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Abstract. The software design process must put users at the core of the process to enable them to meet their 
specific objectives effectively, efficiently, and successfully. Thus, a software design for a computing system to 
consult biological collections guided by the concept of usability will result in an effective and efficient biodi-
versity informatics tool. Here, we introduce IBdata, a web system to consult biological collections, developed 
using a design approach based on the architecture of three layers: database, business rules, and user interface. 
The user interface design was guided by the concept of usability focused on four core concepts: simplicity, 
adaptability, guide the user through the journey, and feedback. The IBdata web system that we developed is 
composed of three modules (query, capture and editing, and administration), permitting it to query a database 
with about 1.7 million specimen records. Biodiversity data query systems must be effective and efficient and 
should meet the user’s expectations. Software design methodologies play a central role in achieving these goals, 
and, in this context, interface design techniques that put the user at the core of development are valuable, as in 
the development of the IBdata web system. 

Key words: biodiversity informatics, biological databases, GeoTax search, software design, user experience, 
UX design, UI design. 

Biological collections document the biodiversity of our planet, and in many cases, they are the result of 
the efforts of many people over decades or centuries (Penn et al., 2018). In the face of the biodiversity cri-
sis (Wilson, 1985; Sandor et al., 2022), biological collections may represent the only places where recently 
extinct species are found. Biological collections are the primary source of information for many types of 
research such as taxonomy, wildlife, floristics, and conservation biology studies, biodiversity analyses, phy-
logenetic and even phylogeographic analyses, as well as a variety of studies to investigate the evolutionary 
processes associated with the origin and maintenance of biological diversity (Castillo-Figueroa, 2018). For 
this reason, computer systems for consulting information in biological collections are central tools for con-
ducting research and generating knowledge. These tools should be built by putting their users at the center of 
their design. In recent years, user interface design has benefited from the concept of usability (Bevan et al., 
2016; ISO, 2018), understood as the degree to which specific users can use a system, product, or service to 
achieve specific objectives with effectiveness, efficiency, and satisfaction. Thus, the process of building web 
systems for biological collections may be guided by the concept of usability if the goal is to provide efficient 
systems for the user.

Many biological collections are framed in educational contexts, being central in the training of under-
graduate and graduate students. In addition, they play an important role in raising awareness in society about 
conservation and biodiversity issues (Wen et al., 2015). For these reasons, it is important to make the associ-
ated data of the specimens available through the internet for universal access. In addition to the availability of 
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biodiversity data online, it is important that the com-
puter systems through which this is achieved ensure 
aspects of correctness and speed.

With computer and communication technologies 
such as databases, the World Wide Web and the In-
ternet, biological collections are accessible to more 
users if they can be consulted virtually. A clear ex-
ample is the Global Biodiversity Information Facil-
ity GBIF1 (Gaiji et al., 2013), an intergovernmental 
effort to establish a global infrastructure for access to 
primary biodiversity data. 

Initiatives aimed at digitizing biological collec-
tions around the world are very diverse. Although 
some of the largest collections are already available 
in public databases, for many collections especially 
from developing countries, whose biological diver-
sity may be very high, these efforts are just begin-
ning. For example, the William and Lynda Steere 
Herbarium at the New York Botanical Garden holds 
7.8 million specimens, of which 4 million have been 
digitized2, while in the herbarium of Escuela Nacion-
al de Ciencias Biológicas, Instituto Politécnico Na-
cional (ENCB: Mexico’s National School of Biolog-
ical Sciences of the National Polytechnic Institute of 
Mexico), with about one million specimens (Thiers, 
2018), only three families of flowering plants have 
been digitized3. 

The biological collections of the Instituto de Bi-
ología, Universidad Nacional Autónoma de México 
(IBUNAM: Institute of Biology, National Autono-
mous University of Mexico), which includes zoo-
logical, mycological, botanical, and ethnobiological 
specimens, represent one of the most important re-
sources for the study of Mexico’s biodiversity. The 
vast majority are national collections, received by 
the UNAM at the time of its foundation as part of 
the national heritage of Mexico. Two examples are 
the National Herbarium (MEXU), which, with over 
1.5 million specimens, houses the most representa-
tive collection of plants collected in Mexico, and 
among the zoological collections, the National Mam-
mal Collection, the most important of its kind in the 
country. 

