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A B S T R A C T   

User experience is a crucial aspect of software quality, and while various guidelines and heuristics have been 
proposed to enhance it, tables have not received as much attention as other elements. Additionally, many de
velopers are unaware of the guidelines they should follow in this regard. The objective of this article is to 
enhance the user experience on websites by streamlining the development process of usable tables. To achieve 
this, we propose a set of heuristics integrated into a tool called BetterTable that enables automatic application of 
usability improvements while parsing the HTML document. The complexity involved in developing a table with 
applied usability guidelines is evaluated using different implementations: the proposed approach, DataTables, 
and AntDesign. Furthermore, tests are conducted to validate the effectiveness of the proposed heuristics through 
user interactions with 13 table usage scenarios, measuring time, mouse movement, and clicks. Each user is 
randomly presented with 13 scenarios that either meet or do not meet a specific guideline. The results indicate 
that our proposal reduces implementation complexity by 43.83% and 24.69% compared to DataTables and 
AntDesign, respectively. Moreover, user testing reveals that 6 out of the 13 guidelines show improvements in at 
least 2 of the 3 calculated metrics. Guidelines fulfilled show 40.37% less average completion time and 20.39% 
less mouse movement than the baseline. Based on the conducted studies, we observed that compliant tables, on 
average, exhibit reduced user time and mouse movements compared to non-compliant tables. However, no 
significant differences are found in terms of clicks.   

1. Introduction 

Since the creation of the internet, web interfaces have experienced 
an evolution driven by the need to improve the user experience, us
ability, and to make the web easier for any type of user (Hassini, 2023). 
Usability is an important feature of software quality (ISO 9126, 1991), 
which can be defined as “the extent to which a product can be used by 
specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” (ISO 9241-11:2018, 2018). 
Several heuristics, rules or guidelines (Altin Gumussoy, 2016; Borges 
et al., 1996) have been proposed to improve usability. Despite this, some 
research works suggest that the level of knowledge about usability 
guidelines by web developers can be quite limited (Alonso-Virgós et al., 
2019, 2020). Since usability improvement can be costly for the de
velopers and designers of websites (Juristo et al., 2007), several CSS 
libraries have been introduced over the years to help develop web in
terfaces (W3Techs, 2023). 

One of the most important aspects to consider when developing a 
web interface is the way the information is presented to the user, like 
paragraphs, list of elements, images, links, or tables. This is affected by 
the specific circumstances of the website (Spyridakis, 2000). Therefore, 
another relevant issue arises: the understanding of the data. 

In the last few years, new proposals have appeared to simplify the 
work of developers in different areas related to visualisation, like data 
analytics (Dibia & Demiralp, 2019; Golfarelli & Rizzi, 2020) or HTML 
Interfaces (Aşiroǧlu et al., 2019; Halbe & Joshi, 2015; Mgheder & Rid
ley, 2008; Okamoto et al., 2006; Pawade et al., 2018). By applying these 
proposals to improve usability, it would be possible to generate usable 
interfaces in a way that is transparent to the developer, avoiding the 
problem of unfamiliarity described above. This would involve analysing 
the information on the website (Akbar et al., 2016) and modifying its 
interface. 

One of the key elements on a website are tables. They are usually 
used to display large amounts of data. Consequently, it is relevant to 
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consider how to display this information. Some designers and usability 
experts have proposed more than 30 usability guidelines oriented to 
tables (Coyle, 2017; Hellmuth, 2019; Huijing, 2019; Rafalowicz & 
Nguyen, 2017; Redfield, 2021; Shepherd, 2023; Shestopalov, 2019). 
Some proposed improvements are the inclusion of graphics, allowing the 
user to perform actions on the table or improving styles. Nevertheless, 
despite the existence of these guidelines, many developers still struggle 
to generate tables with a good user experience because they are not 
aware of them (Alonso-Virgós et al., 2019, 2020). 

Hence, the main objective of this article is to enhance the user 
experience of using tables on websites while streamlining the develop
ment process for developers by providing transparent usability im
provements. To accomplish this, a proposed library is introduced that 
analyses and identifies usability issues within tables, enabling the 
automatic application of usability enhancements. This proposal will be 
referred to as BetterTable throughout the article. 

The rest of the article is divided as follows: Section 2 shows the 
related work, Section 3 describes the proposal, BetterTable, Section 4 
describes the methodology and the evaluation of the proposal. Finally, 
Section 5 presents conclusions and future work. 

2. Related work 

Many software products suffer from usability issues, which can 
significantly impact their usage. It is beneficial to incorporate usability 
techniques from the outset of a software project rather than applying 
them later (Juristo et al., 2007). While some companies can afford the 
assessment of usability experts, not all organizations have access to 
them, so developers often share the responsibility (Barnum et al., 2005). 
Despite the significance of usability, many web developers are unfa
miliar with usability guidelines and fail to implement them consistently 
in their work (Alonso-Virgós et al., 2019, 2020). It is common for pro
duction websites to contain usability errors that could be rectified by 
following usability guidelines (Alarcon et al., 2014; Vargas et al., 2011). 
Furthermore, certain errors tend to occur frequently (Cappel & Huang, 
2007). Several reasons contribute to this situation. Sometimes web de
velopers lack adequate knowledge of usability guidelines and other 
techniques to enhance the user experience. Alternatively, developers 
may recognize the poor user experience but prioritize other aspects of 
application development, such as functional features, due to cost con
straints (Etemadi et al., 2018). 

Numerous research papers provide mechanisms for enhancing us
ability, with guidelines and heuristics being two prominent approaches 
(Altin Gumussoy, 2016; Bader et al., 2017; Borges et al., 1996; Hvann
berg et al., 2007; Nielsen, 1994; Spyridakis, 2000). Guidelines and 
heuristics provide developers with concrete instructions to follow. Many 
of these guidelines can be objectively validated to determine whether a 
website adheres to them or not (Alonso-Virgós et al., 2020). While 
implementing all the guidelines does not guarantee excellent usability, 
they serve as valuable tools for many web developers. In addition to 
general usability guidelines compilations (Mariage et al., 2006), there 
are also specific guidelines available for domain-specific applications 
(Altin Gumussoy, 2016). Unfortunately, only a few of them include es
timates of the potential improvement in user experience (Borges et al., 
1996). Finding studies that support the efficacy of implementing all 
usability guidelines is a challenging task. While there are specific studies 
available for certain patterns, most patterns lack empirical evidence. 
This can be attributed to the difficulty in quantifying the concrete 
benefits of a pattern, as interface performance can be influenced by 
various factors and combinations of patterns. While these guidelines 
propose logical ideas, quantifying the expected gains from their imple
mentation remains a challenge. 

