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ONLINE APPENDICES
Appendix A. Illustrative Quotes from In-Depth Interviews with Industry Practitioners
[bookmark: _Hlk152579106]In this appendix, we present illustrative quotes from industry practitioners we interviewed, providing additional insights and perspectives related to the topics discussed in the main text. To preserve anonymity, we refrain from disclosing the names of our informants and their respective companies.
Our informants emphasized how the open-source Android OS serves as a tool for differentiation compared to proprietary OSs. As noted by a design technologist from a leading global creative consultancy based in San Francisco, whom we interviewed:
“In recent years, [mobile phone and tablet makers] have learned the importance of design and brand [...], because in the past, this didn’t exist. I remember various devices, LG or Samsung, where you would open them, and they had exactly the same OS inside, with the identical graphics, nothing changed, but they were different manufacturers. [...] before smartphones, around 2006, 2007, it was like that. [...] around 2009, the possibility of customization and doing something different arrived. [...] because the design [of the OS] is what convinces the user, and makes them think that this is something beautiful and well-crafted.”

“The ability to access the source code makes a difference because it allows for software customization. While there may be some limitations, you [i.e., the device maker] can undoubtedly imprint your own brand [onto the customized operating system]. This is a capability that was lacking with Windows Phone. Despite the possibility of having 1 or 2 different apps, the aesthetic design remained unchanged. In contrast, with Android, you have the flexibility to make these design customizations.”

These points were echoed by a category manager from a large chain of consumer electronics stores:
“Symbian was licensed to Sony Ericsson, LG, and other brands, but aside from Sony Ericsson, which customized it for cameras [mounted on mobile phones], LG did not make significant use of it. Nokia was the company that excelled in developing Symbian. Similarly, with Windows Phone, Samsung experimented with it but found it to be not very customizable.”

As mentioned by a marketing manager from a leading Chinese device manufacturer that has its own customized version of the Android OS, open-source operating systems are crucial for meeting the diverse needs of end-users, especially as users increasingly engage with portable devices like smartphones:
“Nowadays, the smartphone is the single device we spend more time on every day. Five hours for sure, even more. […] Users are becoming more and more demanding […] What makes us different is our proximity to the users. We want to speak with them, without imposing our technology. […]”

“An open-source operating system allows you to respond promptly to user needs […]. It enables you to co-create with users. […] We developed it together with our community. […] The company releases a new version of the software every week, based on the recommendations and suggestions of the community. […] A user suggests a feature for the [Android] operating system on Monday, and by the Friday release, it’s implemented. In doing so, the relationship that the company establishes with the consumer becomes long-term.”

The same marketing manager highlighted that if the OS platform allows customization, the device maker can build both innovations and services on top of it, from which to monetize:
“With our own [Android customized] platform, we build services on top of it. In this way we can monetize from our own platform rather than only on sales of our hardware product.”

He also pointed out how Android customizations must vary from country to country to adapt to local users’ specific needs:
“In particular, major markets have specific customizations, primarily at the level of pre-installed applications. It is an issue that is not only cultural, but also commercial. Netflix and Facebook, for example, pay you [i.e., the device maker] to have the app pre-installed. In Russia, you have a completely different Android skin.” 

Finally, he also stressed how the Android OS has lowered barriers to entry, thanks to the ease with which handset makers can adopt it on their devices, even in its basic form (i.e., stock Android):
“Thanks to Android, it has become an open market. We see this from the number of emerging players. We see it when, in 2020-2021, there is a supply chain crisis, and out of nowhere, a manufacturer puts together a device and, overnight, floods the market: Realme. Android gives you the opportunity to do this: you take it, customize it, and enter the market. [...] You could even use a simple stock Android and make it a point of communication, saying, “I offer the purest possible Android experience.” [...]. With a dominant closed operating system, like iOS in the US market, you can’t do this.”
The importance of leveraging Android OS customization opportunities was particularly evident for smaller handset makers. In an interview with the marketing manager of a Sweden-based company specializing in the development of mobile phones for senior users, the manager explained to us:
“We have something different. [...] We have developed an operating system capable of providing elderly users with a very straightforward Android interface, very easy to use, for making calls, sending messages, files [...] To the point that Google advertised on the most important media worldwide and said, “This is the interface that also allows senior users to use our operating system” [...] Here you see the differentiation between us and someone else.”

