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Introduction

Today’s technologies are rapidly devel-
oping and evolving. How these innovations
are received by the public is an aspect that
needs to be considered. Examining the ways
in which innovations and technologies are
received by the public plays an effective role
in evaluating technological development, de-
termining the next step of development, and
organizing public policies (Moreno&Lujan,
1993). The public’s perspective on an inno-
vation or technological development may be
affected by a variety of reasons, among them
gender, economic, political, or environmen-
tal concerns.

There is a relationship between public
opinion and companies’ investment in inno-
vation (Zhang et al., 2018). It has been shown
that public reaction to environmental con-
cerns has a positive influence on construc-
tion companies’ decision-making processes
regarding green innovations (Wang et al.,
2022). In recent years, it has been observed
that encouragement for innovations has in-
creased in both developed and developing
economies based on public support (Rosario
etal., 2022).

Different analysis methods can be chosen
to investigate public opinions. One of these
is sentiment analysis. Sentiment analysis is
a natural language processing method that
allows the classification of sentiments based
on a written text, sentence, or a certain fea-
ture. Natural language processing is a com-
mon method used to understand people’s
ideas in different areas, such as finance, mar-
keting, and advertising. For this method, so-

cial media data is frequently preferred, both

because of the size of the data and because
it provides the most direct access to people’s
feelings and ideas. In this study, data was col-
lected from the Reddit social media platform.

While prior research has examined pub-
lic perceptions of innovation and technology
through surveys, interviews, and traditional
sentiment analysis methods, there is a paucity
of studies leveraging large-scale social media
data to analyze sentiment during economic
hardships. Moreover, the dynamic evolution
of public attitudes across different economic
cycles remains insufficiently explored, partic-
ularly within the context of online discourse.
This study aims to address these gaps by uti-
lizing Reddit — a platform that hosts diverse
and real-time discussions — to explore public
sentiment and identify thematic trends relat-
ed to technology investments during periods
of economic downturn.

The focus of the study is to examine peo-
ple’s perspectives on technology and inno-
vations according to economic change, and
examines public perceptions of innovation
and technology in the context of economic
hardships, with a particular focus on discus-
sions conducted on the social media platform
Reddit.

Literature Review

Innovation does not only mean creating a
new product or service, but also the need to
produce different strategies (Rosario et al.,
2022). Therefore, it can be said that innova-
tions are essential for companies to survive.
Studies suggest that during economic down-

turns, it is the innovative businesses that sur-
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vive (Ugaktirk et al., 2011). Lopez Fernandez
et al. (2018) conducted a study on this sub-
ject and examined the relationship between
innovation and business results in several
economic cycles. Using the economic-finan-
cial data of more than 900 manufacturing
companies in the Spanish automotive sector
for the period 2002-2014, the study found
that innovation had a positive influence on
the business results, depending on their size
and the economic period.

There are studies that investigate pub-
lic perception of innovations. The Technol-
ogy Acceptance Model (TAM), the Theory
of Planned Behavior (TPB) and the Unified
Theory of Acceptance and Use of Technology
(UTAUT) are the three theoretical approach-
es most often used to measure technology
acceptance, according to the literature (Gijon
et al., 2021). Gijon et al. (2021) developed a
model through surveys to examine the pub-
lic’s perspective on innovations from differ-
ent perspectives in Spain. One of the results
of the study revealed that the perception
of innovation is related to the level of edu-
cation, indicating that people with a higher
level of education have a better approach to
innovation. lrawan et al. (2023) conducted a
qualitative data analysis through application
comments to measure the public’s perspec-
tive on the Mobile National Health Insurance
(JKN) application used in Indonesia. The anal-
ysis concluded that the public’s general view
of the application was negative.

