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Abstract

Visual analytics using dimensionality reduction (DR) can easily be unreliable for various reasons, e.g., inherent distortions
in representing the original data. The literature has thus proposed a wide range of methodologies to make DR-based visual
analytics reliable. However, the diversity and extensiveness of the literature can leave novice analysts and researchers uncertain
about where to begin and proceed. To address this problem, we propose a guide for reading papers for reliable visual analytics
with DR. Relying on the previous classification of the relevant literature, our guide helps both practitioners to (1) assess their
current DR expertise and (2) identify papers that will further enhance their understanding. Interview studies with three experts
in DR and data visualizations validate the significance, comprehensiveness, and usefulness of our guide.

CCS Concepts

* Human-centered computing — Visual analytics, * Mathematics of computing — Dimensionality reduction;

1. Introduction

Dimensionality reduction (DR) is widely used and also extensively
researched. Over the past decades, researchers have introduced di-
verse DR techniques [MHRB20, JKL*22, JCC*11], quality met-
rics [JKJ*21,JKA*24, ZLL*24], and visual analytics systems that
leverage DR [CLL*13, CMK20, SZS*17]. Furthermore, the visu-
alization community has produced several survey papers that look
at DR literature from various perspectives, e.g., interaction with
DR [SZS*17] or the evaluation of DR techniques [EMK*21].

Despite its usefulness, visual analytics using DR can easily be
unreliable [JLK*25, NA19]. For example, DR techniques them-
selves intrinsically introduce distortions in representing the orig-
inal data [LA11]. Also, DR projections often lack interpretabil-
ity as they do not demonstrate the original high-dimensional fea-
tures [FGS19]. Such unreliability can lead analysts to draw incor-
rect insights from the data, which may cascade into downstream
analyses and negatively affect overall decision-making [JLK*25].
The visualization and machine learning community has thus pro-
posed diverse methodologies to alleviate this reliability problem
[JKJ*21,FGS19,JCC*11,LA11].

However, though such methodologies exist, the breadth of the
literature makes it difficult to understand and apply these method-
ologies in practice. Existing surveys [NA19, JLK*25] provide a
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broad overview of the literature related to the reliable use of DR.
Nonetheless, they do not provide actionable steps for analysts and
researchers when confronted with a DR problem, highlighting the
need for guidance tailored to various levels of expertise.

To address this gap, we introduce the guide for interfacing with
the literature on the reliable use of DR. Relying on the previous
survey on DR literature about the reliable use of DR [JLK*25], our
guide provides a checklist that helps analysts to evaluate their ex-
pertise level and recommends a list of papers that align with their
level, informed by the existing classification of the relevant liter-
ature [JLK*25]. Our guide is evaluated through expert interviews
with three experts in the field. We hope our guide will act as a valu-
able compass for practitioners at varying levels, facilitating more
engagement and discussions in the relevant field.

2. Background: Classification of the Literature

We want our guide to help analysts resolve ’practical problems’
that occur within the visual analytics process using DR. We thus
decide to rely on a classification of relevant literature derived from
a previous survey [JLK*25]. This classification organizes papers
according to the visual analytic stage targeted, the specific chal-
lenges addressed, and the solutions to address the challenges. We
therefore view these categories as an effective roadmap for explor-
ing the literature on the reliable use of DR in visual analytics. The
followings are the details of these classes.

Pioneer . The papers in this class “pioneer” new DR techniques
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to enhance the reliability of DR techniques themselves. This is
done by (1) improving existing DR techniques [JKL*22, PHL*16]
or (2) designing DR techniques from scratch [JCC*11, FFDP15].
By doing so, these papers make DR projections to better represent
the structure of original high-dimensional data. The class can be
again divided into two types: static and interactive. While static
Pioneers contribute DR techniques that are not updated after the
initial projection [JKL*22, ST02], interactive Pioneers propose
DR techniques that interactively update the inner logic based on
user input [JCC*11].

Judge . These papers aim to enhance the evaluation of DR
projections. This is done by proposing new evaluation metrics
[JKA*24, JKJ*21, SNLH09], workflows [Aupl4], and libraries
[JCJ*23]. The papers thus contribute to making visual analytics us-
ing DR projections more accurate.

