



















































































































































































4.2.4.2. Results of STR Model

In this part of the results, we will conclude the model results of both fixed-effects
and random-effects for the game streaming model respectively. We will include the
coefficients of different variables as well as their standard error for hypothesis
testing purposes. After that, we will also summarize the results of the random-
effects regarding the intercept and slopes in another table, whose numbers represent
the additional random effects on the fixed intercept, game’s popularity, WOM
Volume, and WOM Valence among different groups (game genres).

Fixed-Effects on Game Streaming

Table 17. Fixed-Effects of STR Model

Estimate Std. Error
Intercept -2.2189 ** 0.5721
Lagged CP 0.3072** 0.0594
Lagged STR 0.7228 *** 0.0399
Lagged WOM Volume 0.1491 # 0.0671
Lagged WOM Valence -0.3499 0.5499
Action 0.0099 0.0638
Indie 0.0896 0.0545
Simulation -0.1250 * 0.0574
Discount 0.0779 0.0852

R’ 0.6920

#  Significant at the 10% level.
*  Significant at the 5% level.
** Significant at the 1% level.
*** Significant at the 0.1% level.

Hypothesis Results

With the help of the model results such as the coefficients, standard error, this
research can carry out the hypothesis testing with corresponding significance level.
We can test the cross effect of WOM Volume and Valence and the feedback effect
of the game's popularity on game streaming. We will omit the repeated tests

description, of which the details are as above.
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H3.a. A game’s WOM Volume will improve this game’s game streaming.

VAR Result: We find statistically significant evidence from 17 games which

support H3.a out of 227 games.

Results: The coefficient for the cross effect of WOM Volume on game’s popularity
Is 0.1491, which is statistically significant at 10% significance level, providing
evidence to support hypothesis H3.a. Therefore, we find evidence to support that a
game’s WOM Volume can improve this game’s game streaming. In detail, 1
percentage improvement in WOM Volume is likely to lead to a 0.1485 percentage

increase in the game’s game streaming while holding all other variables constant.

H3.b. A game’s WOM Valence will improve this game’s game streaming.

VAR Result: We find statistically significant evidence from 7 games which support
H3.b out of 227 games.

Results: The coefficient for the cross effect of WOM Valence on game’s popularity
is -0.3499, which is not statistically significant at 10% significance level, which
does not provide sufficient evidence to support hypothesis H3.b. Therefore, we can
not find enough evidence to support whether WOM Valence can improve this

game’s game streaming.

H4. One game’s popularity will improve this game’s game streaming.

VAR Result: We find statistically significant evidence from 34 games which

support H4 out of 227 games.

Results: The coefficient for the feedback effect of game’s popularity on game
streaming is 0.3072, which is statistically significant at 1% significance level,
providing strong evidence to support hypothesis H4. Therefore, we find sufficient
evidence to support that a game’s popularity will improve this game’s game
streaming. In detail, the coefficient of 0.3072 indicates that 1 percentage increase
in game’s popularity is expected to lead to a 0.3061 percentage increase in the

game’s game streaming while holding all other variables constant.

4.2.4.3. Results of WOM Volume and WOM Valence Model

Same as above, we will summarize the model results for the WOM Volume and

WOM Valence models respectively. And then we will discuss the results of both
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the fixed-effects, and the random-effects for the purposes of hypothesis testing as

before.

Fixed-Effects on WOM Volume

Table 18. Fixed-Effects of Volume Model

Estimate Std. Error
Intercept 0.3064 * 0.1037
Lagged CP 0.0995 ** 0.0242
Lagged STR 0.0191 ** 0.0060
Lagged WOM Volume 0.7508 *** 0.0271
Lagged WOM Valence 0.4572* 0.1739
Action 0.0455* 0.0183
Indie 0.1151 *** 0.0153
Simulation -0.0139 0.0163
Discount 0.6509 *** 0.0236

R’ 0.6068

#  Significant at the 10% level.
*  Significant at the 5% level.
** Significant at the 1% level.
*** Significant at the 0.1% level.

Hypothesis Results
H5.a. One game’s game streaming will improve this game’s WOM Volume.

