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Abstract

For many IT startups and small businesses today, standing out in a crowded market means doing two things well—
going digital and staying sustainable. This study explores how startups and SMEs in Tamil Nadu are combining
digital tools like Al and cloud computing with environmentally conscious efforts, such as energy-saving technologies
and green IT practices, to boost their global competitiveness.Based on insights from 180 companies, the research
addressed 3 hypotheses using statistical techniques like correlation, ANOVA, and regression. The first explores if there
is any meaningful connection between a firm’s digital transformation initiatives and its sustainability practices; the
second examines the role of barriers in its adoption; the third attempts to test if the combined adoption leads to
increased efficiency, cost savings and competitiveness. After doing a rigorous statistical testing, all the 3 null hypotheses
were rejected. The findings show that firms with higher digital readiness also tend to score better on sustainability.
However, challenges remain, especially when it comes to tracking ROI, hiring skilled talent, and navigating
regulations. These issues can slow down progress, particularly for companies still early in their digital journey. The
study confirms that Digital & Sustainability Integration is a proven strategy for increasing efficiency and reducing
costs. One of the key contributions of this study is a new combined metric called “Digital-Sustainability Adoption
Score (DSAS)” that proves to be a stronger predictor of success than looking at digital or sustainability factors
alone.While DSAS improves competitiveness, additional factors like market entry strategy, branding, and industry
regulations must also be considered.

QOwerall, the study highlights the growing importance of integrating digital transformation with sustainability, not just
for better performance but also to support larger goals like SDG 9 (Industry, Innovation, and Infrastructure) and
SDG 17 (Partnerships for the Goals). It also suggests ways that companies and policymakers can work together to
create an ecosystem that supports smarter, greener growth.
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1 INTRODUCTION

Staying competitive takes more than adopting new technology. It requires a thoughtful strategy about
how digital tools are used across different parts of a business. In the IT space, especially among startups
and small firms, technologies like Al, cloud computing, and blockchain are no longer optional add-ons—
they are part of the DNA of how these companies grow and differentiate themselves.

Sustainability is no longer just about ticking regulatory boxes. It’s fast becoming a way for startups to
express their values and connect with stakeholders. Among many young firms, especially the digital
natives, there’s a growing effort to weave social and environmental responsibility into everyday business
decisions. That said, it's not always straightforward. Finding the right balance between innovation and
sustainability often involves trial and error.

Tamil Nadu has built a reputation as one of India’s leading IT hubs, with Chennai and Coimbatore
buzzing with entrepreneurial activity. Startups here tend to be strong on digital capabilities—many are
“digital natives” by design. However, when it comes to sustainability, the picture is more uneven. Some
firms are starting to adopt greener operations. Some others are still figuring out how to align their growth
ambitions with sustainable practices. This research takes a closer look at that intersection—how digital
transformation and sustainability are coming together (or clashing) in these startups, and what that means
for their ability to compete globally.
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2 LITERATURE REVIEW

Digital transformation (DT) is no longer just a buzzword; it’s pretty much essential for small and medium
enterprises (SMEs) that want to stay competitive in today’s tech-heavy world. You see this across the globe.
For example, Khan and Siddiqui (2023) talk about how digital tools help SMEs work smarter and connect
better with customers. Do et al. (2022) found that in Vietnam, DT directly improved how well businesses
operate. UBaHoB and OmesibueHko (2022) noticed similar things in Russia. It’s becoming clear that DT
is a big deal everywhere.

But just throwing tech at problems isn’t enough. Reich and Peppard (2022) remind us that people and
company culture are key. Vial (2019) agrees, pointing out that structure, leadership, and how you adopt
technology all play a role. Patel and Kumar (2022) focus on Al and suggest that good data analysis can
help small companies make better choices. Looking back a bit, Momaya and Ajitabh (2005) showed that
companies that invested in tech leadership early on usually did better than their rivals.

What’s interesting is how digital transformation is now linked to sustainability. This isn’t by chance.
Ribeiro (2022) says that when digital efforts are done right, they can really boost sustainability. Alibekova
et al. (2020) add that being open to digital tools often goes hand-in-hand with being sustainable, which
helps a company’s image and long-term survival.

The idea that being sustainable can give you an edge isn’t new, but it’s getting more important. Uma and
Harini (2025) say that using digital tools to meet sustainability goals can create a lot of economic value,
especially in developing countries. Adhikari and Momaya (2021) support this by linking green innovation
to better export performance for Indian SMEs. It’s like “doing good” and “doing well” can go together.
Frameworks like the circular economy are also gaining traction. Nudurupati et al. (2022) looked at how
SME:s can use these ideas to improve both their environmental and business results. Geissdoerfer et al.
(2018) also looked at how sustainable business models can create new value.

The link between digital transformation and sustainability is becoming clearer in recent studies. Verhoef
etal. (2021) suggest we shouldn’t look at DT and sustainability as separate things. They want more studies
that combine environmental and digital strategies. Meredith et al. (2024) go further, showing how
sustainable businesses are now driven by digital innovation. Kushwaha and Grover (2024) have even
created a framework that explains what helps or hinders the integration of these two ideas, especially in
SMEs.

Even in Russia, coegunoBa and Caaksit (2023) argue that being good with digital tools is now essential
for sustainable growth among SMEs. Mihardjo et al. (2019) give examples of startups that have focused
on sustainability from the beginning, often using digital platforms to help.

Using data to make decisions is another area where DT and sustainability meet. Oberer and Erkollar
(2023) reviewed how companies are using data to drive their sustainability efforts. Bharathi et al. (2024)
add that digital innovation not only helps companies go green but also stay competitive. Narayan et al.
(2023) found that in OECD countries, being digital is linked to better environmental results, showing
this works even in developed countries.

Some researchers have even looked at how digital transformation can help global development. Vinuesa
et al. (2020) say Al can help achieve the UN Sustainable Development Goals (SDGs). Bai et al. (2020)
argue that technologies like IoT and blockchain can help promote a circular economy. Momaya (2022)
suggests that digital platforms can drive both innovation and sustainable competitive advantage.