In another interview with a product manager from a major Chinese manufacturer of Android-based phones, he explained to us that differences in custom Android versions also impact their size when integrated into handsets, a factor that influences device usability:
“One consistent aspect we’ve observed is that people are concerned about the user experience over time, asking questions like: Is my smartphone fast now, and will it remain fast in the future? Does this brand have a reputation for producing fast smartphones? For instance, Samsung is known for having slower software. And it’s true—just look at the size of its operating system: Our operating system is 8GB, while One UI, Samsung’s customized Android operating system, is 30GB.”

In another interview with a software engineer from a technology company headquartered in Milan, specializing in app development, she explained that although the fragmentation of Android versions makes it challenging for developers to ensure that the modified Android OS and related apps work properly on different handsets, Android offers high flexibility for customization for handset makers:
“The apps that come with the phone but are not from Google—such as the calculator, the clock, and other general apps not developed by third-party companies but by manufacturers themselves—are the ones that exhibit the biggest differences, mostly in user experience and user interface, depending on the manufacturer. [...] Google, in general, has been very, very flexible regarding these changes that manufacturers can make.”

“On Android, most of our apps can be installed on more than 30,000 different devices. So, it’s virtually impossible to guarantee any kind of resolution regarding the screen sizes as well. It’s a really wide range of possibilities. Therefore, we always need to take care of the design to make it scalable and always scrollable, especially for smaller screens.”

“And there are still many customizations that manufacturers implement, giving us headaches. For example, one of the significant challenges is notifications—where many manufacturers now try to optimize for battery life. [...] Similarly, with camera APIs, which is our bigger problem due to different permissions. Some vendors allow partial permissions, while others provide permission to the entire storage.”

“I definitely think for vendors and users alike, there is an advantage in Android allowing customization for sure. You have also heard many times that people are just in love with Samsung and always buy Samsung because the user experience is different, maybe more user-friendly.”

Moreover, in addition to this, the ability to customize an open OS platform provides device makers with a significant growth opportunity: capitalizing on their own ecosystem. This ecosystem may include the device makers’ own app store or a network of OS-connected devices. As emphasized by the category manager we interviewed:
“...there is Samsung that continues undeterred to invest in the Android skin, [...] And then comes the whole Xiaomi world with MIUI, or Oppo with ColorOS, or other [smaller] brands that customize the Android OS. However, all of them try to pursue, in my opinion, something that only Samsung can achieve on an industrial level: an ecosystem. But to create an ecosystem, you have to produce a bit of everything, that is, you have to have phones, tablets, computers; you have to produce many devices. And the only manufacturer, in my opinion, that has this capability now is Samsung.”




Appendix B. Alternative Samples, Measures, and Model Specifications

A first set of tests to assess the robustness of our findings is reported in Table B1. First, we repeated the analysis by testing the models in two sub-samples, one with observations of the mobile phone industry (Model B2) and one with observations of the tablet industry (Model B3). As can be observed, the results remained fairly consistent with those in Model 3 (Table 3).
Second, although our theory concerns the dominant platform’s openness to device makers, a platform can grant different levels of openness depending on the ecosystem partner (Eisenmann et al., 2009). For example, Apple’s iOS is closed to device makers, but Apple grants some openness to app developers, allowing every developer to submit a proposal for a new app, while maintaining a relatively high screening process. By contrast, Google’s Android is largely open to both device makers and app developers, with the latter subject to fewer screening quality controls than when developing apps for iOS. One might argue that the extent to which an OS represents a weapon for device makers to intensify competition also depends on its openness to app developers. Accordingly, similarly to how we coded a dominant platform’s openness to device makers (i.e., from 1 to 3), we also used the same scale to measure a dominant platform’s openness to app developers.[footnoteRef:1] However, we found these two variables (i.e., the dominant platform’s openness to device makers and app developers) to be highly correlated (r = 0.946), meaning they cannot be included in the same regression equation. We, therefore, used the average of the two measures (the dominant platform’s overall openness) as a substitute for our initial measure of openness to device makers. As shown in Model B4, the results remained consistent. [1:  This variable was coded into the following categories: (1) if the sponsor of the OS grants access to none or a small number of external application developers, and sets stringent specifications that app developers must meet; (2) if the sponsor of the OS grants access to a large number of external application developers, but maintains relatively a high screening process and quality control; and (3) if the sponsor of the OS grants access to a large number of application developers and sets no or minimal specifications to developers.] 