Tables are a key part of web interface development. They are present 
in many relevant web applications (Cafarella et al., 2008). On many 
occasions, they are the only way to show complex data. Also, sometimes 
the use of tables can improve usability, in contrast with other 

representations. Many experts and web designers proposed several 
guidelines to design more usable tables (Coyle, 2017; Hellmuth, 2019; 
Huijing, 2019; Laubheimer, 2022; Rafalowicz & Nguyen, 2017; Red
field, 2021; Shepherd, 2023; Shestopalov, 2019). 

Several proposals aim to address the challenges associated with 
maintaining websites in terms of usability and design guidelines. Re
searchers have suggested methodologies to develop user-centered web 
applications that enhance usability (Sukamto et al., 2020). Similarly, 
frameworks have been introduced to reduce usability issues (Geng et al., 
2014). Additionally, there are tools available to assist developers by 
automating the detection of certain usability problems (Ruiz-Rodríguez, 
2006). Although these automated tools only address specific aspects and 
a small portion of website usability, some proposals go beyond problem 
detection and offer potential solutions (Grigera et al., 2017). Unfortu
nately, the focus of these proposals is limited to a few security aspects, 
and no research has been found that addresses usability problems 
related to tables. This research focuses on analysing the website itself 
and combining it with user interaction data to propose adaptations, 
without providing automatic improvements for table data. 

There are some proposals that offer systems for analysing HTML 
table data, for example analysing table data to generate automatic table 
joins (Akbar et al., 2016), extracting specific information for HTML ta
bles (Embley et al., 2005) or identify important fields. Very few of the 
proposals that analysed table data did it to get features related to us
ability or user experience improvement (Chen et al., 2000). The proposal 
(Marriott et al., 2013) provides an algorithm to automatically adapt 
tables in a compact way, no proposal waves on more advanced usability 
aspects. Most automated solutions for tables tend to focus on how the 
table is displayed (Tajima & Ohnishi, 2008), but do not cover aspects 
such as the nature of the data being displayed or what data iteration 
mechanisms to use, such as paging, filtering, etc. 

One possible of solution that could overcome developers’ lack of 
usability knowledge or lack of time are proposals focused on the auto
matic generation of usable interfaces. Data2Vis (Dibia & Demiralp, 
2019) generates automatic data visualizations from datasets, the pro
posal is based on a declarative language. The resulting interfaces are 
mostly graphical data, not usable tables. SkyViz (Golfarelli & Rizzi, 
2020) is another similar alternative, describing a domain-specific lan
guage used to translate data sets into the most appropriate visualiza
tions. These visualizations are primarily focused on graphical 
components, not tables. Aşiroǧlu et al. (2019) and Halbe and Joshi 
(2015) are automatic tools for creating HTML websites from a GUI 
design paper or mock-up, respectively. This could be useful for saving 
developers time but not include usability considerations. Proposal 
copies the user’s design, so it does not add any usability improvements. 

WIDE (Okamoto et al., 2006) is a proposal which tries to assist de
velopers minimizing their efforts in implementing. They could create 
conceptual models and the proposal automatically generates web 
application, it does not include usability considerations or work on ta
bles. Mgheder and Ridley (2008) analyses data of a database and auto
matically generate web user interfaces. For creating appropriate user 
interfaces, it explores the possibility of adding metadata in the database 
tables. Although it appears that the system could include tables within 
its web interfaces, they have no special usability considerations in the 
representation of those tables, they look purely like the data in the 
database. 

Numerous research studies have proposed guidelines to enhance user 
interfaces, particularly focusing on tables as they are a crucial element in 
many web interfaces. While there are several proposals and tools 
available to simplify the development of web interfaces, there is a lack of 
solutions specifically aimed at improving table usability. Some pro
posals have analysed web table information for various objectives like 
data extraction or table merging. However, in terms of usability, these 
proposals primarily focus on adapting tables to different devices, 
neglecting considerations such as data representation and the inclusion 
of interaction tools within the proposal itself. 
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3. BetterTable 

We propose a solution based on an automatic library which de
velopers can include in their website. This solution analyses the data of 
HTML tables using a set of heuristics and selects the most appropriate 
usability guidelines to improve the user experience. Then the library 
automatically applies that adaptation to the HTML code. 

The proposal allows to automatically improve usability in HTML 
tables without the developer having to spend time in implementing the 
usability guidelines. The solution is also for developers who are not 
aware of usability guidelines in tables. 

3.1. Detection of UX guidelines needs and application process 

Tables are complex UI elements, since they show structured data, 
sometimes with many columns. This can be sometimes confusing for 
users, which struggle with issues like finding information, making 
comparisons between row values, or making sense of the different data 
formats. 

The research work starts from a list of 26 UX guidelines for HTML 
tables. These usability guidelines were obtained from various usability 
experts, style guides and research papers (Coyle, 2017; Hellmuth, 2019; 
Huijing, 2019; Laubheimer, 2022; Rafalowicz & Nguyen, 2017; Red
field, 2021; Shepherd, 2023; Shestopalov, 2019). Unfortunately, the 
improvement on user experience that comes from the application of 
most of the guidelines has never been analysed through rigorous 
research work, the reality is that we don’t know how effective each 
guideline could be for improving user experience. The complete list of 
analysed guidelines is the following:  

1. Ability to sort elements. The ability to sort various columns 
streamlines data searches and analysis.  

2. Filter by columns values. Allowing the filtering of values in 
multiple columns independently or simultaneously is a powerful 
tool for conducting searches.  

3. Logical sorting by default of columns. The statistically most 
consulted columns should be placed first. 

4. Logical sorting by default of rows. The most relevant and statis
tically consulted rows should be placed first.  

5. Zebra striping for improved readability. Zebra striping aids in 
keeping the focus on the same row during reading.  

6. Correct alignment of textual and numerical values. For ease of 
reading and comparison, texts are left-aligned, and numbers are 
right-aligned, consistently using the same decimal format.  

7. Fixed headers. Fixing the table headers ensures the column names 
are always visible, which is particularly useful in tables with 
many rows.  

