensitivities to different colours. User interface with 
better colour schemes and contrast ratios are easier to read. 
On the other hand, Vee, Ling, Yee, Zainon [30] state that 
―inappropriate usage of colours will distract users‘ attentions 
and cause an eyesore. Bright colours such as apple green 
colour, yellow colour and red colour should be avoided using 
too much in designing user interface. It is due to human pupil 
contracts while looking at those bright colours. The pupil 
contraction may cause muscular tiredness. Hence, soft or 
soothing colours are the best choices. One thing to be taken 
note is that mixture of light and bright colours has to be 
getting rid of. This mixture of colours will only increase the 
tiredness of the muscle because the pupil will dilate and 
contract continuously, where pupil dilate when looking at the 
soft colours but contract when looking at the bright colours. 
On the other hand, certain colours such as green and red 
colour should be avoided to be included under the same 
screen as there are users who suffer from colour blind. 
Theory of "blue peripheral vision" was introduced by cognitive 
science researchers as blue colour is said to be a good colour 
to grab humans' attention in the periphery‖. In designing the 
user interfaces, we use only soft colours. We do not use any 
bright colours in our design hence there are no mixture of 
bright and soft colours. This avoids eye muscle tiredness due 
to dilation and contraction of pupil when users look at a 
mixture of bright and soft colours. And in order to increase 
readability, we apply the contrast rule where we use black text 
on light background. Jansen [13] defines visual acuity as the 
ability of the eye to resolve detail. Regarding visual acuity, he 
explains that the retina of eye can only focus on about on a 
very small portion of a computer screen at any one time. This 
is because, at a distance greater than 2.5 degrees from the 
point of fixation, visual acuity decreases by half. Therefore, a 
circle of radius 2.5 degrees around the point of fixation is what 
the user can see clearly. In the GUI world, this is called the 
Rule of 1.7. Further, Jansen explains that at a normal viewing 
distance of 19 inches, 5 degrees translates into about 1.7 
inches. Assuming a standard screen format, 1.7 inches is an 
area about 14 characters wide and about 7 lines high. This is 
the amount of information that a user can take in at any one 
time, and it limits the effective size of icons, menus, dialogs 
boxes, etc. If the user must constantly move his eyes across 
the screen to clearly focus, the GUI design is causing a lot of 
unnecessary and tiring eye movement. Applying the rule of 
1.7, we limit the width and height of our user interface design. 
The consequence of this is that we will have more than one 
page. As in user interfaces 1 and 3, we have 2 and 4 pages 
respectively. The use of multiple short pages rather than one 
long page is also preferred by users since they do not like to 
scroll down [31]. The cognitive speed of the users can be 

measured from the Hick Law. The Hick Law states that the 
reaction time, RT, required to make a decision based on N 
distinct and equally possible choices is given by the following 
equation: RT = a + b . log2N; where a and b are constants. 
The insight from this law is that to accelerate the human 
cognitive process, a GUI should present as few choices as 
possible [29]. Based on this law, user interface 2 only 
provides 4 choices so that the users can make a quick a 
decision on which value to be selected. The third process, 
motor speed, is based on Fitts‘ Law. The basic idea in Fitts‘ 
Law is that any time a person uses a mouse to move the 
mouse pointer, certain characteristics of objects on the screen 
make them easy or hard to click on. The farther the person 
has to move the mouse to get to an object, the more effort it 
will take to get to. The smaller the object is, the harder it will 
be to click on. It means that the easiest objects to locate and 
target are the ones closest to the mouse's current position 
and that have large target spaces [32]. Fitts‘ Law postulates 
that the time to select a control is a function of the distance 
moved and the size of the control. The average time (MT) to 
move a pointing device at a distance (d) to a target of size (s) 
is: MT = k' + c' log2(d/s) ; where k' and c' are constants. From 
this formula, we should reduce the distance travelled and 
make the size of things reasonable to increase speed [33]. 
Based on Fitts‘ Law, in order to reduce moving time, all three 
user interfaces we created use big button. The dropping area 
of the house image in user interface 2 is also made big 
enough and close enough to the values so that the users can 
drag and drop the value selected faster and easier. In user 
interface 2, we use tabbed navigation. This is because tabbed 
navigation has a number of advantages over buttons or text 
links. The most important is the subtle psychological effect it 
has. Tabs evoke using a notebook or binder. Each tab 
denotes a new section or topic. Tabs make people 
subconsciously think of physically moving to a new section of 
a site or application [14]. Vallerio, Zhong, and Jha [29] 
reported that the participants in their experiments greatly 
benefited from using the index tabs. 

