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Abstract. In 2022, scientists from the Center for Wood Anatomy Research at the USDA Forest Products
Laboratory published a field manual entitled /dentification of Central American, Mexican, and Caribbean Woods.
Bilingual with English and Spanish side-by-side on each page, this publication provided step-by-step processes
with simple tools to enable readers with no previous experience in wood anatomy or identification to identify
woods of the region. In use, the manual presented potential ergonomic challenges in both print and PDF formats.
The objective of this project was to eliminate these challenges by transforming the field manual into a smartphone
app. The WhatWood? Central America app was built in Visual Studio 2022 using Microsoft’s .NET Multi-
platform App UI (NET MAUI). The app is available as a free download on both Android and i0S platforms
and can run without an internet connection. Ergonomic modifications included small-screen-optimization,
adjustable text, image zooming and panning, and a colorblind viewing option. Dichotomous key navigation was
automated, removing the need for manual page turning. Quizzes were added to reinforce the learning of anatomical
features. The settings page was configured to show only one language at a time to eliminate the potential for
confusion caused by parallel translations. Transforming the original source material into a smartphone application
has democratized essential wood identification information for the Central American, Caribbean, and Mexican
timber markets by making it available at no cost to virtually anyone in the world with a mobile device, delivering
content in both Spanish and English, eliminating potential barriers for operators with mild visual impairments,
and providing interactive functionality for self-study.
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Introduction

Exercising due diligence in the responsible management of
forest products supply chains requires the assessment and
mitigation of risk (PEFC 2020; Wang et al. 2023). Mexico
and large parts of Central America' and the Caribbean® have
come under scrutiny in recent years over concerns about illegal
logging and wood trade. A 2022 assessment by Forest Trends,
a nonprofit organization based in Washington, D.C., catego-
rized 24 out of 27 countries® in these regions as medium- or
higher-risk for illegal logging and associated trade (Table 1).

Multiple studies have offered evidence suggesting that illegal
logging is a problem in Mexico, Central America, and the
Caribbean (Buffum 2006; Miller 2011; Mulligan and Bennear
2015; Richards et al. 2003; Torres-Rojo 2021; Vardeman and
Runk 2020). Torres-Rojo (2021) estimated that, in Mexico,
in the economic census years of 2009, 2014, and 2019, the
roundwood-equivalent volume of sawn wood from illegally
harvested sources exceeded that of legally harvested materi-
als. Miller (2011) cited studies conducted by the Ministerio
de Ambiente y Energia (MINAE) (MINAE 2001) and the
Tropical Agricultural Research and Training Center (CATIE)
(Campos Arce et al. 2001) reporting that approximately
25%—-35% of wood cut and commercialized in Costa Rica is
illegal. Richards et al. (2003) estimated that approximately
50% of hardwood timber and 40%—45% of softwood timber
produced in Nicaragua are of undocumented origin, and, in
Honduras, 75%-85% and 30%—-50%, respectively. Vardeman
and Runk (2020) highlighted an uptick in illegal logging of
cocobolo rosewood (Dalbergia retusa) in Panama from the
early 2010s. Mulligan and Bennear (2015) estimated that over
US$21 million of logs of cedar (Cedrela odorata), mahogany
(Swietenia macrophylla), and rosewood (Dalbergia spp.),
including Honduran rosewood (Dalbergia stevensonii), were
illegally harvested in Belize from 2010 to 2012. Buffum (2006)
suggested that illegal logging was a major problem in the Forét
des Pins forest reserve in Haiti.

In 2023, the collective export value of fuelwood, industrial
roundwood, sawn wood, further-processed wood, wood prod-
ucts for domestic/decorative use, and wood furniture from

1. Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama.
2. Anguilla; Antigua and Barbuda; Aruba; Bahamas; Barbados; Bonaire, Sint
Eustatius, and Saba; British Virgin Islands; Cayman Islands; Cuba; Curagao;
Dominica; Dominican Republic; Grenada; Guadeloupe; Haiti; Jamaica; Martinique;
Montserrat; Puerto Rico; Saint Barthélemy; Saint Kitts and Nevis; Saint Lucia;
Saint Vincent and the Grenadines; Sint Maarten (French and Dutch parts); Trinidad
and Tobago; Turks and Caicos Islands; and U.S. Virgin Islands.

3. Nine of the total 36 mentioned in footnote 2 did not have a risk score or
category.

Central America, Mexico, and the Caribbean exceeded US$2.6
billion (FAOSTAT 2025). As exports of wood products are
substantial, concern that illegally harvested materials could
be moving between countries in these regions or finding their
way into the greater global market is justifiable.