8. Fixed columns. The use of a fixed main column, such as the 
person’s name, helps maintain reference in tables with numerous 
columns.  

9. Appropriate spacing between rows and columns. Very small 
spacing can decrease reading speed. The spacing between rows 
and columns should be appropriate or have options to allow for 
adjustment.  

10. Icons and mini graphs. Numeric or percentage values can be 
recognized and compared more quickly and visually by including 
mini graphics. 

11. Cell colouring: In some cases, applying cell colouring can expe
dite the recognition of potential values, such as positive or 
negative numbers, values in different ranges, or states that are 
part of a list.  

12. Highlighting the focused row: The row that is currently selected 
by the mouse cursor should be highlighted, allowing the reader to 
identify it more quickly. 

13. Choice of columns to display. When a table has numerous col
umns, the visualization often demands extensive scrolling, and in 

some cases, irrelevant columns are displayed. Allowing configu
ration for the visible columns is a good option to enhance the user 
experience and tailor the information to the user’s needs.  

14. Choose column as main column. Often, rows have an identifying 
value, somewhat like the ’primary key’ in a database table. This 
text should be emphasized over other fields using bold format
ting, providing a visual reference for the most distinctive value of 
the row.  

15. Correct vertical alignment data in the top. The text should start at 
the top of the cell, not in the middle, especially when some fields 
have many lines and others have few. This helps to facilitate a 
more efficient reading patter.  

16. Including a row with summaries. Including summaries in the first 
row: When the table contains numeric and/or comparable data, it 
is useful to include a summary row beneath the header row. This 
summary can incorporate percentages, variations, etc. A notable 
example of this practice is observed in Google Analytics tables.  

17. Pagination. Instead of displaying all results on a single page, they 
are divided into several pages. This approach is employed to 
avoid excessive scrolling.  

18. Column resizing: When tables contain columns that are either too 
large or too small, providing a resizing mechanism is appropriate, 
allowing users to adapt the table to their needs. In some cases, 
resizing may also include column reordering.  

19. Actions on table elements: If there is a need to allow actions on an 
element in a table, include actions directly on the row itself, such 
as edit or delete. This can be quicker than requiring the user to 
enter details. If there are many actions, consider progressive 
disclosure and make them appear only when the row is in focus.  

20. Simultaneous actions on multiple elements. In some applications, 
users routinely perform actions on multiple elements within a 
table. In these cases, including a mechanism for multiple selec
tion can simplify the interaction. This functionality is particularly 
useful in tables that allow multiple actions between elements. It 
becomes even more powerful when combined with filters and a 
“select all elements” option.  

21. Allow direct editing of the field. In some applications, editing 
information in tables is quite common, especially for certain 
fields. Instead of including an edit view, enabling direct editing of 
the fields can simplify user interaction.  

22. Expanded view of rows. In some cases, rows contain a substantial 
amount of information that cannot be displayed without scroll
ing. If the row includes less important columns, you can collapse 
that information, allowing users to expand the row to view the 
complete information. This approach is often more efficient than 
using a separate detailed view.  

23. Avoid long text or descriptions in columns. Excessively long text 
can lead to inappropriate column sizes. Consider using abbrevi
ations or shortened strings, while also providing the option to 
access the complete text or more detailed information. 

24. Last Update Date. When displaying time-dependent data or in
formation acquired at regular intervals, include the timestamp in 
each column along with the value of the table’s latest update.  

25. Column Grouping. In the case of having many columns, try to 
group them logically or conceptually. If possible, this allows users 
to start exploring concepts from more abstract to more concrete 
ones.  

26. Adaptation in case of not fitting in container: Avoid double 
scrolling. If the container is too small, the table should not have 
both horizontal and vertical scrolling. It is highly recommended 
to implement automatic adaptation for mobile devices instead. 

Some of these guidelines must be applied on very specific data types 
or very specific conditions, while other guidelines are recommended to 
be applied on all tables. 

We combined the previous information with the analysis of 50 

M.D. Ceñera et al.                                                                                                                                                                                                                              



Expert Systems With Applications 255 (2024) 124491

4

popular websites to detect the usability guides followed in their tables. 
These 50 popular sites were obtained from a list of pages with high 
traffic. We analysed these pages using a bot that searched for tables, as 
many pages barely used tables. Once the tables from these pages were 
obtained, they were analysed with the guidelines proposed by various 
authors. Based on this information, we could get an idea of how the table 
design guidelines were being applied on important/popular websites. 

In the end, we compiled a selection of 11 guidelines for this research 
work. The decision to select these guidelines was based on various fac
tors. First, an effort was made to choose guidelines that seemed 
important, meaning they were included in several important websites. 
Second, to exclude guidelines that apply only in very specific conditions 
and rarely appeared on important websites. Third, to eliminate guide
lines that were commonly included in other UX libraries, such as “Zebra 
striping for improved readability.” Fourth, to eliminate guidelines that 
require excessively complex data analysis and could be the subject of a 
second, more in-depth investigation focused on data analysis and un
derstanding. For example, “Logical sorting by default of columns” re
quires understanding the context of the entire information to determine 
which columns users are likely to consult more frequently to achieve the 
best order. 

It was decided to select a set of guidelines that could ensure both the 
detection and application of the guideline could be carried out through 
heuristic rules. The remaining guidelines will be the focus of a second 
research that will be more based on the analysis of table data. Finally, 
the set of selected guidelines is as follows:  

1. Ability to sort elements.  
2. Logical sorting by default.  
3. Correct alignment.  
4. Fixed headers.  
5. Icons and mini graphs.  
6. Cell colouring.  
7. Choice of columns to display.  
8. Choose column as main column.  
9. Pagination.  

10. Abbreviation for long descriptions.  
11. Adaptation in case of not fitting in container. 

These guidelines do not cover 100 % of the usability guidelines on 
tables, but they represent a large set of them that can mark a good user 
experience when interacting with a table. With those patterns, we 
defined a set of heuristics to determine when the usability pattern 
should be added to the table, based on the idea that (1) perhaps not all 
guidelines should apply to all data sets, but that (2) some guidelines may 
only affect large data sets or (3) specific data types like numbers, etc. 
These heuristics are listed in Table 1. 

