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1.   Importance of implementing DX measures in 
collaboration with workers in the field and 

DX-promotion departments

The use of digital technology is an effective means 
to achieve business transformation that can promote 
both operational efficiency and new-value creation in 
response to rapidly changing social and economic 
conditions. Companies and local governments are 
promoting organization-wide digital transformation 
(DX) of operations, such as field-led improvement of 
work efficiency through digital technology (field-led 
DX) and implementation of digital technology by 
DX-promotion departments.

Field-led DX has made progress in terms of auto-
mating and streamlining work procedures through the 

use of tools that automate desk work such as robotic 
process automation (RPA). However, field-led DX is 
often designed and implemented in a manner that is 
optimized for individual field operations; therefore, it 
is difficult for workers in other fields to determine 
whether the conditions for using field-led DX are 
compatible with their work. Currently, the only way 
to compare DX measures and field work is to observe 
and compare each manually, which requires many 
operations simply to select applicable examples from 
a variety of DX measures implemented at other 
fields. It will be important to improve business prac-
tices and procedures flexibly with a sense of urgency 
to meet the needs of society. This issue is faced by 
DX-promotion departments, and smooth rollout of 
DX measures is an essential element of fundamental 
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business improvements that will have an impact 
throughout the company. Accordingly, to further 
increase the effectiveness of DX promotion, it is nec-
essary to create a DX cycle in which workers in the 
field and the DX-promotion departments cooperate in 
a manner that efficiently and accurately implements 
effective DX measures in a wide range of areas 
(Fig. 1).

2.   Overview of 
work-improvement-support technology

To address the above issues, NTT Network Innova-
tion Center developed work-improvement-support 
technology, which is based on technology developed 
at NTT Access Network Service Systems Laborato-
ries, that can be used immediately in the field and in 
DX-promotion departments. This technology uses 
historical information on operations carried out on 
personal computers (PCs) (operation logs) to quanti-
tatively compare and visualize DX measures and the 
work procedures at the site that is considering apply-
ing the measures. The technology provides the fol-
lowing two tools that can be used immediately in the 
field or in DX-promotion departments.

•	� Operation-log-acquisition tool: A tool that 
records the operational history of the screen and 
graphical user interface (GUI) of a PC in real 
time as an operation log.

•	� Operation-log-analysis tool: A tool that reads 
data from the obtained operation logs, simplifies 
the logs as work procedures, quantitatively com-
pares similarities in the work procedures, and 

visualizes the comparison results in an easily 
understood format.

Using these tools makes it possible to quantita-
tively compare DX measures and on-site work to 
which those measures are considered being applied 
by using operation-log data accumulated in real time 
from daily work. These tools thus make it easier to 
objectively determine the suitability of DX measures 
on the basis of the actual state of work operations.

3.   Operation-log-acquisition tool

The operation-log-acquisition tool records opera-
tion history of the screen and GUI on PCs in real time 
as an operation log. The tool is installed in a PC in the 
Windows environment and records operation logs in 
file format according to operations by workers and 
automation tools such as RPA (see Table 1 for operat-
ing environment). The tool detects user input opera-
tions and changes in application and window statuses 
on the terminal screen and captures the operations 
carried out by the user as operation events. This infor-
mation can also be recorded and saved as log files (in 
text format) at an arbitrary location. The operation 
screen can be recorded and saved as a captured image 
upon detection of an operation event.

4.   Operation-log-analysis tool

The operation-log-analysis tool compares the simi-
larity of work procedures from the data of the 
obtained operation logs and visualizes them in an 
easy-to-understand format. It has the following three 

Fig. 1.   DX cycle of collaboration between workers in the field and DX-promotion department.
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functions.
(1)	� Automatic extraction and visualization of  

similarities from work procedures
The similarity between work procedures is quanti-

tatively evaluated from the two types of operation-
log data, and the evaluation results are used to visual-
ize similar and dissimilar points of procedures (see 
“Similarity assessment based on operation co-occur-
rence” below for details of the evaluation technique). 
The screenshot in Fig. 2 is an example of analyzing 
and visualizing the similarities between the two types 
of operation-log data. For example, when the opera-
tion-log data concerning a DX measure are used as 
the comparison standard, and the operation-log data 
concerning the work at the site where the application 
of the DX measure is being considered are used as the 
comparison target, an operation range similar to that 
of the DX measure is extracted. This range is high-
lighted with a red border, so it is possible to see at a 
glance the similar points of work procedures. Simi-
larly, dissimilar points can also be extracted by speci-

