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Abstract

Information architecture (IA) seeks to organize and label content for a web site or application using
information hierarchies and metadata. Two of the main techniques in IA involve testing with representative
test users, namely card sorting and tree testing. In card sorting, users are asked to sort concepts into
groups and then give the groups names. This helps the information architect to craft a corresponding
information hierarchy. In tree testing, a proposed information hierarchy is presented to test users and they
are asked to find particular items in the hierarchy.

Diamond is a free, open-source web application for card sorting and tree testing. It is written in
TypeScript using the MEAN stack (MongoDB, Express.js, Angular, Node). Diamond is designed to be
self-hosted by potential study owners. It provides the essential functionality required to set up, carry out,
and assess the outcomes of card sorting and tree testing studies.





Kurzfassung

Informationsarchitektur (IA) zielt darauf ab, Inhalte für eine Website oder Anwendung mithilfe von
Informationshierarchien und Metadaten zu organisieren und zu kennzeichnen. Zwei der Haupttechniken in
der IA beinhalten Tests mit repräsentativen Testbenutzern, nämlich Card Sorting und Tree Testing. Beim
Card Sorting werden Benutzer gebeten, Konzepte in Gruppen zu sortieren und diesen Gruppen Namen
zu geben. Dies hilft dem Informationsarchitekten dabei, eine entsprechende Informationshierarchie zu
erstellen. Beim Tree Testing wird eine vorgeschlagene Informationshierarchie Testbenutzern präsentiert,
die gebeten werden, bestimmte Elemente in der Hierarchie zu finden.

Diamond ist eine kostenlose Open-Source-Web Anwendung für Card Sorting und Tree Testing. Sie
ist in TypeScript geschrieben und verwendet den MEAN-Stack (MongoDB, Express.js, Angular, Node).
Diamond ist so konzipiert, dass sie von potenziellen Studienleitern selbst gehostet werden kann. Sie
bietet die grundlegende Funktionalität, die für die Einrichtung, Durchführung und Auswertung von Card
Sorting- und Tree Testing-Studien erforderlich ist.
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Chapter 1

Introduction

Diamond is an open-source web application for card sorting and tree testing [Diamond 2023]. This thesis
describes various extensions and improvements which were implemented for Diamond. The work on this
thesis started by analyzing some limitations that Diamond has and explaining more how its functionalities
were improved to cover some of those limitations.

In Chapter 2, the thesis first explains the concepts of information architecture, and in particular card
sorting and tree testing. Chapter 3 gives an overview of some of the technologies used in modern web
development, including those used in the development of Diamond. Chapter 4 describes the Diamond
project, including its history and status before commencement of this work.

The extensions and improvements implemented for Diamond during this thesis work are presented in
Chapter 5. In particular, facilities to export and import Diamond studies were implemented. Chapter 6
presents potential future work that could be done to further improve Diamond. Finally, two appendices
explain the formats used to export and import Diamond studies: Appendix A specifies the export format
for a card sorting study, while Appendix B specifies the export format for a tree testing study.

1
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Chapter 2

Information Architecture

Information architecture (IA) is “a professional practice and field of studies focused on solving the basic
problems of accessing, and using, the vast amounts of information available today.” [Resmini and Rosati
2011]. It is part of the broader field of user experience (UX). Information architecture involves organizing
and labeling content using information hierarchies and metadata. Information hierarchies group and label
content to support navigation, while metadata is structured data attached to individual items to support
search and faceted browsing [Andrews 2022].

In a web site, an information hierarchy is used to structure content into categories and subcategories,
as shown in Figure 2.1. In a software application, an information hierarchy might be used to structure
menus and sub-menus. Card sorting and tree testing are methods involving representative test users to
assist in the design and evaluation of an information hierarchy, respectively.

2.1 Card Sorting
Card sorting is a design technique used to help construct a usable information hierarchy in a bottom-up
approach. Participants are given a set of cards with content topics and are asked to sort them into groups
(and possibly subgroups) which make sense to them, providing insights into how they understand and
categorize the topics [Sherwin 2018]. When they are satisifed with their groupings, users are asked to
label each group, as shown in Figure 2.2. The results over many users are aggregated into a canonical
grouping, which essentially corresponds to the bottom level of an information hierarchy. The labels
chosen for each group can form the concepts for the next higher level of the hierarchy. This kind of card
sorting is sometimes called open card sorting.

In contrast, closed card sorting is a technique used to validate a predefined grouping. Users sort the
concept cards into a given predefined set of categories (groups) and may be asked at the start what they
think each category label means. Closed card sorting tests the fit of concepts to an existing group of
categories, but does not correspond to how users would naturally navigate an information hierarchy. Tree
testing is almost always preferable to closed card sorting to test navigation in an information hierarchy.

A mixture of open and closed sorting, where some categories are predefined, but users are free to
change their names or create new categories, is called hybrid card sorting. In this thesis, the phrase card
sorting, without further qualification, always refers to open card sorting.

