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1 Abstract	  

This thesis presents experimental results of shape’s influence on user’s performance in 
terms of time and accuracy in shape replication task. The shapes are drawn with 
mouse, pen and touch input devices. For this purpose, two non-meaningful, semi-
randomly generated shapes have been used. The first shape has a combination of 
straight lines and curves whereas the second shape has curves only. Each of these 
shapes is presented in four versions namely contour, polygon, narrow tunnel and wide 
tunnel. A method to compare versions of these shapes with the corresponding versions 
of user drawn shapes is presented.  In general, the results showed that the replication 
of second shape takes less time and the replicated shape is more accurate when 
compared to the first shape. In addition, performance of the input devices was found to 
be dependent upon the shapes and their versions they were used to draw. 
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2 Introduction	  

A computer system should be able to draw a good impression from its users. User 
experience is one of the goals of any interaction design [Preece, J. Interaction Design]. 
Input devices play fundamental role in interaction design. Some researches are taking 
place that confirm the influence of input devices in varieties of HCI tasks like target 
pointing, dragging, navigation in a path, line tracing or even shape replication. But there 
are too few studies about what influence of shapes in shapes replication task. 

Literally, shape replication is drawing a shape that is as much similar as the original 
shape. In this study, drawing implies to the drawing on computing system. It does not 
imply drawing on a paper with a pen. Target pointing, dragging, line crossing can be 
considered as other HCI tasks in the same domain.  

Regarding performance of user, it is the measure of how fast and how accurately a user 
can draw a shape. Basically, performance measures two things. One is time and 
another is average difference in pixels between user drawn shape and original shape. 

A shape replication is influenced by different factors. This can be the properties of 
shape itself or the type of input devices used to draw. Any constraints imposed on users 
can also have an influence.  

There have been some studies on typical navigational pointing and selecting task. Fitts’ 
law is one of the models in HCI that describes the typical one-dimensional pointing task. 
However, it’s unable to describe two-dimensional tasks like path following. For such 
task, another HCI model called Steering Law [Accot, J. and Zhai, S. 1997, Beyond Fitts’ 
law: Models for trajectory-based HCI tasks] is used. It’s used for investigating two-
dimensional navigational task in a constrained path within a predefined tunnel of error. 
For more freehand drawing tasks like line tracing as in creative drawing, there are no 
defined models proposed. The complex tasks like line tracing or shape replication are 
influenced not only by the input devices but also by the nature of the path being 
followed or the nature of the shape being replicated. Moreover, the spatio-temporal 
constraints imposed on the user also affect the outcome of the replication task.  

According to the results of experiment performed by Zabramski and Stuerzlinger 
[Zabramski, S. and Stuerzlinger W. 2012. The Effect of Shape Properties on Ad-hoc 
Shape Replication with Mouse, Pen, and Touch Input], user’s accuracy in line-tracing 
task is affected by the properties of the drawn shape. It also concludes that it may help 
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to design the shapes that are easy to replicate. The study assumes that the result is 
true for only the family of the shape used in the experiment. There is also a necessity to 
generalize the result of this experiment to other set of shapes. This thesis focuses on 
the study of some more shapes. Moreover, my study also focuses on spatially 
constrained path steering replication task by including tunnel shapes. 

This experimental study aims to measure the shape’s influence on user’s performance 
during the course of replicating some pre-defined shapes. The performance is 
measured in terms of time and accuracy.  

The objectives of the test are 

1. To measure the accuracy of the user replicated shapes. 
2. To measure the time to replicate the shapes. 
3. To analyze and compare user replicated shapes in terms of accuracy and time 

according to objectives 1 and 2.	    



	   7	  

3 Previous	  Work	  

Many experimental studies have been performed in order to describe common HCI 
tasks like target pointing, dragging or navigation in a constrained path. Fitts’ law can be 
used to describe pointing and dragging tasks in a one-dimensional path. Steering law 
can be used to describe navigation in a steering path in a two-dimension space. These 
are spatio-temporally constrained tasks.  

Line tracing and freehand drawing tasks are still more complex tasks that need deeper 
study because these tasks are more frequently used in touch sensitive devices and 
specially in creativity and artistic drawings. These unconstrained tasks are more 
complex because there are no any proven models in HCI to describe such tasks. Shape 
replication can be considered as one of the representative tasks. These tasks are 
hugely affected by the nature of input devices used during these tasks. Moreover, 
studies show that the shapes and their properties also do have effects in a shape 
replication task. There are always some operational biases that affect the final results of 
these studies. The following sub-sections provide more details on previous works. 

3.1 Fitts’	  Law	  
Fitts’ law has been used in various past experiments to test input methods in pointing 
and dragging tasks. In the paper proposed by MacKenzie and Buxton [MacKenzie, I. S., 
& Buxton, W. 1992. Extending Fitts' law to two-dimensional tasks], Fitts’ law is a one-
dimensional model of human movement and it is extended to fit into two dimensional 
target acquisition task by contributing in alleviating common weaknesses in applying the 
model. In this paper, Fitts’ law has been described. 

According to Fitts’ law, the time to move (MT) to the target and select the target is 
dependent upon the width of the target (W) that lies at distance (A). It is formulated as: 

!" = ! + ! log!
2!
! + !  

where ! and ! are constants determined through linear regression. 

MT is the time to move to the target. 

! is the width of the target. 

! is the amplitude or the distance to reach to the target. 
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The log term is the index of difficulty (ID). The higher the ID, the more MT is. 

The law is one-dimensional since target distance (A) and width (W) are measured along 
the same axis. 

  

Figure 3.1.1: Fitts’ Law   

3.2 Steering	  Law	  
In another set of experiments, Accot and Zhai mentioned that a simple “steering law” 
existed to model trajectory-based interactions as Fitts’ law was unable to model such 
tasks [Accot, J. and Zhai, S. 1997, Beyond Fitts’ law: Models for trajectory-based HCI 
tasks]. 