Recent data from Xiao et al. (2023) shows that the digital economy can boost green innovation through
better productivity. Fan et al. (2023) found similar patterns in China, where companies that embraced
digital transformation were more likely to pursue sustainability goals. In India, Patra, Mishra, and
Mohanty (2021) provided examples of how SMEs are using digital tools to integrate sustainability into
their operations.

Despite the optimism, there are still big challenges. Patro and Raghunath (2021) point out issues like
costs and resistance from leaders. Gill et al. (2023) categorized these challenges into technical, strategic,
and human-related areas. Iyer and Mehta (2024) suggest upskilling as a solution, especially for companies
struggling to find tech talent.
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Company culture can also be a problem. Reich and Peppard (2022) say that success depends on whether
teams are willing to change how they work. Verhoef et al. (2021) add that building skills internally is as
important as using the right tools. A Russian study by cTpoeB, Molina-Castillo, and Nagy (2023) showed
that many companies struggle even with digital solutions because of their culture and structure. Rao and
Singh (2025) suggest that policymakers and industry leaders need to work together to create supportive
environments.

Finally, Ghobakhloo (2020) focused on manufacturing SMEs but the message is relevant here: being
successful with digital transformation isn’t about size or industry; it’s about knowing what you want to
achieve, getting everyone on board, and being willing to try new things.

3  Research Gap

There is a good amount of research showing that digital tools can improve efficiency and help companies
grow. Sustainability can build stronger customer relationships. Still, there is a lot we don’t know about
how the two come together, especially in local contexts like Tamil Nadu.

Some studies, like those by Verhoef et al. (2021) and Meredith et al. (2024), have started exploring this
integration. But most of the work remains high-level or focused on large organizations in developed
markets. There's limited insight into how small firms in emerging economies are making this work on the
ground.

Another missing piece is around the practical challenges. Many papers mention that costs, skills, and
regulations are barriers (Patro & Raghunath, 2021; Gill et al., 2023), but few dig into how these obstacles
actually affect company performance or slow down progress. We need more real-world data on how these
issues play out and what strategies firms are using to deal with them.

Finally, while tools like Al and cloud computing are becoming common, it’s still not clear how startups
are using them to drive sustainability specifically. This study aims to fill those gaps by looking at real firms,
real challenges, and real outcomes in Tamil Nadu’s growing IT ecosystem.

4  Objective &Problem Statement

This research sets out to explore three interconnected questions. First, how do digital transformation
efforts and sustainability initiatives relate to each other in the context of IT startups in Tamil Nadu?
Second, does combining these two areas lead to measurable improvements in outcomes like operational
efficiency, cost savings, and competitive strength!? And third, what barriers—such as ROl measurement
difficulties, skills shortages, or regulatory burdens—are slowing this integration, and how much do they
matter!

Hypothesis 1: Exploring the Link Between Digital Transformation and Sustainability

Hy (Null Hypothesis): There is no meaningful connection between a firm’s digital transformation
initiatives and its sustainability practices.

H; (Alternate Hypothesis): Companies that invest more in digital transformation are also more likely to
show stronger sustainability integration.

Hypothesis 2: Impact of Barriers on Adoption

Null (Hg): Barriers like ROI measurement challenges, lack of skilled workers, and regulation issues don’t
affect the adoption rate.

Alternate (H;): These barriers significantly affect the adoption of digital transformation and sustainability.
Hypothesis 3: Impact on Business Outcomes

Null (Hg): Combining digital transformation and sustainability does not lead to better efficiency, cost
savings, or competitiveness.

Alternate (H1): Combining them leads to clear improvements in efficiency, savings, and market strength.
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5 METHODOLOGY

5.1  Sampling Design

This research focuses on IT startups and SMEs in Tamil Nadu, with a particular emphasis on the digital
hubs of Chennai and Coimbatore. These regions are home to a vibrant mix of technology-driven firms
that are ideal for studying the intersection of digital transformation and sustainability.

While the initial plan was to gather data from around 150 companies, outreach efforts went further—
contacting over 300 firms through industry associations, networking forums, and startup directories. This
expanded approach led to 180 valid responses, offering a solid base for analysis.

Care was taken to ensure a representative sample, not just in terms of numbers but also across business
types, employee count, and years in operation. The sampling approach didn’t follow a strict
randomization method. Care was taken to ensure that the participating startups represented a broad mix
of company sizes, sectors, and stages of growth.

5.2  Questionnaire Type

For our study, we designed a questionnaire specifically aimed at gathering practical insights. Each question
was designed as a close-ended question, which made it easier to count responses and spot patterns. The
questionnaire was structured around these four main themes:

1.Digital Maturity: Here, we assessed how far along companies were in using modern digital tools like Al,
cloud computing, and blockchain.

2.Sustainability Integration: This section looked at whether companies were incorporating green
practices—like cutting energy use or tracking waste—into their digital transformation plans.

3.Business Outcomes: We captured measures such as gains in efficiency, better cost management, and
success in global markets.

4 Barriers to Adoption: This part explored the challenges companies faced, such as finding skilled
employees, dealing with regulations, or proving that investments paid off.

Before we officially used the questionnaire, we tested it out with a few companies to make sure the
questions were clear and relevant. The feedback we got helped us clarify any confusing parts and made
the data more reliable.

5.3 Data Analysis

Each research question was matched with a relevant hypothesis, and results were tested for significance
using appropriate statistical models. Wherever patterns emerged—such as in how barriers influenced
sustainability integration—deeper analyses like logistic regression or Tukey’s HSD were used to validate
insights.

