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Abstract. Current techniques for usability evaluation are costly, time-
consuming, subjective, and often require operation logs, which are difficult to 
obtain from electrical products. To overcome these limitations, we developed a 
usability evaluation method that is applicable for various types of interfaces and 
involves extracting the video-recorded fingertip movements of a user during 
operation through image processing, and then evaluating usability based on 
several measurable parameters. Specifically, users’ hand movements are first 
video recorded during the operation of either an actual product or a reproduced 
interface on a touch screen, and then operation time, and the distance and 
patterns of the moving locus, including stationary time and frequency of 
directional changes, are then extracted using image processing. To evaluate the 
usability of the interface, the ratio between novice and expert users for the 
parameters of operation time and distance traveled by the moving locus is used. 
Here, we conducted a comparative usability experiment using facsimile 
interfaces of two different manufacturers to evaluate the performance our 
method. 
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1 Introduction 

Current techniques for usability evaluation encompass several approaches [1],[2], 
such as video capture and eye-tracking during user operation, conducting interviews 
and questionnaires, and recording user operation logs. However, these evaluation 
approaches are costly, time-consuming, subjective, and are often not feasible, as it is 
difficult to acquire the operation logs of many electrical products. 

To overcome these limitations, we developed a novel usability evaluation method 
that involves extracting the video-recorded fingertip movements of a user during 
operation through image processing, and then evaluating the usability of the interface 
based on several measurable parameters. In particular, operation time and distance 
traveled by the moving locus were used to evaluate usability based on the ratio of 
each parameter between novice and expert users (NE ratio). 

The present study is organized as follows. In Section 2, the methodology of our 
proposed usability evaluation is described in detail. Section 3 presents the results of 
an evaluative experiment. Finally, conclusions are discussed in Section 4. 
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2 Methodology for Usability Evaluation 

2.1 Extraction of Finger Movement and Action 

Users operated the target interface wearing a rubber sleeve with a green-colored 
fingertip on the index finger of the right hand to aid in image extraction and 
processing. During operation, the users’ index fingertip movements were recorded 
from above with a video camera (Fig. 1) and were then extracted by image processing 
(Fig. 2). 

To detect button depression, an electric bulb that is activated whenever a button on 
the target interface is pushed was attached on the fingertip of the rubber sleeve. Thus, 
in addition to tracking fingertip movement, our system can be used to detect when 
buttons are pushed during the operation of an interface, a capability that is particularly 
useful for commercial products that do not record operational logs. 

 

 

Fig. 1. Experimental setup Fig. 2. Image processing for extracting hand movement
(yellow lines) and stationary time (circle size) 

2.2 Parameters for Usability Evaluation 

Operation time, distance traveled by the user’s fingertip, stationary time, and 
frequency of directional changes were used as usability evaluation parameters. All of 
the parameters were extracted from recorded videos using image processing 
algorithms. 

Operation Time 
We proposed a new parameter for usability evaluation termed the iNE ratio (improved 
Novice Expert ratio), which is derived from the previously described NE ratio [3]. To 
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estimate the iNE ratio, ideal operation time, Tm, was modeled using Fitts’ law 
(Section 2.3) and is considered to represent the indispensable time for finger 
movement and button operation. In addition, the ratio is a measure of the operation 
time of an expert user, Te, which includes the parameter Tm, and the delay time, Td, 
which is the response delay of the interface and can be calculated from equation (1). 

iNE = (Tn - Td) / (Te – Td) = (Tn - Td) / Tm 

Td = Te - Tm (1) 

Tn: Operation time of novice user, Te: Operation time of expert user,  
Tm: Ideal operation time, Td: Delay time 

Distance 
In addition to iNE, a second new evaluation parameter, the NEd ratio (Novice Expert 
ratio of distance), was used. NEd is the ratio between Ln, which is the total distance 
traveled by the movement locus (fingertip) during interface operation by a novice 
user, and Le, which is the sum of the shortest distance between the buttons depressed 
during operation of an expert user. 

 NEd = Ln / Le (2) 

Stationary Time 
From the recorded fingertip movements, the stationary time of the hand was determined. 
If the following equation (3) was fulfilled, the user’s hand was judged to be stationary. 
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where Li represents the distance between the positions of the finger in the current and 
preceding (i) video frame, and T indicates the number of previous frames in which the 
user’s hand is considered to be stationary for at least T×(1/30) seconds. L represents the 
average distance that a user’s finger moves between each frame for T×(1/30) seconds. 
Constants T and L were determined by a preliminary experiment. Fig. 2 shows an image 
of the locus of finger movement (yellow lines) and stationary time, which is represented 
by circles that are proportional in size to the duration of non-movement. 