 
4 SURVEY 
This section will describe the survey carried out to find the 
user interface preferred by Architects. 
 

4.1 Participants 
There are 15 respondents participating in the survey. They 
are all students of Department of Architecture, Faculty of 
Engineering, Pancasila University, Indonesia. They all have 
never used energy simulation tool. 
 

4.2 Experimental Procedure 
Participants are asked to try the three user interfaces. They 
can play with the application as long as they want. Afterwards, 
they have to answer questions on a questionnaire. 
 

4.3 Questions 
The questionnaire consists of closed and open questions. 
They choose one of four alternative answers to answer closed 
questions. In the open questions, they must write down his 
opinion. 
 

5  RESULTS 
When the participants are asked about their favourite user 
interface, 60% of them chose user interface 2. Meanwhile 
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26.7% chose user interface 1 and the rest chose user 
interface 3. The users choose user interface 1 because it is 
easy to use and it provides explanation in the form of tooltip. 
The users find that user interface 2 is communicative because 
using picture and architects are accustomed with picture. It is 
also easy to use and easy to understand by novice. The 
tabbed menu enables users to view only in one window. 
Meanwhile the users like user interface 3 because it has a list 
of materials from where users can select and the u-value is 
automatically calculated. When the participants are asked 
about their impressions on tabbed menu, 80% of them said 
that it is easy to use and the rest say difficult. And about icon 
of a house, 86.7% of them say that it helps them in using the 
application and 13.3% say no effect. And regarding the use of 
tooltip, all participants agree that the tooltip is useful. 
 

6  DISCUSSION 
In daily life, architects work with drawings. Therefore they like 
to work with images. That is why when choosing user 
interface, they like a user interface which uses images. They 
do not like a textual user interface. This may be the reason 
why most respondents choose user interface 2 as their 
favourite. Based on the statement above, user interface 3 
may be the respondents‘ favourite if the list of material is 
presented in the form of list of images instead of list of texts. 
In here, the users can drag and drop the pictures in the list as 
in user interface 2. However, architects do not really 
understand technical detail like construction materials. 
Therefore, one of the respondents suggests a user interface 
without inputting materials. Another reason for the popularity 
of user interface 2 is the use of, although not exactly, principle 
of direct manipulation. In here, after the users input a value by 
dragging and dropping into the container, they can see the 
values they inputted in the same window. By having this, they 
can check whether the value they inputted is correct or not. 
The principle of direct manipulation is supported by the use of 
tabbed navigation since the users do not need to move to 
different window to fill all parameters. This allows users to 
make fewer errors and complete tasks in less time, because 
they can see the results of an action before completing the 
action, thus evaluating the output and compensating for 
mistakes [34]. The advantages of direct manipulation 
interfaces include their intuitiveness, simplicity, and flexibility. 
Novice users find this type of interface easier to learn than an 
equivalent command-based or menu-based interface [35]. 
Although different from existing user interface, user interface 
2 is still easy to use. This is because the use of metaphor in 
the form of icon of a house and the use of tooltip. The 
metaphor tells the users that the icon is a container where 
they must drop the value they select. This is supported by the 
use of tooltip. When the mouse hover on top of the value, a 
tooltip of ―Drag me‖ will appear. And when the mouse hover 
on top of the house icon, a tooltip of ―Drop it here‖ will appear. 
By using those combination, there will be no confusion and 
frustation among the users on how to use the user interface 2. 
This is because one of the cause of users‘ frustation is when 
a system does not provide sufficient information to enable the 
users to know what to do [36]. There was one respondent 
suggested that the drag-and-drop interaction style in user 
interface 2 was replaced by double-click interaction style. The 
reason was double-click was easier than drag-and-drop. This 
suggestion was similar to survey result of Inkpen [37]. After 
carrying out a survey on comparison between drag-and-drop 

and point-and-click mouse interaction styles for children, he 
found that the results were similar to previous results reported 
for adults: the point-and-click interaction style was faster; 
fewer errors were committed using it; and it was preferred 
over the drag-and-drop interaction style. Within the context of 
the puzzle-solving game, the children solved significantly 
fewer puzzles, and they were less motivated using the version 
that utilized a drag-and-drop interaction style as compared to 
the version that utilized a point-and-click interaction style. 
 

7  CONCLUSION 
The survey found that architects prefer visual user interface 
(user interface that uses image) than textual user interface 
(user interface that merely uses text). In inputting value, they 
prefer to input it using drag-and-drop style rather than typing 
using keyboard. However drag-and-drop style may be 
replaced by point-and-click style since previous survey found 
that point-and-click style works better than drag-and-drop 
style. We also found that architects do not like to input too 
many values in the user interface. 
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