5.4 Ethical Considerations

Once the data was gathered, a combination of basic descriptive techniques and more advanced statistical
tools was applied to explore patterns and relationships. Excel and Python were the primary tools used for
this analysis. Depending on the question, different methods came into play, for example, t-tests, ANOVA,
point-biserial correlations when examining deeper connections. The aim throughout was to uncover how
levels of digital maturity and sustainability alignment influenced actual business results.

Throughout the research, participant confidentiality was maintained. Companies were informed about
how their data would be used, and they could opt out at any point. No identifying information has been
disclosed. All data has been stored securely and is accessible only to the core research team.

6  ANALYSIS AND FINDINGS

6.1 Overview

Totally 192 responses were received. Out of them, 12 were found to be incomplete and inconsistent.
Finally, 180 were considered for analysis. The 180 were grouped into 4 different sectors: Emerging &
Deep Tech, Financial & Business Services, Health & Life Sciences and Technology & Digital Services.
As expected, most of the start-ups are in the area of technology and digital services. Tables 1 and 2 give
the break-up of the 180 respondents by different sectors. In Tamil Nadu, the 2 cities that account for tech
start-ups are Chennai and Coimbatore. 99 of the respondents were from Chennai with 81 from
Coimbatore.
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Sector # Respondents
Technology & Digital Services = 74

Financial & Business Services | 51

Emerging & Deep Tech 35
Health & Life Sciences 20
Total 180

Table 1: Respondents by Industry Sector
The revenue profile of our respondent cohort spans a wide range, reflecting diverse stages of enterprise
scale and maturity. A small number of firms exceed X500 crore in annual turnover—these include large-
scale industry leaders and high-growth startups. A significant segment falls within 100 to X500 crore,
representing mid-sized firms positioned at the upper end of the MSME spectrum under India’s updated
classification. A larger portion of respondents, likely representing traditional MSMEs, operate in the 10
to X100 crore turnover range.

Years in Operation A (K50 B (51-100 C (101-250 D (> 250 Total
Employees)  Employees)  Employees)  Employees)

A (1-2 years) 8 12 9 6 35

B (2-3 years) 14 31 12 7 64

C (3-4 years) 11 23 3 9 46

D (> 4 years) 8 6 12 9 35

Total 41 72 36 31 180

Table 2: Respondents by Years of Operation & Staff

The survey responses span across multiple industries, with Technology and Digital services contributing
to the most. Most start-ups, surveyed, have been in operation for 2-3 years with employees in the region
of 51-100.

None of the start-ups are found to be in the beginning of their digital transformation journey. This is no
surprise as all of them are digital natives. The level of digital maturity varied between 3 and 5 as in Figure
1. The number of companies are 59, 65 and 56 at levels 3, 4 and 5 respectively.

Destribution of Companies by Digital Transformation Lavel

Figure 1: Respondents by Digital Maturity

6.2 Integration of Digital Transformation and Sustainability
Sustainability Integration Score (SIS) is derived as the average of four key dimensions captured in the
survey. These are Strategic Alignment (Extent to which digital transformation strategy includes
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sustainability as a key objective), Operational Integration (Use of digital technologies (Al, Cloud, IoT,
Blockchain) to support sustainability), Measured Impact (Contribution of digital transformation to clear
results in sustainability, such as reduced energy use or lower waste) and Cultural & Organizational
Commitment (Leadership and workforce commitment to integrating digital transformation with
sustainability).

DSAS (Digital-Sustainability Adoption Score) is derived as the average of Digital Transformation Level
(DTL) and SIS to provide a holistic measure of a company’s adoption of digital and sustainability
initiatives.

We tested the relationship between Digital Transformation Level and Sustainability Practices Integration
using both Pearson and Spearman correlation:

Spearman Correlation: 0.8608 (p-value = 0.000). This assesses the monotonic relationship between the
two variables. The p-value indicates that this correlation is meaningful with p-values below 0.05. Pearson
Correlation: 0.8590 (p-value = 0.000). This assesses the linear relationship between the two variables.
Since the p-wvalues of both correlations are < 0.05, this suggests a strong, positive, and significant
relationship between Digital Transformation Adoption and Sustainability Practices Integration in IT
startups in Tamil Nadu.Higher digital transformation levels are associated with higher sustainability
integration.

Bax Plot af SIS Score by OTL Level |Black & White)] with Median Values

ool (OTL)

Figure 2: Box Plot of SIS Score by DTL Level

Here is a box Plot (Figure 2) showing the distribution of Sustainability Practices Integration across
different Digital Transformation Levels. The median line within each box represents the central tendency
of sustainability practices for each transformation level. The spread of the boxes shows variability—higher
digital transformation levels tend to have a higher median and less variability, indicating greater
sustainability integration. No outliers were found. The median SIS score increases as the Digital
Transformation Level increases indicating that higher digital transformation levels are associated with
better sustainability integration as given in Table 3.

DTL Min Q1 Median Q3 Max
3 1200 250 250 300 3.0
4 1300  3.50 3.75 4.00 4.50
5 400 400 450 500 5.0

Table 3: SIS Score Details by DT Level

The highest SIS scores are observed in companies with DT Levels 4 and 5, suggesting that leading digital
adopters tend to have the strongest sustainability integration success.An ANOVA was conducted on the
SIS on various dimension (DTL, Sector, Size, Years of operation) and the results shown in Table 4.

Factor F-value pvalue  Statistically Significant?
DTL ' 252.6045 0.0000  Yes
Industry Sector 0.3389 0.7972 No
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Number of Employees ‘ 0.4052 0.7494 | No

Years of Operation 2.0697 0.1059 No

Table 4: ANOVA on SIS by Various Factors

The Fostatistic of 252.6045 supports our earlier findings that higher digital transformation levels are
associated with greater sustainability integration. In order to understand the effect of digital
transformation level further, we conducted a 1-way ANOVA using the digital maturity (3 buckets). To
find out which pair of groups (digital maturity level) show significant differences on sustainability practices
integration, we went on to conduct Tukey’s HSD test. Since the number of levels = 3, we get ;C,= 3 pairs
of combinations which need to be tested. The results are summarized in table 5.