In one of their experiments, they performed navigation in a narrowing tunnel.  
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Figure 3.2.1: Steering Law 

As a generic approach, this paper also explored the possibility to extend this method to 
complex paths such as the one shown in Figure 3.2.2 

 

Figure 3.2.2: Steering law in a curve path 

The time to steer through curve C, (!!), is given by 

!! = ! + !
!"
!(!)!

 

where ! and ! are constants. 

!" is the small change in amplitude along the path 

!(!) is the width of the path at point s. 
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If the steering has been performed in a constant width path W, with fixed amplitude, A, 
this equation changes to 

!! = ! + !.
!
! 

Which is similar to Fitts’ law proposition. The only change is in index of difficulty which is 

described as !" = !
!

 which is different in case of Fitts’ law where !" = log!
!!
!
+ ! . 

3.3 Other	  relevant	  studies	  
MacKenzie et al. performed comparison of mouse, trackball and stylus and tablet while 
performing pointing and dragging tasks [MacKenzie, I. S., Sellen, A., & Buxton, W. 
1991. A comparison of input devices in elemental pointing and dragging tasks]. The 
result found that the trackball was the slowest and the tablet was the fastest device for 
both pointing and dragging tasks. Mean movement time for mouse, tablet and trackball 
were found to be 674, 665, and 1101 ms during pointing and 916, 802, and 1284 ms 
during dragging. The pointing task was faster than dragging task for all the devices. The 
study also found that there was no considerable difference in error rate across devices 
in the pointing task; but error rate in the dragging task was dependent on device, with 
trackball yielding the most errors and the mouse the fewest. The mean error rates were 
found to be 3.5% for the mouse, 4.0% for the tablet, and 3.9% for the trackball in case 
of pointing and 10.8% for the mouse, 13.6% for the tablet, and 17.3% for trackball in 
case of dragging. 

Sasangohar et al. published a paper about the comparison between two input 
techniques, mouse and touch input, using Fitts’ reciprocal tapping task on a tabletop 
[Sasangohar, F., MacKenzie, I. S., & Scott, S. D. 2009. Evaluation of mouse and touch 
input for a tabletop display using Fitts’ reciprocal tapping task]. This study found that the 
touch input was superior to mouse in terms of throughput and movement time whereas 
mouse was found to be more accurate than touch input that yielded more misses with 
small targets. The overall mean throughput for touch input was 5.52 bps, which was 
41.1% higher than the 3.83 bps observed for the mouse. The movement time ranged 
from 403 ms to 1051 ms for touch input and from 607 ms to 1323 ms for mouse. The 
mean error rates for touch was 9.8% that was much higher than 2.1% for mouse. 

Zhou and Ren considered the subjective factors along with the system factor in order to 
propose a new model for trajectory-based navigation task [Zhou, X. and Ren, X. An 
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investigation of subjective operational biases in steering tasks evaluation]. They studied 
five different operational biases on two steering tasks, linear and circular. For both the 
steering tasks, participants used stylus on the tablet PC. The five biases were named as 
extremely accurate (EA), accurate (A), neutral (N), fast (F), and extremely fast (EF). 
They observed that Standard Deviation increased with operational biases from EA to EF 
in both linear and circular steering task. They also observed that Movement Time 
decreased with operational biases form EA to EF in both linear and circular steering 
tasks.  

Zabramski et al. [Zabramski, S., Gkouskos, D. and Lind, M. 2011. A comparative 
evaluation of mouse, stylus and finger input in shape tracing] presented a paper that 
compared mouse, stylus and finger input in a shape tracing task. For this purpose, they 
used a semi randomly generated shape as shown in Figure 3.3.1. Line tracing task 
represents a more complex task than pointing and dragging tasks as described in Fitts’ 
law or path steering task as in Steering Law. According to the result of the study, the 
input methods had comparable error scores, however large differences between the 
time scores were found for each input method. The touch device outperformed mouse 
by a factor of 2.3 and pen by a factor of 1.54. So they concluded that for such 
moderately complex task, touch input was more efficient than other devices and might 
be more preferably used input method in graphics design applications. 
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Figure 3.3.1: shape used by Zabramski et al. [Zabramski, S., Gkouskos, D. and Lind, M. 
2011. A comparative evaluation of mouse, stylus and finger input in shape tracing] 

There have been numerous studies about the comparison of input devices in basic HCI 
tasks like pointing, dragging and path steering but there have never been any studies 
about unconstrained freehand drawing with initially unpredictable user error and 
unknown mathematical formula describing the original path or shape. So a result of 
such unconstrained free-hand shape replication task using mouse, pen and touch input 
devices has been presented in the paper by Zabramski [Zabramski, S. Quickly touched: 
Shape replication with use of mouse, pen- and touch- input].   

For this, a semi-randomly generated shape as in Figure 3.3.2 had been used. 
Participants replicated the shape with each visual feedback of drawing (visible or 
invisible). The result found that visual feedback of drawing had no influence on user’s 
error or task time. The result also showed that the participants using touch input 
performed fastest and pen input was found to be the best performing device. Some 
factors influencing the result were subjective operational biases towards speed or 
accuracy, semi random properties of the shape like presence of straight lines, corners 
and their measures. 
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Figure 3.3.2: shape used by Zabramski [Zabramski, S. Quickly touched: Shape 
replication with use of mouse, pen- and touch- input] 