Since different problems are encountered,
such as high expense, risk, and low demand

for innovation (Pohulak-Zotedowska, 2016),

public opinion is used so as to ensure the ac-
ceptance and legitimacy of innovations. Le-
gitimacy is a principal concept, especially for
new technologies, because it is essential for
determining the necessary regulators, as well
as economic and material resources (Markard
et al., 2016). Dehler-Holland et al. (2022) con-
ducted a sentiment analysis on publications
from four different newspapers between 2009
and 2018, to investigate whether wind ener-
gy is still a legitimate energy source in Ger-
many, despite decreasing investments fol-
lowing lawsuits, and increasing backlash. As a
result, it was seen that even if wind energy is
still a legitimate energy source for Germany,
further political regulations are needed for
people, animals and the environment. Shen
et al. (2021) examined the public’s views on
innovations in different areas related to the
Sustainable Development Goals (SDGs) via
Twitter*. In this study, which examined a
four-year period, it was seen that topics such
as sustainable agriculture, environmentally
friendly materials, and green energy were
frequently discussed, and there was general-
ly positive emotional content, whereas it was
seen that people expressed “negative” views
about agricultural innovations.

With the developing technology, coun-
tries have started to invest more in innova-
tions. In order to get the rewards of these
investments, it has become important to
measure the public’s perspective on inno-
vations and to identify innovation barriers.
In 2020, De Fuentes et al. studied two firms

from emerging economies, Mexico and Tur-

* Note: Twitter officially known as X since 2023.
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key, to investigate the factors affecting their
perception of innovation barriers. The firm
and context characteristics were found to be
important factors of the firms’ perception of
said barriers. By analyzing the overall market
sentiment, Dang and Xu (2018) showed that
financially constrained firms are more likely
to invest in R&D than unconstrained firms.
To investigate the impact of technological
innovations in a company on the reputation
of that company, Caviggioli et al. (2020) con-
ducted a study with Twitter data. According
to the public’s comments from Twitter about
five companies that switched to Bitcoin as a
payment method, the reputation of the com-
panies increased positively in a short time,
and more rapidly still with the innovations
made. There are studies where sentiment
analysis is used not only to learn the public’s
opinion about the innovation to be made, but
also to obtain innovation ideas. In their study
of online user reviews on Amazon, a shop-
ping application, Zhang et al. (2021) extract-
ed innovation ideas for products.

Natural language processing is an effec-
tive method that enables research on many
different topics, among them politics (Al-
Razgan et al., 2021), marketing (Wu et al.,
2024), sustainability (Cubukcu-Cerasi et al.,
2023), health (Park et al., 2024), and finance
(Todd et al., 2024). The public’s response to
innovations can be measured using textual
data. In this way, the reasons for their opin-
ions can be investigated, and the necessary
arrangements can be made to ensure the

permanence of innovations.

Methods

This study examines the public discourse
and sentiment surrounding innovation and
technology investments/products during pe-
riods of economic adversity. It employs topic
modeling and sentiment analysis method-
ologies, using natural language processing
(NLP) methods. The data was obtained from
Reddit, a platform where users often engage
in discussions on various subjects, such as
technology and economic circumstances.
Public chatter was efficiently analyzed using
data science methods to classify latent top-

ics and feelings.
Data Collection and Cleaning

Reddit is a popular social media network
that has around 57 million active users dai-
ly, as of 2023. It provides a vast amount of
user-generated content through multiple
subreddits that focus on different topics. In
this study, we primarily utilized Reddit as our
data source because of its large user popula-
tion and the wide range of viewpoints voiced
on the network. We gathered a grand total
of 5,329 posts from pertinent subreddits that
delve into topics of innovation, technology,
and economic circumstances.

The data was obtained through the utili-
zation of Apify, a tool designed for web scrap-
ing and data extraction. This platform facili-
tated the automated capture of Reddit posts
and comments. Apify’s technologies enabled
the extraction of pertinent threads, com-
ments, and related metadata. To adhere to

ethical research protocols, all personal data
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was anonymised to safeguard user privacy.
The data obtained was also streamlined to
encompass solely the essential information
pertinent to the study’s objectives.

Data Analysis

The analysis was conducted in three main
steps:

1.Word Frequency Analysis: To identi-
fy the most commonly discussed top-
ics, we first analyzed the frequency of
words and phrases within the collected
data. This step helped us understand
the public’s primary interests related to
innovation and technology during eco-
nomic hardships. A word cloud visuali-
zation was generated to present these
high-frequency terms intuitively, mak-
ing critical information easily accessible.