During the last 60 years, efforts have been made 
to digitize the biological collections of the IBUNAM 
(e.g., Scheinvar et al., 1967, 1968; Gómez-Pompa 
et al., 1975). In the 2000s, various databases were 
created, mainly within the framework of projects 
supported by the Comisión Nacional para el Conoci-
1 https://www.gbif.org/
2 https://sweetgum.nybg.org/science/
3 https://www.encb.ipn.mx/herbario/

miento y Uso de la Biodiversidad de México4 (CON-
ABIO: National Commission for the Knowledge and 
Use of Biodiversity). These efforts resulted in the 
contribution of about 200,000 records to the Siste-
ma Nacional de Información sobre Biodiversidad 
database (SNIB: National Biodiversity Information 
System5). However, these efforts represented isolated 
initiatives and many specimens remained to be dig-
itized. It was not until 2012 that the IBUNAM suc-
cessfully undertook a comprehensive project aimed 
at digitizing most of its collections with the financial 
support from CONABIO and the Coordinación de 
la Investigación Científica, UNAM (CIC: Coordina-
tion for Scientific Research, UNAM; Gernandt et al., 
2014; Sánchez-Cordero et al., 2021). To date, the to-
tal number of digitized records is approximately 1.7 
million, which represents about 85% of the herbar-
ium and most of the zoological collections, except 
for insects. The efforts of working groups in the con-
struction of these systems have been great, since they 
have covered needs correctly (both in functionality 
and validity of the information) and with reasonably 
fast responses to online queries.

CONABIO has developed various computer 
platforms for promoting the development of knowl-
edge on the biodiversity of Mexico, and the expe-
rience accumulated is valuable. Among the most 
important examples of their systems are the SNIB, 
the Red Mundial de Información sobre Biodiver-
sidad (REMIB: World Network of Information on 
Biodiversity6); and the Biótica system (CONABIO, 
2012) for the capture and editing of biodiversity data, 
for example, from the specimen labels of biologi-
cal collections (Jiménez et al., 2016). The REMIB, 
along with North America Biodiversity Information 
Network (NABIN) from the Biodiversity Research 
Center at the University of Kansas, were important as 
examples for the subsequent development of GBIF 
(Soberón, 1999). 

To our knowledge, there is no web system for ac-
cessing biodiversity records that explicitly incorpo-
rates usability concepts into its design process. Un-
fortunately, there is no documentation on the design 
process of any biodiversity web system. The only 
reference found is that of a system to build taxonom-
ic identification keys on the web (Murguía-Romero 
et al., 2021), which reports the use of usability in its 
design process incorporating responsive web design 
technology. Therefore, the documentation of the de-
4 https://www.biodiversidad.gob.mx/conabio/
5 https://www.snib.mx/
6 http://www.conabio.gob.mx/remib_ingles/doctos/remib_ing.html
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sign process of a biodiversity system that incorpo-
rates usability concepts may benefit the community 
involved in the development of this type of tools.

Here we present the development process of a 
web system to consult biological collections guided 
by the concept of usability focused on four core con-
cepts: simplicity, adaptability, guide the user through 
the journey, and feedback. The development of the 
web system for consulting the biological collections 
data presented here owes much to previous systems, 
among them, and very importantly, those developed 
by CONABIO (REMIB, SNIB, and Biótica). UN-
AM’s Portal de Datos Abiertos7 (Open Data Portal, 
UNAM) was also a key platform for the development 
of this system, mainly in the design of how to sum-
marize the list of records that results from a search. 

Software Engineering
The objective of software engineering is to pro-

pose and systematize techniques and tools for the 
development of computer systems that seek to op-
timally use human, economic, and time resources to 
achieve the construction of computer programs that 
meet the objectives for which they are created. A 
group of very important tools in this discipline are 
the “development methodologies,” which emerged 
in the 1970s as a response to the “software crisis,” 
a term that was used to designate the problem of the 
high proportion of failures in the generation of com-
puter programs that did not meet their objectives, or 
that were never completed. 