To assist customs inspectors and other control officers in the
identification of endangered or controlled species from Central
America, Mexico, and the Caribbean, scientists from the Center
for Wood Anatomy Research at the USDA Forest Service,
Forest Products Laboratory published a revised and expanded

Table 1. Illegal Logging and Associated Trade (ILAT) risk scores and
categories for Mexico and countries/territories in Central America and
the Caribbean (Forest Trends 2022).

Region Country/Territory ILAT Score *  Risk Category

Mexico Mexico 69.6 Higher
Central America Honduras 85.7 Higher
Nicaragua 79.7 Higher

Guatemala 79.6 Higher

Belize 65.0 Higher

El Salvador 54.0 Higher
Panama 41.4 Medium
Costa Rica 30.3 Medium

Caribbean Haiti 88.7 Higher
Cuba 65.8 Higher

Dominican Republic 59.9 Higher

Trinidad and Tobago 51.4 Higher
Jamaica 39.8 Medium
Grenada 39.5 Medium
Saint Kitts and Nevis 37.5 Medium
Dominica 373 Medium
Puerto Rico 36.3 Medium
Antigua and Barbuda 349 Medium
Bahamas 343 Medium
Saint Vincent and the 339 Medium

Grenadines

Barbados 31.6 Medium
Saint Lucia 315 Medium
Aruba 254 Medium
Cayman Islands 28.7 Medium

Anguilla 17.5 Lower

Martinique 16.1 Lower

U.S. Virgin Islands 15.6 Lower

* ILAT scores are based on political, business, government, and corruption data from
sources such as the World Bank, United Nations, and others. Scores less than 25 are
categorized as “lower-risk,” between 25 and 50 as “medium-risk,” and greater than 50 as
“higher-risk,” but scores are relative and should not be interpreted as absolute measures.
A summary of data and the methodology used by Forest Trends and the Environmental
Investigation Agency (EIA) to determine scores can be found at https://www.forest-trends.
org/wp-content/uploads/2021/08/Methodology-for-State-ILAT-Project-Aug-2021-1.pdf.


https://www.forest-trends.org/wp-content/uploads/2021/08/Methodology-for-State-ILAT-Project-Aug-2021-1.pdf
https://www.forest-trends.org/wp-content/uploads/2021/08/Methodology-for-State-ILAT-Project-Aug-2021-1.pdf
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second edition of a field manual for macroscopic identification
of common commercial woods from these regions (Arévalo
and Wiedenhoeft 2022). Bilingual in English and Spanish, this
publication was intended to provide step-by-step processes
with simple tools to enable customs officials with no previous
experience in wood anatomy or identification to screen wood
products with a hand lens and flag suspicious shipments for
further forensic investigation in a laboratory. Available in both
print and PDF formats, the manual can be used as a tool in
both law enforcement and academia, yet it presents potential
ergonomic challenges in both paper and electronic formats. To
address these challenges, this project reimagined the original
publication by transforming it into a smartphone application
with added functionality.

Project background

In the late 2000s, the CITES management authorities of
Nicaragua and Honduras requested assistance, as part of a
Central America-Dominican Republic Free Trade Agreement
(CAFTA-DR) implementation plan, from the U.S. Forest
Service International Programs. Beginning in 2007, trainers
were sent to Central America to teach wood identification work-
shops on CITES species to customs, military, and government
officials responsible for enforcing timber trade regulations in
their countries. When author Wiedenhoeft taught a workshop
in Honduras, he met with the chief of the newly established
National Institute of Forest Conservation, Protected Areas and
Wildlife (ICF), Ramén Alvarez, as well as ICF employees Oscar
Oqueli and Carla de Martinez, who, having seen the CITES
identification guide (Environment Canada 2002), expressed a
greater need for a wood identification field manual that covered
not only controlled species but also species commonly traded
among Central American nations.

To address this need, the U.S. Agency for International
Development (USAID), under the CAFTA-DR Environmental
Cooperation Agenda, provided funding via the U.S. Forest
Service (USFS) International Programs to author a field manual
for Central American species from CAFTA-DR countries,
with additional support from the U.S. Forest Service, Forest
Products Laboratory (FPL) and the Forest Products Society
(Wiedenhoeft 2011). Fully bilingual, the publication was
laid out in two columns—Spanish on the left and English on
the right (Wiedenhoeft 2011). Intended as a tool for customs
inspectors and other officials to monitor woods going in and
out of their countries, the manual featured an introduction to
wood anatomy, step-by-step instructions on how to conduct
field identifications with a hand lens, a wood identification key,
and species description pages (Wiedenhoeft 2011).