Frequency of Directional Changes 
If the distance before and after the change of the moving direction exceeded a 
threshold value, the user’s hand was judged to be in a state of directional change. The 
ratio of the frequency of directional changes between novice and expert users was 
also used as a parameter for usability evaluation. In Section 3, however, this 
parameter is not presented. 

2.3 Model of Ideal Operation 

Fitts’ law was used for modeling ideal operation time. MT, which is the average time 
taken to acquire the target, was estimated using equation (4). In the model, Fitts’ law 
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was applied to estimate the operation time from the time required to depress two 
buttons based on the distance between the buttons. The sum of these operation times 
from a series of button-pressing operations represented the ideal operation time, Tm. 
 

 ).(log
W

D
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Where W is the width of the target, D is the distance from the starting point to the 
center of the target, and a and b are empirical constants determined through linear 
regression analysis. An exploratory experiment was conducted to estimate the two 
empirical constants (a, b) for eight directions. 

3 Evaluative Experiment 

3.1 Experiment Description 

We conducted an evaluative experiment involving five users operating two different 
manufacturer’s facsimile interfaces composed of buttons and a display (facsimile P), 
or buttons and a touch screen (facsimile S). Although users performed several defined 
tasks here, one task involving the transmission of a fax using the redialing function of 
the facsimile interface is focused and discussed. 

3.2 Experimental Results and Discussion 

The average values for the usability evaluation parameters of iNE, NEd, and 
stationary time for the facsimiles P and S interfaces are shown in Tables 1 and 2, 
respectively. 
 
Table 1. Evaluation parameters (facsimile P) Table 2. Evaluation parameters (facsimile S) 

 

Operation step iNE NEd 
Stationary 

time [s] 

Push redialing 
button 

1.94 1.10 0 

Select call  
recipient 

7.93 9.26 1.5 

 

 
 
 

Operation step iNE NEd 
Stationary 

time [s] 

Push phone call
button 

12.89 2.42 2.9 

Push redialing 
button 

5.75 2.57 0.4 

Select call  
recipient 

3.93 7.14 0.6 
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For the operation step “Select call recipient” on the facsimile P interface, both iNE 
and NEd were large, and an average stationary time of 1.5 s was observed. As iNE and 
NEd showed the same tendency, this operation step on the P interface appeared to 
have a problem with usability. The length of the observed stationary time also shows 
that the user’s finger had stopped during the “Select call recipient” operation step. 
This finding was confirmed during post-task interviews with users, who reported that 
this operation step was difficult to perform on the P interface. 

For the facsimile S interface, a long stationary time (2.9 s) and high iNE were 
detected for the operation step “Push phone call button”, likely because there was no 
re-dialing button in the initial display of this interface, resulting in user confusion and 
operational errors. For the operation step of “Select call recipient”, iNE was not 
notably large. However, NEd was large because it was necessary that users remove a 
hand from the operation panel to check the operation. This result indicates that this 
operation step could use further improvement. 

4 Conclusions 

We have proposed a new method for usability evaluation that involves video 
recording the user’s operation, extracting fingertip movements by image processing, 
and then evaluating usability based on operation time, distance, stationary time, and 
frequency of directional changes. From the results of an evaluative experiment 
involving two interfaces, our proposed usability evaluation method appears to be 
potentially suited for quantitative analysis and has applicability that is comparable to 
classical methods. 

References 

1. Bojko, A.: Using Eye Tracking to Compare Web Page Design: A Case Study. Journal of 
Usability Studies 1(3), 112–120 (2006) 

2. Siegenthaler, E., Wurtz, P., Groner, R.: Improving the Usability of E-Book Readers. Journal 
of Usability Studies 6(1), 25–38 (2010) 

3. Urokohara, et al.: A usability evaluation method that compares task performance between 
expert and novice. In: Proceedings of Human Interface Symposium, pp. 537–542 (1999) 


	Development of a Usability Evaluation MethodBased on Finger Movement
	1 Introduction
	2 Methodology for Usability Evaluation
	2.1 Extraction of Finger Movement and Action
	2.2 Parameters for Usability Evaluation
	2.3 Model of Ideal Operation

	3 Evaluative Experiment
	3.1 Experiment Description
	3.2 Experimental Results and Discussion

	4 Conclusions
	References