In this thesis, the term card sorting test (or card sort) refers to a single user’s grouping of concepts.
The term card sorting study is used to refer to a study involving mutliple participants. Typically, three
to five participants are enough for the study owner to gain some insight into how users think. However,
many more users (50, 100, or more) are required to gain a comprehensive understanding of how to best
structure and label an information hierarchy. The commonly available statistics-based analysis tools also
require this many participants [Andrews 2022, page 48].

3
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Home About UsServicesProducts

Products

Wine

Food

Glasses

Utensils

Home > Products Wine> White > Andersville Chardonnay 2014 >

Buy Now

Andersville Chardonnay 2014 

WineStore

Producer: Andersville
Variety: Chardonnay
Year:  2014
Type:  White
Price:  € 8.95
Quantity: 0.7 l

Andersville
Chardonnay

2014 

This is IA

This is IA

This is IA

[Metadata]

[Information
Hierarchy]

[Information
Hierarchy]

Figure 2.1: An example of how IA might be part of a product web site. Information hierarchies are
used in navigation. Metadata is used for search and faceted browsing. [Adapted by Keith Andrews from
Figure 2-2 of Spencer [2014, page 28], and used with kind permission of Keith Andrews.]

1. Group
the cards

2. Label
the groups

Figure 2.2: The process of open card sorting. The user first divides the cards into groups and then
labels each group. [Adapted by Keith Andrews from Figure 26 of Schilb [2006, page 40] and used with kind
permission of Keith Andrews.]



Online Card Sorting Tools 5

Card sorting can be done either face-to-face or using an online tool such as Diamond. Online tools
have the advantage of scaling easily to dozens or hundreds of participants, but unsupervized card sorts
are harder to interpret. Ultimately, card sorting provides an external viewpoint that aids in constructing
an information hierarchy likely to benefit the majority of users [Spencer 2009, Chapter 1].

Different users sometimes use different strategies to group the cards. For example, some users group
products according to where the might by found in a supermarket, others by what might be needed to
make a particular meal. These strategies or organizing principles are called mindsets [Andrews 2022,
page 48]. Online tools, such as Diamond, usually ask the participant at the end of test (feedback page)
to describe the organizing principle (mindset) they used during the test. For meaningful analysis, it is
important to first group the individual sorts by mindset, and only aggregate sorts from the same mindset.
Typically, the study owner chooses the largest mindset to analyze first.

Next, within a mindset, it is necessary to standardize the names given to particular groups by different
users. For example, “Alcohol”, “Alcoholic Beverages”, and “Alcoholic Drinks” might be standardized
into “Alcoholic Drinks”.

After that, card sorting applications typically provide numerous tools to help the study owner analyze the
results and form aggregate groupings [Spencer 2009, Chapter 10; Albert and Tullis 2022, Section 10.2].
These include:

• Similarity Matrix: A visual representation of how often each pair of cards was placed together in
the same category. This allows the study owner to identify clusters of cards which belong together,
regardless of the specific categories they were sorted into [OW 2023b].

• Dendrogram: A visual tree-like diagram constructed from the similarity matrix using either bottom-
up or top-down hierarchical clustering methods. The branches in the dendrogram indicate cards
grouped together by a certain number of respondents. Moving the cut-off line higher up the tree
results in fewer groups being formed and vice versa.

• Similarity Map: A visual clustering of similar items, based on projection techniques such as Principle
Component Analysis (PCA), Multidimensional Scaling (MDS), or t-SNE.

2.2 Online Card Sorting Tools
Online card sorting tools are used to conduct card sorting studies remotely. These tools support the
creation of digital concept cards representing information items, support the management of participants,
and provide a graphical interface for the sorting itself. They collect and analyze data on participants’
sorting choices, provide visual representations, and offer collaboration and reporting features. A selection
of online card sorting tools are described below.

2.2.1 OptimalSort [2004]

Optimal Workshop provide a suite of online UX tools. OptimalSort is their online card sorting tool [OW
2023a]. It is a paid service, but offers a free plan that comes with some limitations in number of cards
and number of participants per study. When creating a card sorting study, the study owner can choose the
type of study: open, closed, or hybrid, as shown in Figure 2.3. The study can be configured and concept
cards can be imported in bulk or added one by one. After creating the study, the web site provides a link
to send to participants to do the sort. OptimalSort supports managing participants, conducting studies,
and analyzing the results with a variety of tools. Figure 2.4 shows an example of a user performing an
open card sort.
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Figure 2.3: OptimalSort: An example of setting up a card sorting study and selecting its type before
launching. [Screenshot made by the author of this thesis.]

Figure 2.4: OptimalSort: A user sorting a set of product cards in an open card sorting test. [Screenshot
made by the author of this thesis.]
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Figure 2.5: Proven By Users: A user sorting a set of product cards in an open card sorting test.
[Screenshot made by the author of this thesis.]

2.2.2 Proven By Users [2017]

Proven By Users provides a suite of online UX tools as a paid service. Its card sorting tool supports all
three types of card sorting [PBU 2023]. It has a free version, where the researcher can import unlimited
cards, but the number of participants is limited. The study can be configured and concept cards can be
imported in bulk or added one by one. After creating the study, the web site provides a link to send to
participants to do the sort. Proven By Users supports managing participants, conducting studies, and
analyzing the results with a variety of tools. Figure 2.5 shows a user performing an open card sort.