On the basis of these previous studies, Fitts’ law was used to describe human motor 
behavior in one-dimensional pointing and target acquisition task. Steering law was only 
suitable for two-dimensional navigational task in spatially constrained environment 
[Accot, J. and Zhai, S. 1997, Beyond Fitts’ law: Models for trajectory-based HCI tasks]. 
In the mean time, MacKenzie et al. [MacKenzie, I. S., Sellen, A., & Buxton, W. 1991. A 
comparison of input devices in elemental pointing and dragging tasks] and Sasangohar 
et al. [Sasangohar, F., MacKenzie, I. S., & Scott, S. D. 2009. Evaluation of mouse and 
touch input for a tabletop display using Fitts’ reciprocal tapping task] performed studies 
about performance of input devices during the target pointing and dragging tasks. 
Operational biases was found to affect the drawing as studied by Zhou and Ren [Zhou, 
X. and Ren, X. An investigation of subjective operational biases in steering tasks 
evaluation]. Also freehand line tracing or shape replication task was found to be highly 
influenced by the tool used to replicate them [Zabramski, S. Quickly touched: Shape 
replication with use of mouse, pen- and touch- input]. One such comparative study on 
input devices had been performed [Zabramski, S. Careless touch: A comparative 
evaluation of mouse, pen, and touch input in shape tracing task]. The result found that 
the participants replicating a particular shape using touch input performed the worst in 
terms of accuracy but were the fastest in comparison to mouse and pen input devices. 
Furthermore, the study observed that the unknown effect of shape’s semi random 
properties was another factor that influenced the result. Also the study observed the 
shape properties like straight lines with reduced accuracy when the tracing approached 
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the corner. Position and orientation of corners might have an influence on the 
perception of the shape as a whole and it might be problematic and time consuming in 
replicating. Mainly, this paper compared the input devices in terms of time and accuracy 
along with the aforementioned observations of shape properties. This clearly showed 
that some more shapes should be further studied to understand the effect of shape 
during replication.  

Effect of shape properties on shape replication task was further studied in [Zabramski, 
S. and Stuerzlinger W. 2012. The Effect of Shape Properties on Ad-hoc Shape 
Replication with Mouse, Pen, and Touch Input]. This study used three shapes that 
consisted of at least two instances of each of the following elements: convex corner, 
concave corner, straight segment and curved segment. This study discovers that the 
long and short straight lines produce higher accuracy in comparison to curve lines. 
Acute corners produced higher accuracy in comparison to obtuse corners. Line-line 
context produced higher accuracy in comparison to curve-line or line-curve context. 

 

Figure 3.4: shapes used in study [Zabramski, S. and Stuerzlinger W. 2012. The Effect of 
Shape Properties on Ad-hoc Shape Replication with Mouse, Pen, and Touch Input] 

This study assumed that the results were only true for the family of shapes used in this 
study. So there is a need for the study of other shape variations so that the result of this 
study can be generalized. What would be the result if some other shapes have been 
used? Does this result comply with other shapes too? 

Moreover, I want to see the result of the effect of shape when it is presented in its 
different variations. Previous study offers shape in its contour form. What if the 
replication of shape is performed in case of polygon? What happens when replication is 
performed in case of spatially constrained tunnel? What will be the effect by the width of 
the tunnel?  A shape replication task in case of constrained motion in a tunnel has never 
been performed. Similarly, a shape replication task in case of polygon has never been 
performed.  
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Thus I perform experimental investigation on the users’ performance in a free-hand 
replication task during path following and path steering with different versions of 2 semi 
randomly generated shapes with mouse, pen and touch input devices. 
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4 Methods	  

In order to achieve the thesis objectives, an exploratory test has been performed. The 
following sub-sections discuss about the shapes used during the test, time and error 
calculation method, tools and techniques used for the test, potential effect of biases and 
a detailed test design.	  

4.1 Shapes	  
According to Zabramski and Stuerzlinger [Zabramski, S. and Stuerzlinger W. 2012. The 
Effect of Shape Properties on Ad-hoc Shape Replication with Mouse, Pen, and Touch 
Input], the accuracy of the drawn shape depends upon its properties. This paper 
performs experiments on the 3 semi-random shapes. It concludes that a shape with 
long and short straight lines, strongly concave and convex curved lines, and acute 
concave and convex corners is easy to replicate. On the other hand, it also concludes 
that a shape with long and short smoothly curved lines, and convex and concave obtuse 
corners is hard to replicate. It assumes that the result is only true for the shapes it uses. 
As continuation to this research, I performed an experiment for new set of shapes so 
the previous research could be rephrased. 

To achieve this, two semi-random, asymmetrical, non-meaningful shapes each with 4 
variations have been designed for the study. These shapes are generated based on 
Method 4 in the experiment described and presented by Attneave and Arnoult 
[Attneave, F. and Arnoult, M.D. 1956. The quantitative study of shape and pattern 
perception]. This method describes a procedure for making wholly or partially curved 
shapes from the angular shapes consisting of straight-line segments. The angles may 
be replaced with curved elements or they may be left as originally drawn. Essentially, it 
consists merely of replacing angles with inscribed arcs, of curvature chosen randomly 
within limits. The shapes are selected such that they do not resemble letters, well-
known shapes or popular objects. It prevents results being potentially biased. 

The starting point of drawing for each shape is not considered to be the corner since it 
is also the ending point to stop the drawing and there is no crossing over this point 
second time. 

In each category, there are four versions of drawing. 
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Versions of shape1 Versions shape2  
Contour-1 
Polygon-1 
Narrow tunnel-1 
Wide tunnel-1 

Contour-2 
Polygon-2 
Narrow tunnel-2 
Wide tunnel-2 
 

Table 4.1.1: Shapes and shape versions naming convention  
 
The experiment focuses both on the contour shapes as well as polygon and tunnel 
tasks. The reason behind choosing contour shape is to give continuity to the previous 
researches along with the combination of new shape properties. The polygon version is 
chosen in order to focus on selection task, which is one of the common HCI tasks 
among many others like pointing, clicking, dragging, path following and navigation. The 
tunnel versions are chosen in order to study the replication task in spatially constrained 
environment and also the theoretical prediction of steering law can be compared. 
All the shapes have equal length of 1876pixels.  