fying the settings.
(2)	� Detailed comparison of similar work procedures

The similar operation ranges of each operation 
extracted by function (1) are arranged side-by-side, 
and the similarities between them are compared in 
detail. The screen shot in Fig. 3 is an example of 
visualizing similar operations side-by-side. For 
example, if the background color of the operation 
logs to be compared is blue or green, the user can see 
at a glance that the operations are similar; if it is red, 
the operations are different (see Table 2). Each 
operation is converted into an explanation expressed 
in natural language that can be read and understood 
directly by the user (see “Generation of explanatory 
information about operation” below for details). This 
function makes it possible to understand the opera-
tions that can implement DX measures at the opera-
tional level.
(3)	� Generation of material for manuals from opera-

tion logs
By combining the text data of the operation history 

Table 1.   Operating environment of the operation-log-acquisition tool.

Item Requirement

OS Windows 10/11

CPU Intel Core i3 2.9 GHz or more

Memory 4 GB or more

Applications that
can be acquired

Microsoft Edge*1,3, Google Chrome*1,3, Firefox*1,3, 
Microsoft Excel*2,3, Windows OS*3

*1: Record changes to contents of GUI 
*2: Record changes to contents of cell
*3: Window state changes, copy/paste operations, etc.

CPU: central processing unit
OS: operating system

Fig. 2.   Screenshot of visualization screen of similar areas.
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acquired as an operation log with screen-capture data, 
it is possible to generate a document file combining 
the work procedure and screen of the corresponding 
work target as material for the manual. This function 
makes it possible to identify specific work proce-
dures related to DX measures and on-site work and 
can be used as an aid for creating manuals used in 
implementing DX measures.

5.   Features of NTT technology

5.1   �Similarity assessment based on operational 
co-occurrence

Operation logs often contain fluctuations due to, for 
example, rework or interruptions by other operations, 
which depend on the situation during the operation. 
Therefore, NTT Access Network Service Systems 

Laboratories developed a technology for evaluating 
the similarity of operations by using operational co-
occurrence, which means that operations involved in 
similar work show mutual co-occurrence. This tech-
nology absorbs fluctuations in operations, correctly 
evaluates the similarity of operations, and exactly 
matches the range of similarity if they are similar, 
even if the operations are not exactly the same. 

The similarity-assessment technology based on 
operational co-occurrence sets one operation log as a 
reference log and extracts parts that are similar to the 
reference log from another operation log containing 
the operation target (target log).

This technology involves the following three steps 
(Fig. 4).

(1)	� Information on operation events located 
closely together and near the reference log is 

Fig. 3.   Detailed screenshot of comparison screen of similar areas.

Table 2.   Judging whether operations are similar or dissimilar.

Background color of
the log to be
compared

Explanation Determination of
identity of
operation

Examples of operation logs

Blue (              )

When the operated 
screen and GUI parts  
are the same and the 
input data are the same

Same

•  Comparison standard: Input value “1” is selected 
from the label name “minute”

•  Comparison target: Input value “1” is selected from 
the label name “minute”

Green (              )

When the operated 
screen and GUI parts 
are the same but the 
input data are different

Different

•  Comparison standard: Input value “13” is selected 
from the label name “hour”

•  Comparison target: Input value “2” is selected from 
the label name “hour”

Red (              )
When the operated 
screen and GUI parts 
are different

Example of
operation log

•  Comparison standard: Input value “13” is selected 
from the label name “hour”

•  Comparison target: Input value “1” is selected from 
the label name “minute”
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stored as a co-occurrence matrix.
(2)	� The cosine similarity of the previous and next 

few operations from a given operation in the 
target log is calculated using the information 
on the co-occurrence vector of the reference 
log created in step (1). This similarity is calcu-
lated for all operations in the target log. The 
key point of this technology is that it uses the 
co-occurrence vector and similarity between 
several operations before and after the target 
operation in the target log. By appropriately 
rounding off the sequential order in the opera-
tion log, it is possible to calculate a similarity 
close to the semantic similarity recognized by 
people. 

(3)	� The operations are grouped in accordance 
with their similarity and extracted as matching 
and mismatching regions.

5.2   �Generation of explanatory information about 
operations 

The operation log records information that indi-
cates operation history, such as the time the operation 
was carried out and GUI-component information, but 
it is in machine language, which is unsuitable for 
viewing and understanding by people. Therefore, 
NTT Access Network Service Systems Laboratories 
developed a technology that can be used as explana-
tory information by mapping labels to GUI compo-

nents. The technology takes advantage of the fact that 
labels that are easy for people to understand are 
expressed next to the GUI components. This makes it 
possible to generate text explaining operation proce-
dures automatically from operation logs in a manner 
that makes it possible to visualize the operation with-
out much effort. Logs can be obtained not only for 
operations carried out by people but also for opera-
tions executed with automation tools such as RPA, 
and explanatory information can be generated to 
facilitate understanding of the execution content of 
automated operation scenarios.