2.2.3 Maze [2018]

Maze provides a suite of online UX tools as a paid service. Its card sorting tool [Maze 2023] supports
both open and closed card sorting. However, the open card sorting tool is only available in a paid plan.
The platform provides tools to set up a study, conduct tests, and analyze the resulting data. Figure 2.6
shows a user performing a closed card sort.

2.2.4 PlaybookUX [2018]

PlaybookUX provides a suite of online UX tools as a paid service. Its card sorting tool [PBUX 2023a]
has a free plan with a limited number of participants. The tool offers all three types of card sorting,
but does not have the option to import the cards in bulk. The platform provides tools to set up a study,
conduct tests, and analyze the resulting data. Figure 2.7 shows an example of a user performing an open
card sorting test.

2.2.5 UXtweak [2019]

UXtweak provides a suite of online UX tools as a paid service. Its card sorting tool [UXtweak 2023a]
supports all three kinds of card sorting: open, closed, and hybrid. Its free plan offers only one active
study at a time with some other limitations on the number of cards and number of participants. The
platform provides tools to set up a study, conduct tests, and analyze the resulting data. The platform also
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Figure 2.6: Maze: A user sorting a set of product cards into predefined categories in a closed card
sort. [Screenshot made by the author of this thesis.]

Figure 2.7: PlaybookUX: A user sorting a set of product cards in an open card sorting test. [Screenshot
made by the author of this thesis.]
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Figure 2.8: UXtweak: A user sorting a set of product cards in an open card sort. [Screenshot made by
the author of this thesis.]

offers to recruit participants on behalf of the study owner. Figure 2.8 shows an example of test taken by
a participant using the card sorting tool by UXtweak.

2.2.6 KardSort [2020]

KardSort is an online free-to-use tool to perform card sorting tests [Balachandran 2023]. It has a limitation
of 20 cards, which can be removed for one year by making a donation to help cover some of the server
costs. KardSort supports all three types of card sorting. KardSort does not provide any analysis tools
itself: the results need to be exported for analysis with an external tool. In addition to CSV format, the
platform supports export to SynCaps or Casolysis format too. Figure 2.9 shows a user performing an
open card sorting test.
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Figure 2.9: KardSort: A user sorting a set of product cards in an open card sorting test. [Screenshot
made by the author of this thesis.]

2.3 Tree Testing
Tree testing, also known as hierarchy validation or reverse card sorting, is a method used to validate the
navigation hierarchy of a web site or application. The process involves presenting a plain, bare-bones
version of the existing or proposed navigation hierarchy to users and asking them where they would
expect to find certain items (known-item search). This tests the basic hierarchy, without the influence of
visual or navigation design. The benefits of tree testing include the ability to determine if the labels make
sense to users, if the content is grouped logically, and if users look where expected. Tree testing can be
done using index cards (paper-based), a computer-based tree testing tool (locally installed or online), or
through either face-to-face (supervised) or unsupervised methods [Andrews 2022].

In this thesis, the term tree test refers to a single user’s participation in a series of tree testing tasks.
The term tree testing study is used to refer to a study involving mutliple participants. Typically, around 20
to 30 participants are required to provide good results. Online tree testing tools make it easy to conduct
studies with large numbers of participants.

The various tree testimg tools provide a number of metrics and techniques to help with the analysis of
tree testing results. These include:

• Success Rate: The success rate for a task is the average percentage of participants who correctly
answered that task [Whitenton 2017].

• Directness Rate: The directness rate for a task is the average percentage of participants who correctly
answered a task without backtracking [Whitenton 2017].

• Task Completion Time: The task completion time represents how long it took the participant to
complete a task.

• Path Tree: A path tree is a tree visualization, which shows an aggregation of all the paths taken by
participants for a particular task. Thicker branches indicate more users took this path.
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Figure 2.10: Treejack: An example setting up a tree testing study. [Screenshot made by the author of this
thesis.]

• Destinations Table: The destinations table shows, for each task, with all the answers, how many
users selected which node in the tree as their answer.

2.4 Online Tree Testing Tools
Online tree testing tools are web-based platforms specifically designed to facilitate the process of con-
ducting tree testing to evaluate an information hierarchy. They provide a digital environment to create,
administer, and analyze tree testing studies.

2.4.1 Treejack [2008]

Optimal Workshop provide a suite of online UX tools. Treejack is their tree testing tool [OW 2023c].
It supports the creation and running of online tree testing studies, and provides tools to help analyze
the results. Figure 2.10 shows a study owner setting up a tree testing study. Figure 2.11 shows a user
navigating through an information hierarchy in the process of answering one of the tasks. Treejack
records all the answers from participants and provides analysis of the results for the study owner.