Following the initial publication, workshops across Latin
America were supported by USFS International Programs.
Although the manual was not intended to be used as an aca-
demic reference, it was taken up by some wood anatomy pro-
fessors at universities in the region (V. Angyalossy, personal
communication, June 25, 2013). Chapters of the manual also
contributed content to subsequent field identification manuals
(Wiedenhoeft and Kretschmann 2014; Arévalo et al. 2020).
Several years later, USFS International Programs provided
additional funding to expand the number and regional cover-
age of wood species in the manual from Central America to
Mexico and the Caribbean (Arévalo and Wiedenhoeft 2022).
This fully revised and expanded second edition increased the
number of taxa to 373 species grouped into 138 wood groups
or timbers, and more rationally encompassed a coherent bio-
geographical region.

While the field manual remains a scientifically grounded guide
for customs inspectors and other officers to conduct first-level
screenings of wood materials with a hand lens, it is not without
potential ergonomic challenges in the field. Weighing 1.6 kg, the
printed manual is heavier to carry than the typical smartphone
(e.g., iPhone 16: 170 g, Apple 2025; Samsung Galaxy S25:
162 g, Samsung 2025) and necessitates manual page turning.
Entire PDF pages cannot be legibly viewed on the screens of
smaller smartphones, thus requiring users to zoom and pan by
pinching and dragging with two hands to view content. The
side-by-side bilingual format can be distracting and difficult
to navigate, especially for monolingual users. Reformatting
the content into a smartphone app has the potential to improve
the manual’s utility, availability, and accessibility in the field.

Computer-aided wood identification programs

Computer-aided wood identification began in the early 1980s.
As innovations such as the personal computer, the graphic user
interface, the worldwide web, cellular networks, handheld
smart mobile devices, and artificial intelligence emerged over
the next four decades, platforms and program features evolved
to provide better functionality, availability, accessibility, and
interactivity (see Table S1 in the supplement for a more de-
tailed timeline).

Starting in 1980 with IDENT4 (Miller 1980), computer-aided
wood identification programs became accessible on time-
sharing mainframe computers; by the end of the decade, they
had migrated to personal computers, after the release of the IBM
PCin 1981, the Apple MacIntosh in 1984, and Windows 1.0 in
1985. Throughout this decade of personal computer innovation
and into the mid-1990s, numerous programs and databases,
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many of which were based on edge-notched/edge-punched
cards, were developed for these emerging platforms, e.g.,
SEARCH (Pearson and Wheeler 1981), CATWI (Tochigi et al.
1984), CARDBOX (Ilic and Hillis 1984), IDENT (Kuroda and
Shimaji 1984), IDENT6 (Wheeler and Pearson 1985; Miller et
al. 1987), INTKEY (Dallwitz and Paine 1986), MEKA (Duncan
and Meacham 1986; Meacham n.d.), GUESS (LaPasha and
Wheeler 1987), IAWA-Search (Miller et al. 1987), CARDBOX-
PLUS (Ilic 1987; Ilic 1990), SOGEN (Izumoto et al. 1987b,
1988b), IDENTIFY (Kuroda 1987), COMEX (Izumoto et
al. 1988a), WIP89 (Jiaju and Fang 1990; Jiaju et al. 2001),
IDINEX (Lee and Chun 1990), CSIROID (Ilic 1993), TISS
(Chun et al. 1994), and UniWoods 2.0 (Brunner et al. 1995).
These early programs introduced much of the functionality that
appeared in future wood identification programs and applica-
tions, including: on-screen suggestions for characters useful
in eliminating remaining taxa, e.g., IDENT4 (Miller 1980),
IDENT6 (Wheeler and Pearson 1985; Miller et al. 1987),
INTKEY (Dallwitz and Paine 1986), “Microcomputer-based
identification program” (Zhang et al. 1986), and CSIROID
(Ilic 1993); large databases containing thousands of woods,
e.g., SEARCH (Pearson and Wheeler 1981), CARDBOX
(Ilic and Hillis 1984), GUESS (LaPasha and Wheeler 1987),
IAWA-Search (Miller et al. 1987), CARDBOX-PLUS (Ilic
1987; Ilic 1990), and CSIROID (Ilic 1993); backtracking to
and cancelling previous character inputs, e.g., CARDBOX (llic
and Hillis 1984), IDENT (Kuroda and Shimaji 1984), INTKEY
(Dallwitz and Paine 1986), CARDBOX-PLUS (Ilic 1987; Ilic
1990), and CSIROID (Ilic 1993); displaying example images
of wood anatomical features, e.g., “Microcomputer-assisted
Wood Identification System” (Izumoto et al. 1987a; [zumoto
and Hayashi 1990), SOGEN (Izumoto et al. 1987b, 1988b), and
WIPS89 (Jiaju and Fang 1990; Jiaju et al. 2001); and, providing
detailed, written explanations of wood anatomical features,
e.g., “Microcomputer-assisted Wood Identification System”
(Izumoto et al. 1987a; Izumoto and Hayashi 1990), SOGEN
(Izumoto et al. 1987b, 1988b), and CSIROID (Ilic 1993).