2.Topic Modeling: To uncover the latent
topics within the Reddit discussions, we
employed topic modeling techniques,
specifically Latent Dirichlet Allocation
(LDA). Topic modeling allowed us to
cluster related content, revealing the
associations among various subjects.
This approach was crucial in exploring
the breadth and depth of discussions,
providing insights into the multifaceted
nature of public discourse.

3.Sentiment Analysis: Finally, sentiment
analysis was performed to gauge the
emotional tendencies conveyed in the
text. By classifying sentiments as posi-
tive, neutral, or negative, we were able
to track emotional shifts in public per-
ception over time. This analysis helped
us to identify positive attitudes, con-
cerns, and potential issues related to in-
novation and technology in the context
of economic challenges.

Through this comprehensive approach,
we aimed to provide a detailed understand-
ing of how public sentiment and discourse on
innovation and technology evolve during pe-

riods of economic hardship.
Topic Modeling

All data analyses were conducted using
Python (version 3.10). For topic modeling, we
explored three well-established techniques
to identify and analyze the latent topics with-
in the Reddit posts:

e Latent Dirichlet Allocation (LDA): A
widely used probabilistic model that
discerns latent topics by assuming that
each document is a mixture of a small
number of topics, and that each word’s
presence is attributable to one of these
topics.

* Non-Negative
(NMF): This technique emphasizes the
relationship between documents and
topics by decomposing the term-docu-
ment matrix into two lower-dimension-
al matrices, representing documents
and topics. NMF is particularly effective
in revealing the underlying structure in
the data.

* Transformer-Based Models: These
models, especially BERT (Bidirectional
Encoder Representations from Trans-
formers), are renowned for their pro-
ficiency in understanding the intricate
semantics embedded within textual
data. They offer advanced capabilities
in capturing contextual relationships,
and are highly effective for complex
text analysis.

Matrix Factorization

For this study, LDA was selected as the
primary method due to its balance between
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interpretability and effectiveness in topic
extraction from large textual datasets, like
those sourced from Reddit. The topics iden-
tified through LDA provided a comprehen-
sive overview of the various discussions sur-
rounding innovation and technology in the
context of economic hardships.

In this study, we employed a hybrid ap-
proach combining VADER (Valence Aware
Dictionary and sEntiment Reasoner) and
TextBlob for sentiment classification.

* VADER is a rule-based model well-suit-
ed for social media text, known for its
accuracy in capturing sentiment inten-
sity.

* TextBlob provides a simple APl for com-
mon natural language processing tasks,
and its sentiment analysis tool relies on
a combination of rule-based and ma-
chine learning approaches.

By integrating the results of VADER and
TextBlob, we leveraged their respective
strengths to enhance the overall perfor-
mance of sentiment analysis. This combined
approach mitigated the individual biases of
each tool and provided a more robust and
adaptable sentiment analysis, especially in
handling the diverse language styles and
expressions present in Reddit posts. This
method allowed us to accurately capture the
emotional tone of discussions related to in-
novation and technology during economic

downturns.

Results
Word Frequency

In this section, word clouds and frequency
graphs provide initial insights into the diverse
perspectives of the general public on innova-
tion and technology investments during eco-
nomic hardships. The analysis includes a total
of 5,329 Reddit posts and comments, which
were meticulously collected and processed
to extract meaningful insights. Figure 1 dis-
plays the top 20 most common words from
these entries.

As shown in Figure 1, the public’s dis-
course around innovation and technology
during economic challenges is multifaceted.
Words such as “public,” “innovation,” and
“technology” reflect the central themes of
the discussions, indicating a strong focus on
the broader implications of technological
advancements. The frequent appearance of
terms like “economic,” “investments,” and
“hardships” highlights the contextual back-
ground of these discussions, emphasizing the
economic environment in which these con-
versations are taking place.