2.4.2 PlaybookUX [2018]

PlaybookUX provides a suite of online UX tools as a paid service. Its tree testing tool [PBUX 2023b] has
a free plan with a limited number of tests. The platform provides tools to set up the study, create the tree
and the tasks, and conduct tests. Figure 2.12 shows the tree and the participant is answering a task. The
platform also offers the study owner different methods to analyze the results of the tree tests, as shown in
Figure 2.13.

2.4.3 UXtweak [2019]

UXtweak provides a suite of online UX tools as a paid service. Its tree testing tool [UXtweak 2023b]
has a free plan which offers only one active study at a time with some other limitations on the number
of tasks per study and the number of participants. The platform provides tools to set up a study, conduct
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Figure 2.11: Treejack: A user navigating a tree in a tree test study. [Screenshot made by the author of this
thesis.]

Figure 2.12: PlaybookUX: A user navigating a tree in a tree test study. [Screenshot made by the author of
this thesis.]
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Figure 2.13: PlaybookUX: The analytics provided to a tree testing study owner. [Screenshot made by the
author of this thesis.]

tests, and analyze the results. The platform also offers the option to recruit participants on behalf of the
study owner. Figure 2.14 shows an example a user navigating a tree as part of a tree testing study.
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Figure 2.14: UXtweak: A user navigating a tree in a tree testing study. [Screenshot made by the author of
this thesis.]



Chapter 3

Modern Web Technology

Modern web technology has come a long way since the early days of the internet, and today’s web
landscape is more diverse and dynamic than ever. With advances in HTML, CSS, and JavaScript, as well
as the introduction of new technologies, web developers now have a vast array of tools and frameworks at
their disposal to create engaging, interactive, and responsive web applications. This chapter covers some
of the technologies which are used in the implementation of Diamond.

3.1 Responsive Web Design
Responsive web design (RWD) was first defined in 2010 by Ethan Marcotte [Marcotte 2010]. It is a
web design approach which allows web pages to be displayed appropriately on all kinds of end device
while ensuring good usability. An example is shown in Figure 3.1. The Boston Globe was the first ever
responsive web site. It adapts itself to best utilize the available display space.

Responsive web designs also respond to different kinds of interactivity. Mouse, keyboard, touch, and
any other input mechanisms available on the end device should be supported. This means that web sites
can be accessed easily and efficiently on a range of devices, from desktop computers to smartphones and
tablets. The approach uses a number of CSS and HTML features and techniques to create a design that
adapts to the environment in which it is viewed. Since it allows web designers to provide a seamless and
consistent user experience across devices, responsive web design has become the default way of building
web sites [MDN 2023a].

3.2 Single Page Applications
A Single-Page Application (SPA) is a type of web application that loads only a single web document and
dynamically updates the content using JavaScript APIs such as XMLHttpRequest and Fetch to retrieve
the content in a JSON [Ecma 2017; JSON 2023] format. This approach allows users to navigate the web
site without having to load new pages from the server. An illustration of how an SPA is rendered can be
seen in Figure 3.2. Note that JavaScript is required for an SPA to work. The result is a more dynamic
and seamless user experience, with potentially significant performance gains. However, there are some
tradeoffs to consider, including the need to put in extra effort to maintain state and implement navigation,
as well as potential challenges with search engine optimization (SEO) and performance monitoring.
Despite these challenges, SPAs continue to be a popular approach for web developers looking to create
fast, responsive, and interactive web applications [MDN 2023b].
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(a) Small screen. (b) Medium screen.

(c) Large screen.

Figure 3.1: A responsive web site adapts itself to the available display space. The Boston Globe was
the first web site to implement a responsive design. [Screenshots created by the author of this thesis.]



MEAN Stack 17

Client Server

SPA Lifecycle

Initial Reguest

HTML

AJAX

JSON response

Figure 3.2: The lifecycle of a single-page application (SPA). The server sends the initial page as
HTML to the client. Further data is sent in JSON format based on AJAX requests sent by the
client. JavaScript is required for an SPA to work. [Diagram made by the author of this thesis.]

3.3 MEAN Stack
Diamond is a responsive, single-page web application built with the MEAN (MongoDB, Express, Angular,
Node) stack:

• Node: Node.js is an open-source, cross-platform JavaScript runtime environment [Node 2023]. It is
built on top of the Google Chrome V8 JavaScript engine, and is mainly used to create web servers.
It is used to run the web server of Diamond, which is built with Express.
npm is the Node Package Manager and is a library and registry for JavaScript software packages. It
is used to install different JavaScript packages and manage their dependencies.

• Express: Express is a minimal and flexible Node.js web application framework, which provides
HTTP utility methods and middleware for building web and mobile applications [Express 2023].
Express is used to develop the API endpoints which Diamond uses to communicate with the
MongoDB database.

• Angular: Angular is one of the more popular SPA frameworks [MDN 2023b]. Developing web
apps in Angular consists of creating components [Angular 2023]. A component is simply a folder
containing one HTML, one CSS, and one TypeScript file. At the moment writing, Diamond is being
developed with Angular 15.