3.2. Solution details 

We propose a client-side JS library, which developers can include in 
the view/HTML of their application (Fig. 1). The library works as fol
lows: (1) First, it can be configured in different ways; in the default 
configuration it tries to apply as many improvements as possible to the 
table. (2) In the analysis a set of heuristics is applied to determine if it is 
relevant or not to apply each guideline. (3) Once it is determined which 
guidelines are going to be applied, an adaptation for applying the 
guideline to the content of the table is generated, (4) this application 
results in modifications to the original table. Finally, the modifications 
are applied to the HTML (5), so that the table is modified to improve the 
user experience in a transparent way for the developer. 

Web developers will include HTML tables within their web appli
cation, on the web page they will refer to the proposed solution, which is 
a JavaScript library. The table will be labelled in a specific way indi
cating that they want to use the proposal. The Code 1 snippet shows a 
module type script tag, which is created containing the call to the 

library. 
Code 1. Script module tag to execute the library. 

The previous snippet of code is a default example which will use all 
analysis and implemented without any specific configuration. The user 
can optionally specify the adaptations to be made, and the location, by 
adding configuration parameters. The Code 2 snippet of HTML shows a 
specific configuration. 

The connection between the library and HTML table code is estab
lished by the execute() function. This function creates a 
UsableTable object, which is the main part of the library, and calls its 
execute() method. It can be seen in Code 3. 

Code 2. Configuration parameters of the execute call. 

Table 1 
Heuristics designed from usability patterns.  

Design pattern Heuristic Actions 

Ability to sort 
elements 

If the number of rows is 
greater than 5 

Add ascending/descending 
sorting arrows 

Logical sorting by 
default 

If the column is numeric or 
textual 

In case of numerical columns, 
sort from most to least, in case 
of textual columns, sort 
alphabetically. 

Correct alignment If the column is numeric Align the numbers to the 
right. The decimals of all cells 
in the column are equalised. 

Fixed headers Always applies Add fixed headers 
Icons and mini 

graphs 
If a column has textual 
values, the number of 
unique values is between 2 
and 10 and does not exceed 
30 % of the total number of 
values. 

Label each field with a colour. 

If within a column the 
header cell includes the 
percentage symbol (%) and 
all the values in the column 
are between 0 and 100 

Add graphical percentage bar 

If within a cell there is a 
link 

Add favicon. Try to replace 
the URL with the page title to 
make it more descriptive. 

Cell colouring If a column is numeric and 
there are positive and 
negative values 

Colour positive numbers 
green and negative numbers 
red. Also, colour with 
different intensities 
depending on whether it is 
higher or lower. 

Choice of columns 
to display 

If a table has more than 8 
columns 

Display a drop-down to select 
the columns you want to 
select. 

Choose column as 
main column 

If in the first column all the 
values are different 

Highlight it in bold 

Pagination If the number of elements is 
greater than 10 

Enable pagination to display 
fewer items per screen and 
browse through them per 
page 

Abbreviation for 
long descriptions 

If the cell contains more 
than 75 characters 

Limit the characters to 40, 
displaying the remaining text 
in a tooltip. 

Adaptation in case 
of not fitting in 
container 

If the table does not fit on 
the screen 

Limit the visible columns, 
adding a button that allows 
you to expand the 
information.  
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Code 3. Connection module between the HTML and the library. 

3.2.1. Configuration reader 
Based on the configuration indicated by the user in the call to execute 

(), the adaptations can be deactivated or activated, indicating for each 
property true if it is desired to be activated and false otherwise. The 
properties that can be specified are:  

• orderElementsPossibility  
• defaultOrder  
• correctAlign  
• fixedHeader  
• iconsAndGraphics  

• cellColor  
• columnSelector  
• principalColumn  
• pagination  
• responsive  
• largeDescriptions. 

In addition, the locale property can be set. This allows the library to 
be able to read numbers in different languages. Supported values are 
texts indicating a language code, such as “es” (Spanish) or “en” 
(English). 

After receiving the user’s configuration, the table is read by rows and 
columns, to store this data internally and make it easier to exploit. 

3.2.2. Data analyzer & guidelines applier 
After the initial loading of the configuration and table data, the 

analysis is performed. Each guideline has been encapsulated in a com
mand. Algorithms have been defined for each case and are listed below. 
Those that will always be applied are not listed: zebra colouring, fixed 
header and marking the selected row.  

1. Ability to sort elements. Analyse if the number of rows in the table is 
greater than 5. That analysis returns a boolean. If the analysis is 
positive, the action will be modifying the table to allow ascending/ 
descending sorting arrows in all columns.  

2. Logical sorting by default. Loop through the columns and analyse if 
the column is numeric. That analysis returns a true or false for every 
column of the table. In case of true, columns sort in decreasing order, 
otherwise column is textual, sort alphabetically. The action involves 
going to the HTML table, include sort in every column and applying 
an ascending/descending order.  

3. Correct alignment. The pseudocode of the algorithm can be seen in 
Algorithm 1. Loop through the columns and analyse whether it is 
numerical. This analysis returns a boolean. If true, it checks the 
number that has the highest number of decimal places. Then, the 
values in the column are looped through and, if the current value has 
fewer decimal places than the maximum, it is stored in a pre- 
initialised array with [originalNumber, newValue]. There are two 
actions:  
a. Access the table, scroll through the array of filled decimals, and 

update the affected numbers.  
b. Align the numerical columns to the right updating table styles. 

Fig. 1. Solution architecture.  
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Algorithm 1 Correct alignment 

1: procedure execute(enabled, tableId, elements, options, locale) 
2: Initial state: 
3: options − Array of options 
4: Input: 
5: enabled − Boolean value to indicate if the adaptation is enabled 
6: elements − Array with all values read from the table 
7: tableId − Id of the table element tag 
8: locale − Locale 
9: Output: 
10: if enabled then 
11: if size(elements) > 0 then 
12: columns ← getColumns(elements) 
13: for all column ∈ columns do 
14: if isColumnNumeric(column, locale) then 
15: maxDecimals ← getMaxDecimals(column, locale) 
16: decimals ← [ ] 
17: for all value ∈ column.values do 
18: if getDecimals(value, locale) < maxDecimals then 
19: decimals.add(adjustDecimals(maxDecimals, value)) 
20: end if 
21: end for 
22: applyChanges(options, tableId, decimals, locale) 
23: end if 
24: end for 
25: end if 
26: end if 
27: end procedure    

4. Icons and mini graphs. Three adaptations apply to this case. The 
pseudocode of the complete algorithm can be seen in Algorithm 2.  
a. Label unique values with colours. The columns are looped 

through and analysed for being textual. This analysis returns a 
boolean. If true, an array is obtained with the unique values 
among all the values of the column. In case they are not more than 
30 % of the total values and they are between 2 and 10, the 
adaptation is applied. The action involves creating labels with the 
colour assigned to each value.  

b. Percentage bar. Columns with a percent (%) symbol in the header 
are searched for. In these columns, it is analysed if all values are 
numeric and between 0 and 100. If true, the adaptation is applied. 
The action consists of creating a bar chart with the percentage.  

c. All the links in the table are searched for and their favicon and 
link description are obtained. The action includes updating the 
links to add the favicon and replace the text of the link with its 
description. 