Moreover, the prominence of words such

” o

as “perception,” “study,” and “research” in-
dicates the public’s interest in understanding
and analyzing the impacts of innovation with-
in this context. The inclusion of words like

’

“collected,” “data,” and “analyzing” further
underscores the data-driven nature of these
discussions, suggesting that many contribu-
tors are focused on empirical evidence and

analytical approaches.
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like

“posts,” and “Reddit” reflect the source and

Additionally, words “comments,”
medium of the data, while terms like “iden-
tify,” “focusing,” and “aims” point to the ob-
jectives and goals within these discussions.
This varied vocabulary illustrates the com-
plexity of public opinion regarding innovation
and technology, particularly in challenging

economic times.

Topic Modeling

This section presents the emergent top-
ics and themes identified through topic mod-
eling, aiming to address the research ques-
tion: What are the emerging topics related
to innovation and technology investments

during economic hardships? The study com-

1000 1500 2000

Frequency
Fig. 1. Top 20 high Frequency Words for innovation and Technology Posts and Comments

10

bines qualitative and quantitative content
analysis to uncover and explore latent topics
and themes in the public discourse on Red-
dit. This approach is particularly valuable for
research in the field of social media analy-
sis, where understanding public sentiment
and discussion trends can provide critical
insights.

Latent Dirichlet Allocation (LDA) was em-
ployed as the primary quantitative method
for topic classification. LDA is effective in de-
termining the most optimal number of topics
by evaluating the perplexity scores, which
measure how well the model fits the data. As
shown in Figure 2, the perplexity versus the
number of topics curve is plotted to guide the

selection of the optimal number of topics.
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Generally, a lower perplexity score indi-
cates a more accurate model fit. The confu-
sion score achieves its minimum when the
number of topics is adjusted to 20 in this in-
vestigation. Nevertheless, it is crucial to ac-
knowledge that the lowest perplexity does
not consistently signify the optimal model
performance. Models that have a large num-
ber of subjects may suffer from overfitting,
which can result in excessive and non-con-
verging topic counts. Overfitting can lead to
excessive duplication, causing topics to lose
their distinctiveness and uniqueness. In or-
der to deal with these difficulties, it is often
necessary to rely on human judgment to es-
tablish the most suitable number of topics.

This manual examination follows two specific

—85¢F 6 7

=9.01

_95 F

-10.01

Perplexity Score

-10.5¢

—-11.0f

1 1 s

principles: (1) establishing strong consistency
among terms within each topic, and (2) up-
holding the quality of topics by eliminating
repetition, conflict, and providing compre-
hensive coverage of primary content. This
methodical technique aids in discerning the
most significant and unique subjects within
the data, resulting in a more lucid compre-
hension of public discussions around inno-
vation and technology during periods of eco-
nomic decline.

This study examines the categorization
of themes and the occurrence of high-fre-
quency words within each subject, with the
number of topics set at 8 (Table 1). Nev-
ertheless, the findings reveal certain con-

straints regarding the consistency and cal-
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Fig. 2. Perplexity vs. number of topics
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Table 1. Top words of eight topics

Topic |Representative words

1 innovation, technology, economic,
public, investments, perception,
study, hardships, data, analyze

2 sustainability, green, energy,
climate, solutions, future,
companies, sustainable, resources,
environment

3 challenges, barriers, risks, impact,
global, economic, uncertainty,
crisis, market, adaptation

4 development, growth,
opportunities, advancement,
research, trends, future, potential,
projects, initiatives

5 digital, transformation, strategy,

adoption, change, infrastructure,
systems, implementation, cloud,
tools

6 government, policy, regulation,
funding, support, initiatives,
incentives, economic, programs,
innovation

7 consumer, behavior, trends,
preferences, products, services,
market, adoption, influence,
decisions

8 technology, investments, innova-
tion, economic, public, perception,
hardships, challenges, analyze, data

iber of the topics. Throughout the many
topics, there is a clear absence of cohesive
themes, as the words seem disconnected
and less interconnected within each catego-

ry. The chosen phrases do not consistently

12

provide clear and significant subjects, which
could diminish the model’s ability to cap-
ture the fundamental structure of the data.
In order to tackle this issue, the study also
examined the quantity of subjects that corre-
sponded to the point where ambiguity signifi-
cantly decreased. It identified 7 topics that
were situated close to the inflection point of
the curve, which was deemed to be a more
ideal answer. Table 2 displays the distribution
of word frequencies within relevant subjects
when there are 7 topics. The highest-ranking
words in each topic demonstrate enhanced
coherence and topic quality, resulting in
more distinct and relevant themes.