Building software is a complex process, and 
therefore, if it does not follow a formal development 
methodology, it is likely to fail. Although there are 
many differences in the estimates of the proportion of 
projects that are successful, approximately 50% have 
difficulty reaching their objectives and only 16% to 
18% of software projects are successful, that is, they 
come to fruition (Glass, 2005). 

Usability
In the last decade, ergonomics has gained im-

portance in the development of computer systems. 
Specifically, it has been shown that evaluating the ef-
ficiency of user interfaces contributes to the success 
of the system, in that the system meets the tasks and 
objectives for which it was created. 

Usability is the degree to which specific users 
can use a system, product, or service to achieve spe-
cific objectives with effectiveness, efficiency, and 

7 https://datosabiertos.unam.mx/biodiversidad/

satisfaction in a specific context of use (Bevan et al., 
2016; ISO, 2018). It is a relative measure because 
it provides an evaluation by comparing different de-
signs; it is also subjective, since it depends on the 
user and on the information that she or he is interest-
ed in manipulating (Allanwood & Beare, 2014). 

Various dimensions of usability have been de-
fined; among the most important are: 
•	Learning ability: how easy it is for users to per-

form basic tasks the first time they interact with 
the system. 

•	Efficiency: how fast users can perform tasks. 
•	Memorability: when users return to the system 

after a period of inactivity, how easily they can 
remember how to use it. 

•	Errors: how many errors users make, how seri-
ous they are, and how easy it is to recover from 
them. 

•	Satisfaction: how satisfying the users find the 
system. 

•	Attractiveness: how much the interface invites 
the user to interact and how pleasant it is to use. 

Usability tests determine if interactions through the 
interface meet the needs and objectives of the user 
and are an important element of the design methodol-
ogy and interfaces (Allanwood & Beare, 2014; Jack-
son & Ciolek, 2017). 

System development process
An “agile development methodology” was fol-

lowed to build the IBdata web system (Beck et al., 
2001; Abrahamsson et al., 2002). The development 
team was formed in March 2018, when work began 
formally. The documentation of the process was in-
tended to be as agile and summarized as possible, 
basically consisting of minutes from meetings, drafts 
or layout of the interface design, executive presenta-
tions to the working group, user guides, analysis of 
the information to explore the best ways to process 
and present it in the interface, and suggestions for 
modifications to the system. Users of various profiles 
of the system were represented on this team. 

The functionalities that the system should have 
were decided based on the experience of information 
needs of the participants in the project and by mak-
ing comparisons with other systems that had already 
been built. The main functionalities included in the 
system design specification were classified into three 
types: query, update, and administration: 

https://datosabiertos.unam.mx/biodiversidad
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Query:
•	Obtaining lists of records of specimens filtered 

by the most important fields of the database, such 
as taxonomic (family, genus, species), the geo-
graphic location of the collection (country, state, 
municipality, coordinates), the date of collection 
(year, month, day), or by administrative data 
(collection, catalog number). 

•	Viewing a summary at the level of the specimen 
record with the most relevant fields. 

•	Visualization of the image associated with the 
specimen when it exists. 

•	Summaries of the content of the database in three 
formats: graphs, lists (of taxa or geographic en-
tities), total number of records by different types 
of grouping (e.g., by taxa or by geographic enti-
ties). 

Update: 
•	Editing of existing records. 
•	Capture of new records. 
•	Deletion of records. 

Administration: 
•	User registration in the system and password re-

covery. 
•	Updating by the user of their contact information 

and password. 
•	Specification of differential permissions per user. 
•	Reports on system usage statistics.

The limits of the desired functionalities were 
defined by specifying what is not expected of the 
system; for example, common or frequent function-
alities that are desired from a system that stores in-
formation on biological collections but that can be 
covered by existing systems; or, one that is highly 
complex and its implementation would increase the 
required resources, putting the system at risk to come 
to fruition or simply because it departs from the cen-
tral objectives for which the system is intended to be 
used.

Some of the limits that were established were 
as follows. (1) The system will not provide analysis 
tools; there are multiple packages that can be used for 
this with data exported from the system. (2) The sys-
tem will not attempt to solve particular requirements 
of the academic staff (i.e. requirements that only solve 
the needs of one researcher and are not useful to oth-
ers), as it is intended to be the institutional computer 
repository of the biological collections of the IBU-

NAM. (3) The system will be released incrementally, 
so that it was expected that the first versions would 
only provide some basic functionalities, and more 
functionalities would be added in later versions.