• MongoDB: MongoDB is a document database used to build scalable applications [Mongo 2023].
Diamond uses MongoDB to store all of its data. MongoDB Compass is a utility which can be used
to view, analyze, and query the data in a MongoDB database and is very helpful for debugging.
Figure 3.3 shows an overview of the database collections which hold data for Diamond.
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Figure 3.3: MongoDB Compass showing some of the collections used by Diamond to hold data.
[Screenshot made by the author of this thesis.]



Chapter 4

Diamond Version 1.0

The original version of Diamond only supported tree testing and was called TreeTest. It was built by
Ajdin Mehic for his Master’s thesis [Mehic 2019] using the MEAN stack and Angular 7.

Later, in 2020, a group of students in the course Information Architecture and Web Usability added
support for card sorting and the project was renamed to Diamond [Oser et al. 2021]. In 2021 [Brandl
et al. 2022] and 2022 [Egger et al. 2023], the project was further extended and improved. This status of
the project will be called Diamond Version 1.0.

Back then, Diamond was hosted on using Heroku’s free service. Study owners were able to create and
run tree testing studies and analyze the results within Diamond. For card sorting, it was only possible to
create and run card sorting studies. To analyze the results, it was necessary to download them and use
another tool, such as CSA [Kargl et al. 2018].

4.1 Limitations
Sometimes, a study owner might want to archive a study, or to move a study and its data to another
instance of Diamond. Unfortunately, Diamond had no possibility to export or import studies. The only
possible workaround was to export and reimport (parts of) the database using MongoDB tools, which
was both tricky and time-consuming.

Additionally, study owners desired more meta-information to better distinguish their studies, for ex-
ample, the last time the study was launched and ended.

Since Diamond was initially built for tree testing and its card sorting functionality was added later, the
source code of the app was poorly organized, with inconsistent naming of files, components, and database
fields. It needed refactoring to make the whole developer experience easier when adding or maintaining
features.

4.2 Capabilities
Diamond has three types of users: admin, study owner, and participant. An admin user manages all user
accounts. A study owner creates and manages studies. Participants take part in studies. Admin and study
owners need an account, but participants do not. A default admin account is created during the initial
setup of Diamond.

After logging in to Diamond, the study owner’s landing page displays all the studies created by that
study owner, as shown in Figure 4.1. Studies are divided into two types: CardSort Studies and TreeTest
Studies, reflecting the two major components of Diamond. The study owner can see and access their
studies and perform actions such as Preview, Delete, Edit, Launch/End the study, or see its Results.
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Figure 4.1: Diamond v1.0: The landing page of a study owner. [Screenshot made by the author of this thesis.]

Creating a tree testing study on Diamond is a straightforward process. The study owner first needs to
set a title and an optional password, as shown in Figure 4.2. Secondly, the tree to be tested is created or
imported from a tab-separated value (TSV) file, as shown in Figure 4.3. Thirdly, tasks are configured by
specifying questions and their correct location in the tree, as shown in Figure 4.4. Finally, it is possible to
configure various messages, such as the welcome message, instructions, and thank you message shown
to participants.

The study creation process is analogous for a card sorting study. Cards are created or imported, and
various messages can be configured.

When clicking on the Results of a study in the landing page, the study owner sees the results page, as
shown in Figure 4.5. Initially, an overview of various metrics like completion and success rates is shown.
Further tabs provide access to the participants, task analysis, and destinations table.

In the Participants tab of the results page of a tree test study, the study owner can see a tabular view of
all the participants in the study together with various metadata, such as the date and time of the test, how
many tasks were completed, and how many tasks were correctly completed. This is shown in Figure 4.6.
The study owner can delete or exclude a participant from consideration.

For card sorting studies, the study owner also sees a tabular overview of participants, as shown in
Figure 4.7. Each row shows one participant, the date and time of their sort, the explanation of their
sorting strategy, and other feedback. Clicking the View Results button opens the result page for that
participant, showing the categories and their cards. This is shown in Figure 4.8. The participants and
their sorts can each be exported as a CSV file.

For a card sorting study, no tools for further analysis are provided in Diamond. The results must be
exported and anlyzed externally. However, a number of analyis tools are provided for tree testing studies.
The study owner can see the success and directness rate for each task, as shown in Figure 4.9. The study
owner can also see the aggregated path tree of paths taken by participants while doing the task, shown in
Figure 4.10. The green path shows the correct answer, thicker branches indicate more participants took
that path. The destinations table, shown in Figure 4.11, indicates how many times a particular node in
the tree was chosen as the answer for each task.
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Figure 4.2: Diamond v1.0: Overview of the process of creating a tree testing study. [Screenshot made
by the author of this thesis.]

Figure 4.3: Diamond v1.0: Creating the tree for a tree testing study, either manually or by importing
a tree from a TSV file. [Screenshot made by the author of this thesis.]
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Figure 4.4: Diamond v1.0: Defining tasks for a tree testing study and specifying the correct answer
for each task. [Screenshot made by the author of this thesis.]

Figure 4.5: Diamond v1.0: The results page for a tree testing study shows an overview of various
metrics. [Screenshot made by the author of this thesis.]
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Figure 4.6: Diamond v1.0: Tabular overview of participants in a tree testing study. [Screenshot made
by the author of this thesis.]