With the advent of the Worldwide Web in the 1990s, web-
based applications began to appear in the early 2000s, e.g.,
Commercial Timbers (Richter and Dallwitz 2000 onwards),
Anatomy of European and North American Woods (Heiss n.d.),
Wood Database of the Forestry and Forest Products Research
Institute (Forestry & Forest Products Research Institute n.d.),
InsideWood (InsideWood 2004 onwards; Wheeler 2011;
Wheeler et al. 2020), and Wood Anatomy of Central European
Species (Schoch et al. 2004). Following the release of the Apple
iPhone in 2007 and the first version of the Android operating
system in 2008, the first smartphone-based wood ID program
launched on 10S in 2009: I.D. Wood (Jordan Silberman 2009).

Smartphones offered numerous advantages over previous
platforms, including improved portability, single-handed op-
eration, optimized displays, adjustable text sizes, automatic
updates, and now near ubiquitous availability. Publishing of
manual, key-based apps continued through the 2010s and into
the 2020s, e.g., macroHOLZdata (Sven Koch 2016), Xylorix
PocketWood (Agritix Sdn Bhd 2020a,b), CITESwoodID (Sven
Koch 2020), and ID Maderas (UNODC 2021). In 2018, auto-
mated wood identification programs using computer vision also
began to emerge, e.g., MyWoodPremium (formerly MyWood-
ID; INSTITUT PENYELIDIKAN DAN PERHUTANAN
MALAYSIA 2018), Xylorix Inspector (Agritix Sdn Bhd 2018),
AIKO-KLHK (AIKO-KLHK Dev 2019), Xylorix Enforcer
(Agritix Sdn Bhd 2022), and WoodID App (Khanh Nguyen
Trong 2024).

While computer-vision-based applications provided a means for
users less familiar with conventional macroscopic techniques to
perform wood identifications, there remained a need for tradi-
tional key-based programs. For example, the ISO 17020:2012
workflow and instructions for the Timber Industry Development
Division (TIDD) of the Ghana Forestry Commission timber
inspectors still prescribe the use of manual inspection tech-
niques (Eshun et al. 2017) and rely on a specific publication
(Arévalo et al. 2020) for their wood identification work.

Project objectives

The objective of this project was to improve the utility, avail-
ability, accessibility, and flexibility of the original wood iden-
tification field manual Identification of Central American,
Mexican, and Caribbean Woods (Arévalo and Wiedenhoeft
2022) by utilizing smartphone app functionality to eliminate
potential ergonomic challenges inherent to static print and
PDF publication formats. The project’s specific goals were to:

1. Release the app in both Spanish and English to maximize
linguistic accessibility.

2. Present content one language at a time to prevent the po-
tential for confusion caused by parallel translations and
the resultant diminution of text size or need for panning
when languages are presented side-by-side.

3. Adapt the manual’s visual and textual elements to auto-
matically fit any smartphone or tablet display.

4. Equip the app with adjustable accessibility settings for
users with mild visual impairments.

5. Empower users to navigate and scroll using only one hand.

6. Automate decision-tree routing for the wood identifica-
tion key.
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7. Enhance the wood identification key with zoom- and pan-
capable reference images.

8. Enable automatic dissemination of content updates to
users’ smartphones.

9. Simplify the revision process, allowing authors to continu-
ally improve content as a result of #8.

10. Offer the app free of charge on both Android and i10S
platforms.

11. Supply all content within a native app, eliminating the need
for internet access in the field post-installation.

12. Introduce interactive functionality for learning wood ana-
tomical features through quizzes.

Materials and methods
Source publication

WhatWood? Central America Edition is largely based on
the original source publication entitled Identification of
Central American, Mexican, and Caribbean Woods (here-
after “the field manual,” or simply “the manual”; Arévalo
and Wiedenhoeft 2022). Organized into eight chapters, the
manual covers topics such as basic wood anatomy, features
and techniques used in wood identification, surface prepara-
tion of specimens, proper hand lens use, description pages for
138 species groups (hereafter “woods”), and a dichotomous
wood identification key.

Images

The high-resolution PDF version of the manual was the source
of all specimen images. Each was extracted and saved with
Adobe Acrobat at a resolution of 721x721p. Screenshots
were taken of all figures and tables at 1920x1080p. In all,
929 specimen images and 59 screenshots of figures and tables
were used in the app.

Text

The field manual was also the source of most of the app’s
text. The text concerning wood anatomy and macroscopic
wood identification from Chapters 1 through 5 and Chapter
8 was saved as resource (.resx) files with Adobe Acrobat.
Using the same software, the text for the wood identification
key (Chapter 6), species description pages (Chapter 7), and
anatomical feature index was saved as text files (.txt), along
with the key’s navigation routes.