Integrating usability into the development 
process

Usability is directly related to the user experi-
ence, and therefore the user interface is one of the 
main components of the system where developers 
can participate, seeking the objectives of usability: 
that users can use the system to achieve their specific 
objectives with effectiveness, efficiency, and satis-
faction. The way we achieved this was to start with 
the selection of four key usability concepts (simplic-
ity, feedback, adaptability, and journey guidance). 
The second step was to define the way in which these 
four concepts could be represented in the user inter-
face, taking into account the technological elements 
available in the development of interfaces (such as 
windows, types of controls, ways to navigate, colors, 
among others). The third step was to integrate the dif-
ferent components into a model (information archi-
tecture), arranging them with a congruent signature 
both visually and functionally. The fourth step was to 
implement that mockup into a functional system. The 
fifth and final step was to develop usability tests that 
guided adjustments to the user interface.

The process of building the user interface is ex-
plained below, which together with the database and 
business rules make up a three-layer system.

User interface design (UI design)
One of the central aspects for the success of a 

system is that it is used by the people for whom it 
is designed; that is, that the users use the system. 
There are other central aspects that cannot be ignored 
for a successful computer system, such as meeting 
the needs for which the system is built, and doing 
it correctly and reasonably quickly, i.e., correctness 
and speed. When the development team works with 
appropriate methodologies and those two aspects 
are taken care of, the question of the user interface 
is central to achieve the success of the development. 
Usability is precisely the concept that guides the ap-
plication of design techniques to achieve a good user 
experience. 

The following four axes were defined as usabil-
ity criteria to achieve a good user experience in the 
system (Figure 1): 
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•	Axis 1: Simple exploration. Commands availa-
ble to the user with minimal hierarchy. 

•	Axis 2: Guide the user in their journey. Searches 
focused on geography and taxonomy as the main 
search criteria. 

•	Axis 3: Feedback in the queries (query feedback). 
Dialectic between the queries and their results. 

•	Axis 4: Adaptability to the user. Responsive and 
multilingual.

Axis 1 of usability: simple exploration (com-
mands available to the user with minimal hierarchy). 
Every interface designer wants their product to be 
simple to use by all the targeted users. But the criteria 
for simplicity of use are relative, both to the user and 
to the state of the technology available at the time it 
is developed. Simplicity can be seen as the intelligent 
management of complexity (Allanwood & Beare, 
2014). This conception is important especially if it 
is considered within the development team, because 
if the project management has that in mind, it will 
be able to recognize that the solutions that provide 
simplicity to the system are the result of a non-ran-
dom and conscious analysis that shows the user in 
a simple way the intrinsic complexity of the system 
and the information it contains. 

The specification of the system design was de-
fined so that the simplicity focused on ease of access 
to available commands. This accessibility should be 

visual and as far as possible, immediate; that is, a 
panel should be provided that presents a complete, 
explicit, and organized picture as possible of the op-
erations that could be requested from the system in 
the current state of the session. Thus, two of the cri-
teria for the design of the interface were to a) avoid 
implicit commands, that is, ensure that they had a 
visual reference in the interface, and b) arrange the 
commands with minimal hierarchy. 

The proposed solution was to present the applica-
tion-specific commands to the user on an always-vis-
ible bar containing them. The commands for general 
use, which can be found in other applications, such 
as login, logout, registration, and “I forgot my pass-
word,” among others, were placed in the usual way 
as a menu on the top bar and as a hamburger menu. 
Keeping the largest number of commands in a place 
of common use is something that provides simplicity 
in the interface, since the users find what they need 
where they expect it. But placing the specific com-
mands of the application in such spaces would re-
quire a user-oriented search effort. For this reason, it 
was decided that they should be as explicit and vis-
ually obvious in the interface (Figure 1 “Simplicity” 
section). Therefore, its expression in the interface 
would be buttons with associated icons and tooltips. 
If the number of buttons required was excessive and 
difficult to accommodate in the interface, they could 
be ranked in no more than one level. 