Figure 4.7: Diamond v1.0: Tabular overview of participants in a card sorting study. [Screenshot made
by the author of this thesis.]
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Figure 4.8: Diamond v1.0: The results from one participant in a card sorting study, i.e. one sort,
showing the categories and contained cards. [Screenshot made by the author of this thesis.]

Figure 4.9: Diamond v1.0: An overview of success and directness rates for each task in a tree testing
study. [Screenshot made by the author of this thesis.]
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Figure 4.10: Diamond v1.0: A path tree aggregates the paths taken by participants in a tree testing
task into a visual map. [Screenshot made by the author of this thesis.]

Figure 4.11: Diamond v1.0: The destinations table for a tree testing study shows how many parti-
cipants chose a particular node in the tree as their answer for each task. [Screenshot made by the author
of this thesis.]
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Chapter 5

Extending Diamond

Diamond version 1.0 had a number of issues and scope for improvement. This chapter describes the
functionality implemented during this work for Diamond version 1.1. The chapter first discusses global
changes which affected the entire app and how they were implemented to improve the overall user
experience. It then discusses specific changes made to the card sorting and tree testing components of
the app.

5.1 Global Changes
The first improvement was to refactor the code base. In v1.0, a study comprising multiple participants
and their results was referred to as a test. The performance of an individual test user was referred to as a
result.

This terminology was changed to refer to a study comprising multiple participants and their results
as a study, and the results of an individual test user as a test. A study is created by a study owner, who
then has access to the results of the individual tests. To make the source code of the app consistent, a
refactoring of the database schemas, server base code, and the frontend was done to adjust the variable,
class, and function names accordingly. Various files were also renamed.

Further, the server source code of v1.0 had all the models, controllers, and services in the same folder,
making it hard to maintain. Instead, three folders were created to contain these respective files. The same
restructuring was made to the frontend code base, where the components of card sorting and tree testing
were split into two folders containing the respective components.

Another issue with Diamond v1.0 was that it displayed a blank page, shown in Figure 5.1a, when a
user requested a URL for a non-existing study or a study which had already been closed. A new page was
created for closed and non-existing studies to display an appropriate message for the user, as can be seen
in Figure 5.1b.

Dealing with dates is not always easy as there are many different formats. Dates in the database of
Diamond are stored in ISO 8601 [ISO 2023; Wikipidia 2023] standard format: yyyy-MM-ddTHH:mm:ssZ.
To make dates easier for humans to read, Diamond displays them in the form yyyy-MM-dd HH:mm:ss
. Angular offers a DatePipe to transform dates, however, the format yyyy-MM-dd HH:mm:ss used for
Diamond is not available. For this reason, a customized DatePipe was implemented for Diamond.
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(a) The blank page displayed for closed or non-existing studies in v1.0.

(b) The new error page displayed for closed or non-existing studies in v1.1.

Figure 5.1: The page displayed when a study is not found or is already closed. [Screenshots made by the
author of this thesis.]
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5.2 Card Sorting
One of the larger challenges for study owners using Diamond was the inability to import or export a study.
This issue was solved by adding a feature of importing or exporting a study, as shown in Figure 5.2. Now,
a study owner can simply click on the Export button to create an export of a study as a JSON file. The
JSON file contains all the information pertaining to the study, as explained in Appendix A. A study can
be imported by clicking the Import Study button.

Further, some important information for a study owner was missing in Diamond v1.0, in particular
when a study was created, the last time it was launched, and when it was last ended. These new entries
were added to the database schema, and are now displayed in the dashboard, so that the study owner can
have more insights into their studies. Figure 5.2b shows the CardSort Studies page after adding the changes,
where the extra information about each study are displayed in the table.

Another new feature that was implemented, was to give a study owner the ability to exclude a specific
participant from further analysis. This is sometimes necessary, for example when a test goes wrong or
a participant does not take the test seriously. Excluded tests are given a gray background in the study
overview table, as shown in Figure 5.3. The introductory text was modified to indicate the total number
of participants and the number of the excluded ones. The excluded flag is stored in database and it is
consistent even when exporting the study.

In addition to exporting an entire study, Diamond also allowed specific tables of results, the users and
the sorts, to be exported as CSV files. However, in v1.0, this functionality was somewhat buggy with
rows messed up when the CSV file was opened. The bug was fixed and is working now without any
issues.
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(a) The CardSort Studies page in v1.0.

(b) The new CardSort Studies page in v1.1.

Figure 5.2: The CardSort Studies page before and after implementing the export and import of studies
and adding more meta-information for each study. [Screenshots made by the author of this thesis.]
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Figure 5.3: CardSort Overview: Participants excluded by the study owner from the analysis are given a
gray background. [Screenshot made by the author of this thesis.]

5.3 Tree Testing
The same features mentioned above regarding the importing and exporting a study, extra meta-information
for a study (when created, last time launched and last time ended), and the ability to exclude a participant
from a study were implemented for tree testing too. Figure 5.4 shows TreeTest Studies page in v1.0 and
after the changes in v1.1, where a study owner can export a study, import a study, and see the extra
meta-information. Furthermore, the URL of study now indicates whether it is a tree testing study or a
card sorting study, as can also be seen in Figure 5.4.