Framework

Visual Studio 2022 was used to build the app with Microsoft’s
NET Multi-platform App UI (NET MAUI). This framework

allows projects to be complied into native Android, iOS,
macOS, Windows, and Samsung Tizen apps by a single code
base (alvinashcraft et al. 2025; davidbritch et al. 2025) using
XAML for markup and C# for code-behind. Of these plat-
forms, the authors chose to compile and distribute the app for
Android, 108, and macOS. Resulting .NET MAUI apps are
backward compatible to Android version 5.0 (Lollipop), i0S
version 12.2, and macOS version 11.0.

Database

Resource and text file data were imported into an SQLite data-
base (SQLite Developers 2025). The database was managed by
Microsoft’s Entity Framework Core (EF Core) object-relational
mapper (SamMonoRT et al. 2024), allowing the NET MAUI
app to interact with and retrieve data from the database.

Anatomical feature quizzes

To familiarize users with the wood anatomical features ref-
erenced in the manual’s dichotomous identification key, two
interactive quizzes were created: a choice quiz and a feature
selection quiz. In the choice quiz, users are shown pictures of
two different woods and prompted to choose the wood that
displays a particular anatomical feature. In the feature selec-
tion quiz, users are shown a single picture of one wood and
asked to choose from a list all anatomical features that appear
in the image.

To enable image queries based on anatomical characteristics,
numerical codes for the features detailed in the species descrip-
tions were added to the database for every wood. For instance,
Cedrela spp. were coded for the presence of distinct growth
ring boundaries (coded as 1); semi-ring-porosity (coded as 4);
medium-to-narrow rays (coded as 97); average ray abundance
(coded as 115); apotracheal diffuse parenchyma (coded as
76); paratracheal vasicentric parenchyma (coded as 79); and
marginal parenchyma (coded as 89). Anatomical features were
also grouped by category. For instance, the features “distinct
growth ring boundaries” and “indistinct or absent growth
ring boundaries” were assigned to the category “growth ring
boundaries,” while the features “narrow rays,” “medium-to-
narrow rays,” “wide rays,” and “very wide rays” were assigned
to the category “ray width.”

Choice quiz. The choice quiz generates question pages through
an in-app initialization process. First, a random anatomical
feature code (e.g., 89) is chosen. The question is created by
displaying that feature’s name (“marginal parenchyma”) after
the phrase “Which species displays...” (see Figure 1, upper
right). Next, the app queries the database with this code to
randomly select two woods: one with the feature (e.g., Cedrela
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Figure 1. Buttons that appear in the WhatWood? Central America Edition app. (1) Chapter button. (2) Tab bar. (3) Arrow buttons. (4) Check box. (5) Features
button. (6) Option buttons. (7) Example buttons. (8) Back button. (9) Image button. (10) Forward button. (11) Round image button. (12) More button. (13) Zoom

button. (14) Wood button. (15) Preview button.
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sp.) and one without (e.g., Vochysia sp.). Then, an image for
each wood is retrieved via the database. The image showing
the feature is randomly positioned on the left or right, with
the other image filling the remaining spot. Both images are
labeled with their scientific names. Finally, after the user
selects an image, a results screen indicates if the answer is
correct. New questions are then generated using the same
initialization process.

Feature selection quiz. The question pages for the feature quiz
are generated through a disparate in-app initialization process.
First, a random database query returns a list of anatomical fea-
tures for a particular wood (e.g., Cedrela sp.: distinct growth
ring boundaries, semi-ring-porosity, medium-to-narrow rays,
average ray abundance, apotracheal diffuse parenchyma, para-
tracheal vasicentric parenchyma, and marginal parenchyma). A
second query makes a list of categories those features represent
(i.e., the categories of growth ring boundaries, porosity, ray
width, ray abundance, apotracheal axial parenchyma, para-
tracheal axial parenchyma, and banded parenchyma). A third
query makes a list of all possible features for every feature
category represented. A final query returns a list of images of
the selected wood. To fill out the page, an initial image of that
wood is positioned near the top, headed by its scientific name
(Figure 1, upper middle). Below the image appears a scrollable
list of features separated into sections by category. Each section
contains two or more anatomical features belonging to that
category formatted as check boxes. After the user makes his/
her feature selections and taps submit, the result is displayed.
The initialization process repeats for each subsequent question.

Beginning each initialization with a random query reduces
the likelihood that the same questions with the same images
will appear in the same order. This ensures a novel experience
every time a new quiz is started.

Results

The app, WhatWood? Central America Edition, is available free
of charge on the Google Play Store* and Apple App Store.’ It is
downloadable to both Android and i0S devices with a minimum
available storage of 190 MB and 342 MB, respectively. Once
installed, the app can run without an internet connection. The
NET MAUI source code can be viewed on GitHub at (https://
github.com/msu-whatwood).