Axis 2 of usability: guide users in their journey; 
searches focused on geography and taxonomy. The 
interface should help the user to decide how to con-
duct a search, suggesting the types of filters that can 
be the simplest and most effective. There are different 
types of information that are customarily integrated 
in biodiversity databases, for example, administra-
tive information (such as the name of the collection 
or the catalog number of the specimens), temporal 
information (e.g., the collection date), or description 
of the biology of the specimen (such as the pheno-
logical state or its size as measured by the collector), 
among other types. In this context, the interface is 
designed to interact with the user bearing in mind 
that errare humanum est, and that it is by means of a 
user-interface dialectic that the system can become, 
through successful and unsuccessful cycles of use, an 
efficient and effective tool. 

Axis 3 of usability: feedback in the queries (dia-
lectic between the queries and their results). By feed-
back in the queries, we mean the return of the sys-
tem’s output information to the query that generated 

Figure 1. The four axes considered in the design of the system to 
achieve a high level of usability. Simplicity: the available com-
mands to consult the database are visible. Feedback: visual and 
operative dialectic between the queries and their results. Adapt-
ability: responsive interface changing its aspect according to the 
dimensions of the device. Journey guidance: the system informs 
the user where and how to perform a query of the database.
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it. The user-system feedback focused on the user’s 
queries and the corresponding results reported by the 
system. There are other types of feedback in a user 
interface, such as the current state of the system (e.g., 
waiting, working, on, selected, among many others), 
the indication of consistency (or inconsistency) of 
the combination or sequence of commands selected 
by the user, the drill-down, warnings or additional 
notes that support or guide the user in performing 
tasks, among others. 

Of all the types of feedback that are usually given 
in a user interface, it was decided to focus on the one 
that occurs between the user’s requests (queries) and 
the corresponding results that the system provides. It 
was decided to implement the other types of feedback 
following the standards suggested in the design area, 
without analyzing or specifying in greater depth how 
to improve it. This feedback idea takes its heuristics 
from another system whose theoretical foundation is 
a “dynamic identification model” (Murguía-Romero, 
1992; Murguía-Romero et al., 2021). The results can 
be queried; that is, it is possible to filter them so that 
the user can refine the query in a recursive, or spiral 
process. 

In scientific databases, which are usually exten-
sive and rich (that is, with many records and with 
many tables, fields, and relationships), the user’s que-
ries must be interpreted for their intention rather than 
taking them as a fixed structure, an immovable con-
tract between the user and the system, from which a 
complete and correct answer is expected. The results 
of the queries should help the user to understand the 
content of the database and provide guidance to con-
tinue exploring the data (Kersten et al., 2011). 

Axis 4 of usability: adaptability to the user (re-
sponsive and multilingual). By adaptability it is 
understood that the system recognizes the charac-
teristics of the type of use that the user gives to the 
system, or the preferences that the user establishes 
on it. This adaptability can occur automatically or 
be directed by the user. In the design specification, 
two specific criteria of adaptability were established: 
that the system was responsive; that is, that the in-
terface was adapted according to the dimensions of 
the screen of the device in which it is used, and that 
the user could choose the interface language with at 
least two options. The first specification is automatic, 
while the second, the language, is chosen by the user. 
Another specification of the design on adaptability 
that has not yet been implemented is the user profile; 
that is, the system stores the preferences of the en-
vironment indicated by the user. For example, when 
the user logs in, the system restores the environment 

according to the user’s preferences, including the in-
terface language, the collection to consult by default, 
the display of the most used search type, or the de-
fault taxonomic family searched, among others. 

Usability testing
The design was incrementally implemented in 

functional prototypes. In each, usability tests were 
carried out, which guided the adaptation of the inter-
face, its functionality, the graphic elements, and the 
associated texts, among many other elements. Some 
examples of the modifications are the adjustment of 
the location, shape, size, and color of each of the in-
terface elements, as well as its structure and arrange-
ment, among many others, seeking in each cycle to 
improve the user experience. 

Figure 1 shows the general layout that guided the 
design and from which the interface was implement-
ed in programming languages. The usability tests 
consisted of inviting 15 faculty and students from 
IBUNAM to use the IBdata web system. After an 
average of ten days, users were interviewed by the 
designers to record their observations, which were 
incorporated by making pertinent changes in the in-
terface. This process was repeated three times incre-
mentally, that is, inviting new users to join those who 
participated in the previous tests. 