Following are the shape versions used: 
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Figure 4.1.1: contour-1  

 
Figure 4.1.2: polygon-1 
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Figure 4.1.3: narrow tunnel-1 [thickness: 25 pixel] 

 
Figure 4.1.4: wide tunnel-1 [thickness: 50 pixel] 
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Figure 4.1.5: contour-2 

 
Figure 4.1.6: polygon-2 
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Figure 4.1.7: narrow tunnel-2 [thickness: 25 pixel] 

 
Figure 4.1.8: wide tunnel-2 [thickness: 50 pixel] 
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Summary of the shapes generated 
 
 Shape1 Shape2 
Number of Long and short straight lines 3 0 
Number of Strongly concave and convex 
curved lines 

2 0 

Number of Long and short smoothly curved 
lines  

0 4 

Number of Acute concave and convex 
corners 

2 1 

Number of concave and convex corners 2 2 
Table 4.1.2: Comparison of shape properties in shape1 and shape2  
 
According to the results of [Zabramski, S. and Stuerzlinger W. 2012. The Effect of 
Shape Properties on Ad-hoc Shape Replication with Mouse, Pen, and Touch Input], a 
shape is easy (causing less error in pixels) to replicate if it has 

• Long and short straight lines 
• Sharp concave and convex curved lines 
• Acute concave and convex corners 

 
Instead of the following properties that makes it difficult to replicate: 

• Long and short smoothly curved lines 
• Obtuse concave and convex corners. 
 

Shape1 has straight lines; shape2 has curved lines. Shape1 has strongly concave and 
convex curved lines; shape2 has smooth curved lines. Both the shapes have same 
number of obtuse corners. Based on the previous research by Zabramski and 
Stuerzlinger [Zabramski, S. and Stuerzlinger W. 2012. The Effect of Shape Properties 
on Ad-hoc Shape Replication with Mouse, Pen, and Touch Input] and the summary 
table above, it can be safely presumed that shape1 would be easier to replicate. 

4.2 Error	  calculation	  
The length of each shape is 1876 pixels. They are sampled into 103 equally distanced 
points as P1(x1,y1), P2(x2,y2),….. Pn(xn,yn). Customized software has been developed in 
Java in order to record the pixel points of user drawn shapes. These user drawn shapes 
are also sampled into same number of points Q1(x1,y1), Q2(x2,y2),…..Q(xn,yn). Then 
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distance is calculated for each pair of original and user drawn points using distance 
formula: 
 

!" = ! !" − ! !" ! + ! !" − ! !" ! 

 

This is the error value measured in pixels.  

The average error is calculated by the following formula: 

! =
1
! !"

!

!!!

 

Where: 

!	  is the total number of sample points (103 pairs).	  

! is the average error. 

!" is the distance between original and user drawn shape at point !.  

4.3 Time	  calculation	  
Customized software has been developed in Java in order to record the time to 
completely draw a shape. 

4.4 Hardware	  
The hardware used for the test is an HP Touchsmart TM2-109eo Tablet PC with a 12.1 
inch diagonal LED display and a resolution of 1280*800 pixels, equipped with pen and 
finger sensitive display, as well as a Logitech basic optical mouse.  
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4.5 Software	  
Primarily, the necessary data to be collected are time to completely draw individual 
shape and record the positions (x , y) of the shape. Basically there are two softwares to 
collect these data. As a backup, Morae Software is used. It records the screen activity 
and the voice records. But after the participants replicate the shape, the time needs to 
be recorded. The Morae software is unable to detect the time when the participant 
completes replicating the shape on mouse release event.  
For this reason, customized software is developed. Two main functions of the software 
are 

• To record the time duration to complete the shape replication  
• To record the pixel points of each shape 
• To generate screenshot of the user drawn shape 

Time duration helps determining time to replicate the shape whereas pixel points help 
determining accuracy. 
The software interface is very simple. A randomized shape is displayed as a main part. 
There is a label just under the shape. It displays which input device to be used. The 
drawing area is same as the original shape display area. As soon as the participant 
finishes drawing a shape, the moderator confirms and gives command through external 
keyboard in order to change the next shape.  
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Some screenshot images of the interface: 
Initially, a blank interface is displayed to the participant. 

 
Figure 4.5.1: Initial user interface of the software 
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After basic instruction, the moderator presses on the external keyboard and a first 
random shape is displayed along with the device to be used as in Figure 4.5.2. It shows 
the participant is drawing halfway through the shape. 

 
Figure 4.5.2: Software interface displaying a narrow tunnel-2 and half-a-way user drawn 
shape with name of the device to use. 
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Figure 4.5.3 shows the user completes the drawing. 

Figure 4.5.3: Software interface displaying the original narrow tunnel-2 and complete 
user drawn shape with the name of the device to use. 
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After confirming to the participant, the moderator commands through external keyboard 
and changes to the next shape along with the input device to be used as in Figure 4.5.4. 

 
Figure 4.5.4: Software interface displaying a polygon-2 with name of the device to use.  
The software is developed in Java SE platform. 

4.6 Speed	  Accuracy	  Trade-‐off	  (SATO)	  
The participants are asked to perform the steering task “as fast as possible and as 
accurately as possible, and avoid crossing the tunnel border”. Of course, such 
instruction imposes speed accuracy trade-off (SATO). The same instruction has been 
given in the experiment performed by Accot and Zhai [Accot, J. and Zhai, S. 1997, 
Beyond Fitts’ law: Models for trajectory-based HCI tasks]. The SATO has also been 
observed in steering task in the same paper but it pays little attention to subjective 
operation bias. It explains in only one aspect of SATO that is in terms of system factors 
like tunnel amplitude and tunnel width. Traditional steering law involving only system 
factors, like tunnel amplitude and tunnel width, is not precise enough to model human 
performance [Zhou, X. and Ren, X. An investigation of subjective operational biases in 
steering tasks evaluation]. Thus the experimental results of Zhou and Ren [Zhou, X. and 
Ren, X. An investigation of subjective operational biases in steering tasks evaluation] 
show that the effect of subjective factors indeed exists that is reflected in Standard 
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Deviation and Movement Time. In my study, I would like to make participants aware of 
such constraint by explicitly stating to steer in the tunnel as fast and as accurately as 
possible.	  