4. Google Play Store: https://play.google.com/store/apps/details?id=com.
MSUwoodID.camcwoods&hl=en US)

5. Apple App Store: https://apps.apple.com/iq/app/whatwood-central-america-ed/
id6737476229

The user-interface (Ul)

Figure 1 shows the button types that appear in the app. References
to these button types are bolded in the paragraphs below.

The app is organized into five sections, each accessible from
the tab bar at the bottom of every screen: (1) “Book™ (rep-
resented by the book icon) containing all the text and images
from the original field guide organized by chapter; (2) “Quiz”
(lightbulb icon) offering two self-study quizzes on anatomi-
cal features; (3) “Key” (magnifying glass icon) providing the
interactive dichotomous wood identification key; (4) “Species”
(dog-eared document icon) including all the individual species
description pages from the original manual; and (5) “Settings”
(gear icon) where users can customize the app’s interface and
find the credits.

Book tab

The Book tab provides access to the complete contents of
the original field manual, including text and images, except
for Chapters 6 and 7, which are represented by the key tab
and species tab, respectively. The main page presents a table
of contents by chapter (Figure 2A). The user can open any
chapter by tapping its chapter button (Figures 2A and 2B).
Tapping on an image will open it in a separate screen where
the user can zoom (pinch gesture) and pan (drag gesture) for
closer examination.

Quiz tab

To aid users in recognizing the kinds of anatomical features
described in the dichotomous key, the Quiz tab provides two
interactive learning modes: the choice quiz and the feature
selection quiz. The choice quiz (Figure 3A) displays an ana-
tomical characteristic and a pair of images. The user is asked
to select the image exhibiting that characteristic. The arrow
buttons below each image enable the user to browse additional
images of the same woods. Each selection results in a pop-up
message indicating whether the answer was right and show-
ing a running total of correct responses (Figures 3B and 3C).

Accessible via the features button in the top right of the
choice quiz (Figure 3A), the feature selection quiz (Figure 3D)
presents an image of one wood and asks the user to identify all
features exhibited in that image by selecting the corresponding
check boxes. Similar to the choice quiz, arrow buttons allow
the user to view other images of the same wood. After each
attempt, a pop-up message provides feedback on the number
of correctly identified features (out of the total possible) as
well as tallies of any correct features missed and any incorrect
features chosen (Figures 3E and 3F).


https://github.com/msu-whatwood
https://github.com/msu-whatwood
https://play.google.com/store/apps/details?id=com.MSUwoodID.camcwoods&hl=en_US
https://play.google.com/store/apps/details?id=com.MSUwoodID.camcwoods&hl=en_US
https://apps.apple.com/iq/app/whatwood-central-america-ed/id6737476229
https://apps.apple.com/iq/app/whatwood-central-america-ed/id6737476229
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Figure 2. Pages in the Book tab (A, B) and the Key tab (C, D, E, F) of the WhatWood? Central America Edition app. Circular red highlights on A, C, and D signify
a user’s tap and the following in-app navigation to a subsequent page. (A) Book tab showing the first part of the table of contents (the rest of the TOC can be
accessed by scrolling down the screen). (B) Book page for Chapter 3. (C) Dichotomous wood identification key. Option buttons appear in couplets, requiring the
user to choose one to proceed to the next couplet. (D) Exemplar images in expanded view in the interactive dichotomous key. (E) Full-screen exemplar images in
the interactive dichotomous key. The images can be examined in detail by zooming and panning with pinch and drag gestures, respectively. (F) Pop-up message
reminding the user to compare their specimen with the images, information, and similar woods listed on the description page before confirming the classification.
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Figure 3. The choice quiz page (A, B, C) and the feature selection quiz page (D, E, F) in the WhatWood? Central America Edition app. Circular red highlights
on A and D signify a user’s tap and the following in-app navigation to a subsequent page. (A) Choice quiz. Arrow buttons under the images allow users to cycle
through additional images of each wood. (B) Pop-up message for the choice quiz with running total of correct responses per total attempted questions. (C) Pop-
up message for the choice quiz following two correct responses and a final incorrect response. (D) Feature selection quiz. (E) Pop-up message for the feature
selection quiz following a user selecting every correct feature and no incorrect features. (F) Pop-up message for the feature selection quiz stating the numbers of
correct and incorrect features selected as well as listing the correct features missed and the incorrect features selected.
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Key tab

The Key tab provides access to the interactive dichotomous
wood identification key. It opens to a scrollable series of op-
tion buttons arranged in pairs. Each button is labeled with an
anatomical feature description representing one of two choices.
When an option is selected, the interface automatically scrolls
to the next pair of choices in the decision tree, skipping the
no-longer-relevant options en route. The black-on-green back
and forward buttons just above the tab bar (Figure 2C) al-
low users to backtrack or return one or more steps in the key
without having to restart from the beginning.