VAR Result: We find statistically significant evidence from 7 games which support

H5.a out of 227 games.

Results: The coefficient for the cross effect of game streaming on WOM Volume
is 0.0191, which is not statistically significant at 1% significance level, providing
sufficient evidence to support hypothesis H5.a. Therefore, we find strong evidence
from the model results to support that a game’s game streaming will improve this
game’s WOM Volume. In detail, a 1 percentage increase in game’s game streaming
level is likely to lead to a 0.0190 percentage increase in the WOM Volume while

holding all other variables constant.
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H6.a. One game’s popularity will improve this game’s WOM Volume.

VAR Result: We find statistically significant evidence from 1 game which supports

H6.a out of 227 games.

Results: The coefficient for the feedback effect of the game's popularity on WOM
Volume is 0.0995. This coefficient is statistically significant at 1% significance
level, which provides strong evidence to support hypothesis H6.a. Therefore, we
have strong evidence to support that high game’s popularity tends to encourage
more reviews and comments from the players. The coefficient also suggests that 1
percentage increase in game’s popularity is likely to lead to a 0.0991 percentage

increase in the WOM Volume.

Fixed-Effects on WOM Valence

Table 19. Fixed-Effects of VValence Model

Estimate Std. Error
Intercept 0.1731** 0.0398
Lagged CP 0.0026 # 0.0006
Lagged STR -0.0010* 0.0003
Lagged WOM Volume 0.0001 0.0015
Lagged WOM Valence 0.6994 *** 0.0633
Action -0.0041 *** 0.0012
Indie 0.0064 *** 0.0010
Simulation -0.0027 * 0.0011
Discount 0.0044 ** 0.0016
R’ 0.5091

#  Significant at the 10% level.
*  Significant at the 5% level.
**  Significant at the 1% level.
*** Significant at the 0.1% level.

Hypothesis Results
H5.b. One game’s game streaming will improve this game’s WOM Valence.

VAR Result: We find statistically significant evidence from 7 games which support
H5.b out of 227 games.
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Results: The coefficient for the cross effect of the game streaming on WOM
Valence is -0.0010, which is statistically significant at 5% significance level,
providing sufficient evidence to deny hypothesis H5.b. Therefore, we find strong
evidence to reject that a game’s game streaming will improve this game’s WOM
Valence, because the model result shows strong support for the opposite of the

hypothesis that game streaming will decrease this game’s WOM Valence.

H6.b. One game’s popularity will improve this game’s WOM Valence.

VAR Result: We find statistically significant evidence from 4 games which support
H6.b out of 227 games.

Results: The coefficient for the feedback effect of the game’s popularity on WOM
Valence is 0.0026, which is statistically significant at 10% significance level. As a
result, we have enough evidence to support hypothesis H6.b that the game's
popularity will improve this game’s WOM Valence. In short, 1 percentage increase
in game’s popularity is likely to lead to a 0.0026 percentage increase in the WOM

Valence.
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Summary of Hypotheses Testing Results

Although some of the LMER model results are different from the results that VAR

suggests in terms of the hypotheses testing, we will summarize the hypotheses
results in the table as below derived from the LMER model (Table 20.).

Table 20. Summary of Hypotheses tested by LMER Model

Hypothesis Path Coefficient p Conclusion
Hl.a Streaming - Popularity 0.0044 0.0865 Confirmed
H1.b Streaming - Popularity 0.0044 0.0865 Opposite

Streaming
HI’ single-player >, -0.0057  0.0052 Confirmed
Categories  popularity
H2.a Volume - Popularity -0.0005  0.9430 Not Significant
H2.b Valence - Popularity 0.4333 <0.001 Confirmed
H3.a Volume - Streaming 0.1491 0.0917 Confirmed
H3.b Valence - Streaming -0.3499  0.5436 Not Significant
H4 Popularity - Streaming 0.3072 0.0013 Confirmed
H5.a Streaming - Volume 0.0191 0.0073 Confirmed
H5.b Streaming - Valence -0.0010  0.0110 Opposite
H6.a Popularity - Volume 0.0995 0.0027 Confirmed
H6.b Popularity - Valence 0.0026 0.0504 Confirmed
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Finally, when it comes to the theoretical framework, we are able to use the estimated
coefficients as well as corresponding significance levels to represent the
relationships between different areas of interest. And we will summarize and

highlight the statistics in the framework as below (Figure 3.).