Table 2 categorizes the top 10 words from
each of the 7 topics into three overarching
themes: Public Perception, Environmental
Impact, and Economic Challenges. The anal-
ysis of these seven topics reveals the breadth
of discussions on innovation and technolo-
gy investments during economic hardships
within the Reddit community. These discus-
sions encompass key areas, such as public
sentiment towards innovation, the impact
of sustainability and environmental consid-
erations, and the economic challenges and
opportunities associated with technological
advancements. The topics reflect the multi-
faceted nature of public discourse on these
issues, highlighting the diverse perspectives
and concerns that arise during periods of

economic difficulty.

Sentiment Analysis
For the purpose of addressing study ques-

tion 2, two sentiment analysis models, Vader
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Table 2. Top words of seven topics
and three themes

Topic | Representative Theme

words

1 innovation, technolo- | Public
gy, economic, invest- | Perception
ments, data, analyze,
public, perception,
challenges, hardships

2 sustainability, green, Environmen-
energy, climate, solu- | tal Impact
tions, companies, sus-
tainable, resources,
environment, future

3 challenges, barriers, Economic
risks, impact, uncer- Challenges
tainty, global, eco-
nomic, crisis, market,
adaptation

4 development, Economic
growth, opportuni- Opportuni-
ties, research, ad- ties
vancement, trends,
projects, initiatives,
potential, future

5 digital, transfor- Technolog-
mation, strategy, ical Strate-
adoption, systems, gies
infrastructure, imple-
mentation, change,
cloud, tools

6 government, policy, Policy and
regulation, funding, Regulation
support, incentives,
programs, initiatives,
economic, innovation

7 consumer, behavior, Consumer
trends, preferences, Behavior

market, products,
services, influence,
adoption, decisions

13

Negative

Neutral

Fig. 3. The weighting of the sentiment pie chart

and TextBlob, were utilized. These models
were allocated weights of 0.6 and 0.4, respec-
tively, to classify sentiment. The sentiment
analysis classified the emotional tone of the
5,329 Reddit posts into three unique catego-
ries: positive, neutral, and negative. Figure 3
illustrates the allocation of weights to these
sentiment groups. The data indicates that the
majority of Reddit users expressed a positive
attitude, with around 62.5% of the postings
conveying positive emotional subtleties. Con-
versely, approximately 11.47% of the posts
conveyed negative thoughts, whereas neu-
tral sentiments make up 25.8% of the overall
entries. The distribution of opinions suggests
that, despite the difficulties related to eco-
nomic struggles, the Reddit community large-
ly holds a positive view towards investing in

innovation and technology.
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Conclusion

In the midst of economic challenges, the
significance of allocating resources towards
innovation and technology has increased,
especially in terms of their capacity to influ-
ence public opinion and affect political choic-
es. This study investigates the viewpoints
of the general public regarding the use and
impacts of technology investments, during
economic downturns, through the applica-
tion of topic modeling and sentiment anal-
ysis. Unlike traditional survey methods, this
study employed an extensive data mining
technique, gathering data from Reddit posts
and comments. The system employed the
Latent Dirichlet Allocation (LDA) unsuper-
vised learning model to generate seven top-
ics. The implementation utilized a weighted
sentiment analysis technique that combines
the VADER and TextBlob algorithms to ana-
lyze the sentiment patterns in the postings.
The findings uncovered seven subjects of
public discussion on innovation and technol-
ogy investments, which are classified into
three overarching themes: public perception,
technological strategy, and environmental
impact. These findings indicate that the pub-
lic should thoroughly investigate the poten-
tial consequences of investing in technology,
as there are prospects for progress in areas
such as sustainability, digital transformation,
and policymaking. The broad deliberations
concerning technology initiatives demon-
strate a significant emphasis on how these
investments might propel digital transforma-
tion and augment operational efficiencies,

particularly in the face of economic difficul-

14

ties. Concurrently, conversations regarding
the effects on the environment emphasize
the increasing significance of sustainability
and environmentally friendly technologies in
public discussions.