Tapping the dark green image button with the black image
icon centered just above the tab bar (Figure 2C) opens an
expanded view revealing specimen images to supplement the
feature descriptions in each option button. Users can alternate
between image sets for each feature description by tapping the
blue example button with the black image icon to the right of
each option button (Figure 2D). For each feature description
with more than one associated image set, the more button ap-
pears at the top of the expanded view, allowing users to view
additional specimen images for the same description. By tap-
ping the magnifying glass button (Figures 2D and 2E), users
are able to zoom and pan images in a separate full screen page
(Figure 2D). Tapping the blue image button in the upper left
of the expanded view (Figures 2D and 2E) causes it to close.

Upon making a terminal decision, a species page automati-
cally opens along with a pop-up message encouraging users
to compare their specimen with the information and images
on that page before finalizing their conclusion (Figure 2F). To
facilitate additional comparisons, similar woods are illustrated
at the bottom of the page.

Species tab

The Species tab gives users the option to select and view de-
scription pages for each wood. Navigation begins on the index
page where users can choose from a series of wood buttons,
each labeled with the included scientific names (Figure 4A).
Each wood button can be expanded to reveal three exemplar
images by tapping the blue preview button on the right (Figure
4A). By tapping an exemplar image, the user can view a larger
version in full screen where it can be zoomed and panned.
Woods can be filtered by scientific name by using the search
bar at the top of the index page (Figure 4B). Users can open
a species description page by tapping the wood button for
that taxon (Figure 4C). Images of lookalike woods appear at
the bottom of each page (when applicable) to facilitate com-
parisons. User notes can be saved in the large text box at the

bottom of each species page, and these notes are carried over
when the user changes the language setting.

Settings tab

The Settings tab provides customization options for the app’s
appearance (Figure 4D) and access to the author credits via
a dedicated button (Figure 4F). From here, users can adjust
the font size (8—24 point) or increase the visual contrast of
elements in the tab bar and navigation bar by switching to
colorblind mode, improving usability for individuals with
color vision deficiency (CVD) (Jamil and Denes 2024) (Figure
4E). To further support users with CVD, all buttons in the app
exhibit icons or text labels to ensure color is not the only way
to convey information or distinguish elements (World Wide
Web Consortium 2024). The scrolling animation for the wood
identification key can be toggled on (default) or off from this
page. When enabled, tapping an option button executes a
scroll animation to the next couplet; when disabled, the key
advances to the next couplet without scrolling. Users can also
select their preferred launch from among the Key (default),
Book, Quiz, or Species tabs.

Discussion

Without rigorous field trials or comparative assessments—
neither of which were feasible at present due to logistical
and cost limitations—it was not possible to draw definitive,
scientific conclusions about the degree to which WhatWood?
Central America Edition has improved or enhanced the user
experience. Until such testing can be conducted, the authors
offer the following summary of objectives achieved. Any state-
ments of improvement or enhancement presented herein are
either logical outcomes of the app design or expected impacts.

Available free of charge on both the Google Play Store and
the Apple App Store, anyone with an Android or iOS device
can now download WhatWood? Central America Edition at
no cost from virtually anywhere on the planet at any time, ef-
fectively democratizing access to the content first presented in
Identification of Central American, Mexican, and Caribbean
Woods (Arévalo and Wiedenhoeft 2022). Unlike print or PDF
publications, the app can receive content updates automati-
cally. This has the potential to make the revision process less
burdensome, costly, and time consuming for developers. Once
installed, the native app can function without an internet con-
nection even in the remotest of areas.

Ergonomic modifications have the potential to improve the
app’s usability and accessibility over print and PDF ver-
sions. Choosing a language on the Settings tab removes the



Spessert et al—Democratizing essential wood identification information for Central American timber markets with an ergonomically designed, interactive, bilingual smartphone app 167

Species Species e Species Group

Family: Leguminosae (Fabaceae)
Platymiscium spp.
P. dimorphandrum; P. pinnatum (P.
polystachyum); P. yucatanum; P. parviflorum (P,
pleiostachyum)

Q Search Q Laf © Cancel

Alchornea latifolia .

Platymiscium spp. .

P. dimorphandrum; P. pinnatum (P.
polystachyum); P. yucatanum, P. parviflorum (P.
pleiostachyum)

Abarema spp.

A alexandri: A glauca; Aidiopoda

Platymiscivm Platymiscivim Blatymiscium
) . ;

Abies spp.

A guatemalensis; A religiosa

Acacia spp.
A angustissima (Acaciella angustissima); A.
choriophylla (Vachellia cheriophylia); A.
farnesiana (Vachellia farnesianal: A.
o

Summary of characters

« Transverse
Porosity: Diffuse-porous.
Vessels: Mostly solitary and in multiples of 2-4;
medium to large-sized; few to medium
abundance; orange gums/ deposits occasionally
present in heartwood.
Rays: Mostly narrow; numerous.
Parenchyma: Paratracheal aliform, predominantly
lozenge-aliform, some extending into confluent
and connecting few vessels; marginal present as
narrow bands.

macracantha (Vachellia macracantha); A.
mangium; A. pennatula (Vachellia pennatula)

Albizia spp.

