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Abstract 
The UX graph, an evaluation method of the UX, was originally 
developed as a paper-based tool to record the degree of 
satisfaction on a time scale since the start of use of a product. 
We developed a Web-based tool for recording and analyzing a 
UX graph where it is possible to exchange the experience 
episodes, and to change the value of satisfaction as an easy-to-
use evaluation method of UX.  The tool dynamically shows the 
UX graph by allowing users to manipulate the experience 
episode and the graph curve by finger or mouse.  In addition to 
the development, its usability was tested using the βversion. 
Keywords: UX, user experience, human-centered design, 
evaluation, satisfaction. 

1. Introduction

The idea of human-centered design, which was filed in 
1999 according to the standards of ISO13407, does not 
focus on technological development, but is an approach to 
manufacture centered on the needs of the user [1].  When 
ISO13407 is revised to ISO9241-210, the development of 
artifacts that aim to improve the various experiences and 
quality of life of users was recommended, with 
“achievement of a high quality user experience (UX: User 
experience)” being the aim of human-centered design [2]. 
In recent years, there has been a growing approach to 
analyze UX evaluations related to the artifacts by directly 
grasping the subjective impressions and feelings of the 
user based on the UX. 

In this research, we have developed a Web-based tool 
(hereinafter, UX graph tool) based on a UX graph which, 
even among the evaluation method of UX, makes it easier 
for those telling their experiences to express them, and for 
those analyzing their experiences to intuitively understand 
the experiences. 

The following problems arose in the UX graphs created in 
the original paper, despite having been given proper 
instruction. 

(a). As it is hand-written on paper, the co-ordinate points 
and text (experience episodes), once written, can be 
difficult to correct, and even when corrections are 
necessary, they may not be made at times due to it 
being troublesome. 

(b). If writing is untidy for the same reason, the 
characters in text can be difficult to read. 

(c). Some people tend to mix-up the positions of the 
default horizontal axis co-ordinates (prior 
expectations, the start of use, current, prediction) and 
the additional text from the start of use to current, 
and forget to label the horizontal axis co-ordinates. 

(d). Even though a text entry area has been provided in 
the form for creating the UX graphs, some people 
tend to write the text inside the graph area. 

By providing an interactive user interface to solve these 
kinds of problems, the UX graph tool assist with the 
creation of UX graphs by informants that co-operate with 
UX evaluations.  While it is desirable to combine 
individual interviews to improve the reliability of data 
from UX evaluations, it is difficult to handle a lot of data. 
Investigations and research continue in search of a method 
that will not impair data reliability, even when applied to 
group methods to collect and analyze a greater amount of 
UX evaluation data. 

This paper reports on the summary of the UX graph tool 
and the results of its user evaluations. 

2. Method of UX Evaluations and Advantage
of UX Graphs

2.1 UX and Its Evaluation 

While UX is defined as “The perception and reaction of 
people that arises when using products, systems, and 
services” in ISO9241-210, evaluations of UX must take 
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into consideration the relationship between the quality of 
artifacts, their uses, and the satisfaction of users.    
 
Hassenzahl[3] classified the user experiences into 
pragmatic quality and hedonic quality, and presented this 
theoretical model, saying that both of these qualities will 
affect the actions and satisfactions of use.  For these 
pragmatic and hedonic qualities, the former is equivalent 
to objective product quality such as functions and 
performance of artifacts, as well as usability, while the 
latter is equivalent to subjective product quality in the 
form of satisfaction, excitement, and fun from using the 
product; both these qualities are thought to affect the UX 
evaluations. 
 
In the UX White Paper [4], there are four types of UX; 
those that are anticipated UX, momentary UX, episodic 
UX and cumulative UX (Figure 1).  As indicated in the 
UX white paper, UX includes experiences over a long-
term period from before, during, and after the use of 
artifacts, and as its evaluations include individual 
evaluations for each period as well as the overall 
evaluations.  The UX can be distinguished by each phase 
of usage in the whole usage cycle with artifacts.  Because 
the UX evaluations contain individual evaluations as well 
as the overall evaluations, the ability to carry out the long-
term evaluations is necessary.   
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Fig. 1  Four types of UX in the UX white paper (2011). 

 
In practice, medium- and long-term UX tends to 
experience changes in the quality of its evaluations.  For 
example, where initial emphasis is on novelty, emphasis 
may switch towards ease-of-use, and where the learning 
process at first can be stressful, the errors in usability may 
recover and become less bothersome with familiarity and 
proficiency over time.  Therefore, it can be said that UX is 
not intended for evaluations at a particular value, but 
should instead be evaluated by grasping the dynamic 
changes. 
 

The purpose of UX evaluations is to evaluate based on 
these objective experiences felt by the user, and to grasp 
changes in these experiences, so short-term UX 
evaluations are considered insufficient. 