5. Cell colouring. The pseudocode of the algorithm can be seen in Al
gorithm 3. All columns are looped through and analysed if they are 
numeric. This analysis returns a boolean. If true, the column is 
checked if there are both positive and negative values. If so, the 
adaptation can be applied. The action consists of changing the CSS of 
the elements affected. For both negative and positive values, three 
cut-off points are obtained to increase the colour intensity. After that, 
the values are looped through, and their styles are updated.   

Algorithm 3 Cell colouring 

1: procedure execute(enabled, tableId, elements, locale) 
2: Input: 
3: enabled − Boolean value to indicate if the adaptation is enabled 
4: tableId − Id of the table element tag 
5: elements − Array with all values read from the table 
6: locale − Locale 
7: Output: 
8: if enabled AND size(elements) > 0 then 
9: columns ← getColumns(elements) 
10: for all column ∈ columns do 
11: if isColumnNumeric(column) then 

(continued on next column)  

(continued ) 

Algorithm 3 Cell colouring 

12: if havePositiveAndNegativeValues(column) then 
13: positiveSplits ← getPositiveSplits(column.values) 
14: negativeSplits ← getPositiveSplits(column.values) 
15: for all value ∈ column.values do 
16: if value > 0 then 
17: applyPositiveColour(value, positiveSplits) 
18: else if value < 0 then 
19: applyNegativeColour(value, negativeSplits) 
20: end if 
21: end for 
22: end if 
23: end if 
24: end for 
25: end if 
26: end procedure    

6. Choice of columns to display. The analysis checks the number of 
columns and return how many columns has the table. If it is more 
than eight the solution applies. The action consists of modifying the 
original HTML code of the table for including a menu in the top of the 
table, which is linked to the visibility of all table columns.  

7. Choose column as main column. Analyse all the columns of the table 
checking if there are columns in which all values are unique. This 
return true if all values of column are unique. If so, the adaptations 
can be applied. The action consists of bolding the entire column 
using a CSS styles.   

Algorithm 2 Icons and mini graphs 

1: procedure execute(enabled, tableId, elements) 
2: Input: 
3: enabled − Boolean value to indicate if the adaptation is enabled 
4: tableId − Id of the table element tag 
5: elements − Array with all values read from the table 
6: Output: 
7: if enabled AND size(elements) > 0 then 
8: columns ← getColumns(elements) 
9: ▹ Label unique values with colours 
10: for all column ∈ columns do 
11: if isColumnTextual(column) then 
12: uniqueValues ← getUniqueColumnValues(column) 
13: if size(uniqueValues) <= size(elements) * 0.3 then 
14: if size(uniqueValues) ∈ [2, 10] then 
15: labelColours ← assignColours(column, uniqueValues) 
16: end if 
17: end if 
18: end if 
19: end for 
20: applyLabelColours(tableId, labelColors) 
21: ▹ Percentage bar 
22: columnsWithPercentage ← getColumnsWithPercentage(columns) 
23: for all column ∈ columnsWithPercentage do 
24: if isColumnNumeric(column) then 
25: if checkAllValuesBetween0And100(column) then 
26: applyPercentageBar(tableId, column) 
27: end if 
28: end if 
29: end for 
30: ▹ Links 
31: links ← getAllLinks(tableId) 
32: for all link ∈ links do 
33: favicon ← getFavicon(link) 
34: description ← getDescription(link) 
35: applyLink(link, favicon, description) 
36: end for 
37: end if 
38: end procedure   
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8. Pagination. Analyse if the number of rows of the table is bigger 
than 10. This analysis returns a boolean. If true, the adaptation 
applies. The action consists of modifying the code of the table to 
divide it into pages, including a menu in the down part of the 
table to allow movement among pages.  

9. Abbreviation for long descriptions. Scroll through all the cells in 
the table. Analyse if the number of characters in the cell is 
greater than 75. This test returns a boolean. If true, the adapta
tion is applied. The action involves modifying the HTML to 
reduce the text length to 75, adding ellipses (…) at the end, and 
include a tooltip containing the full text.  

10. Adaptation in case of not fitting in container. Analyse whether 
the table fits on the screen. This analysis returns a boolean. If 
true, the adaptation is applied. The action consists of removing 
columns that do not fit in the table and include an extra button 
which allow the user to expand the information by clicking on a 
(+) button that will show the other columns from top to bottom. 

3.2.3. Table modifier 
Most of the actions result in a modification of the data table, data 

structure or style. Modifications are made in different ways depending 
on the guide. Modifications can be divided into four categories:  

• Modifications that do not affect the table data, but properties. These 
are, for example, pagination or sorting. These modifications are 
applied through an array of options. This array will be one of the 
parameters used to initialise the table of the DataTables library on 
which we rely.  

• Modifications that affect the content. For example, when a number 
that appears in the table as “2″ is modified by ”2.00″ to adjust the 
decimals; or when we reduce the number of characters. In these 
cases, the elements are in the DOM and the modification to the 
content is made.  

• Modifications that require the generation of new elements in the 
DOM. This is the case of progress bars or favicons for links. The steps 
to make them are to locate the cell where the change is to be made, 
create a new HTML element of the corresponding type, and modify 
the HTML DOM where the cell is located by adding the new element.  

• Modifications that affect styles. This is the case of cell colouring, 
setting positive values to green and negative values to red, in 

different shades. These modifications are made by locating the ele
ments in the DOM and adding a class containing the respective CSS. 