Sentiment analysis shows that the gen-
eral public holds a predominantly positive
attitude towards technology investments
during economic hardships, with approxi-
mately 62.5% of posts conveying positive
sentiments. Neutral sentiments account
for 25.8%, while 11.7% of the posts express
negative views. This indicates broad opti-
mism towards the potential of technology to
mitigate the challenges posed by economic
downturns, although there remain concerns
and criticisms, particularly regarding the risks
and uncertainties associated with these in-
vestments.

For practical implications, this study of-
fers valuable insights into potential strate-
gies for policymakers, business leaders, and
technology developers. Companies and de-
velopers should prioritize the implementa-
tion of user-friendly technological solutions
that align with public sentiment. Given the
positive outlook towards technology, efforts
should be made to leverage this sentiment
in promoting further investments, particu-
larly in areas that are perceived as having a
significant impact, such as sustainability and
digital transformation. Additionally, policy-
makers should consider the public’s concerns
regarding environmental and economic im-
pacts when designing policies that encourage
technological innovation during economic

hardships.
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Users must comprehend the impact of
technology investments on their lives during
economic hardships, and acquire proficien-
cy in properly utilizing the evolving technol-
ogies. It is important for the general public
to carefully evaluate the benefits and draw-
backs of these expenditures, considering
their potential long-term effects on both the
economy and the environment. Prior study
has highlighted concerns regarding the ethi-
cal implications of technology, including the
possibility of employment displacement, data
privacy issues, and the “digital divide.” As
such, it is imperative for all parties involved
to actively participate in open discussions
concerning the ethical utilization and regula-
tions of technology, with the aim of fostering
openness, responsibility, and impartiality in
its implementation.

Although this study has made valuable
contributions, it is important to acknowl-
edge its limits. Initially, it is reliant on data
sourced exclusively from a single social me-
dia network, Reddit, wherein the user demo-
graphic may not accurately reflect the overall
population. This may restrict the applicabil-
ity of the results to other social media plat-
forms and wider public perspectives. Subse-
guent investigations should examine public
sentiments on various platforms, including
Twitter, Facebook, and LinkedlIn, in order to
provide a more thorough understanding of
public perspectives. Conducting comparative
assessments across several platforms would
provide a more comprehensive understand-

ing of how different demographic groups

15

perceive technology investments during eco-
nomic difficulties.

Furthermore, the study is characterized by
its descriptive nature, and it is recommended
that future research focuses on carrying out
causal studies to investigate the effects of
technological investments on different sec-
tors of society. One such approach is to use
guantitative approaches, such as regression
analysis, to evaluate how public sentiment is
related to real economic results. In addition,
a longitudinal research approach might in-
vestigate the evolution of public perception
over time, specifically in relation to changes
to economic situations and technological im-
provements. This study fails to pinpoint the
exact regions where negative perceptions
are most prominent. A more comprehensive
gualitative content analysis could investigate
unfavorable posts and comments to reveal
distinct patterns and underlying anxieties.
This would enhance comprehension of the
constraints and hazards linked to technolog-
ical investments, directing further enhance-
ments and more focused interventions. This
study adds to the expanding information
base on how the public perceives technolo-
gy investments during economic difficulties,
providing significant insights for stakehold-
ers in several sectors. By acknowledging and
overcoming the constraints, and broadening
the range of future investigations, it is feasi-
ble to cultivate a more intricate comprehen-
sion of how technology might be utilized to
surmount economic obstacles and stimulate

sustainable progress.
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