Third, to assess the degree of dominance of the largest platform (Hypothesis 2), we employed two alternative indicators, in addition to the Herfindahl index used as a measure of the concentration in the sponsor market: (a) the one-firm concentration ratio, representing the market share of the largest platform (Dubé et al., 2010), and (b) the difference in market shares between the leading platform and its closest follower. As shown in Models B5 and B6, results remained consistent.
Fourth, we repeated the analysis without lagging the independent variables to show that the results do not depend on this specific choice. As shown in Model B7, the results remained consistent with those presented in Model 3 (Table 3).
Fifth, we aimed to verify the robustness of our results by assessing concentration in the device maker market using market share data in terms of units sold. We obtained data from Euromonitor International, which provides information on market share for mobile phone makers in terms of units sold in 45 countries. This source has been previously utilized in studies within the mobile phone industry (e.g., Giachetti et al., 2024; Giachetti and Marchi, 2017). Unfortunately, Euromonitor did not provide data on tablet devices. As demonstrated in Model B8, our results remained consistent when measuring the Herfindahl concentration index for mobile phone makers in terms of units sold. It is noteworthy that the correlation between the Herfindahl index computed in page views and units sold terms was quite high (r = 0.53).
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Table B1. Instrumental Variables, Alternative Samples, Measures, and Model Specifications
	
	Instrumental variables
	Mobile phone industry
	Tablet industry
	Dominant platform’s overall openness
	One-firm (sponsor) concentration ratio
	Market share difference between dominant OS and closest follower
	Independent variables not lagged
	Herfindahl of mobile phone makers in units sold

	
	Model B1
	Model B2
	Model B3
	Model B4
	Model B5
	Model B6
	Model B7
	Model B8

	Dominant platform openness
	-0.027
	-0.0188*
	-0.0465***
	-0.0119**
	-0.0147***
	-0.0169**
	-0.0548***
	-0.0419*

	
	(0.018)
	(0.0084)
	(0.0107)
	(0.0038)
	(0.0043)
	(0.0052)
	(0.0147)
	(0.0164)

	
	
	
	
	
	
	
	
	

	Platform dominance
	0.030***
	0.0308***
	0.0058
	0.0199***
	0.0147***
	0.0115***
	0.0671***
	0.0090

	
	(0.009)
	(0.0072)
	(0.0076)
	(0.0054)
	(0.0038)
	(0.0032)
	(0.0044)
	(0.0111)

	
	
	
	
	
	
	
	
	

	End-users’ engagement
	0.002
	0.0108
	-0.0379
	0.0054
	0.0063
	0.0055
	0.0169**
	0.0146

	
	(0.005)
	(0.0069)
	(0.0464)
	(0.0057)
	(0.0059)
	(0.0061)
	(0.0060)
	(0.0158)

	
	
	
	
	
	
	
	
	

	Intensity of regulatory enforcement
	0.002*
	0.0011
	0.0036+
	0.0023
	0.0013
	0.0006
	-0.0006
	0.0007

	
	(0.001)
	(0.0021)
	(0.0020)
	(0.0017)
	(0.0016)
	(0.0016)
	(0.0013)
	(0.0033)

	
	
	
	
	
	
	
	
	

	End-users’ purchasing power
	-0.026
	-0.0236
	-0.0378
	-0.0317
	-0.0311
	-0.0311
	-0.0322
	0.0048

	
	(0.019)
	(0.0302)
	(0.0273)
	(0.0227)
	(0.0229)
	(0.0233)
	(0.0237)
	(0.0816)

	
	
	
	
	
	
	
	
	

	Dominant platform openness × Platform dominance
	-0.022**
	-0.0165**
	-0.0461***
	-0.0141***
	-0.0142***
	-0.0159***
	-0.0522***
	-0.0189+