4.7 Test	  Design	  
The experiment has a within subjects design. Counterbalancing is used to prevent order 
effect.  
Shapes are displayed with lower opacity (70%) but still clearly visible. This is because 
the participants can draw shapes that are clearly distinguishable from the original ones. 
There are 24 tasks in total. The design requires that each of the 12 participants perform 
all of the tasks. For each task, a random version of shape is displayed along with a 
random name of input device in the software interface. The participant replicates the 
shape / steers the path with the specified input device. Though there is no time 
boundary for the test session, each participant is asked to perform each task as fast as 
possible and as accurately as possible. This causes SATO that has been explained in 
the previous sub-section. 
The basic information about participants is collected as pre-test questionnaires. Details 
about the pre-test questionnaires are mentioned in appendix section. 
 
Test Scenario 
Before the test begins, the test moderator (I) receives the participant and takes her/him 
to the lab. The participant fills up the pre-test questionnaire form that collects her/his 
basic information. 
Participants start with a white blank interface of the software. It covers the whole part of 
the screen. The objective is to avoid user distractions. The participant is not helped to 
perform the tasks but before starting each task, moderator gives detail instructions 
(details are in moderator’s role in section 10.1). If the participant is about to give up on a 
task, the moderator encourages the participant to try to continue. Then the moderator 
guides the participant to start the next task when s/he is ready. Tasks are 
counterbalanced by randomizing the task order. This is to prevent order effects that may 
affect the results of the test. 
There are 2 shapes to be tested. Each shape has four versions drawn with 3 input 
devices, that is mouse, pen and touch. So each participant performs 24 replication tasks 
(each shape version with each input device). The moderator uses keyboard to change 
to the next shape. After the participant is ready, the moderator presses keyboard to 
display the first shape. Just under the shape, name of the input device to be used is 
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displayed. The shapes are randomly displayed according to the randomization formula 
that has been used in MS-Excel. For each task, participants are asked to draw as fast 
as possible and as accurate as possible. For each task, drawing should start from top 
right corner and proceed to clockwise direction. For the contour version, participant is 
asked to draw over the path. For the polygon version, participant is asked to draw 
around the edge. For tunnel versions, participant is asked to follow the path without 
touching the sides. Following are the list of common instruction for tasks. 
 
Task 1: Draw the contour-1 with mouse. 
Task 2: Draw the polygon-1 with mouse. 
Task 3: Draw the narrow tunnel-1 with mouse. 
Task 4: Draw the wide tunnel-1 with mouse. 
Task 5: Draw the contour-2 with mouse. 
Task 6: Draw the polygon-2 with mouse. 
Task 7: Draw the narrow tunnel-2 with mouse. 
Task 8: Draw the wide tunnel-2 with mouse. 
 
Task 9: Draw the contour-1 with pen. 
Task 10: Draw the polygon-1 with pen. 
Task 11: Draw the narrow tunnel-1 with pen. 
Task 12: Draw the wide tunnel-1 with pen. 
Task 13: Draw the contour-2 with pen. 
Task 14: Draw the polygon-2 with pen. 
Task 15: Draw the narrow tunnel-2 with pen. 
Task 16: Draw the wide tunnel-2 with pen 
 
Task 17: Draw the contour-1 with touch. 
Task 18: Draw the polygon-1 with touch. 
Task 19: Draw the narrow tunnel-1 with touch. 
Task 20: Draw the wide tunnel-1 with touch. 
Task 21: Draw the contour-2 with touch. 
Task 22: Draw the polygon-2 with touch. 
Task 23: Draw the narrow tunnel-2 with touch. 
Task 24: Draw the wide tunnel-2 with touch.  
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5 Results	  

There have been 4 versions of each of two shapes. Shape1 consists of line and curve 
segments that commonly represent all of its four versions. Shape1 has four versions 
namely contour-1, polygon-1, narrow tunnel-1, wide tunnel-1. Similarly Shape2 consists 
of line and curve segments that commonly represent all of its four versions. Shape2 has 
four versions namely contour-2, polygon-2, narrow tunnel-2, wide tunnel-2. [Note: The 
following comparisons in this section and discussion in section 6: shape1 means the 
average (=time or error according to the context) of its four versions namely contour-1, 
polygon-1, narrow tunnel-1, wide tunnel-1 and shape2 means the average (=time or 
error according to the context) of its four versions namely contour-2, polygon-2, narrow 
tunnel-2, wide tunnel-2, unless specified] 
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Comparison of two shapes in terms of average time 

Figure 5.1 shows comparison of two shapes in terms of average time. It takes less time 
to replicate shape2 than shape1. The difference in time is 0.91 second that is shape2 is 
5.17% faster than shape1. 

 
Figure 5.1: comparison of shape1 and shape2 with respect to average time	  
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Comparison of the different versions of shape1 and shape2 by time 

The different versions of shape1 and shape2 show that wider tunnel-1 is the fastest to 
be drawn. Polygon-1 takes the longest time. 

	  

Figure 5.2: comparison of versions of shape1 and shape2 with respect to average time 
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Comparison of shapes by time and Standard Deviation (SD) per input method 

According to Figure 5.3, shape1 is found to be faster than shape2 when drawn by pen. 
But shape2 is faster when drawn by mouse or touch. Mouse is the slowest device for 
both shape1 and shape2. The SD says about how much the replication time is 
spread from the mean value. According to Figure 5.3, overall time to 
complete the replication is found to be the least deviated from the average 
value when shapes (both shape1 and shape2) are drawn with touch input. 
That means the time taken to draw shapes (both shape1 and shape2) is 
nearer to average value when they are drawn with touch. 

	  

Figure 5.3: comparison of shape1 and shape2 with respect to mean time and SD in 
context of input devices	  
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Comparison of versions of two shapes with input devices 

Figure 5.4 shows that mouse is the slowest input device for all versions of shapes. For 
some of the versions of shapes (contour-1 and contour-2, polygon-1 and polygon-2, 
narrow tunnel-2), pen is faster while touch is faster for other versions (narrow tunnel-1, 
wide tunnel-1 and wide tunnel-2). 

	  

	  

Figure 5.4: comparison of versions of shape1 and shape2 with respect to average time 
in context of input devices 
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Comparison of two shapes by error in pixels	  

The error plot of the two shapes shows that shape2 is more accurate than shape1. The 
average difference in pixel is 8.7 that is shape2 is 41.43% more accurate than shape1.	  