Instructor . The papers in this class provide a high-level overview
of DR literature. They contribute literature reviews [NA19,
VDMPvdH*09] or benchmark experiments [XZS*21, EMK*21,
EMP*15] in which practitioners can use as reference in selecting
appropriate DR techniques or quality metrics that align with their
analytic tasks. These papers share a similar goal with our paper—
to educate practitioners about using DR more reliably. However,
our contribution differs in terms of supporting practitioners to self-
examine their expertise and suggesting tailored recommendations.

Explorer . These papers contribute visual analytics systems
or novel visualizations that enhance the exploration of high-
dimensional subspaces. The papers mainly tackle a scalability
problem that the number of subspaces to investigate increases as
dimensionality increases [NM13, YMSJOS].

Explainer . The papers in this class explain high-dimensional fea-
tures not well represented in 2D projection, enhancing the inter-
pretability of DR-based visual analytics. This class can be again
divided into two types: distortion and attribute. While distor-
tion Explainer aims to show where and how much projections
are distorted in representing the original data [LA11], attribute

Explainer shows high-dimensional attribute values along with the
projections [FGS19].

Architect . The papers in this class mostly contribute visual an-
alytics systems that enhance users’ understanding of specific DR
techniques (e.g., t-SNE [CMK20]) or help users to overcome DR
techniques’ inaccuracy of instability, thereby conducting more re-
liable visual analytics [XYC*18].

3. Methodology

Authors. Nine visualization researchers, who are the authors of
this paper, participate in curating the guide. The authors consist of
two Ph.D. students, one undergraduate student, two postdoctoral
researchers, and four professors. The authors’ expertise also spans
visualization, human-computer interaction, and machine learning.
These nine authors are also the authors of the survey paper that pro-
poses the classification of the related literature (Sect. 2) [JLK*25].

Procedure. hree authors (one Ph.D. student, one postdoctoral re-
searcher, and one professor) engage in formulating the initial ver-
sion of our guide. These authors discuss its structure by conducting

two online Zoom meetings. Then, the student, who is the main au-
thor of this paper, create the initial draft. The three authors met
again to confirm the draft. Then, the authors conduct online meet-
ings to review and revise our guide. The main author participate in
every meeting to explain the current version of our guide and to lead
the meeting. Other authors participated irregularly. The meetings
are iteratively conducted until all authors agree on the structure.
In total, ten meetings are conducted from August 2024 to January
2025.

Design Rationale. Our design rationales aims to make our guide
more approachable to broader audiences. First, we want our guide
to (R1) support analysts with diverging level of expertise. This
is because DR is widely used by both visualization experts and
also analysts in other domains (e.g., bioinformatics or business
[CKJ*25]) who have low literacy in visualizations and DR. For the
same reason, we want our guide to (R2) be less burdensome to be
leveraged by analysts.

4. Our Guide for Exploring DR Literature

We introduce our guide to explore the literature on making DR-
based visual analytics more reliable (Fig. 1). Although the previous
survey on DR that we rely on [JLK*25] provides a comprehensive
“map” of the literature, practitioners may still struggle to identify
which parts directly address their specific problems. To address this
problem, our guide includes a checklist with six items that help
analysts assess their expertise level, with each item corresponding
to a recommendation of a cluster of papers to read to enhance their
expertise (R1). Our guide and checklists can thus be interpreted as
our suggested order for reading papers to navigate and understand
the relevant field comprehensively.

The first part of our guide is structured by increasing levels of
expertise with the literature (I1, 12, and I3): if an analyst can af-
firmatively answer a preceding checklist item, they should proceed
to the next. If not, we suggest the analyst reference the relevant
papers from our list. Once sufficient expertise in DR is attained,
analysts should focus on the specific checklist items that best align
with their analytic contexts and tasks (I4, IS, and 16). The first three
items (I1-I3) are the preliminaries to readily understand the papers
on these advanced topics. We use simple yes-no questions to re-
duce the efforts of analysts in following the guide (R2). Below is
a detailed explanation of each checklist item (I1-16). Please refer
to our interactive web guideT for the detailed list of papers corre-
sponding to each checklist item.

(I1) I have experience in using DR techniques. Analysts who
do not meet this checklist item should first refer to basic articles
explaining widely used DR techniques and their functionalities be-
fore accessing the papers in our list. We recommend to “overview”
the DR literature by reading highly referenced articles explain-
ing widely used DR techniques. This includes the surveys on DR
techniques [EMK*21, CG15] and technical papers that explain fa-
mous DR techniques (e.g., --SNE [vdMHO08, VDM 14], Autoen-
coder [HS06]). We also recommend reading the user guides of DR

T https://dr-reliability.github.io/guide/
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Figure 1: The flow diagram illustrating our guide. This guide
(Sect. 4) is structured to follow the level of experience with DR.

librariest$, as they are closely tied to practical analysis. An analyst
can proceed to I2 if the one satisfies this checklist item.