2.2 Method of UX Evaluations and the UX Graphs 

The methods used to evaluate UX include a real-time 
method and a method of carrying out evaluations 
retrospectively.  The former includes the use of the 
Experience Sampling Method (ESM [5-6]), which, despite 
allowing for real-time evaluations, has problems such as 
limitations to the situations where it can be used, and 
difficulty in making long-term evaluations. Retrospective 
methods include the AttrakDiff [7] which evaluates the 
pragmatic and hedonic qualities using a rating scale, as 
well as the Day Reconstruction Method (DRM [8]), 
CORPUS [9], iScale [10], UX curve [11] and UX graph 
[12].   
 
Of these, the UX graph and its predecessor, the UX curve, 
were the two methods developed for the purpose of UX 
evaluations.  UX graphs primarily show improvement in 
the following points in comparison to the UX curves 
method. 
(a). With emphasis on the episodes, the curve was to be 

drawn later as a means to link everything together. 
(b). Expectations before use and future predictions were 

added as episodes. 
(c). As attractiveness is close to satisfaction in the UX 

curves, satisfaction was used as an indicator for 
evaluation.  Footnotes should be typed in singled-line 
spacing at the bottom of the page and column where 
it is cited.  Footnotes should be rare. 

2.3 Advantages of the UX Graphs  

The following points are the main advantages of using UX 
graphs for UX evaluations. 
(a). Where target products and services are used, the UX 

evaluation is a certain value; this value differs at 
other time points, allowing one to see the fluctuations 
in the evaluations depending on the time of 
evaluations (of most recent episodes) and providing a 
dynamic grasp of the UX. 

(b). Factors that change the evaluations can be 
understood from the fluctuations in the graphs and 
their corresponding episodes, and in developing the 
artifacts, parts to reinforce (episodes that lead to 
positive evaluations) and parts to improve (episodes 
that lead to negative evaluations) can be considered 
to improve the UX evaluations. 
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3. Overview of the UX Graph Tool 

Although the original UX graph was a paper-based 
method, we developed a web based tool.  The β-version of 
UX graph tool is open to public free of charge (on 
https://ux-graph.com/) from December 2015, and it can be 
used by anybody, under the environment of use described 
later.    
 
Renovation of functional and user interfaces are currently 
underway.  The content in this paper that concerns the UX 
graph tool has been written with regards to the latest β Ver. 
0.4, as of May 25th, 2016, and the graph tool may be 
renovated by the time this paper has been read.   The latest 
English and Japanese versions are available at the 
following websites: 
https://ux-graph.com/ver4/index.php?lang=en 
https://ux-graph.com/ver3/ 

3.1 Environment of Use 

The UX graph tool can be used by anybody, on PC or 
tablets, and smartphones with internet systems that 
satisfies the following points. 
(a). The device is equipped with system that allows for 

saving / browsing of PDF files. 
(b). The device is equipped with system that allows for 

use of modern browsers such as the latest version of 
Firefox or Chrome. 

3.2 Use How to Use the UX Graph Tool 

The following describes the method of use for the UX 
graph tool. 
 
(1) Inputting Demographic Information and Targeted 

Usage 
The “age” and “sex” of the Informant is selected, and the 
artifact targeted for evaluation is entered into the “targeted 
usage” section (Figure 2). 
 
(2) Episode Entry 
Figures 3-7 show the entry screen for the episodes (event).  
The following five types of episode entries are made: 
 prior experience (while imagining the expectations 

before acquiring the targeted artifact) (Figure 3),  
 initial experience (impressions at the time of start of 

use) (Figure 4),  
 experience episodes up to now (Figure 5),  
 current feelings (current evaluation) (Figure 6), 

 future expectations (predictions beyond the current 
state) (Figure 7). 
 

 

Fig. 2  Data Entry Screen of Age/Sex and the Experience. 

 

 

Fig. 3  Entry Screen of Experience Prior. 

 

 

Fig. 4  Entry Screen of Initial Experience. 
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Fig. 6  Entry Screen of Current Feelings. 

 

 

Fig. 7  Entry Screen of Future Expectations. 

 
Episodes consist of “date of experience,” “content 
experience” and “satisfaction scale (-10 to +10).”  The 
date of experience is preferred, but is not mandatory.  
Satisfaction levels can be changed from -10 to +10, using 
the satisfaction scale bar on each episode card, which can 
also be changed on the graph later.  Episodes on prior 
experience, initial experience, current feelings, and future 
expectations were regarded as fixed episodes (Figures 3-4, 
5-6), with their “content experience” all being regarded as 
essential.  The number of episodes from the start of use to 

 

 

Fig. 8  Screen Image While Exchanging Episodes. 

 
current can be switched by dragging and dropping them 
for changing timeline even after creating the episodes, as 
shown in Figure 8.   
 