Figure 3. The Tested Model

-
Game N H4 0.3072%*
Streaming
A \___Hl.a 0.0044#
: H1' H1.b 0.0044#
A '; "single-player"
: -0.0057**
\ Game Game's
H5.a 0.0191** Categories Popularity
H5.b -0.0010*
\_ H3.a0.1491#
H3.b -0.3499
' 1
N\__ H2.a -0.0005
WOM H2.b 0.4333***
-
N H6.a 0.0995**
H6.b 0.0026#

#  Significant at the 10% level.
*  Significant at the 5% level.
** Significant at the 1% level.
*** Significant at the 0.1% level.
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4.2.5. Model Validation with F-test for LMER

We can observe a relatively good fit through the R? of each mode. However, R is
only one of the comparable criteria that indicate model fit, and we need further
evidence to prove that the mixed-effect model is the right choice compared to the
null model which only contains the fixed-effects. Therefore, this research will also
implement a F-test for each equation between the proposed mixed-effects model
and the null model which only contains the fixed-effects while holding all the other
variables the same (Kuznetsova., Brockhoff & Christensen, 2017). In detail, we will
build the null model for each equation by excluding the random-effects, and then
we will compare the results of the null model to the mixed-effects model through
F-test, whose test results indicate the credibility of the mixed-effects this research
used. In essence, if the p-value of the F-test is significant at 5% significance level,
then we can prove the credibility of the random-effects included by this research,
proving the validity of the mixed-effects model (Halekoh & Hgjsgaard, 2011).

After implementing the F-test for the four pairs of mixed-effects models with the

relevant null models, we can summarize the results as below (Table 21.).

Table 21. Results of F-test for All Models With Null Models

AlC logLik Chisq Df Pr(>Chisq)
Null - CP 4113.5044  -2044.7522 - - -
CP 4054.4211  -2000.2106  89.0833 15  1.47E-12***

Null - STR 48466.6317 -24221.3159 - - -

STR 48342.8727 -24144.4363 153.7591 15 4.32E-25 ***

Null - Volume  19915.6741  -9945.8371 - - -

Volume 19678.7771  -9821.3886 248.8970 6 7.06E-51 ***

Null - Valence -40180.5027 20102.2514 - - -

Valence -40342.6199  20198.3099 192.1172 15  8.45E-33***

# Significant at the 10% level.
*  Significant at the 5% level.
**  Significant at the 1% level.
*** Significant at the 0.1% level.
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Therefore, we can conclude that all the four mixed-effects models are significantly
accurate in explaining the random-effects. In other words, the four F-tests all
provide strong evidence for this research to confirm a significant difference
between the fixed-effects model and the mixed-effects model. As a result, this
research is able to prove that the linear mixed-effects model fits the data better than
the models with only fixed-effects, indicating the credibility of the random-effects
across different game genres groups.
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5. Implications

Based on the tested hypotheses and model results, our finding indicates that game
streaming helps game companies boost game’s popularity in general but hurts
game’s popularity for single-player games. Meanwhile, our result found strong
evidence of the existence of interactions between game streaming and WOM
Volume. Hence, we will summarize our results and discuss both the academic

implications and managerial implications.

5.1. Implications for Theory

Our study contributes to the academy by investigating the cannibalization effect of
the game streaming on the game’s popularity in a quantitative way. At the same
time, in contrast with the current literature, we not only study both the positive and
negative effects of game streaming on the game’s popularity, but also divide WOM
into WOM Volume and WOM Valence and test how these two variables affect
game’s popularity. This method also differentiates with other literatures in the way
that we try to investigate altogether the interactions among game streaming, game’s
popularity, WOM Volume, and WOM Valence instead of a one-way relationship.
For example, we test the effects of game streaming on the game’s popularity as well
as the game’s popularity’s feedback effect on game streaming. After testing twelve
hypotheses regarding the interactions among game streaming, game’s popularity,
WOM Volume, and WOM Valence, our models and findings have several

implications for theory.