Groupl Group Mean p-ad Lower Upper Statistically significant?
DTL 2 DTL Difference

3 4 1.0305 - 0.0000 - 0.8399 1.2211 Yes

3 5 1.8752 0.0000 16774 2.0729 Yes

4 5 0.8446 - 0.0000 | 0.6514 1.0379 Yes

Table 5: Significance of the Difference

The results clearly show the difference in the SIS varies significantly at different levels of digital maturity.
Organizations at higher maturity levels tend to integrate SIS better.

6.3  Challenges in Adopting Digital Transformation and Sustainability

Different barriers impact the drive to adopt sustainability practices and keep them as part of the
organization’s transformation initiatives as in Figure 3.

"Difficulty in measuring impact and ROI" (BDIR) is the most frequently cited challenge, indicating that
companies struggle with justifying the benefits of digital transformation and sustainability initiatives. The
top barriers highlight organizational, strategic, and regulatory difficulties in implementing both digital
transformation and sustainability. Common themes include lack of skilled workforce, difficulty in
measuring ROI, and regulatory complexities, which hinder smooth adoption.Some barriers, such as
"Resistance to Change" (BRTC) and "Other Barriers" (BOTH), have lower frequencies, indicating that
these are not the primary obstacles faced by most companies.

Analysis of Barriers by Sector and Size

In the below table 6, the number of companies that experienced each barrier is shown by sector and size.

Barriar o Integrating DX and 51

T BACC [Barrier o inbegrating DX and S1: Regulatory and Campliance Camgplexities]

BITE (Barrier to integraking G and 51; Infrastructural and Technological Barriers

Frequency of Barners to Integrating Digital Transformation and Sustainability

BDOA (Barrier to integrating DX and 51 Difficu®ty in measuring impact and RO

BLSW {Barrier ta integrating DX and SI: Lack of skiled workfarce|

BRTC (Basrier te integrating DX and 51: Resistardoe (o Change|

BOTH (Barrier to integrating DX and 51: Others|

-\.
mt |
=

20 0 ] 100
Hurmber of Companies Reporting the Barrier

Figure 3: Frequency of Various Barriers to Integration
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Sector BLSW BDIR BRCC BITB BRTC BOTH
(Lack of (Difficulty  (Regulatory (Infrastructural (Resistance (Others)
skilled in and and to Change)
workforce) measuring Compliance Technological

impact Complexities) Barriers)
and ROI)

Emerging 21 23 17 8 6 3

& Deep

Tech

Financial 21 27 15 13 10 4

& Business

Services

Health & 12 13 9 4 1 2

Life

Sciences

Technology | 36 45 31 15 8 6

& Digital

Services

Size ‘ ‘

A (<50 20 24 16 11 8 4

Employees)

B (51-100 38 42 28 18 12 5

Employees)

C(101-250 | 17 23 17 7 3 3

Employees)

D (> 250 15 19 11 4 2 3

Employees)

Table 6: Barriers faced by Companies (by Sector & Size)

Smaller companies (A: <50 employees & B: 51-100 employees) report higher barriers across all categories.
Example: "Difficulty in measuring impact and ROI" is reported most frequently by companies with 51-
100 employees (42 cases), followed by small companies (<50 employees, 24 cases). Similarly, "Lack of
skilled workforce" is a bigger issue for 51-100 employee companies (38 cases) compared to larger firms
(>250 employees, 15 cases). Larger companies (>250 employees) report fewer barriers overall, suggesting
they may have more resources to mitigate challenges.

It can be seen that barriers vary significantly across different company sizes and sectors. Smaller and mid-
sized companies appear to struggle more with digital transformation and sustainability integration. To
confirm whether company size or sector had a significant impact on the types of barriers companies face,
a Chi-square test was conducted and the results shown in Table 7.

Test Degrees of freedom Chi-Square statistic p-value Significant?
Barriers by Size 15 5.9943 0.9798 Not significant
Barriers by Sector 15 6.2494 0.9752 Not significant

Table 7: Chi-Square Test of Adoption by Size

This means that barriers to digital transformation and sustainability adoption are NOT significantly
different across company sizes not size (no. of employees).In other words, small and large companies face
similar types of barriers in roughly the same proportions.In Table 8, the same is compared against DTL

and SIS.

Test Degrees of Freedom Chi-square Statistic ~ p-value Significant?

Barriers vs DTL 10  83.5768 0.0 | Yes
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Barriers vs SIS Score | 10 125.6274 0.0 | Yes
Table 8: Chi-Square Test on DTL and SIS
Since the p-value is below 0.05, we reject the null hypothesis, meaning that barriers to digital
transformation and sustainability integration vary significantly based on a company's Digital
Transformation Level.
Companies at lower vs. higher digital transformation levels face different types of barriers, potentially due
to differences in technological adoption, resources, or strategy. Barriers to digital transformation and
sustainability integration differ based on the company's Sustainability Integration Score (SIS). This means
that companies that are more advanced in sustainability adoption face different barriers compared to
those at lower levels of sustainability integration.

A post-hoc Tukey’s HSD was conducted for each of the barrier separately for DT level (3,4 and 5) and
SIS (Low, Medium and High). In each case, we looked at the % of companies that faced the barrier, under
consideration. A sample result is given in the following table 9.