A adinocephala; A berteroana; A. cubana; A.
guachapele (Pseudosamanea guachapele); A.
niopaides (A. cariboea); A. procera; A saman
(Samanea saman)

» Tangential
Rays storied, storying medium.
+ Other characters

Sapwood is thick, creamy white; distinct;
heartunnd ran ha highhevariahla_rancing fram

n e

Book iz Koy Species Sattings EBook allz Key specles Settings

Settings Ajustes Créditos

Ajustes Créditos

Autores:
Tamario de fuente: 16 _._ Alex C. Wiedenhoeft, Rafael Arévalo, Kyatt
Spessert, Frank Owens, Adriana Costa, y
Rubin Shmulsky

Animacion de
desplazamiento de
Clave:

[ Esta aplicacidn es una reimaginacion del
manual de campo “Identificacion de las
Je Centroam
Caribe” de los Dres, Rafael Arévalo y Alex

Modo daltonico: enhoeft.

Pagina de lanzamiento:

General Technical L
Madison, Wiz U.S. Department of Agriculture,
Espafial e Forest Products Lab

Q

Libro Clave Especies hjustes Especies

Eoak Quiz Key Species Settings

Figure 4. Pages in the Species tab (A, B, C) and the Settings tab (D, E, F) of the WhatWood? Central America Edition app. Circular red highlights on B, D, and

E signify a user’s tap and the following in-app navigation to the subsequent page. (A) Species index page with preview images for Acacia spp. revealed. (B)
Example search for “Lat” on the species index page. (C) Species description page for Platymiscium spp. including images and descriptions. (D) Settings page. (E)
Settings page with colorblind mode enabled and Spanish language selected. (F) Credits page with colorblind mode enabled and Spanish language selected.
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Figure 5. One-handed use of WhatWood? Central America Edition.

other language from the interface, eliminating any potential
difficulties resulting from side-by-side Spanish and English
translations. The content is thus available not only to native
speakers of Spanish and English but also to the millions of
potential users for whom Spanish or English is an additional
language. Owing to the automatic optimization of text and
images to fit smartphone or tablet screens of any size, users
no longer have to pinch and drag to view and navigate page
content, yet the addition of expanded views and full screen im-
ages allows for zooming and panning when needed. Font sizes
are no longer fixed, allowing users with visual impairments
to enlarge text via the Settings page. For users with CVD, a
high-contrast colorblind mode is also available. Manual page
turning has been replaced by finger scrolling. Dichotomous
key navigation can be executed with one hand via automatic
decision routing, potentially reducing the likelihood of human
error and allowing the user to hold a specimen or hand lens
in the opposite hand (Figure 5). Terminal decisions result in
the automatic opening of species description pages expediting
access to critical information. Static, conventional learning
of essential anatomical features from the Book tab has been
supplemented with interactive quizzes that can turn even a few
minutes of free time into a focused study session.

Suggestions for future work

Enhancing the educational components of WhatWood? Central
America Edition could potentially add greater value. To improve
engagement, understanding, and retention (Bai et al. 2020;
Hamari et al. 2014; Kapp 2012), the interactive functionality
of the anatomical feature quizzes could be further expanded to
include gamified elements such as badges, personal best scores,
skill rankings, etc. Video content could also be incorporated
into the app to provide quick-start usage tutorials and more
in-depth visual descriptions of anatomical characteristics. As
many of the woods that appear in the app are also common
to Brazil, the addition of a third language, Portuguese, might
increase the size of its audience substantially.

Future integration with computer-vision wood identification (de
Andrade et al. 2020; Hwang and Sugiyama 2021; Ravindran
etal. 2020; Yi Tou et al. 2007) could be employed in conjunc-
tion with the inspector’s manual identification as a preliminary
identification or a final step to bolster field identification.

Conclusion

Transforming the original source material into a smartphone
application has democratized essential wood identification
information for the Central American, Caribbean, and Mexican
timber markets by making it available at no cost to virtually
anyone in the world with a mobile device, delivering content
in both Spanish and English, minimizing potential barriers for
operators with mild visual impairments, and providing interac-
tive functionality for self-study. WhatWood? Central America
Edition has also demonstrated the potential for converting and
enhancing a wide array of print publications into more modern,
accessible, intuitive, and ergonomic digital products that can
further empower the frontline defenders policing illegal log-
ging and commercial fraud.
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Spessert et al—Democratizing essential wood identification information for Central American timber markets with an ergonomically designed, interactive, bilingual smartphone app
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