This technology involves the following three steps 
(Fig. 5).

(1)	� On the basis of the format recorded in the 
acquired operation log, rules are used to deter-
mine the appropriate sentence structures for 
the explanatory text and the parts of speech 
that make up the text.

(2)	� Two elements, parent-child relationships in 
the HTML and positional relationships on the 
display screen, are focused on, and the corre-
spondence with nouns (labels) that describe 
the GUI components at the operation location 
is inferred from information around the GUI 
components on the screen.

(3)	� Explanatory text based on the sentence pattern 
determined in step (1) and the label obtained 
in step (2) is generated.

Target log a c d de m n o pl a r c d o

a c d de m n o pl a r c d oTarget log

Similarity

a b a c

a a b ce m n o pl a r a d o

Reference
log 

Target log

Input: reference log/target log

Output: similar locations

Illustration of calculating cosine similarity of two operations
before and after operation d

Generate co-occurrence 
vectors from the base log

a b c d

a 1 2 1 0

b 2 1 1 0

c 1 1 1 0

d 0 0 0 0

Part to be extractedPart to be extracted

Cosine
similarity 

For each operation in the target log, calculate the cosine
similarity of the previous and next few operations 

Co-occurrence vector

FluctuationFluctuation

Generate co-occurrence matrix from the reference
log

Calculate cosine similarity of several operations before
and after each operation in the target log 

Group operations according to similarity and
extract similar locations

(3)

(2)

(1)

cos (       )⃗ ⃗ =
⃗ =

Co−occurrence vector of m previous operations

⃗ =
Co−occurrence vector of m following operations

m

m
β2
i∑i=1

Vα2
i∑i=1

V

αiβi∑i=1
V

α β
α

β

Fig. 4.   Extraction of location similarity by operation co-occurrence.
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6.   Use cases

Three example situations in which the two above 
tools can be used are given below.
(1)	� Creation of DX cycle through collaboration 

between the workers in the field and DX-pro-
motion departments

DX-promotion departments can use these tools to 
quantitatively compare the work involved in field-led 
DX measures and work involved in the field that is 
considering implementing the measures, and they can 
analyze and determine whether the measures are 
compatible. The tools thus enable efficient and accu-
rate implementation of DX measures in line with on-
site operations.
(2)	� Expanding the scope of automation by evaluat-

ing the applicability of RPA scenarios
By comparing work automated by tools such as 

RPA as DX measures with manual work, it is possible 
to identify the scope of the RPA scenario. It thus 
becomes possible to identify similar areas as candi-
dates for RPA implementation and consider further 
improvements in business efficiency for the areas that 
differ.

(3)	� Assistance in improving work skills through 
comparison with more-efficient employees

By using these tools to compare differences in work 
procedures executed by employees with high work 
efficiency, we can identify effective work carried out 
by certain employees that is not being carried out by 
other employees and use it as a teaching tool to 
improve the skills of the latter employees. Using this  
teaching tool will help create new DX measures that 
will improve overall operational efficiency.

7.   Future developments

Work-improvement-support technology for creat-
ing a DX cycle in which workers in the field and the 
DX-promotion departments cooperate to efficiently 
and accurately implement effective DX measures 
was introduced. This technology has just completed 
product development and can now be used for vari-
ous DX-promotion measures. We plan to promote 
application of this technology to actual business 
operations and commercialization in the general mar-
ket.

Fig. 5.   Extraction of explanatory information describing operation.
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Combining (a) and (b) effectively searches for labels.

(a) Focus on the parent-child relationship in HTML and search for 
label information by tracing the parent from the GUI
components of the operation location.

(b) Focus on the positional relationship on the display screen and 
search only in the direction where the label is likely to be
located.

Explanatory sentences for operation information are expressed in three
sentence types, and the parts of speech are obtained from lists and logs. 

Sentence-pattern listThree sentence types

Voucher type Purchase

Name

1

2

Voucher type Purchase

Name Yamada Taro

• Sentence 2: Noun1(operation part)+particle1+
Noun2(operation)+particle2+verb  

• Sentence 3: Noun1(operation part)+particle1+
Noun2(operation part2)+particle2+
Noun3(operation)+particle3+verb

• Sentence 1: Noun(operation)+particle+verb Sentence type particle
1 … Verbs to be

generated
html type
attribute

1 “of” … Press submit

2 “from” … Check checkbox

…

(a) Trace back to parent element and search

(b) Search only within a certain range
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