DTL DTL Mean p- Lower Upper Reject Barrier
Diff val. Bound Bound Null
DTL=3 DTL=4 0.5231 0.0 -0.6517 @ -0.3944 | TRUE BLSW (Barrier to
integrating DX and SI:
Lack of skilled workforce)

DTL=3 DTL=5 -1.0000 | 0.0 | -1.1335 | -0.8665 | TRUE

DTL=4  DTL-5 0.4769 0.0 -0.6074 -0.3465 TRUE

High SIS | Low SIS 1.0000 0.0 | 0.8816 1.1184 | TRUE BLSW (Barrier to
integrating DX and SI:
Lack of skilled workforce)

High SIS Medium 03860 0.0 0.2625 0.5094 @ TRUE
SIS

Low SIS  Medium 0.6140 0.0 0.7313  -0.4968 TRUE
SIS

Table 9: Tukey's HSD of % of companies facing each barrier by DTL and SIS
Let’s take the first row. The negative mean difference (-0.5231) means that companies in DT Level 4
report 52.31% fewer cases of the Lack of Skilled Workforce (BLSW) barrier compared to those in DT
Level 3. Companies with lower digital transformation levels (DT Level 3) report significantly more barriers
compared to highly digitalized firms (DT Level 5). The most significant differences were observed for:
A. Lack of skilled workforce (BLSW) — Companies at lower DT levels struggle more with finding
skilled talent
B. Difficulty in measuring impact and ROI (BDIR) — Less digitally mature companies struggle more
with evaluating success metrics.
C. Regulatory and compliance complexities (BRCC) — Digital maturity helps in overcoming
compliance challenges.
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\ Distribution of Total Barriers by Digital Transformation Level

Rt Bartmts Moperies

) q
Olgtal Tansfurmation Level

Figure 4. Barrier Distribution by DTL

Companies that are further along in digital transformation face fewer barriers overall. Investing in digital
tools and expertise can help reduce integration challenges over time as shown in Figure 4.
Companies with low SIS scores face significantly more barriers than those with high SIS scores as shown
in Figure 5. The largest differences were observed in:
A. Lack of skilled workforce (BLSW) — Organizations with poor sustainability adoption struggle to
find the right talent.
B. Infrastructure & technological barriers (BITB) — Less sustainability-driven companies report
more issues with tech adoption.
C. Difficulty in measuring impact and ROI (BDIR) — Companies with high SIS scores are better at
measuring performance.

Distribution of Total Barriers by Sustainability Integration Score

-

BAs Barmiers Reportes

Low 515 Medom SIS High Si5
Suntainabilty Integration Score Category

Figure 5: Barrier Distribution by SIS

Companies that prioritize sustainability adoption find it easier to integrate digital transformation. Higher
sustainability maturity correlates with better preparedness for digital transitions.Barriers are NOT equally
distributed—they are significantly influenced by both Digital Transformation Level and Sustainability
Integration Score. Less digitally mature companies face more barriers—indicating that advancing digital
adoption reduces strategic and operational challenges. Sustainability-focused companies are better
equipped to handle digital transformation challenges—highlighting the complementary nature of digital
and sustainability initiatives.

Point biserial Correlation: Since each barrier is recorded as a binary variable (1 = company experienced
the barrier, 0 = company did not experience the barrier), and the SIS Score is a continuous variable, point-
biserial correlation can help us determine:

A. Which barriers have the strongest association with SIS Score?
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B. Whether companies with higher SIS scores tend to experience fewer specific barriers.
C. The direction of correlation (negative correlation would indicate that higher SIS scores
correspond to fewer instances of a particular barrier).

Barrier Correlation  p-value  Significance

BLSW (Barrier to integrating DX and SI: Lack of skilled -0.8495 0.0000 Significant

workforce)

BDIR (Barrier to integrating DX and SI: Difficulty in  -0.8184 0.0000 Significant

measuring impact and ROI)

BRCC (Barrier to integrating DX and SI: Regulatory and = -0.8378 0.0000 Significant

Compliance Complexities)

BITB (Barrier to integrating DX and Sl: Infrastructural | 0.0000 1.0000 Not

and Technological Barriers) Significant

BRTC (Barrier to integrating DX and SI: Resistance to = 0.0161 0.8301 Not

Change) Significant

BOTH (Barrier to integrating DX and SI: Others) -0.1180 0.1146 Not
Significant

Table 10: Point Biserial Correlation Details

Strong negative correlations were found between SIS Score (Table 10) and the following barriers:

1. Lack of skilled workforce (BLSW) — Correlation: -0.8495

2. Difficulty in measuring ROI (BDIR) — Correlation: -0.8184

3. Regulatory and compliance complexities (BRCC) — Correlation: -0.8378

Companies, with higher SIS Scores (companies with stronger sustainability integration), are less likely to
report these barriers. No significant correlation was found for Infrastructure & Technological Barriers
(BITB) and Resistance to Change (BRTC), meaning these barriers appear independent of SIS Score.

Barrier t-statistic p-value Mean Diff in SIS Significance
Lack of Skilled Workforce -9.4521 0.0000 -1.2573 Significant
(BLSW)

Difficulty in Measuring ROI | -8.9763 0.0000 -1.1845 Significant
(BDIR)

Regulatory & Compliance  -8.7321 0.0000 -1.1458 Significant
Complexities (BRCC)

Table 11: Companies that experience barriers vs those that do not

Lack of Skilled Workforce (BLSW) has the largest impact, reducing SIS Score by ~1.26 points on
average.Difficulty in Measuring ROI (BDIR) follows closely, reducing SIS Score by ~1.18
points.Regulatory & Compliance Complexities (BRCC) also significantly lower SIS Score, with a
reduction of ~ 1.15 points.Companies that can overcome these barriers tend to have higher sustainability
integration scores.

Effect on the number of barriers

Impact of Top 3 Bamriers on 515 S r

Figure 6: Impact of Barriers on SIS
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The SIS Score changes based on the number of barriers faced clearly conveys their impact in figure 6.
This considersonly the top 3 barriers (Difficulty in measuring impact and ROI (BDIR), Lack of skilled
workforce (BLSW), Regulatory and Compliance Complexities (BRCC). The more barriers an
organization faces, the smaller the SIS score.

Since the number of barriers is a discrete (ordinal) variable, Spearman’s correlation is a better measure to
understand this in detail. Spearman Correlation Coefficient is -0.805 and the p-value is extremely small
(0.0). The negative correlation (-0.805) confirms a strong inverse relationshipbetween the number of
barriers and the SIS score. Thus, the conclusion remains: as the number of barriers increases, the SIS
score tends to decrease significantly.