3.3. Use case 

In this section we show an example to depict how the automated 
usability improvements can help users interact or search content in 
HTML data tables. Consider a car magazine wants to make a list of sales 
of different vehicle brands. For each car, information is displayed such 
as:  

• Name  
• Brand  
• Link  
• Price  
• Percentage of sales (%)  
• Price change 

An example with data is shown in Fig. 2. 
Developers of the company do not have enough time or expertise to 

create a table that uses good UX guidelines, so they decide to use the 
proposed solution. 

Using the library, cases where usability improvements can be applied 
would be detected:  

• The column with the name of the cars would be bolded.  
• Car brands would be marked with a distinctive colour each.  
• Links would have an icon on their left.  
• The numbers would be aligned to the right and the decimals would 

be the same for all.  
• A percentage bar would be displayed next to the percentage number.  
• In the case of price change, positive values would be green (the 

higher, the darker), while negative values would be red (the lower, 
the darker).  

• Pagination and column selector would be added. 

After activating the library improvements, the table shows may dif
ferences, as can be seen in Fig. 3. 

Fig.2. Original HTML table without automatic adaptations.  
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4. Evaluation 

To validate the objective of this research, an evaluation against the 
prototype was carried out. This section will describe the tests that we ran 
to validate the degree to which the automated usability improvements of 
our library benefits both developers (Section 4.1) and end users (Section 
4.2). 

4.1. Gain for the developers 

4.1.1. Methodology 
The first test verifies the gain that is produced by applying the 

library’s automatic adaptations, compared to what it would have taken 
the programmer to perform the application of these UX guidelines 
manually. In addition, it must be considered that the programmer may 
not know all the guidelines. Based on the methodology used in (Espada 
et al., 2015), the following measurements were taken:  

• L: number of lines to achieve the implementation.  
• T: number of characters, including spaces, to achieve the 

implementation.  
• E: number of specific elements (JS functions, styles, HTML tags, react 

components or variables) to achieve the implementation.  
• F: number of external libraries and external styles to achieve the 

implementation. 

Code automatically generated such as the skeleton of a React project 
was not considered. 

The table used was the one mentioned in Section 3.3. All imple
mentations had the same characteristics. However, small variations in 
the styles may occur because completely different libraries were used. 
Measurements were taken for the following implementations:  

• BetterTable.  
• DataTables: one of the reference libraries on the web for representing 

tables, includes a simple way to implement typical table function
alities such as pagination, formatting, sorting. It can be used as a 
standalone library, but it is also integrated in many UI frameworks, 
like Material-UI, PrimeReact, Vuetify. 

• AntDesign: this implementation was based on the React and Ant
Design libraries. It is the second most popular React UI framework, 
used in some well-known websites like Alibaba, Baidu and Tencent. 
Ant design includes very powerful rich components for rendering 
tables with great care in usability. 

Once the data has been obtained, the factor resulting from applying a 
weight to each metric was calculated. These weights were L = 2, T = 1, 
E = 3, F = 4. With this factor a comparison of the implementations was 
made globally. This weighting assignment is based on ordering each of 
the actions performed from least to most time-consuming and requiring 
many keystrokes. The chosen weights could lead to extensive discussion. 
That’s why excessive weightings were not established, and consecutive 
values 1 to 4 were simply assigned instead. The aim of this methodology 
is not to obtain a “perfect complexity score” it is to establish compari
sons of implementation complexity that are replicable and that other 
authors can challenge or improve current proposal. 

4.1.2. Data analysis 
The Table 2 shows the results obtained by each implementation for 

each of the metrics. 
After applying the corresponding weights to each metric, we ob

tained the results for all 3 approaches, shown in Fig. 4. 
In the evaluated scenario, the use of BetterTable reduced the code 

implementation factor by 43.83 % compared to DataTables, and 24.69 
% compared to AntDesign. The proposal’s improvement over AntDesign 
is less significant compared to DataTables, likely because AntDesign is 
more specialized in UX and inherently applies some of the UX guidelines 
included in this research. Some of the style definitions that require 
multiple lines of code in DataTables are already included by default in 
Ant Design or can be implemented more easily by simply adding an 
attribute. In both cases, the advantage of the proposed solution is ach
ieved due to the automation that significantly reduces the lines of code 
needed to define a table which includes the UX guidelines. However, in 
practice, it is not just about including the code to implement these UX 
guidelines; developers must also possess expert knowledge to under
stand the specific UX requirements for the specific data they want to 
display. 

4.2. Usefulness of the guides to improve the user experience 

4.2.1. Methodology 
As mentioned above, there are many compilations of guidelines, but 

Fig.3. Table with automatic adaptations.  

Table 2 
Number of lines, characters, specific elements and external libraries and styles 
for each implementation.   

L T E F 

BetterTable 545 15,663 2 1 
DataTables 922 27,930 20 3 
AntDesign 896 20,332 43 2  
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very little evidence to prove the effectiveness of applying a particular 
guideline. The second part of the evaluation tries to estimate the benefit 
that the application of each guideline included in the solution can bring, 
applying an evaluation like the one conducted in (Borges et al., 1996). 
The procedure was the following:  

1. For each guideline, a test scenario was created, with a table in a 
different domain. Each scenario had two variants that were 
randomly assigned to the user: one complied with the usability guide 
and the other did not.  

2. The user was asked to search for a text on the table, according to the 
given instructions.  

3. The time, clicks and mouse movement needed to complete the task 
were measured. 

The scenarios created for the evaluation are described in the Table 3. 
The evaluation was conducted by 42 users. All of them were regular 

users of web applications. For the tests, they use their own devices, 
without any assistance. Prior to initiating the actual tests, an example 
was provided to familiarize the users with the required tasks. It should 
be noted that some users may encounter difficulties and be unable to 
complete the tests. To mitigate this issue, a “Skip” button was imple
mented, allowing users to bypass a particular task if needed. This in
formation is also recorded for reference. 

After gathering the data, outliers were identified and removed by 
calculating the interquartile range (IQR) and obtaining a factor of 1.5 
times the IQR. This factor was then added to the third quartile (Q3) and 
subtracted from the first quartile (Q1). 

The resulting values represent the upper and lower limits, respec
tively, for accepting data points. 

The analysis began by examining the time spent, clicks performed, 
and movement required by each user to complete the test for each 
guideline. The data was segregated based on whether the UX guideline 
was met or not. 

Next, an investigation was conducted to determine whether there 
was any correlation between guideline compliance and the variables of 
time, clicks, and user movement. To assess this relationship, tests of 
independence were performed. 