(I2) I am familiar with diverse DR techniques beyond 7-SNE,
UMAP, and PCA. Without meeting this checklist item, analysts
will likely lack the knowledge required to choose a DR technique
that suits their tasks. The analysts should first be aware that various
DR techniques exist, each with different purposes and focus. We
thus recommend referring to the static Pioneer group that pro-
poses DR techniques producing static projections. Reviewing these
papers will inform the analysts that famous techniques are not al-
ways optimal and that alternative techniques exist to complement
them. Analysts can proceed to I3 if they meet this checklist item.

(I3) I understand the optimality of different DR techniques for
diverse tasks. Although analysts may be aware that different tasks
have optimal techniques, mapping tasks to the appropriate tech-
niques cannot be easily accomplished by reading individual papers.
This is because each paper often asserts that its techniques are the
best in various aspects, which is sometimes misleading. We thus
strongly suggest analysts refer to papers in the Instructor group,
where they offer objective evaluations or comparisons of different
techniques. After saying ‘yes’ to this checklist item, analysts can
examine their expertise level for advanced topics (I4, IS5, and I6).

1 https://umap-learn.readthedocs.io/en/latest/
basic_usage.html

§ https://scikit-learn.org/stable/modules/
unsupervised_reduction.html
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(I4) I know DR projections can be inaccurate and know how to
evaluate them. Even with the proper selection of DR techniques,
resulting projections can be less optimal or inaccurate in represent-
ing the structure of the original data. Therefore, if analysts want to
improve the accuracy of their projections, we recommend focus-
ing more closely on evaluation metrics, aiming to identify reliable
projections. This can be done by referencing the papers in Judge
group as they propose various evaluation metrics. We also suggest
reading distortion-type Explainer papers that address inaccuracy
by being more aware of inherent projection distortions.

(I5) I am aware of subspace analysis and the ways to explore
different subspaces. If analysts do not meet the checklist item,
referring to Explorer papers is recommended. These papers con-
tribute various visualization methodologies that scalably support
subspace analysis, enabling analysts who read these papers to meet
the checklist item.

(I6) I know how to gain further insights by interacting with
DR projections. This checklist item asks analysts whether they
have enough operational knowledge to make their analysis inter-
pretable and to reflect their domain knowledge. In terms of in-
terpretability, we suggest analysts reference Architect type pa-
pers and Explainer type papers that deal with interpretability
(attribute-type). To leverage domain knowledge, we recommend
consulting interactive Pioneer papers. These papers offer inter-
active DR techniques that dynamically modify their algorithm in
response to user input, thus integrating domain expertise.

5. Expert Evaluation

We evaluate our guide with expert interview.

5.1. Study Design

Participants. We want the experts to have sufficient expertise and
experience in DR and also in data visualization. We thus recruit
experts who satisfy three conditions: (1) regularly publish visu-
alization papers in visualization, human-computer interaction, or
machine learning venues; (2) previously have published visualiza-
tion papers related to DR; and (3) hold Ph.D. degree. Our experts
consist of two professors and one postdoctoral researcher (three in
total), who have 12.6 years of experience in visualization research
on average. Note that the list of the experts do not overlap with the
authors of our guide.

Interview procedure. We interview each expert individually. One
experimenter manages all interviews. After the experts consent to
participate in the experiment, the interviewer explains the guide and
checklist in detail for 10 minutes. Then, the experts can freely ask
questions about the guide. Finally, the interviewer asks experts to
assess the significance, comprehensiveness, and usefulness of our
guide on a Likert scale and provide the reasoning (see Table 1). All
interviews finished within 40 minutes.

5.2. Results

We detail the results of our expert interview. The experts agree on
the significance, comprehensiveness, and usefulness of our guide.
The interview also discovers interesting future directions.
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Table 1: The questionnaires for our expert interview. The rating of our guide based on these questions is available in Table 2. Overall, the
experts agree on the significance, comprehensiveness, and usefulness of our guide.