The usability measurement consisted of a meas-
ure relative to each user, verifying that they reported 
an increasingly better user experience. The context 
of each user was also taken into account, depending 
on the type of information or reports that interested 
them. In this sense, they were classified into three 
types of users: curator, taxonomist, and ecologist. 
Prior to the usability tests, three respective fictitious 
characters were created that guided the design (Al-
lanwood & Beare, 2014). Finally, these characters 
were reflected in the data view of the interface in the 
form of a table, which shows a different set of fields 
depending on the chosen profile. 

Information architecture
The design must define and plan the way in which 

the interface will present the flow of information or 
its subsets to the user, either through requests that 
they make or at the suggestion of the system. This 
specification, known as “information architecture”, 
must differentiate between information that is rele-
vant to the user and that which is secondary. It is in 
this design space that usability-oriented design spec-
ifications were concentrated. The resulting informa-
tion architecture considered the integration of each 
of the four chosen usability criteria axes (Figure 2), 
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and its objective is to show, grosso modo, the desired 
appearance of the interface in its functional version. 
Institutional standards (UNAM, 2016) imposed de-
mands on design, such as the location and size of the 
logos, copyright notice, and a visits counter. These 
were attended by locating the elements involved in 
an upper and a lower band (header and footer bands 
in Figure 2). 

Implementation of designed components
Architecture of three layers

The web system, called IBdata8, allows the con-
sultation of a database with so far, 1.7 million speci-
8 http://ibdata.ib.unam.mx/

men records of the biological collections of the IBU-
NAM (Murguía-Romero et al., 2023). It is made up 
of three modules: queries, capture and editing, and 
administration. The three layer architecture is imple-
mented through a) a database with 70 tables, b) the 
program code in various programming languages, 
and c) the interface that the user accesses through the 
web. 

User interface
The web interface (Figure 3) takes into account 

the specifications of the information architecture 
(Figure 2). Based on this architecture, the various 
previously defined elements were adapted, mutatis 

Figure 2. The design of the information architecture for IBdata. The main structure of the 
interface presented to the user (information architecture) is composed of 5 areas: three bands 
(Header, Tools, and Footer) and two windows (Query window and Results window).

Figure 3. Components of the Ibdata bifenestra user interface. The result of the query “Spec-
imens of the Orchidaceae of Mexico in the Vascular Plants collection” is shown through 
“Advanced Search” (left window) showing the results in the “Web view” (right window).

http://ibdata.ib.unam.mx/
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mutandis, in a more specific way. It is made up of 
three bars, two above and one below; and two win-
dows, one to the left and one to the right, which we 
called a “bifenestra” user interface (Figure 3). The 
first upper bar fulfils the institutional requirement 
that web pages must contain official names and log-
os. The second upper bar contains the menus and 
commands that web systems usually have, such as 
the user menu (with the login and logout commands, 
access to edit the account data, among others), an 
icon for language selection, and a hamburger menu 
with commands to view general system information 
and credits. In this second bar an icon of a drum was 
also included, which allows the user to select the col-
lection to consult. This considers a display on a large 
screen, but because the system is responsive, these 
elements change in their arrangement and presenta-
tion on smaller screens. 

Between the top and bottom bars, and occu-
pying most of the general window, are the query 
window (left) and the results window (right). Each 
of these windows contains in its upper part a list of 
buttons with which commands are accessed, either 
to perform queries or to manipulate the results, re-
spectively. The result of a search is presented in the 
right window, typically a list of specimen records in 
a summarized format, which has been called “web 

view”. The format can be changed to “table view” 
by choosing the corresponding command in the re-
sults window. Clicking on any of the records displays 
the “Specimen data summary sheet.” If the specimen 
has an associated image, it is shown as a thumbnail, 
which upon clicking on it, displays the high resolu-
tion image in a dialog where it can be explored by 
zooming in on the portions of interest to the user. Ta-
ble 1 summarizes the most important characteristics 
of the web system that were imposed as system re-
quirements in the design stage, always guided by the 
purpose of achieving a good user experience.