	
	(0.010)
	(0.0053)
	(0.0077)
	(0.0032)
	(0.0032)
	(0.0037)
	(0.0036)
	(0.0101)

	
	
	
	
	
	
	
	
	

	Dominant platform openness × End-users’ engagement
	-0.004
	-0.0024
	-0.0438*
	-0.0030
	-0.0021
	0.0015
	-0.0099**
	0.0006

	
	(0.003)
	(0.0034)
	(0.0172)
	(0.0022)
	(0.0023)
	(0.0021)
	(0.0034)
	(0.0059)

	
	
	
	
	
	
	
	
	

	Dominant platform openness × Intensity of regulatory enforcement
	-0.001
	-0.0010
	-0.0009
	-0.0026*
	-0.0030**
	-0.0037***
	-0.0014
	-0.0033+

	
	(0.001)
	(0.0013)
	(0.0013)
	(0.0011)
	(0.0010)
	(0.0010)
	(0.0009)
	(0.0019)

	
	
	
	
	
	
	
	
	

	Dominant platform openness × End-users’ purchasing power
	0.005**
	0.0071+
	0.0088***
	0.0073***
	0.0077***
	0.0066**
	0.0122***
	0.0238*

	
	(0.002)
	(0.0037)
	(0.0026)
	(0.0020)
	(0.0020)
	(0.0021)
	(0.0022)
	(0.0102)

	
	
	
	
	
	
	
	
	

	Growth of the dominant platform as a device maker
	-0.005
	0.0035
	-0.0042
	-0.0031
	-0.0028
	-0.0024
	-0.0017*
	-0.0027

	
	(0.004)
	(0.0045)
	(0.0027)
	(0.0027)
	(0.0029)
	(0.0029)
	(0.0008)
	(0.0102)

	
	
	
	
	
	
	
	
	

	Sponsors’ market share instability
	-0.000
	-0.0029
	0.0043
	-0.0010
	-0.0018
	-0.0027
	0.0047
	0.0015

	
	(0.003)
	(0.0030)
	(0.0056)
	(0.0025)
	(0.0025)
	(0.0025)
	(0.0029)
	(0.0069)

	
	
	
	
	
	
	
	
	

	Android growth
	-0.006
	0.0106
	-0.0471
	0.0031
	0.0006
	0.0010
	0.0274
	-0.0341

	
	(0.026)
	(0.0310)
	(0.1422)
	(0.0326)
	(0.0345)
	(0.0348)
	(0.0236)
	(0.0580)

	
	
	
	
	
	
	
	
	

	Device makers’ design heterogeneity
	-0.016
	-0.0406***
	-0.0075
	-0.0298***
	-0.0310***
	-0.0326***
	-0.0421***
	0.0094

	
	(0.012)
	(0.0111)
	(0.0086)
	(0.0071)
	(0.0067)
	(0.0064)
	(0.0054)
	(0.0107)

	
	
	
	
	
	
	
	
	

	Rule of law
	0.020
	0.0399
	0.0415
	0.0409
	0.0422
	0.0413
	-0.0113
	0.1185

	
	(0.027)
	(0.0550)
	(0.0619)
	(0.0423)
	(0.0427)
	(0.0436)
	(0.0323)
	(0.0852)

	
	
	
	
	
	
	
	
	

	GDP per capita growth
	0.020
	-0.0265
	0.0250
	-0.0072
	-0.0099
	-0.0081
	0.0006
	-0.1985

	
	(0.028)
	(0.0237)
	(0.0439)
	(0.0246)
	(0.0256)
	(0.0259)
	(0.0219)
	(0.1317)

	
	
	
	
	
	
	
	
	

	Constant
	
	0.3136***
	0.3386***
	0.3183***
	0.3079***
	0.2907***
	0.4930***
	0.1873**

	
	
	(0.0135)
	(0.0351)
	(0.0109)
	(0.0096)
	(0.0090)
	(0.0160)
	(0.0536)

	
	
	
	
	
	
	
	
	

	Dominant platform dummies
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year dummies
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	N
	2,319
	1,451
	1,101
	2,552
	2,552
	2,552
	2,899
	360