	  

Figure 5.5: comparison of shape1 and shape2 with respect to average error	  
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Average error comparison of versions of two shapes 	  

Wider tunnel-1 is the most error prone shape whereas contour-2 is the most accurate 
shape according to the Figure 5.6.	  

	  

Figure 5.6: comparison of versions of shape1 and shape2 with respect to average error 
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Comparison of shapes by error with Standard Deviation (SD) per input device	  

According to Figure 5.7, mouse is the most and touch is the least error prone device for 
shape1. For shape2, it’s just the opposite. Error is least deviated from the average error 
value when shape2 is drawn with pen. SD is found to be the least in this case. SD is 
found to be the most when shape1 is drawn with pen.	  

	  

Figure 5.7: comparison of shape1 and shape2 with respect to mean error and standard 
deviation in context of input devices 
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Comparison of average error of different versions of two shapes within input 
devices 
According to Figure 5.8, mouse is the most error prone device for all the versions of 
shape1. For shape2, mouse is the most accurate for all the versions except polygon-2.	  

	  

Figure 5.8: comparison of versions of shape1 and shape2 with respect to average error 
in context of input devices  
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6 Discussion	  

Average time 

Shape1 is more complex in terms of total number of lines and corners [Zabramski, S. 
and Stuerzlinger W. 2012. The Effect of Shape Properties on Ad-hoc Shape Replication 
with Mouse, Pen, and Touch Input]. It also has combination of line and curve sequence. 
Originally, both the shapes have same length (1876px). Thus the difference in average 
time must have been influenced by shape itself. The result is further analyzed in order 
to verify this fact. 

According to the result in Figure 5.1, average time taken by shape1 is 18.3 sec whereas 
it takes 17.4 sec to draw shape2. The difference is 0.9 second that means shape2 is 
5.17% faster than shape1. 

According to the result in Figure 5.2, within the four versions of shape1, wider tunnel-1 
seems to be the fastest to be drawn. It is the path steering with broad passage. 
Similarly, within the four versions of shape2, wider tunnel-2 seems to be the fastest. 
Both of these shapes are the path steering in the tunnel with broad path. While 
comparing the tunnel shapes, the narrower the tunnels are (narrow tunnel-1 and narrow 
tunnel-2), the longer they take to complete path steering when compared to their 
respective wide tunnels  (wider tunnel-1 and wider tunnel-2). This result comply with the 
generalization statement “the more accurate the task to be accomplished, the longer it 
takes, and vice versa” as it is made in [Zhai, S., Kong, J., Ren, X. Speed-accuracy 
trade-off in Fitts’ law tasks — On the equivalency of actual and nominal pointing 
precision] and mentions that pointing tasks in HCI obey certain speed accuracy trade-off 
rules. Among shape1, polygon-1 takes the longest time whereas among shape2, 
polygon-2 takes the longest time. Both of them are polygons. When two shapes are 
compared to each other, every versions of shape1 takes more time corresponding to 
every other respective versions of shape2 except wide tunnel. In this case, wide tunnel-
1 is faster than wide tunnel-2. 

According to the result chart in Figure 5.3, both shape1 and shape2 take more time 
when replicated with mouse compared to other input devices. Shape1 takes 24.5 
seconds and shape2 takes 22.4 seconds. But there is mixed result with pen and touch 
input. For shape1, pen is slightly faster (0.1 seconds, 0.66%) than touch whereas for 
shape2, touch input is 1.9 second (1.36%) faster than pen. 
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According to the result chart in Figure 5.4, for contour and polygon, touch input is faster 
than pen input for both the shapes. For path steering in shape1, pen input is faster than 
touch input. But in case of tunnel-2, it depends upon the width of the path. When the 
width is broad, pen is slightly faster than touch (0.6 sec, 5.9% faster). When the width is 
narrow, touch is slightly faster than pen (0.4 sec, 2.86% faster). Mouse is the slowest of 
all the input devices for all kind of shape versions. 

Average error  

When the result Figure 5.5 is analyzed, shape1 is found to be more error prone 
compared to shape2. 

According to result Figure 5.6, while comparing the error for the versions of shapes, 
contour-2 is found to be the most accurate to replicate whereas wider tunnel-1 is the 
least accurate. The contour shapes (contour-1/contour-2) are more accurate compared 
to the respective polygons (polygon-1/polygon-2). While comparing the tunnel shapes, 
the narrower the paths, the more accurate the shapes are. So the narrow tunnels 
(narrow tunnel-1 and narrow tunnel-2) are more accurate than their respective wide 
tunnels (wide tunnel-1 and wide tunnel-2). Also the narrow tunnels are more accurate 
than polygons but less accurate than contours. Combining with the average time, it can 
be said that the narrow tunnels take more time and they are more accurate than the 
wide tunnels. 

As stated earlier, shape1 are more error-prone than shape2 and this holds true for all 
the input devices. Based on the result chart in Figure 5.7, when the shapes are 
compared in terms of input devices, touch input is the most accurate for shape1. In 
contrast, mouse is found to be the most accurate while replicating shape2. Though the 
accuracy (in terms of difference in pixel) of mouse compared to rest of the input devices 
differs by just 1.3px or 6.67% (with pen) and 3.3px or 16.92% (with touch). SD is found 
to be the highest in case of shape1 and the lowest in case of shape2 when they are 
drawn with pen. Alternatively, SD is found to be the lowest in case of shape1 and the 
highest in case of shape2 when they are drawn with mouse. 

According to the result chart in Figure 5.8, touch input is accurate in most of the 
versions of shape1 except polygon-1. Mouse is accurate in most of the versions of 
shape2 except polygon-2. Pen input is the most accurate input device for polygon 
shapes. Mouse is the most erroneous device for all the versions of shape1. Pen is the 
most erroneous in case of contour-2 and wide tunnel-2 whereas touch is the most 
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erroneous in case of polygon-2 and narrow tunnel-2. Pen input is the most consistent 
device for almost all the shape versions except for wide tunnel-1 that is the most 
erroneous. Wide tunnel-1 is the most erroneous and contour-2 is the most accurate 
shape when drawn with mouse. 