5.1.1. Game streaming helps game companies boost game’s popularity in

general but may hurt the game’s popularity for single-player games

The Positive impact from game streaming on game’s popularity from Hl.a is
consistent with the result of Kaytoue et al. (2012), which shows that streaming
platforms can attract more game players. However, we also find an opposite impact
of game streaming among single-player games. In detail, 1% increase in the game
streaming may result in around 0.129% decrease in game’s popularity for single-
player games. This finding provides quantitative evidence for the hypothesis in
(Smith, Obrist & Wright, 2013) work when prior work was not able to quantify the
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cannibalization effect of the streaming platforms. This cannibalization effect echoes
the hypothesis H1".

5.1.2. The existence of interplay between game streaming and word-of-mouth

volume

Although we found little literature testing the interplay between game streaming
and WOM Volume, much literature acknowledged the game streaming has a
positive correlation with WOM in general (Feng, 2006). Our hypotheses H3.a and
H5.a confirmed the positive impact existing in between. In short, game streaming
Is able to generate more game reviews on different streaming platforms and the

number of game reviews are also likely to strengthen game streaming.

5.1.3. Different random-effects across different game genres groups

Apart from the fixed effects, another key contribution of this research is that we
took game genres into consideration by allowing the random-effects across
different game genres groups. Take the random-effects of the game’s popularity
equation as an example (Table 16.), the model results implied different random-
effects that are additional to the fixed-effect incurred by the game streaming on the
game’s popularity across different game genres groups. Of all the random-effects
of game streaming on game’s popularity across different groups, we were able to
observe five game genres where the random-effects are negative. The five game
genres are “RPG”, “Racing”, “Early Access”, “Animation & Modelling”, and
“Adventure”. As a result, with the negative additional random-effect of game
streaming on game’s popularity, games from these game genres may experience a
less beneficial effect of game streaming on game’s popularity. Similarly, this
research is also able to derive the random-effects of other variables such as WOM
Volume and WOM Valence on the game’s popularity, as well as the random-effects

from other equations as shown in the Appendix (Appendix 1 2 3.).

5.2 Implication for Game companies

Our approach and empirical results also offer several new implications for game

companies. We provided quantitative support for managers in game companies to
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decide whether they should rely on cooperation with streaming platforms or not,

which is largely dependent on the types of the games.

5.2.1. More collaboration between game companies and streaming platforms

Since our finding indicated a positive effect of game streaming on the game’s
popularity in general, closer collaboration between game companies and streaming
platforms is likely to be crucial and profitable for the game companies when trying
to increase game’s popularity. Game companies can jointly develop a game with
streaming platforms and engage potential gamers in the game development via the
streaming platforms. For instance, the game companies can broadcast the
development process of the games, and broadcast the procedures of testing game
functions, and thereby showing viewers the process of developing, refining, testing,
and iterating on the code of a game or other piece of software. (Johnson &
Woodcock, 2019). As a result, this partnership is likely to lead to a higher game’s
popularity before launching, which is expected to bring more players and profit for
the game companies. Apart from that, tournaments held by game developers and
streaming platforms can also strengthen this partnership. Streaming platforms can
preserve iconic and memorable moments in the tournaments and keep streaming
these moments to attract potential customers. From this perspective, an increased
game streaming level is likely to help game companies increase the game’s

popularity, which in turn generates more profit.

5.2.2. Less game streaming for single-player games

Prior literature could not manage to conduct the empirical analysis on the
cannibalization effect of game streaming, but we address this issue. Our finding
signals the negative impact of game streaming on game’s popularity in single-
player games based on the empirical results. As mentioned above, although in
general game streaming increases game’s popularity, a 1 percent increase in game
streaming level in fact decreases the game’s popularity for single-player games by
0.0013 percent. Therefore, we do not recommend the game companies who are
going to release single-player games to facilitate game streaming. That is because
game companies are more likely to observe a cannibalization effect that game

streaming will hurt game’s popularity. As a result, we would recommend the game



GRA 19703

companies to depend more on other advertising methods other than game streaming
to try increasing game’s popularity. For instance, they can still encourage positive
reviews from the players, because this research expects a significant benefit that
WOM Valence can bring to the game's popularity. In conclusion, single-player

game companies had better limit the streamed contents on the streaming platforms.