The initial step involves determining whether the sample adheres to 
a normal distribution. Two tests can be employed for this purpose: the 
Kolmogorov-Smirnov test when the sample size exceeds 50, and the 
Shapiro-Wilk test otherwise. The following assumptions are established. 

Once normality has been verified, tests were performed to assess the 
independence of the samples. Two scenarios are considered based on 
whether the distribution is normal or not. If sample is normal, then in
dependent samples t-test were used. Otherwise, Mann-Whitney U test. 
The effect size in both scenarios were calculated using Cohen’s d. 

4.2.2. Data analysis 
At the end of the period given to users to complete the test, a total of 

473 tests were done, by 42 different users. Of all the tests carried out, 
256 valid tests have been obtained that comply with the proposed UX 
guidelines and 213 valid tests that do not (469 valid tests for different 
guidelines, four tests were discarded due to apparent corruption of in
formation due to a technical failure). 

On each session we captured the participants’ completion time, 
clicks and mouse movement. The Table 4 shows those metrics average 
with or without applying the proposed guideline. In the case of those 
that are met, the percentage of variation with respect to those that are 
not met is also shown. Negative values, indicated in green, represent 
patterns that result in a gain compared to those that are not met. In red, 
the opposite case. Those that have been skipped are not considered for 
these measurements. 1.5IQR has been applied. Table 4. Also shows the 
number of users who pressed the skip test button and the number of 
users who closed the evaluation program. 

In 8 out of 13 patterns, time shows improvement. Mouse clicks and 
mouse movements exhibit varying results, with 6 and 4 improvements 
respectively. Fig. 5, Fig. 6 and Fig. 7 show the average time, movement 
and clicks, respectively, required by users to complete each test, 
depending on whether the guideline is fulfilled or not. 

Following the proposed methodology, the sample was tested for 
normality. The factors are “Complies” and “Does not comply” and the 
variables are time, clicks and mouse movement. A confidence interval of 

Fig. 4. Global implementation’s complexity factor of the three implementa
tions applying the described weights to each measurement. 

Table 3 
Scenarios for evaluation with end users.  

Guideline Domain Instructions 

Ability to sort 
elements. 

Audience of TV channels Select the name of the 
channel with the highest 
number of viewers. 

Logical sorting by 
default 

Clothing sizes Select the smallest clothing 
size number. 

Correct alignment Time spent executing 
algorithms in different 
programming languages 

Select the name of the 
experiment with the highest 
time in milliseconds. 

Fixed headers Price of different fuels at 
different service stations 

From stations 41 and 42, 
select the name of the station 
with the highest AdBlue price. 

Icons and mini 
graphs 
(percentages bar) 

Car prices and valuations Select the name of the car 
with the highest approval 
rating. 

Icons and mini 
graphs (links) 

Sportswear Click on the Adidas brand 
link. 

Icons and mini 
graphs (labels) 

Bills issued to multiple 
users and their status. 

Each row shows a receipt 
issued to a user and its status. 
Select the name of the user 
with the most receipts in PAID 
status (in any of the rows 
where it appears). 

Cell colouring Results of a bet Given the score obtained in a 
bet, select the name of the 
player who has lost the most 
points. 

Choice of columns to 
display 

Formula 1 GP results Given a table with the random 
number of places achieved in 
an F1 Grand Prix by each 
driver, click on the name of 
the driver who placed 10th in 
the Qatar Grand Prix. 

Choose column as 
main column 

Works of art Select the name of the 
museum that has the painting 
“The Creation of Adam”. 

Pagination Countries information Select the currency of 
Somalia. 

Adaptation in case 
of not fitting in 
container 

Films, critics and awards Select the review note of the 
film with most awards 

Abbreviation for 
long descriptions 

Videogames Select the name of the video 
game that has been released 
before.  
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Table 4 
Time, clicks and mouse movement for each guideline, depending on whether the pattern is met or not.  

Guideline Not met Met Abandonment 

Time Clicks Mouse 
movement 

Time Clicks Mouse 
movement 

Users start 
Test 

Users press 
inSkip Test 

Users quit the 
evaluation 

Ability to sort elements 17668.94 2.12 204.47  11370.00  3.15  286.05 42 2 1  
− 35.65 %  48.75 %  39.90 % 4,76 % 2,38 % 

Logical sorting by default 16000.07 1.80 220.47  8353.14  1.90  222.33 41 4 0  
− 47.79 %  5.56 %  0.84 % 9,76 % 0 % 

Correct alignment 20525.50 2.60 202.44  18102.18  2.21  376.85 41 6 0  
− 11.81 %  − 14.98 %  86.16 % 14,63 % 0 % 

Fixed headers 12871.91 1.73 213.62  15848.61  1.88  279.25 41 4 1  
23.13 %  8.98 %  30.73 % 9,76 % 2,44 % 

Icons and mini graphs 
(percentages) 

23126.25 1.83 213.62  15990.29  1.76  198.24 40 3 1  
− 30.86 %  − 3.90 %  − 7.20 % 7,50 % 2,50 % 

Icons and mini graphs (links) 5917.14 1.00 213.62  5323.21  1.21  142.53 39 1 0  
− 10.04 %  21.05 %  − 33.28 % 2,56 % 0 % 

Icons and mini graphs (label) 21385.50 2.80 219.57  18207.82  1.88  330.81 39 2 1  
− 14.86 %  − 33.04 %  50.66 % 5,13 % 2,56 % 

Cell colouring 11729.75 2.07 219.57  10738.47  1.44  203.82 38 2 1  
− 8.45 %  − 30.27 %  − 7.17 % 5,26 2,63 % 

Choice of columns to display 14978.13 1.40 213.62  17706.00  1.07  316.21 37 1 1  
18.21 %  − 23.47 %  48.03 % 2,70 % 2,70 % 

Choose column as main column 4539.30 1.30 213.62  6848.81  1.52  142.90 36 1 0  
50.88 %  17.22 %  − 33.10 % 2,78 0 % 

Pagination 13320.65 1.56 245.79  14709.73  3.64  266.07 36 1 1  
10.43 %  132.73 %  8.25 % 2,78 % 2,78 % 

Adaptation in case of not fitting 
in container 

9807.59 1.71 245.79  11275.77  1.73  291.69 35 0 0  
14.97 %  1.25 %  18.68 % 0 % 0 % 

Abbreviation for long 
descriptions 

14975.00 2.31 248.60  12565.35  1.75  288.62 35 0 0  
− 16.09 %  − 24.32 %  16.10 % 0 % 0 %  

Fig. 5. Average time to pass each test when the established guideline is fulfilled or not fulfilled.  