Query module
The interface reserves the left window as the 

space for the specification of user queries. Queries 
obtain lists of specimens filtered by different meth-
ods: simple search (filter by genus or species name), 
GeoTax search (family-genus-species and coun-
try-state-county hierarchy), and advanced search, in 
which the user can choose any set of fields to filter 
the specimens (Figure 4). It is in this space that it 
was decided to focus the guide of the user journey, 
because through text boxes the user is invited to 
make a successful query depending on the level of 
knowledge they have about his or her question or the 
available data. 

Table 1. Characteristics of the IBdata web system.

Feature Description
1 Responsive system The interface adapts to the size of the device screen

2 Compatibility with the most used 
operating systems Windows, Mac OS, Linux Kernel, iOS, and Android

3 Compatibility with the most used 
internet browsers Edge, Firefox, Google Chrome, Opera, and Safari

4 Level 1 navigation Most of the functionalities are on the same page; it is not necessary 
to navigate outside of the current page

5 100% web User does not need to install components

6 User login Grants different access permissions and customizes some aspects of 
the interface

7 Multilingual Spanish / English / Italian with the ability to add more languages 
easily

8 Multi-collection Stores data from more than one collection
9 Darwin Core standard Field names according to the Darwin Core standard

10 Query module Advanced simple queries, lists, totals; export to PDF, Excel, and 
CSV

11 Administrative reports Reports for the system administrator on usage and capture statistics
12 Managing users accounts Assigns user permissions
13 Capture and edit module Add, edit, and delete records
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The simple search allows searching for speci-
mens by species name. If users are taxonomists (or 
know the taxonomic names) and want information 
on the specimens of a particular species, the simple 
search indicates in the text box to type the name of 
the species (Figure 4, “Simple search” panel). 

The GeoTax search is a recurring requirement of 
users when they want to display the records of spec-
imens filtered by some category of political geogra-
phy (country, state, or county) or by some taxonomic 
category (family, genus, or species). It has two vari-
ants or options, free and structured. The free search 
is oriented to situations in which the user does not re-
quire guidance in specifying the taxon name, or when 
she or he precisely know the name of the political 
geography entity for which they wish to apply a filter 
(Figure 4 “Free GeoTax search” panel). 

If the user is uncertain about the names of the 
taxa or geographic entities to consult, the structured 
GeoTax search provides drop-down lists with which 
the user can hierarchically choose the name of the 
geographic entity (country, state, or county) or tax-
on (family, genus, and species) to be included in the 
query (Figure 4 “Structured GeoTax search” panel). 

The advanced search allows users to choose the 
fields by which to filter the specimens (Figure 4 “Ad-
vanced search” panel). If the field chosen is of nu-
meric type, for example the year of collection, the 
interface shows two boxes in which the lower and 
upper limits can be specified. If the field is of text 
type, for example for collection location, the inter-

face interprets the text specified in the corresponding 
box as a substring of the location, that is, it selects 
those records that in the location field contain the 
text written by the user. The user can choose and add 
any number of fields to the query. When more than 
one field is included in the query, it is interpreted as 
a conjunction (as a logical “and”), requiring that all 
the conditions represented by the values indicated for 
each field must be met.

Edit and capture module
The IBdata edit and capture module can be used 

from any computer connected to the Internet. It was 
designed considering various features aimed at the 
best efficiency for users. The capture interface is not 
available to all users, only to those who have been 
granted the corresponding permissions. It contains 
basic validations to ensure its quality. In some cases, 
the values must be chosen from a list whose source is 
a catalog of the database, for example, the country or 
the state; for fields which the user can write in a free 
format, validations are made according to rules that 
ensure integrity and congruence. 

Administrative module
The administrative functions are basically of two 

types: assigning permissions to users and their ad-
ministration (delete, block, or add users) and display 
of usage reports and record capture. The administra-
tor has access to the list of registered users in that in-
terface, and by sorting by names, surnames, or some 
other field, can access the permissions assigned to 
edit them. 

Lessons learned
Systems for consulting biodiversity data, such 

as specimen records of biological collections, are 
complex, and subject to failure risk. Therefore, the 
use of development methodologies arising from the 
field of software engineering are essential tools. In 
its planning, the architecture must be defined, among 
other aspects, to maintain the highest possible data 
independence. Likewise, the design of user experi-
ences should benefit the greatest number of users, 
supporting them in efficiently obtaining the required 
information. The concept of usability is the central 
element to achieve better experiences. In this work it 
has been shown how the choice of four usability axes 
can guide the construction of a system that meets 
these goals. 