	Within R-squared
	0.4020
	0.3784
	0.5324
	0.4017
	0.3967
	0.3923
	0.7149
	0.3237


Panel fixed effects at industry-country level; year and dominant platform dummies included. Results based on standardized variables. Robust standard errors reported in parentheses. All independent variables lagged by one year. Significance: +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001
Appendix C. Reducing the Influence of Android Dominance in the Sample

As noted in the method section, within our observation period in the mobile phone industry, dominant open-source OSs, i.e., those with high openness, account for nearly 73% of panel data points. This high percentage is mainly related to the dominance of the Android OS in many countries since the early 2010s. We wanted to ensure that our results are not biased by a long period of such OS dominance. This is important for mainly two reasons: first, to achieve a greater balance of the number of observations between various types of dominant OSs over our observation period; second, once Android became the dominant design with a much larger market share than rival OSs, some mobile phone vendors converged toward a similar “optimal” configuration, thus presenting fewer differentiation opportunities. Therefore, we repeated the analysis excluding observations related to years when Android OS had a country-level market share above its 95th percentile, which in our observation period corresponds to a market share of 89.7% in the mobile phone industry and of 80.5% in the tablet industry. These are those cases in which Android was clearly the dominant design in a country, widely diffused among handset vendors. As can be seen in Model C1, all regression coefficients and significance levels remain consistent with those in our full model. 
Table C1. Robustness Tests: Reducing the Influence of Android Dominance in the Sample
	
	Excluding observations with Android market share > 95th percentile 

	
	Model C1

	Dominant platform openness
	-0.0139***

	
	(0.0038)

	
	

	Platform dominance
	0.0233***

	
	(0.0055)

	
	

	End-users’ engagement
	0.0055

	
	(0.0058)

	
	

	Intensity of regulatory enforcement
	0.0026

	
	(0.0017)

	
	

	End-users’ purchasing power
	-0.0307

	
	(0.0231)

	
	

	Dominant platform openness × Platform dominance
	-0.0159***

	
	(0.0034)

	
	

	Dominant platform openness × End-users’ engagement
	-0.0037

	
	(0.0025)

	
	

	Dominant platform openness × Intensity of regulatory enforcement
	-0.0020+

	
	(0.0011)

	
	

	Dominant platform openness × End-users’ purchasing power
	0.0075***

	
	(0.0021)

	
	

	Growth of the dominant platform as a device maker
	-0.0028

	
	(0.0024)

	
	

	Sponsors’ market share instability
	-0.0013

	
	(0.0026)

	
	

	Android growth
	0.0075

	
	(0.0314)

	
	

	Device makers’ design heterogeneity
	-0.0225**

	
	(0.0073)

	
	

	Rule of law
	0.0412

	
	(0.0444)

	
	

	GDP per capita growth
	-0.0144

	
	(0.0278)

	
	

	Constant
	0.3240***

	
	(0.0105)

	
	

	Dominant platform dummies
	Yes

	Year dummies
	Yes

	N
	2,425

	Within R-squared
	0.4167


Panel fixed effects at industry-country level; year and dominant platform dummies included. Results based on standardized variables. Robust standard errors reported in parentheses. All independent variables lagged by one year.
Significance: +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001




Appendix D. Testing Differences in Device Makers’ Design Heterogeneity Across Countries with Different End-users’ Purchasing Power

Of the two IO mechanisms employed to formulate our hypotheses—specifically, that the openness of the dominant OS platform lowers legal barriers and differentiation barriers for device makers—Hypothesis 5 predominantly draws upon the former. An alternative perspective suggests that devices featuring a dominant, open OS platform in countries with limited end-user purchasing power may be largely undifferentiated. In this scenario, the primary concern for users is affordability rather than the pursuit of a differentiated device. This would imply that increased competition (resulting in lower concentration) among device makers is primarily driven by competitive pricing rather than the differentiation opportunities offered by the dominant OS.
To explore this alternative argument, we conducted an additional analysis by testing the effect of a country’s GDP per capita on device makers’ design heterogeneity. As clarified in the method section, design heterogeneity directly relates to the aesthetic design elements of device displays. As presented in Model D1 (Table D1), the model’s outcome reveals that the GDP per capita coefficient is insignificant. This suggests that, at least in terms of aesthetic design elements, platform-based devices in countries with lower end-user purchasing power are not necessarily less differentiated than devices in countries with stronger purchasing power.
Table D1. The Effect of End-users’ Purchasing Power on Device Makers’ Design Heterogeneity
	