After inserting all necessary information in the columns, 
the graph will be displayed.    
 
(3) Arrangement the UX Graph Charts 
The axes on the UX graph charts were set to be timed on 
the horizontal axis (past towards the left, future towards 
the right) and the satisfaction levels on the vertical axis 
(above the origin being positive, and below the origin 
being negative), same as with the UX graphs [11-12].  To 
arrange the graph, each episode point is dragged up and 
down to control each satisfaction scale bar or manually 
adjust the graph. 
 
The content of experience appears when hovering the 
mouse cursor over the episode point and it was made 
possible to edit the content of experience by clicking this 
display (Figure 9).  Furthermore, the order of the 
“episodes” from the start of use to current, which are not 
fixed episodes (the experience prior, initial experience, 
current feelings and future expectations), can be switched 
around by dragging the vertical axis of each episode 
 

Fig. 5  Card Type Entry Screen of Episodes. 
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between the left and right to create correct timeline on the 
graph.  Whenever the “Satisfaction” levels are controlled, 
or the episode orders are switched around, the UX graph 
chart is re-drawn, so as to connect the points. 

 
(4) Downloading the UX Graph Data 
Finally, by pressing the “download as PDF” button below 
the UX graph data, the UX graph data can be downloaded 
as a PDF to be displayed and saved. 

3.3 The UX Graph Tool’s Benefits 

The following points are the main advantages of using the 

UX graphs tool for UX evaluations.  

(a). The value differs at other time points, allowing one 

to see the fluctuations in the evaluations depending 

on the time of evaluation and providing a grasp of 

the dynamic UX. 

(b). In the development of the artifacts, parts to be 

reinforced and parts to be improved can be shown to 

analyze the UX evaluations. 

(c). Compared to the original paper-based method, this 

interactive tool facilitates users to change the 

coordinate of the experience episode point/ vertically 

and horizontally. 

4. User Evaluation of UX Graph Tool 

A user evaluation to grasp the merits and points for 
improvement of UX graph tool, interview was held after 
requesting subjects to use the UX graphs. 

4.1 Method 

User evaluations were conducted by asking 13 employees 
(12 males, 1 female) from a company affiliated with the 
first author to use the UX graph tool.  The average age of 
the collaborators was 32.2 years old (SD = 4.1).  Interview 
was held after the subjects were asked to create UX graphs 
using the UX graph tool, concerning the two themes: 
“experience at the current company (hereinafter, “theme 
A”) and “experiences with smartphones (hereinafter, 
“theme B”). 

4.2 Results 

(1) Time Required 
Table 1 shows the time required to create UX graphs using 
the UX graph tool, for each of theme A and theme B. The 

Fig. 9  The Created UX Graph Chart with the Experience at the Episode Point. 
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average time taken was approximately 20 minutes.  Time 
taken has been shortened compared to the approximately 
30 minutes or more taken with the paper-based version. 
 
(2) Number of Episodes 
Table 2 summarizes the number of entries for episodes 
other than the fixed episodes (prior expectations, start of 
use, current and future predictions).  The average was 
around seven, which did not show a significant difference 
from the paper-based version. 
 
(3) Starting Time 
Table 3 shows the time at which experiences for each 
theme started.  While the entries are optional for the time 
period of each episode, the number of valid responses for 
the starting time of the experience numbered 11 for theme 
A and 9 for theme B.  Of these, the number of responses 
that provided entries for both year and month was 11 for 
theme A, and only 4 for theme B. 
 
(4) Comments for the UX Graph Tool 
Of the opinions that were raised, comments concerning 
usability, time, satisfaction, and the episodes were 
compiled. 
 
a. Comments concerning Usability 
 Ability to intuitively control charts with a mouse that 

are otherwise difficult to express on paper. 
 Episodes can be easily switched around using mouse 

controls. 
 Revisions can be made easily, and are not so stressful. 
 Interesting / fun to be able to move the contents 

around. 
 
b. Comments concerning Time 
 Time period is ambiguous, and it takes time to recall. 
 Time period is ambiguous, but process can be 

recalled. 
 Time axis up to around two and a half years can be 

recalled. 
 Can make entries while organizing things in the 

header. 
 
c. Comments concerning Episodes 
 Unsure as to how much detail the episodes need to be 

described in. 
 Even if forgotten, I feel there are several important 

points. 
 As details remain as visible information, you tend to 

review it to see if the contents are correct. 
 

d. Comments concerning Satisfaction 
 Difficult to express expectation and satisfaction in 

numbers. 