Figure 4. Query options in the IBdata web system.  
Simple search: the user enters the name of a genus or species. 
GeoTax free search: the user enters search terms in one or 
more text boxes out of the seven displayed (collection, family, 
genus, species, country, state, or county). GeoTax structured 
search: the user must specify hierarchically, choosing from lists.  
Advanced search: the user can select the fields with which to 
perform the filter.
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CONCLUSIONS
In the development of systems for querying 

biodiversity data, such as those that allow the query 
and administration of biological collections, it is a 
conditio sine qua non to involve the user in all stag-
es of development if such systems are to meet user 
expectations effectively and efficiently. Software de-
sign methodologies play a central role in achieving 
these goals, and in this context, interface design tech-
niques that put the user at the center of development 
are valuable tools. 

IBdata is an institutional system developed by 
the Instituto de Biología, UNAM, for consulting, 
capturing, and editing specimen information of the 
collections that it houses. Its creation followed a 
software development methodology focused on data 
independence, and the concept of usability was con-
sidered at all stages to meet the expectations of its 
users as much as possible. 
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Appendix 1: Glossary 
Agile development methodology.—Computer 

systems development methodology that contrasts 
with classical or previous methodologies in which 
less importance is given to documentation and more 
to the development of functional prototypes before 
meeting all the requirements.

Architecture of three layers.—The way in which 
the elements of a computer system are classified and 
arranged into three large groups: user interface, busi-
ness rules, and database. 

Bifenestra user interface.—Two-window inter-
face. Technical solution to the “Level 1 Navigation” 
feature, which seeks to avoid the user having to nav-
igate through multiple submenus to reach the desired 
functionality and from having to leave the current 
page.

Business rules.—Specification of the restrictions 
and processes of the objective of a computer system.

Darwin Core.—Standard that specifies the no-
menclature and meaning of the fields in biodiversi-
ty databases proposed by the Taxonomic Databas-
es Working Group, now Biodiversity Information 
Standards (TDWG) and that is widely used in public 
biodiversity databases.

Development methodology.—Sequence of steps 
to build a computer system. 

Drill-down.—Analytical capacity that allows us-
ers to change immediately from a general view of the 
data to a more detailed one by clicking on a metric 
on the dashboard or report in which said view shows 
the data. 

GeoTax search.—Type of search in IBdata that 
considers two sets of fields, geographic and taxonom-
ic, in a three-level hierarchy: country, state, county, 
and family, genus and species. Because it is a set of 
fields that is very common for the user to search, the 
interface makes it more efficient by displaying these 
fields so that the user simply enters the values by 
which they want to filter. 

Information architecture.—The way in which the 
interface presents the flow of information to users, 
either by requests that they make or by suggestion of 
the system. 

Navigation Level 1.—Characteristic of user in-
terface consisting of presenting most of the options 
to the user in a single panel, without the need to navi-
gate through submenus. In a technical way, in IBdata 
it is implemented through the bifenestra user inter-
face, that is, a two-window interface. 

Responsive system.—Characteristic of the inter-
face design that consists of adapting to the size of 
the screen to show the amount and shape of elements 
that allow more efficient and pleasant communica-
tion with the user. 

Software engineering.—Computer science 
branch that studies and proposes methods for the 
complex process of computer systems development.

Thumbnail.—Small version of an image that 
aims to show a preview to make computing more ef-
ficient.

Usability test.—Interface design technique to 
verify that the interface elements are adequately un-
derstood by users; this way, possible improvements, 
changes, or unnecessary elements are identified.

Usability.—Degree to which specific users can 
use a system, product, or service to achieve specific 
objectives with effectiveness, efficiency, and satis-
faction in a specific context of use.

User experience design (UX design).—User in-
terface design area that applies rules, techniques, and 
methods to create attractive and functional interfaces 
for users.

User interface.—Place where the user and the 
system interact and which considers the necessary 
elements depending on the type of user, as well as 
the social and technological moment. 