Logistic Regression: Probability of Low SIS Score vs. Barriers

==t | |

S
:
‘

i

3 4
ber of Barviers Faced

Figure 7: Probability of Low SIS Score by Barriers

We can verify this further using logistic regression instead of the usual OLS based linear one. We can
convert SIS scores into categorical outcomes, such as High SIS vs. Low SIS. This could provide clearer
insights on how barriers increase the probability of having a low SIS score (High SIS (1) — Organizations
with above-median SIS scores, Low SIS (0) — Organizations with below-median SIS scores). Instead of
predicting continuous SIS scores, we can predict the likelihood of an organization falling into a "low SIS"
category based on the number of barriers faced as shown in figure 7.

Type Coefficient Std Error Z P> |Z]
Intercept -4.2041 0.6860 -6.1330 0.0000
Barrier_Counts | 2.1193 0.2980 7.1060 0.0000

Table 12: Logistic Regression Results

As shown in Table 12, the intercept is -4.2041. This represents the baseline log-odds of having a Low SIS
Score when no barriers are faced. Barrier Count Coefficient is 2.1193 i.e. for each additional barrier, the
odd of having a Low SIS Score increase exponentially. Both of them turn out to be meaningful.Pseudo
R? = 0.6327 that suggests the model has good explanatory power, meaning barrier count is strongly
predictive of an organization falling into the "Low SIS" category.

The odds of having a Low SIS score increase by a factor of exp(2.1193) = 8.32 for each additional barrier
faced. This means that organizations facing more barriers are significantly more likely to have a lower SIS
score. With fewer barriers (0-2), the probability of having a Low SIS score is low.

As barriers increase (4-6), the probability of a Low SIS score rises sharply. For each additional barrier
faced, an organization is 8.33 times more likely to have a Low SIS score.

ANOVA on SIS by Different Barriers

Here, we carried out an ANOVA analysis on the SIS score by companies facing different barriers. F-
Statistic = 287.9641 with a very small p-value (0.0000). There is strong evidence that the SIS scores differ
significantly across groups facing different numbers of barriers. The number of barriers faced has a
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meaningful impact on SIS scores. To find out the significance of the barrier count within the top 3
barriers, a Tukey’s posthoc HSD was carried out. Since the number of barriers faced could be 0,1,2 or 3,
we tested 4C2 = 6 combinations as shown in Table 13. Significant differences were found between
multiple groups. Organizations facing all three of the top barriers had the lowest SIS scores. SIS scores
systematically declined as more of these key barriers were encountered.

Groupl Group2  Mean p-value Lower Upper Reject
Difference Bound Bound Null
0 1 0.6667 0.0000 0.9149 0.4184 TRUE
0 2 -1.0000 0.0000 -1.2483 0.7517 TRUE
0 3 -1.7708 0.0000 -1.9278 -1.6138 TRUE
1 2 -0.3333 0.0327 0.6474 -0.0193 TRUE
1 3 -1.1042 0.0000 -1.3524 40.8559 TRUE
2 3 -0.7708 0.0000 -1.0191 0.5226 TRUE

Table 13: Tukey's HSD on Number of Barriers vs SIS Score
6.4 Impact of Combined Digital Transformation and Sustainability on Business Performance
To determine the best predictor of business performance outcomes, we compared three regression models
across four business outcomes: Operational Efficiency (IOE), Cost Savings (ICS), Market Competitiveness
(IMC), and International Market Success (ITM).
Model 1: Using DTL (Digital Transformation Level) only as the predictor.
Model 2: Using SIS (Sustainability Integration Score) only as the predictor.
Model 3: Using DSAS (Digital-Sustainability Adoption Score), calculated as the average of DTL and SIS.
We evaluated the models using R? (coefficient of determination)andAIC/BIC (Akaike and Bayesian
Information Criteria). DSAS proved to be the best predictor as given in Table 14.

Business Model 1 (DTL Model 2 (SIS Model 3 (DSAS Best Model

Outcome Only) Only) Only)

IOE ‘ 0.8524 0.8231 0.9002 DSAS
ICS 0.8337 0.8264 0.8925 DSAS
IMC ‘ 0.7921 0.6013 0.8542 DSAS
IT™ 0.9115 0.8239 0.9307 DSAS

Table 14: Model Selection on Business Outcome based on coefficient of determination
AIC and BIC assess model performance while penalizing complexity. Lower values indicate a better
model.

Business AIC (DTL AIC (SIS AIC (DSAS BIC(DTL BIC (SIS BIC (DSAS

Outcome Only) Only) Only) Only) Only) Only)

IOE \ 100.1342 132.1023 28.9421 106.5231  138.4892 35.3214
ICS 120.3324 127.2356 41.4637 126.7235 | 133.6158 47.8542
IMC \ 198.9354 321.0275 189.1247 205.3271  327.4158 195.4682
IT™ 6.3427 129.8124 -36.7389 12.7235 136.2045 -30.3425

Table 15: Model Selection on Business Outcome by AIC/BIC

For all business outcomes, DSAS has the lowest AIC and BIC values (Table 14 and 15), confirming it as
thestatistically preferred model. Thepenalty-adjusted model selection criteria reinforce that DSAS is the
optimal predictor, balancing fit and complexity.DSAS consistently outperforms individual DTL and SIS
models, proving that acombined digital-sustainability approach is more effectivein predicting business
performance.DSAS provides a more holistic measure of digital transformation and sustainability
adoption, rather than viewing them in isolation.This finding validates the integration of both digital and
sustainability factors in strategic decision-making.

Variable Correlation  p-value Significant?