5.2.3. Encourage positive reviews

Moreover, this research found strong evidence to support hypothesis H2.b, which
means that WOM Valence is very likely to boost the game's popularity. As a result,
our finding indicates that the positive reviews of games are likely to increase the
game’s popularity. Therefore, we recommend game companies to put more effort
into encouraging the players to leave positive reviews. For instance, the game
companies can offer positive incentives for the gamers to encourage their positive
reviews. Game companies can provide some free gifts or presents in the game to

motivate the players to leave more positive reviews.

Most importantly, we also want to highlight one example for the game companies
based on the random-effects results regarding the game’s popularity model (Table
16.). We observe a positive random-effect of WOM Valence on the game’s
popularity within the “Racing” game genre, whose estimated coefficient is 0.134.
In other words, the ultimate coefficient of effect that WOM Valence has on game’s
popularity for the games from the “Racing” genre is 0.567, meaning that a 1 percent
increase in the WOM Valence is likely to result in a 0.566 percent increase in the
game’s popularity. From this perspective, we highly recommend the game
companies, especially the game companies that have released the games under the
“Racing” genre, to make appropriate use of WOM Valence and encourage more
positive reviews from the players, which is likely to increase their game’s

popularity.

5.2.4. Properly use game discounts tend to increase game’s popularity

Our model results also reveal a positive effect that game discounts have on the
game’s popularity. In detail, a 1 percent increase in the game discounts is likely to

lead to a 0.252 percent increase in the game’s popularity. As expected, game
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companies can consider offering certain discounts to attract more players and
increase game’s popularity. However, it is also worth mentioning that game
companies should not continuously increase the discounts, because the game
discounts also reduce the price which decreases the profit that a company can
generate. Therefore, we also recommend the game companies to appropriately

adjust the game discounts to increase game’s popularity rationally.

5.2.4. Game tags of Action, Indie, and Simulation

As mentioned above, we also included three of the most popular game tags that
various games have in the game’s popularity model (Table 15.). Despite the fact
that the estimated coefficients for “Action” and “Indie” are not significant, the
coefficient for “Simulation” game tag is significant, which is equal to 0.0148. Such
a positive coefficient means that if the game companies or the game players attach
the game tag “Simulation” to the game, then it is more likely for the games to have
a higher popularity level. In other words, our research also discovered the benefits
of game tag “Simulation” may bring to the game companies. Therefore, we may
encourage the game companies to more often use the “Simulation” tag to describe
their games on the gaming platform. However, we only recommend the game

companies to do that when the games are related to “Simulation” as well.
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6. Future Research

Future researchers can extend this research in several ways. Firstly, we can expect
an improved dataset with more precise relationships between the game streaming
and game’s popularity. Secondly, future studies can also focus on whether game
companies hurt streaming platforms. Finally, it may also be of value to further
research on how to alleviate the cannibalization effect of game streaming on the

game’s popularity, especially for single-player games.

6.1. Improve the dataset

Although the current dataset comprises the number of streamers on the streaming
platform as well as the number of concurrent players, the current dataset is not able
to tell whether the game player is also aware of the game streaming. In other words,
future research may present a clearer picture of the impact of game streaming on
game’s popularity if it manages to find the exact number of game players who were
motivated purely by game streaming. To illustrate, not every single game player is
aware of the streaming platforms. However, if the future research can better and
more accurately quantify the number of game players who purchase games merely
because of game streaming, then the effects of game streaming on game’s
popularity will be more accurate as well. As a result, improved dataset can provide

a stricter causality between game streaming and game’s popularity.