Fig. 6. Average clicks to pass each test when the established guideline is fulfilled or not fulfilled.  
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95 % was established. Also, as the sample size is larger than 50, the 
Kolmogorov-Smirnov test was run. 

Table 5 shows the results obtained after running the tests. In view of 
the results, H0 is rejected (p-value < 0.05), so the distribution is not 
normal. Thus, the Mann-Whitney test would be used to test for inde
pendence. The test results, displayed in Table 6, include the p-value and 
Cohen’s d. Regarding the time and mouse movement variables, the 
analysis indicates statistically significant differences in completion time 
and mouse movements based on the fulfilment of the UX guideline, with 
a medium effect observed (p-value < 0.05; U(time) = 0.40; U(move
ment) = 0.22). Users who encountered compliant patterns exhibited 
40.37 % less average completion time and 20.39 % less movements 
compared to users who encountered non-compliant patterns. 
Conversely, for the clicks variable, no statistically significant differences 
were found, indicating a very low effect (p-value > 0.05; U = 0.02). 

Even if most guidelines showed improvements across the observed 
metrics (6/13 were better in at least 2 out of 3 metrics), some other were 
indecisive, and others showed worse results than in the “guideline not 
met” version. Those that performed worse, i.e. the guidelines that did 
not show efficiency improvements were: Fixed Headers (− 23,13 %), 
Choice of Columns to Display (− 18.21 %), Choose Column as Main 
Column (− 50,88 %) and Pagination (− 10,43 %). Some of these could be 
due to the complexity that’s inherent in the operation of the widgets, 
such as “Choice of Columns to Display”, “Choose Column as Main 
Colum” and even “Pagination”; in these cases, given the simplicity of the 
task to perform, it could be more difficult to operate the controls for 
these features than to simply search by hand. Some other cases, like 
“Fixed Headers” went unnoticed by some participants, as confirmed by 
them in some informal surveys. More experimentation should be carried 
out to really test these features. 

Considering the metrics separately, time, which is the most relevant 
metric in our opinion, was only noticeable higher in “Choice of col
umns…” and “Choose column as main…”. Another interesting result is 
that the click count in “Pagination” was much higher than in the 
unapplied version, which could be linked to the operation of the pagi
nator widget. Mouse movement was noticeable higher in “Ability to Sort 

Elements”, “Correct Alignment” and “Icons and Mini Graphs”, but we 
found this metric to be more difficult to interpret in the sessions we ran. 

Regarding the abandonment rate of the evaluation by users. There 
were some long tests in which users had to read and analyse much in
formation, this contributes to diminishing the motivation of some users. 
The highest abandonment rate occurred in the early parts of the eval
uation, it also the longest tests. According to the data, less motivated 
users abandoned the test in the early stages, first by skipping some 
questions and eventually closing the evaluation program. There is also a 
very interesting result, over the total of 27 skips, 19 (70,37 %) were in 
tests that did not fulfil the Guideline and 8 (29,63 %) in tests that ful
filled the guideline. 

5. Conclusions and future work 

The main objective of this research is to enhance user experience 
reducing the developer’s efforts when creating tables on web. Imple
menting usability guidelines requires spending time in development, 
plus there seem to be a lot of developers who don’t know the guidelines. 
BetterTable is a JavaScript library that can be included in web appli
cations to analyse the information in the table and modify it automati
cally. The modifications made to the table are based on the usability 
guidelines that are appropriate to include in each specific table, based on 
their properties and data. This solution requires practically no developer 
interaction or knowledge of usability, it is based on analysis and auto
matic modifications. 

In the evaluated scenario, the creation of a table that followed us
ability guidelines was much less complex, using the proposed solution 
with 43.83 % less complexity compared to the DataTables library, one of 
the reference libraries in the sector and 24.69 % less Compared to the 
AntDesign framework, one of the most powerful and most feature-rich in 
table representation. It can be concluded that the use of the proposed 
solution could significantly reduce the complexity of implementation in 
tables that want to include usability guidelines. 

In addition, a study was carried out in which 42 users participated. 
An attempt was made to obtain an estimate of the usefulness of the 
guidelines. In the tests carried out, 7 of the 13 managed to significantly 
reduce the interaction time of the users in carrying out a task. On the 

Fig. 7. Average movements to pass each test when the established guideline is fulfilled or not fulfilled.  

Table 5 
Results of Kolmogorov-Smirnov normality tests for the three variables.  

Variable Factor (Complies/Does not comply) p-value 

time complies <0.001 
does not comply <0.001 

clicks complies <0.001 
does not comply <0.001 

mouse movement complies <0.001 
does not comply <0.001  

Table 6 
Results of Mann-Shitney tests (p-value and d cohen) of each variable.  

Variable p-value d cohen 

time  0.002  0.40 
clicks  0.246  0.02 
mouse movement  0.013  0.22  
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other hand, the application of other 5 / 13 guidelines could end up being 
negative for the usability of the table, making users take more time to 
complete tasks. The insights gathered from this evaluation regarding the 
potential effectiveness of the guidelines can assist developers in 
considering which usability guidelines to enable or disable when 
configuring the proposed solution. This will allow the proposal to be 
adapted more efficiently to each specific case. We think that the correct 
decision on deactivating or activating the guidelines should rest with the 
developer and be contrasted with real user activity data from the web 
page where the solution is being used. 

The obtained results demonstrate that the proposed approach can 
significantly contribute to reducing development costs and improving 
the usability level of various types of HTML tables. It offers a more 
efficient and streamlined method for creating tables that adhere to 
different usability guidelines. In contrast, existing web development 
frameworks and libraries require manual implementation of these 
guidelines. By combining their understanding of website usability with 
user activity logs, developers can make informed decisions about which 
guidelines to incorporate, resulting in enhanced performance. 

As part of our future research lines, we aim to undertake an 
exhaustive analysis to identify the most advantageous scenarios for 
implementing these usability guidelines, thereby maximizing user ben
efits. This endeavour will enable us to refine the heuristics that guides 
the application of these guidelines, tailoring them to specific user web 
activities. Moreover, we will explore novel aspects for enhancing tables 
and incorporate them into our proposal. 
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