1OE (Impact on Operational Efficiency) ‘ 0.9489 ‘ 0.0 ‘ TRUE
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Variable Correlation p-value Significant?
ICS (Impact on Cost Savings) - 0.9445 0.0 ' TRUE
IMC (Impact on Market Competitiveness) ‘ 0.9239 0.0 ‘ TRUE
ITM (Impact on Time to Market) 1 0.9643 00  TRUE

Table 16: Correlation Values on Business Outcomes with DSAS

The table displaying Pearson's correlation between IOE, ICS, IMC, ITM and DSAS (Table 16) confirm
all correlations are meaningful with p-values below 0.05 (p < 0.05) and exhibit strong positive
relationships.

Variable Intercept Coefficient R* P Significant?
value

IOE  (Impact on  Operational 0.287 0.9676 0.9005 0.0 TRUE

Efficiency)

ICS (Impact on Cost Savings) 0.2874 0.9577 0.8921 | 0.0 TRUE

IMC (Impact on Market 0.3136 0.9493 0.8537 0.0 TRUE

Competitiveness)

ITM (Impact on Time to Market) 0.1146 0.9757 0.9298 | 0.0 TRUE

Table 17: Regression Values on Business Outcomes with DSAS

All models show strong R? values (above 0.85), indicating that DSAS is a strong predictor of business
outcomes. The p-values confirm statistical significance (p < 0.05) for all regressions in Table 17.

Here are the box plots (Figure 8) for IOE, ICS, IMC, and ITM categorized by DSAS buckets (Low,
Medium, High). The plots indicate that higher DSAS levels are associated with increased business
outcome scores. The median values clearly increase as DSAS moves from Low to High.

Impact on Operational Efficiency (IOE) Impact on Cost Savings (1CS)
50t 5.0
45} 45
.
& 404 L] ¥ 4.0
2 ‘ 3
3.5} 3.5
1 % 2
2.5¢ . 2.5
.
Low Medium High Low Medium High
DSAS Bucket DSAS Bucket
Impact on Market Competitiveness (IMC) Impact on Time to Market (ITM)
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5.0%
4.5} as
s0b
&0 & 4.0
S

3.5}

3.5
3.0t
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Figure 8: Impact on Business Outcomes by DSAS
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The ANOVA results (Table 18) on the business outcomes by DSAS confirm that firms experience
different levels of outcomes/benefits based on their level of digital and sustainability adoption.

Variable F- P Significant?
statistic ~ value

IOE (Impact on Operational Efficiency) ‘ 350.0764 0.0 TRUE
ICS (Impact on Cost Savings) 339.1426 | 0.0 TRUE
IMC (Impact on Market Competitiveness) ‘ 288.5393 0.0 TRUE
ITM (Impact on Time to Market) 527.5263 | 0.0 TRUE

Table 18: ANOVA on Business Outcomes by SIS
Group1l Group2 Mean Diff p-adj Lower Upper Reject Significant?
10E
High Low -1.7471 0.0 -1.9034 -1.5907 TRUE TRUE
High ‘ Medium  -0.8894 ‘ 0.0 -1.0597 0.719 TRUE TRUE
Low Medium | 0.8577 0.0 0.6971 1.0183 TRUE TRUE
1CS
High Low -1.7215 0.0 -1.8789 -1.5641 TRUE TRUE
High  Medium -0.7747 0.0 09462  0.6031 TRUE  TRUE
Low Medium | 0.9468 0.0 0.7851 1.1086 TRUE TRUE
IMC
High Low -1.7105 0.0 -1.8804 -1.5406 TRUE TRUE
High ‘ Medium | -0.747 ‘ 0.0 0.9322 0.5619 TRUE TRUE
Low Medium | 0.9635 0.0 0.7889 1.138 TRUE TRUE
IT™
High Low -1.7933 0.0 -1.9242 -1.6624 TRUE TRUE
High ‘ Medium @ -0.882 ‘ 0.0 -1.0246 0.7394 TRUE TRUE
Low Medium | 0.9113 0.0 0.7768 1.0458 TRUE TRUE

Table 19: Tukey's HSD on Business Outcomes between different DSAS

All pairwise comparisons have p values < 0.05(Table 19) meaning that business outcomes differ
significantly across DSAS levels. The mean differences indicate a clear increase in business outcomes as
DSAS moves from Low — Medium — High.

An exercise was conducted as to which method yielded the best results. 4 methods were considered: Linear
Regression, Decision Tree, Gradient Boosting and Random Forest. For each method, the RMSE (Root
Mean Square Error) and R? value are looked at. In general, Gradient Boosting works well in all the 4 cases

(Table 20).

Variable Linear Decision Tree Gradient Random Forest
Regression Boosting

ICS (Impact on Cost RMSE: 0.3137 RMSE: RMSE: 0.2740. | RMSE: 0.3078.

Savings) R2: 0.8414 0.3123R2: R2:0.8789 R2:0.8472

0.8427

IMC (Impact on Market | RMSE: RMSE: 0.3770. = RMSE: RMSE:

Competitiveness) 0.3789R2: R2:0.7844 0.3417R2: 0.3688R2:
0.7822 0.8228 0.7937

10OE (Impact on RMSE: 0.2812. RMSE: 0.2812. | RMSE: RMSE: 0.2785

Operational Efficiency) R2: 0.8810 R2:0.8810 0.2920R2: R2:0.8833

0.8717

ITM (Impact on Time RMSE: RMSE: RMSE: RMSE:

to Market) 0.2207R2: 0.2200R2: 0.2120R2: 0.2130R2:
0.9212 0.9217 0.9273 0.9266

Table 20: Choosing the right Model
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Using the gradient boosting model, an attempt is made to develop a prediction algorithm for different
levels of DSAS as shown in Table 21.
DSAS  (Derived  Digital-SI IOE (Impact on ICS (Impact on IMC (Impact ITM  (Impact

Adoption Score by averaging Operational Cost Savings) on Market on Time to
Digital Transformation Level Efficiency) Competitivenes Market)

and SIS) s)

2.5 2843 2.594 2.5629 2.7191

3.0 3.1588 3.1579 3.1843 2.9869

3.5 ‘ 3.8199 3.7322 3.6785 3.6599

4.0 4.0453 4.0227 4.0227 3.9999

4.5 - 4.6093 4.5937 4.5781 4.5783

5.0 5.1623 5.0651 5.0324 4.9889

Table 21: Predicted Level of Business Outcome for various DSAS Scores

Using all the above, the 3 null hypotheses of problem statement 3 are rejected. The findings are:

Reject Hy — Digital-Sustainability Adoption significantly enhances operational efficiency in IT startups.
Reject Hy — Digital-Sustainability Adoption leads to significant cost reductions.