Like in card sorting, it is now possible for a study owner to exclude a tree testing participant’s test from
further consideration. Figure 5.5 shows excluded participants with a gray background. The number of
participants no longer includes excluded participants, and the numbers of each are now stated explicitly.

When doing a tree test, the user has the option of skipping a task, but Diamond v1.0 did not display the
number of skipped tasks in the Destinations table of the study results. Figure 5.6 shows the new Destinations
table in v1.1, now displaying the number of skipped tasks.

Another bug that was fixed is the responsiveness of the Overview and Task Analysis tabs in the results of a
tree testing study on narrower screens. Further, the Task Analysis tab now displays the absolute number of
successful and directly successful tests, in addition to the percentage rates, as shown in Figure 5.7. The
task analysis statistics now also ignore excluded participants, which was not the case in v1.0.
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(a) TreeTest Studies page before changes in v1.0.

(b) TreeTest Studies page after changes in v1.1.

Figure 5.4: The TreeTest Studies page before and after implementing features like the export and import
of a study. [Screenshots made by the author of this thesis.]
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Figure 5.5: TreeTest Overview: Participants excluded by the study owner from the analysis are given a
gray background. [Screenshot made by the author of this thesis.]

Figure 5.6: The number of skipped tasks is included in the Destinations table of a tree testing study.
[Screenshot made by the author of this thesis.]
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Figure 5.7: The study owner can now see the absolute numbers of tests included in the calculation
of success and directness for each task. [Screenshot made by the author of this thesis.]



Chapter 6

Future Work

Although the application has many useful features, there are still some areas which need improvement.
One such area is the need for a landing page to provide study owners with all the necessary information
and a tutorial on how the app works. This would be beneficial for users as the app continues to grow and
more features are added.

To enhance the developer and the user experience, Diamond should have a design system to standardize
the styles and components used by the app. Following these guidelines would ensure consistency
throughout the app, making it easier for users to navigate.

The card sorting interface for participants could also be made more intuitive. In terms of accessibility,
users should also be able to perform card sorting tests using only a keyboard.

Furthermore, for card sorting studies, tools are required to help study owners identify and manage
mindsets, and create standardized names for group labels. Then, analysis tools like a similarity matrix,
PCA, and a dendrogram, could be provided to help study owners explore the results. Owners should also
be able to configure studies to run for a specific period. Moreover, the analysis of a card sorting study
could be improved by adding the number of categories created by each user as meta-information to the
table of results.
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Appendix A

Card Sorting Study Export Format

This appendix describes the format of an exported card sorting study in Diamond, which is a JSON file.
The export file contains all the data necessary to archive and restore a card sorting study: the study itself,
the tests completed by users, and the results of each test, including how the cards were grouped and
the names which were assigned to each group. An exported study can be re-imported on the same or a
different Diamond server.

Listing A.1 shows the schema used to export a card sorting study. It contains an array of unsorted
cards and some meta-information like the name, user (study owner), creation date, etc. A second array
holds the tests done by participants. Each test has its own metadata (e.g. name of the participant) and the
result as an array containing the name of each group (category) and a list of cards in that group. During
this work, the lastEnded and lastLaunched flags were added to both card sorting and tree testing studies.

Listing A.2 shows an example of a card sorting study exported from Diamond. Participants in the
study are asked to describe the strategy (mindset) they used to group the cards; this description is saved
as a string. The excluded flag gives the exclusion status of that test. The default name of the exported file
comprises the word study and the unique study ID, for example study-n8xzwuutya8.json.

37



38 A Card Sorting Study Export Format

1 {
2 cards: Array, // all the cards in a study
3 name: String,
4 password: String,
5 launched: Boolean,
6 id: String,
7 createdDate: Date,
8 user: String,
9 welcomeMessage: String,

10 instructions: String,
11 explanation: String,
12 thankYouScreen: String,
13 leaveFeedback: String,
14 subCategories: Boolean,
15 lastEnded: Date,
16 lastLaunched: Date,
17 tests: Array( // tests done by users
18 {
19 id: String,
20 createdDate: Date,
21 finished: Boolean,
22 username: String,
23 timestamp: String,
24 mindset: String,
25 feedback: String,
26 excluded: Boolean,
27 results: Array({
28 group_name: String, // name of the category
29 group_list: Array, // cards in the category
30 })
31 }
32 )
33 }

Listing A.1: The schema of an exported card sorting study.
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1 {
2 "cards": [
3 "Red Peppers",
4 "Mushrooms",
5 "Lettuce",
6 "Butter",
7 "Milk",
8 "Cheese"],
9 "name": "Products",