Criteria | No. Questions
Sienificance Q1 The guide addresses critical problems in DR-based visual analytics research and practice.
g Q2 Adopting this guide can substantially influence and improve the current practices in the relevant field.
. Q3 The guide covers the essential range of topics and challenges in the DR-based visual analytics.
Comprehensiveness . . . ; . . .
Q4 The guide provides sufficient detail and depth to guide both novice and experienced analysts.
Q5  The guide offers clear, actionable steps that practitioners can readily adopt to increase their expertise.
Usefulness . . . o .
Q6  Following the guide will help analysts properly use DR in different analytical contexts.

Table 2: The expert ratings on significance (Sig.), comprehensive-
ness (Comp.), and usefulness (Use.) of our guide (1: strongly dis-
agree, 5: strongly agree). We apply a red highlight to indicate
agreement, with an opacity scale ranging from 0% (neutral, score
3) to 100% (strong agreement, score 5), and a linear gradient fill-
ing the values in between.

| Sig. Comp. Use. | Ave.
| Q1 Q@2 Q@ Q4 Q5 Q6 |
P1 W05 5 3 4 4 4 | 417
P2 | 4 5 4 4 5 3] 417
P3| 4 5 5 4 5 4 | 450
Avg. | 433 500 400 400 466 3.66 | 4.28

Significance. The experts overall agree on the significance of the
guide, providing scores higher than 4 (agree) on average for both
questions. The experts acknowledge that the guideline addresses
important challenges in DR-based visual analytics. They empha-
size its potential to positively influence current practices, particu-
larly for beginners.

Comprehensiveness. As with the previous criteria, the experts
agree with the comprehensiveness of the guide. However, qualita-
tive results indicate that more efforts are needed to make the guide
more comprehensive. Aligned to this quantitative result, the experts
point out potential gaps for complete novices in DR. Investigating
the difficulty of the papers we recommend and building a more
fine-grained guide will be an interesting future direction to explore.

Usefulness. The experts provide scores higher than 4 (agree)
on average, indicating their agreement with the usefulness of our
guide. The experts found the guideline highly actionable, praising
its checklist items and web interface. They remark on how it pro-
vides a structured approach to learning and using DR effectively.

6. Discussions
6.1. Extending Our Approach to Other Surveys

We rely on an existing classification of DR literature to establish
our guide. The rationale here is that survey papers already provide
comprehensive references for practitioners to address their chal-
lenges and for researchers to draw upon in their studies (Sect. 2).

Our evaluation (Sect. 5) verifies the appropriateness of this ap-
proach in building an effective guide for exploring the literature.

It is therefore natural to extend our approaches to other survey
papers in the visualization domain. One possible direction is to
combine multiple surveys into a single guide. For example, the DR
literature includes several survey papers offering different perspec-
tives [EMK*21, NA19, JLK*25]. Integrating these surveys into a
unified guide would reduce the burden on practitioners and expose
them to diverse viewpoints. Another promising direction is to au-
tomate the construction of the guide from survey papers, making it
easier for practitioners to access insights from diverse domains.

6.2. Limitations

Although verified to be effective (Sect. 5), our guide has sev-
eral limitations. First, checklist items that self-reports expertise of
practitioners may be less reliable than probing their actual knowl-
edge. For example, practitioners may underestimate their knowl-
edge, leading to unnecessary reading of papers. An alternative
is to incorporate two or three questions assessing DR knowl-
edge, enabling practitioners to evaluate their expertise more objec-
tively. Another limitation is that our paper recommendations re-
main coarse-grained, with each category comprising dozens of pa-
pers. Providing more fine-grained checklist items and recommen-
dations may enhance the guideline’s usability. Finally, our guide
is built upon the literature available to date. As the literature on
DR-based visual analytics continues to evolve, the long-term gen-
eralizability of our framework remains uncertain. Investigating how
the relevant field has altered over time will be an interesting future
research avenue.

7. Conclusion

While DR-based visual analytics may be prone to unreliability,
there is a lack of comprehensive guidance on how novice analysts
and researchers can explore the literature to improve their analyses.
We contribute a guide for reading papers in the relevant literature to
address this problem. By providing both a self-assessment checklist
and curated paper recommendations, our guide functions as an ac-
tionable resource to strengthen expertise in the field. Three expert
researchers in the relevant field confirm the significance, compre-
hensiveness, and usefulness of our guide.

© 2025 The Author(s).
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