There is one interesting observation when average time and average error for two 
shapes are compared. Shape1 when compared to shape2, is more error prone but still it 
takes more time. The speed accuracy trade-off (SATO) as described in the tunnel task 
above (discussion based on Figure 5.2) is not similar and cannot be compared in this 
case. SATO in this case cannot be described on the basis of traditional approach as in 
[Zhai, S., Kong, J., Ren, X. Speed-accuracy trade-off in Fitts’ law tasks — On the 
equivalency of actual and nominal pointing precision], [MacKenzie, I. S., & Buxton, W. 
(1992). Extending Fitts' law to two-dimensional tasks] that are only focused on single 
task repeated to a number of trials. Also [MacKenzie S., Isokoski P. Fitts' Throughput 
and the Speed-Accuracy Tradeoff] specifies that throughput is independent of speed-
accuracy trade-off. [MacKenzie S., Isokoski P. Fitts' Throughput and the Speed-
Accuracy Tradeoff] is also based on repeated trials of a single task. So there is a 
necessity of some other way to measure SATO when two tasks are being compared. 

Based on the results of [Zabramski, S. and Stuerzlinger W. 2012. The Effect of Shape 
Properties on Ad-hoc Shape Replication with Mouse, Pen, and Touch Input], the 
presumption that shape1 would be easier to draw, failed as depicted by the results in 
Figure 5.5. The two shapes are equal in number of pixels but number of lines and 
corners differ. This might alter the result.  

It is also found that narrow tunnels are can be more readily used for shape replication 
task in comparison to wide tunnels and polygons because they are causing better 
resemblance with the original shapes. 
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7 Conclusion	  

Time	  Table	  [second]	  

s.
n. 

Shape Versions Mouse (M) Pen (P) Touch (T) All Fastest/slowest 
device 

1 Contour-1 30.5 18.8 16.1 21.8	   T/M	  
2 Polygon-1 28.3 20.1 18.9 22.5	   T/M	  
3 Narrow tunnel-1 24.8 13.5 16 18.1	   P/M	  
4 Wide tunnel-1 14.5 7.9 9.8 10.8	   P/M	  
5 Contour-2 25.6 19 16.2 20.3	   P/M	  
6 Polygon-2 26.1 20.2 15 20.5	   T/M	  
7 Narrow tunnel-2 22.2 14.4 14 16.9	   T/M	  
8 Wide tunnel-2 15.7 10.1 10.7 12.2	   P/M	  
 Fastest/slowest shape 4/1	   4/6	   4/2	   	   	  

Table 7.1: average time per shape version per input device 

Legend used in the Table 7.1: numbers for shape number 

M=Mouse, P=Pen, T=Touch 

Colors: light green = fastest shape per input device 

Light red = slowest shape per input device 

As for example, fastest/slowest shape versions for mouse (M) are shape number 4/1 
(wide tunnel-1 / coutour-1). 

In general, wide tunnel-1 is the fastest shape that could be drawn by every input device. 
The slowest shapes are contour-1 for mouse, polygon-2 for pen and polygon-1 for 
touch. Pen and Touch are the fastest devices based upon the shape they are used to 
draw. Mouse is the slowest device for all the shape versions. 
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Error Table [pixel] 

s.
n. 

Shape versions Mouse (M) Pen (P) Touch (T) All Most/least 
accurate device 

1 Contour-1 38.1 21.2 18.2 25.8	   T/M	  
2 Polygon-1 38.7 23.3 23.4 28.5	   P/M	  
3 Narrow tunnel-1 31.8 24.4 24.3 26.8	   T/M	  
4 Wide tunnel-1 41.4 38.4 32.9 37.6	   T/M	  
5 Contour-2 15.5 21 18.3 18.3	   M/P	  
6 Polygon-2 23 19.7 24.3 22.3	   P/T	  
7 Narrow tunnel-2 18.1 19.6 25.8 21.2	   M/T	  
8 Wide tunnel-2 21.3 23.1 22.8 22.4	   M/P	  
 Most/least 

accurate shape 5/4	   7/4	   1/4	   	  
	  

Table 7.2: average error per shape version per input device 

Legend used in the Table 7.2: numbers for shape number 

M=Mouse, P=Pen, T=Touch 

Colors: light green = most accurate shape per input device 

Light red = most error prone shape per input device 

As for example, most/least accurate shape versions for mouse (M) are shape number 
5/4 (coutour-2/wide tunnel-1). 

In general, wide tunnel-1 is the most error prone shape for all the input devices. The 
most accurate shape is contour-2 for mouse, narrow tunnel-2 for pen and contour-1 for 
touch. Mouse is the most error prone and touch is the most accurate device for shape1 
versions. Mouse is the most accurate and pen and touch are the most error prone 
devices depending upon the shape versions within shape2. 
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8 Future	  work	  

The research can be extended and more focused on the tunnel shapes because the 
results show that the less the width of the tunnel, the more the replicated shape 
resembles to the original shape. It seems that the more the users are imposed spatial 
constraints, the better they perform. So further analysis on particular tunnel properties 
and experiment with their parameters can be done. Tunnels can further be compared 
with the theoretical predictions of Steering Law in the context of shape replication. 

The shape that is more accurate to draw might have better user experience. Or perhaps 
the shape that is faster to draw might have better user experience. This can be one of 
future research. 
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10 Appendices	  
Appendix	  A:	  Test	  Plan	  

Each test session lasted for approximately 40 min. 
Pre-test arrangements (5 min):  
Review and sign non-disclosure and recording permissions. 
Fill in the pre-test questionnaires. 
 
Introduction to the session (5min)  
Test moderator would discuss the following issues with each participant. 
Usability studies in general and the importance of the participant’s contribution 
Be clear that the shapes are being tested, not the participant. 
 