	Model D1

	End-users’ purchasing power
	-0.0235

	
	(0.0214)

	
	

	Constant
	0.8473***

	
	(0.0097)

	
	

	Dominant platform dummies
	Yes

	Year dummies
	Yes

	N
	2,552

	Within R-squared
	0.2582


Panel fixed effects at industry-country level; year and dominant platform dummies included. Results based on standardized variables. Robust standard errors reported in parentheses. All independent variables lagged by one year.
Significance: +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001



[bookmark: _Hlk204767565]Appendix E. The Moderating Effect of Platform Dominance in the Mobile Phone and Tablet Industries

We present plots of the interaction effect related to Hypothesis 2, distinguishing between the mobile phone and tablet industries. As depicted in Figures E1 and E2, consistent with Figure 1, for a low degree of platform dominance in the sponsor market, the openness of the dominant OS platform may exert a positive, rather than negative, influence on the concentration of mobile phones and tablet makers. (The portion of the curve above the 0 of the y-axis, and with CI not crossing 0, indicates a positive effect of openness). This result underscores that the effect of the dominant platform’s openness on the concentration of device makers is not necessarily negative, as there is a contingency (i.e., the degree of platform dominance in the sponsor market)—both in the mobile phone and tablet industries—that can render it positive.
[image: ]
Figure E1. Mobile Phone Industry: Average Marginal Effects of Dominant Platform’s Openness for Different Levels of Platform Dominance (with 90% CI)
Note: Results based on standardized variables.


[image: ]
Figure E2. Tablet Industry: Average Marginal Effects of Dominant Platform’s Openness for Different Levels of Platform Dominance (with 90% CI)
Note: Results based on standardized variables.




Appendix F. Testing the Moderating Effect of Sponsors’ Market Share Instability

[bookmark: _Hlk205287541]Since winner-take-all outcomes may eventually lead a platform to establish stable dominance over time, an alternative way to assess the sustainable competitive advantage of the dominant platform is to consider the degree of market share instability in the sponsor market. We included sponsors’ market share instability as a control variable in our model, but it is also worth examining its role as a moderator, as an alternative to platform dominance. This may reasonably lead to opposite results, since higher instability in the market shares of competing platforms would imply that the dominance of the leading platform is unstable. As shown in Model F1 (Table F1), both the sign of the coefficient for sponsors’ market share instability and its moderating effect on platform openness are opposite to those observed with platform dominance. This suggests that greater market share instability in the sponsor market may hinder (rather than strengthen) the visibility of dominant, open platforms to handset makers, and thereby reduce the related opportunities for growth.
Table F1. Testing the Moderating Effect of Sponsors’ Market Share Instability as an Alternative to Platform Dominance
	
	Model F1

	Dominant platform openness
	-0.0011

	
	(0.0020)

	
	

	Sponsors’ market share instability
	-0.0056*

	
	(0.0026)

	
	

	End-users’ engagement
	0.0052

	
	(0.0058)

	
	

	Intensity of regulatory enforcement
	0.0014

	
	(0.0018)

	
	

	End-users’ purchasing power
	-0.0445+

	
	(0.0236)

	
	

	Dominant platform openness × Sponsors’ market share instability
	0.0048**

	
	(0.0017)

	
	

	Growth of the dominant platform as a device maker
	-0.0031

	
	(0.0025)

	
	

	Android growth
	0.0006

	
	(0.0355)

	
	

	Device makers’ design heterogeneity
	-0.0444***

	
	(0.0059)

	
	

	Rule of law
	0.0405

	
	(0.0440)

	
	

	GDP per capita growth
	-0.0030

	
	(0.0257)

	
	

	Constant
	0.2888***

	
	(0.0090)

	
	

	Dominant platform dummies
	Yes

	Year dummies
	Yes

	N
	2,552

	Within R-squared
	0.3789


Panel fixed effects at industry-country level; year and dominant platform dummies included. Results based on standardized variables. Robust standard errors reported in parentheses. All independent variables lagged by one year.
Significance: +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001
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