10 "launched": true,
11 "password": "password",
12 "id": "n8xzwuutya8",
13 "user": "amine",
14 "welcomeMessage": "Welcome to this study!",
15 "instructions": "Please group the provided cards as you see fit and
16 name the created groups.",
17 "explanation": "Please explain how you decided on the way the cards
18 should be grouped.",
19 "thankYouScreen": "Thank you for your participation!",
20 "leaveFeedback": "Your results are saved. You can give us your feedback (optional)
21 .",
22 "subCategories": true,
23 "lastEnded": "2023-03-20T01:48:45.565Z",
24 "lastLaunched": "2023-03-14T00:23:03.865Z",
25 tests: [
26 {
27 "_id": "616008803746ca00169559fb",
28 "id": "n8xzwuutya8",
29 "finished": true,
30 "username": "Mohamed",
31 "timestamp": "2021-10-08 08:59:44",
32 "feedback": "Easy to categorize",
33 "mindset": "The selection of stuff looked like a supermarket ’s product range
34 so I categorized them in groups I’d expect to find in a supermarket or its
35 webstore."
36 excluded: false,
37 results: [{
38 "group_name": "Vegetables",
39 "group_list": ["Red Peppers", "Mushrooms", "Lettuce"]
40 },
41 {
42 "group_name": "Milk products",
43 "group_list": ["Butter", "Milk", "Cheese"]
44 }]
45 }
46 ]
47 }

Listing A.2: An example of real data from a card sorting study in Diamond.
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Appendix B

Tree Testing Study Export Format

This appendix describes the format of an exported tree testing study in Diamond, which is a JSON file.
The export file contains all the data necessary to archive and restore a tree testing study: the study, the
tests, and the results of each test, including the answers selected for each task during the test. An exported
study can be re-imported on the same or a different Diamond server.

Listing B.1 shows the schema used to export a tree testing study. It contains an array which holds
the nodes of the tree: each node is an object with a name and an id, and the ids of its child nodes. The
study has some meta-information like the name, user (study owner), creation date, etc. Each test has its
own metadata (e.g. name of the participant) and the results as an array containing the answer, time taken
and an array that holds the clicks done by the participants to get to the answer. The clicks are nodes of
the tree and they are used by Diamond to construct the path tree. During this work, the lastEnded and
lastLaunched flags were added to both card sorting and tree testing studies.

Listing B.2 shows an example of a tree testing study exported from Diamond. The results for each
participant contain the clicks the user made on the tree while doing a task, the id of the selected answer,
and the time spent to complete it. The default name of the exported file comprises the word study and
the unique study ID, for example study-r79wnlr7pic.json.
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1 {
2 tree: Array, // the tree for a study
3 name: String,
4 password: String,
5 launched: Boolean,
6 id: String,
7 tasks: Array,
8 user: String,
9 welcomeMessage: String,

10 instructions: String,
11 thankYouScreen: String,
12 leaveFeedback: String,
13 leafNodes: Boolean,
14 orderNumbers: Boolean,
15 lastEnded: Date,
16 lastLaunched: Date,
17 isLaunchable: Boolean
18 tests: Array( // tests done by users
19 {
20 _id: String, // the id of the study
21 id: String, // the id of the test
22 finished: Boolean,
23 username: String,
24 timestamp: String,
25 feedback: String,
26 excluded: Boolean,
27 createdDate: Date,
28 results: Array({
29 clicks: Array, // path to the answer
30 answer: String, // id of the selected answer
31 time: Float // time spent on task in seconds
32 })
33 }
34 )
35 }

Listing B.1: The schema of an exported tree testing study.
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1 {
2 tree: [],
3 "name": "TU Graz",
4 "password": "password",
5 "launched": false,
6 "id": "r79wnlr7pic",
7 "tasks": [
8 {
9 "text": "Where would you expect to find information about the history

10 of the university?",
11 "answer": "History",
12 "id": "easv9c"
13 }
14 ],
15 "user": "amine",
16 "welcomeMessage": "Welcome to the study. Your answers can help improve our
17 information hierarchy.",
18 "instructions": "Please read the task, and then find the most appropriate
19 location in the hierarchy.",
20 "thankYouScreen": "Thank you for your participation!",
21 "leaveFeedback": "Your results are saved. You can write us your feedback
22 (optional).",
23 "leafNodes": true,
24 "orderNumbers": true,
25 "lastEnded": "2023-03-20T01:48:45.565Z",
26 "lastLaunched": "2023-03-14T00:23:03.865Z",
27 "isLaunchable": true,
28 tests: [
29 {
30 "excluded": true,
31 "_id": "634f1b9776e1be2774995601",
32 "id": "r79wnlr7pic",
33 "finished": true,
34 "username": "Mohamed",
35 "timestamp": "2022-10-04 07:33:59",
36 "feedback": "Good test",
37 "createdDate": "2022-10-18T21:33:11.068Z",
38 "results": [
39 {
40 clicks: [
41 {
42 "id": "nf4iqs",
43 "text": "TU Graz",
44 "icon": true,
45 "parent": "root",
46 "children": ["itiym8", "y2w3f"]
47 },
48 ...
49 ],
50 "answer": "easv9c",
51 "time": 20.325
52 }]
53 }]
54 }

Listing B.2: An example of real data from a tree testing study in Diamond.
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