6.2. Focus on the reciprocal effect from game’s popularity on game streaming

Future research can also focus on the effects that the game companies have on the
streaming platforms, which is, whether game companies hurt streaming platforms.
This research has actually already included such a feedback effect of game’s
popularity on game streaming, however, a specific research focusing more on this
link may help to extract more insights out of this feedback effect. For example,
game companies tend to collaborate with the most popular streaming platforms,
while possibly underestimating the collaboration with small streaming platforms.
Then it might be of value and interest to research on how game companies affect

the game streaming platforms.
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6.3. Research on how to alleviate the cannibalization effect of game streaming

on the single-player games

Our model results pointed out the cannibalization effect driven by the streaming
platforms, especially on the single-player games. In other words, streaming single-
player games may reduce the game’s popularity. However, it is not of central
interest to our research regarding how to alleviate such cannibalization effects.
Therefore, how to reduce or even eliminate the cannibalization effect of the
streaming effects on game companies may be of interest to the game companies,
which is likely to enable the game companies to stream more game contents to the

audiences without worrying about the decrease in profit.
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Appendix

Appendix 1. Random-Effects of STR Model

Game Genres Intercept CP STR  Volume  Valance
Action 1.2151 -0.0203 -0.0059 0.0165 -1.7129
Adventure 0.4993 -0.1683 0.0888  -0.0010 0.8932
Animation & Modeling  0.9164 -0.0831 0.0763  -0.0951 0.2635
Early Access -1.8443 0.1161 -0.2286 0.4031 -1.4062
Free to Play 0.9596 -0.0547 0.1166  -0.2007 0.4944
Indie 0.7402 0.0108 0.0603  -0.1840 0.4163
Massively Multiplayer  2.3113 -0.1195 0.0989  -0.1930 0.0177
Racing -3.1693 0.3223 -0.2248 0.2230 -0.7320
RPG -0.3635 -0.0399 -0.0402 0.1039 0.5958
Simulation -0.0761 -0.0576 0.0445  -0.0149 0.6399
Sports 0.4813 -0.1569 0.0662 0.0378 0.5016
Strategy -1.6700 0.2512 -0.0521  -0.0955 0.0288
Appendix 2. Random-Effects of Volume Model
Game Genre Intercept CP STR Volume Valence
Action -0.0143 0.0401 -0.0022 -0.0595  0.3483
Adventure -0.0104 0.0325 -0.0019 -0.0432  0.3663
Animation & Modeling -0.1467 0.0345 -0.0002 -0.0587 -0.5741
Early Access -0.1091 0.0455  0.0090 -0.0148 -0.0445
Free to Play -0.1981  -0.0005 -0.0151 0.1027 -0.4445
Indie -0.2539 0.1211  -0.0055 -0.1153 0.3734
Massively Multiplayer ~ 0.1778  -0.0633 -0.0156 0.0887 -0.2647
Racing 0.2060  -0.0569 -0.0073 0.0194  0.0059
RPG 0.0612 0.0011  0.0070 -0.0101  0.0095
Simulation 0.1229  -0.0741  0.0070 0.0153  0.5539
Sports 0.1368  -0.1142  0.0155 0.1458 -0.4065
Strategy 0.0278 0.0342  0.0093 -0.0704  0.0771
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Appendix 3. Random-Effects of VValence Model

Game Genre Intercept CP STR  Volume Valence
Action -0.0592 -0.0011  0.0000  -0.0029  0.1367
Adventure -0.0357 -0.0007  0.0000 -0.0020  0.0860
Animation & Modeling 0.4115 -0.0018 -0.0011 0.0152 -0.6549
Early Access -0.0250 0.0000  0.0001  -0.0014  0.0437
Free to Play -0.0829 0.0014  0.0004  -0.0005  0.0943
Indie 0.0235 0.0003  0.0000 0.0002 -0.0398
Massively Multiplayer  -0.0214 0.0009  0.0002  -0.0013  0.0101
Racing 0.0124 0.0004 0.0000  -0.0008 -0.0260
RPG -0.0180 -0.0004  0.0000  -0.0020  0.0480
Simulation -0.0657 0.0003  0.0002 0.0001  0.0912
Sports -0.1156  0.0011  0.0004  -0.0021  0.1562

Strategy -0.0239 -0.0004 0.0000  -0.0025  0.0545