Moderator’s role:  
Before the test begins, the test moderator receives the participants and takes them to 
the lab. Participants fill up the pre-test questionnaire form that collects their basic 
information about age, gender, experience of using computer and input devices.  During 
the test, the test moderator sits beside the participant and provides basic instruction. 
One important content of such instruction is “Redraw each shape as fast as possible 
and as accurate as possible”. This means participants are required to maintain speed 
and accuracy at the same time. The moderator does not help but encourage the 
participant to complete the task. The shapes shuffle on moderator’s command after the 
participant confirms the replication. The moderator collects those replicated shapes in 
different forms such as audio visual, screenshots. 
After the test, the moderator provides the participant the post-test debriefing form to be 
filled up. The purpose of the post-test form is to collect some more information about 
their test experience. This is solely qualitative information and it has been saved in a 
paper form as a record. It is not mentioned in this thesis. 
The protocol for the rest of the session: Participants are asked to copy the original 
shape as fast as possible and as accurate as possible. In case of contour, participant 
should draw on the lining. In case of polygon, participant should draw on the border of 
gray and white. In case of path steering, it is not allowed to touch the gray portion of the 
shape. Participants are required to complete each shape in a single stroke. If they don’t, 
they are asked to repeat the drawing. 
The participants are required to start drawing from the top right corner. 
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Task (20 min) 
Participants perform tasks. The task details are mentioned in the test design in section 
4.7. 
Post-test debriefing (10 min) 
Participants fill in the post-test questionnaire. 
The usability test had been conducted during the summer vacation when the university 
department was closed. So the participants could not be given any compensation by the 
research team. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



	   50	  

Appendix B: Participant characteristics 

Our test participants are mostly the youths in their twenties both male and female. They 
are well acquainted with the technologies and interaction devices like mouse, pen and 
touch-screen that are being used in the test. The proficiency (skill) of the participants 
will be avoided as much as possible. 

Participant Characteristics 

Participant type Number of participants 
Pilot 1 
Regular 12 
Total number of participants 12 
  
Device Experience  
Use mouse 10 
Use pen 3 
Use Touch screen 5 
  
Age  
18-21 0 
22-25 3 
26-29 7 
30-33 2 
Average Age = 27.2  
  
Gender  
Male 9 
Female 3 
 



	   51	  

 
 
All the participants were right handed. 
The usability test was performed in the Usability Lab that was located in the ground floor 
of Ekonomikum Building, Kyrkogårdsgatan 10, Uppsala. 
Before the test, participants filled up the pre-test form that collected their basic 
information. They should also sign up the nondisclosure form that is to prevent 
spreading out the data and information about the test during the study period.  
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Sample of pre-test questionnaires:  

1. Age 
[  ] <22   

 [  ] 22-25 
 [  ] 26-29 
 [  ] 30-33 
 [  ]>33 
 
 
2. Sex 
 [  ] Male 
 [  ] Female 
 
 
3. What is your profession? 

 
 
 

4. Approximately, how many hours per day do you have experience of using 
computer? 
 
 
 

5. Approximately, how many hours per day do you have experience of using mouse in 
computer? 
 
 
 

6. Approximately, how many hours per day do you have experience of using digital 
pen/ stylus? (including touch phones) 
 
 
 

7. Approximately, how many hours per day do you have experience of using touch 
screen? (including touch phones and touch pads) 
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The information basically includes age, sex, profession and experience of using 
computer and input devices. The experiment is basically about the study of shapes and 
anyone with general computer user could be participant in the test. So there is no fix 
target group for this study. The following results of pre-test questionnaires have been 
observed: 
 
Gender 

 
 
Age 

 
 
 
 
 
 
 
 

75%	  

25%	  

Gender	  

male	  

female	  

25%	  

58%	  

17%	  

Age	  

22-‐25	  

26-‐29	  

30-‐33	  
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Profession 

 
 
Hours/day experience of using computer [7.42 hours/day on average] 

 
 
 
 
 
 
 
 
 
 

75%	  

9%	  

8%	  
8%	  

Profession	  
student	  

energy	  
engineer	  

civil	  engineer	  

IT	  

7	  
6	  

3.5	  

10	  
9	  

7	   7	  

9	  

6	  
7	  

10	  

7.5	  

0	  

2	  

4	  

6	  

8	  

10	  

12	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

hours/day	  experience	  of	  using	  computer	  
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Hours/day experience of using mouse [3 hours/day on average] 

 
 
Hours/day experience of using digital pen [Average 0.21 hours/day] 

 
 

2	  

4.5	  

0	  

6	  

7	  

3	  

1	   1	  

6	  

1	  

0	  

4.5	  

0	  

1	  

2	  

3	  

4	  

5	  

6	  

7	  

8	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

hours/day	  experience	  of	  using	  mouse	  

0	  

1.5	  

0	   0	   0	   0	   0	   0	   0	   0	   0	  

1	  

0	  

0.2	  

0.4	  

0.6	  

0.8	  

1	  

1.2	  

1.4	  

1.6	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

hours/day	  experience	  of	  using	  digital	  pen	  
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Hours/day experience of using touch device [Average 2.1 hours/day] 

 
  

2	  
1.5	  

0	  

2	  

10	  

0	  

2.5	  

6	  

0.5	  
0	   0	   0	  

0	  

2	  

4	  

6	  

8	  

10	  

12	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

hours/day	  experience	  of	  using	  touch	  screen	  
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Hours/day experience of using the devices shown in a single plot 

 
 

7	  
6	  

3.5	  

10	  
9	  

7	   7	  

9	  

6	  
7	  

10	  

7.5	  

2	  

4.5	  

0	  

6	  
7	  

3	  

1	   1	  

6	  

1	  
0	  

4.5	  

0	  

1.5	  

0	   0	   0	   0	   0	   0	   0	   0	   0	  
1	  

2	  
1.5	  

0	  

2	  

10	  

0	  

2.5	  

6	  

0.5	  
0	   0	   0	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

hours/day	  experience	  of	  using	  devices	  
computer	   mouse	   digital	  pen	   touch	  screen	  