Table 1: Time of Using the UX Graph Tool 

Theme A Theme B 

Input Time 4-40 minutes 5-60 minutes
(Mean Value) 19.0 minutes 20.4 minutes

(Median) 15 minutes 15 minutes

 

Table 2: Number of Total Episodes 

Theme A Theme B 

Number of 
Episodes

3-16 episodes 3-19 episodes

(Mean Value) 6.9 episodes 6.5 episodes

(Median) 5 episodes 5 episodes

 

Table 3: Starting Time of the Theme 

Theme A Theme B 

Starting Time 
for the 

Experience 
(Median)

4.5 years ago 7 years ago 

 
 
 Expressions are difficult when you are in a complex 

mental state, like “half expectant, half anxious”. 
 I remember the episode, but my feelings back then 

are ambiguous. 
 I don’t understand the difference between 

“expectation: 0” and “expectation: negative value”. 
 Rather than an abstract endpoint like satisfaction, it is 

easier to provide intuitive responses to criteria like 
“good / bad feelings”. 

4.3 Discussion  

Of the comments raised during the hearing, those 
concerning the usability of the tool itself generally 
reflected the development guidelines.  Meanwhile, there 
were many comments raised about how the time period of 
each episode cannot be recalled accurately.  This can be 
considered equivalent to the problem encountered in the 
UX curves and the UX graphs, where reliability of past 
episodes declines because graphs are created from 
memory.  The fact that losses and changes occur to 
memory [13] and the inability to remember, in detail, all 
experiences over a long-term [14] are retrospective 
limitations to UX evaluations, and one can find meaning 
in these evaluations if it is considered an overall 
evaluation of past events up to the time when the UX 
graph is created.  Furthermore, since the memory of 
experiences leads to future actions [10], and since 
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retrospective evaluations are more effective in predicting 
actions than day-to-day evaluations [15], UX evaluations 
using the UX graph tool may be used to predict the future 
actions of users. 
 
On the other hand, the inability to take a simple average, 
due to the length of the horizontal axis (time period) 
varying between people, is a problem for UX curves and 
UX graphs [1].  The UX graph tool, too, does not allow 
for simple aggregation of entries of figures of satisfaction.  
This is because satisfaction levels go through qualitative 
changes due to various factors including past experiences, 
prior predictions, and the context of episodes, etc.   
 
During the hearing, several comments were made 
suggesting difficulties with entries of satisfaction levels, 
and there were cases seen here and there where hesitations 
arose when making entries about episodes and satisfaction 
levels, due to varied perceptions of the word “satisfaction”.  
This point is also a problem shared with the UX curves 
and the UX graphs, but this can be complemented by 
adding an interview.  There have been ideas to add an 
online interview that would provide text-based responses 
to specified items instead of a face-to-face interview.  We 
will take this on as a future challenge to see whether this 
point can be rectified using only this tool. 
 
Although it is difficult to grasp the overall trend in relation 
to the two issues adopted in this user evaluation through 
the UX graphs that were created, and while there were 5 
responses out of a total of 26 responses between both 
themes that had negative values for prior expectations, 
there were no cases presenting negative values for future 
predictions.  When considering the standpoint of the 
aforementioned behavior predictions, results predicted the 
continued life of collaborators at the company, and the 
continued use of smartphones.   
 
Furthermore, data obtained from “Experience at the 
current company” in Theme A represents the employees’ 
satisfaction itself, and the UX Graph Tools can be used to 
reconcile the directionality of the company and its 
employees. In other words, UX Graph Tools may be used 
not only in terms of the experiences for using a product, 
but also for assessing people’s daily experiences. 
Elsewhere, using the UX Graph Tools for management 
and team building exercises within a company may prove 
their usefulness in terms of internal management.   
 
While user evaluations of this tool suggested that some of 
the problems seen in the UX graphs remain with the UX 
graph tool, we were also able to understand the merits of 
this tool in mitigating informants’ stress during data entry 
as well as its richness in terms of scalability.  Other than 

the comments raised during the hearing, the fact that data 
can be easily saved and handled by converting the content 
of experience into PDF format, and the improved 
readability relative to hand-written data are also merits of 
the UX graph tool. 

5. Conclusions 

In this research, we developed a Web-based tool for UX 

graphs and released the β-version for widespread use to 

make it easier to handle data based on UX graphs.  

 

This paper discussed an overview of the UX graph tool, 

and summarized the results of user evaluations conducted 

using the UX graph tool.  Similar to the paper-based 

version the UX graph is still dependent on memory, and is 

difficult to convert the feeling into the concept of 

satisfaction.   It it can be considered the limitation of the 

retrospective methods with the former.  On the other hand, 

unlike the paper-based UX graph, it will be of help to the 

subject to input data without lack of information for UX 

evaluations. 

 

The tool can be used for supporting an interview in the 

user survey for comprehending user, and it also can be 

applied to the management of organization.  Explanations 

and establishment of a user interface to make entries of 

satisfaction levels smoother remain as future challenges. 
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