Reject Hy — Digital-Sustainability Adoption enhances global competitiveness, but other market and
industry-specific factors also play a role.

Digital & Sustainability Integration is a proven strategy for increasing efficiency and reducing
costs.Startups should prioritize DSAS adoption to gain measurable benefits, especially in operations and
cost structure.While DSAS improves competitiveness, additional factors like market entry strategy,
branding, and industry regulations must also be considered.Predictive models can be used to estimate
performance gains for companies considering DSAS adoption.

7 CONCLUSION

This study explored how startups and SMEs in Tamil Nadu are trying to strike a balance between going
digital and staying sustainable—and whether that balance helps them compete better in the global market.
The short answer is yes: firms that integrated digital tools with sustainability practices reported better
operational efficiency, more savings, and a stronger market presence.

But that doesn’t mean the journey is easy. Many companies still face practical hurdles—like proving the
ROI of green initiatives, finding the right people to lead them, or keeping up with compliance
requirements. These challenges were especially visible in firms with lower digital maturity levels.

One important outcome of the study was the development of a combined metric—the Digital-
Sustainability Adoption Score (DSAS). This score turned out to be a solid predictor of overall business
performance. Companies with higher DSAS scores not only faced fewer roadblocks but also saw more
tangible business benefits.

While the paper focuses on Tamil Nadu, the insights could apply to other emerging markets where digital
and sustainability goals are beginning to converge. The findings also connect well with global
sustainability efforts—particularly SDG 9 (Industry, Innovation, and Infrastructure) and SDG 17
(Partnerships for the Goals).

In the end, this study is just a step toward understanding a bigger shift that’s happening worldwide: digital
transformation isn’t just about tech anymore—it’s also about responsibility, resilience, and long-term
impact.

8 RECOMMENDATIONS
Based on what we found, here are a few practical steps that startups, industry leaders, and policymakers
can consider:

For IT Startups and SMEs:
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¢ Blend digital and sustainability goals early - Don’t treat them as separate projects. Look for ways
your digital strategy can also support environmental or social goals. For example, use cloud tools
not just for scaling operations but also for tracking energy use.

e Get ahead of the common challenges - Many companies struggle with measuring ROI, finding
skilled people, and managing compliance. Being proactive—whether through partnerships,
training, or expert advice—can make a big difference.

e Track and showcase impact - Use simple dashboards or internal reports to show how digital-
sustainability efforts are paying off. This builds internal support and makes it easier to win
customers or funding.

e Invest in your team - Employees are key to making digital and green initiatives work. Offer
training programs or partner with local universities to close the skills gap.

¢ Understand and prepare for regulations - Stay informed on local rules and get legal advice when
needed. It’s easier to adapt when you know what’s coming.

e Use digital tools to drive sustainability - Leverage Al, IoT, or blockchain for things like reducing
waste, managing resources better, or adding transparency to your supply chain.

e Build useful partnerships - Whether it’s with other startups, research centers, or government
bodies, collaborations can unlock new tools, ideas, or funding sources.

For Policymakers:

e Create targeted support programs - Offer incentives like grants or tax breaks to startups that
show measurable sustainability outcomes through digital adoption.

e Support skill-building - Launch or fund training programs focused on digital tools and
sustainability, especially for young professionals and small firms.

e Make rules easier to navigate - Cut red tape and provide clear, startup-friendly guidelines on
compliance and reporting.

¢ Encourage experimentation - Back pilot projects that explore new ways to integrate tech and
sustainability. Public-private partnerships can help scale up what works.

e Invest in infrastructure - Reliable internet, digital platforms, and cloud access should be
available across urban and semi-urban areas so that smaller firms aren’t left behind.

9  Further Research
While this study offers useful insights into how digital transformation and sustainability are playing out
in Tamil Nadu’s IT startup space, there are still several areas where deeper exploration would be valuable:
1. Follow-up over time
This study offers a snapshot, but future research could adopt a longitudinal approach to see how
digital-sustainability integration evolves. It would be interesting to track whether early adopters
continue to perform better over time or if the initial gains level off. Observing how practices adapt as
startups mature could uncover important patterns and learning curves.
2. Zooming in on specific verticals
Not all startups operate the same way, even within the IT sector. Research that focuses on narrower
domains like FinTech, HealthTech, or DeepTech might help identify more tailored challenges and
strategies. For instance, a HealthTech startup may face tighter compliance needs, while a FinTech
firm could be more data-driven in its sustainability approach.
3. Understanding how policy influences outcomes
While government initiatives exist, their actual on-ground impact is still unclear. Future studies could
evaluate specific schemes—such as Tamil Nadu’s Green Climate Fund—to see whether these are
helping startups integrate sustainability, or if there's a disconnect between policy and practice. This
could help policymakers fine-tune support.
4. Real-world application of digital tools
It would be useful to document how specific technologies—like Al for energy optimization or
blockchain for supply chain transparency—are being applied to sustainability goals. Case studies or
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interviews with early adopters might help bridge the gap between theoretical potential and actual use

in the field.

5. Customer and investor pressure as motivators
An underexplored angle is how external expectations drive sustainability. Are startups adopting green
practices out of intrinsic motivation or market demand? Research in this area could help clarify whether
digital-sustainability initiatives are proactive or reactive—and how that impacts outcomes.
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