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Academic research pertaining to the marketing of film industry has identified advertising, film-making, and star power as the
important factors influencing a movie’s market performance. Prior research, however, has not investigated the joint influences of
these factors. The current study has extended previous research by analyzing the investment decision of studios or investors. In
order to analyze the optimal film investment decision in advertising, film-making, and stars power, this paper develops a goodwill
model and system dynamic (SD) model, which allow us to disentangle the effects of advertising, film-making, and star power on
film market performance. The results show that the film producer should increasingly lay emphasis on investing in advertising
to absorb moviegoers’ attention. Then the film producer should focus on investing in film-making when film quality has a great
impact on the movie's reputation and audience's viewing decision. Furthermore, the film producer should pay more attention to
the higher cost-performance stars who have more reasonable remuneration, better acting skills, and bigger box-office guarantee.
Moreover, the numerical analysis reveals that rational audience contributemore than fans to amovie's box-office and bankable stars
contribute more than high-profile stars to a movie's returns. Through SD simulation analysis, the film series yields higher profits
than new theme movies although the cost of investment is the same.

1. Introduction

In the film industry, the investors are expected to make the
best decisions involved in lots of funds in the shortest possible
time [1]. According to Schwartz [2], “Industry estimates
reveal that 60 percent or more of movies produced each year
are box-office flops, those that do resonate with viewers can
generate a pretty penny for investors”. There are some cases
where promising movies show poor box-office performance,
and inconspicuous movies show unexpectedly good results
[3]. “Make no mistake” shows that investing in films is a
risky business [4–8]. If investment decisions fail, the costs of
these mistakes for consumers are only the ticket price and an
opportunity cost, but the costs for investors or producers are
highly expensive [9]. Success (or mere survivability) largely
depends on quickly aligning the organizational resources,
like genre, director, super stars, advertising, technical effects,
release time, etc. [1, 10]. The main factors affecting the
financial success of a movie are of great use in making invest-
ment decisions. The film industry uses different hallmarks

of quality in an attempt to control the level of uncertainty.
Wewill categorize the factors contributing to film investment
observed in the documents into three main effects: the
advertising effect, film-making effect, and the star power
effect.

The advertising effect refers to the fact that studios pro-
mote their ownmovies to increase the number of moviegoers
and the box-office revenues through advertising channels,
such as the release conference, the titbits, the trailers, and
show tours. Nowadays, there are multiple channels, both
online and offline, for advertising delivery. Typical examples
are Weibo (microblog), WeChat, variety show, and outdoor
billboard [11]. Frequent new product introductions and rapid
turnover lead movie studios to advertise heavily. Movie
advertising is an effective measure to influence consumers’
quality perception [12]. It has been confirmed by previous
scholars that advertising plays a crucial role in a movie’s
success. [13–15]. During the movie’s prerelease period, adver-
tising would inform viewers of the movie's characteristics
and signal potential studio profit ability to investors. What is

Hindawi
Discrete Dynamics in Nature and Society
Volume 2018, Article ID 7521689, 10 pages
https://doi.org/10.1155/2018/7521689

http://orcid.org/0000-0003-2291-7592
https://doi.org/10.1155/2018/7521689


2 Discrete Dynamics in Nature and Society

more, effective movie advertising can not only lead to success
(or failure) of a single movie at the box-office, but also result
in an increase (or decrease) of the releasing studio’s market
value. [16]. Therefore, advertising effect is the first important
factor contributing to film investment.

The film-making effect refers to factors including an
initial story or idea through screenwriting, casting, shooting,
sound recording and reproduction, editing, and screening
the finished product before a movie showing. A quan-
titative approach using a combination of screenwriting
domain knowledge, natural-language processing techniques,
and modern statistical learning methods will help studios
evaluate scripts and improve a movie’s gross return on
investment [17, 18]. Compared with advertising and star
power, the film-making gives more direct impact on amovie’s
word-of-mouth in the eyes of the audience. For example,
the top three movies—Star Wars, E.T. the Extra-Terrestrial,
and Titanic—had no stars, but it is the movie itself—not
the star—that makes the success [19]. The word-of-mouth,
known as the passing of information from person to person,
is a method used by consumers to express their experiences
and feelings about a brand, product, or service without
intending to take part inmarketing and promotion [20]. Since
movie is a kind of good experience, potential consumers may
have difficulty in evaluating film-making quality and usually
search for former consumer opinions. In this paper, theword-
of-mouth refers to the moviegoer’s reviews and movie ratings
on the level of film-making [21–23]. Industry experts agree
that word-of-mouth is a critical factor underlying a movie’s
staying power, which remains a powerful source for movie
consumers and leads to its ultimate financial success [14,
24]. Duan et al. also found that both a movie’s box-office
revenue and word-of-mouth valence significantly influence
word-of-mouth volume. Word-of-mouth volume in turn
leads to higher box-office performance [25, 26]. Additionally,
we often observe that some movies produced within much
smaller budgets have achieved great success by utilizing viral
marketing through word-of-mouth (e.g.,TheHangover,Wolf
Warriors II). Consequently, film-making effect is the second
vital factor involved with film investment. The experience of
a producer is a considerable factor, which is as powerful as
director and actor [27].

The star (e.g., award winning actor and director) power
effect on film success has yielded somewhat mixed results.
Some papers have reported a positive relationship between
the presence of a star and box-office revenues [28, 29]. How-
ever, another scholars found no relationship, even negative
effects, between stars and theatrical revenues [30–34]. Even in
the study of star power, the director and actor have different
degrees of importance to a movie success. Most studies have
indicated that director power is not very significant and at
times is much weaker than an actor power [3, 35]. However,
in China, a director plays a bigger role than actor regarding
the box-office [36]. Meanwhile, the high-profile stars are able
to command high fees, which itself contributed to the high
budgets of their films, often disproportionately so [32]. That
is to say, high-profile stars are not always equal to method
actors. Last but not least, the star (actor and director) power
effect is the third crucial factor in regard to film investment.

There is very little literature which focus on above factors’
impact on financial performance of the film from the per-
spective of investment decisions. Both the film’s reputation
and box-office success are not solely influenced by individual
movie attributes such as advertising, production, director,
actor, distributor, release season, and screen number, which
also depended on the causal relationship among all attributes
related to movies [3]. Our paper departs from the recent
literature and focuses on joint influences of these interactive
factors, not just one single factor. Interestingly, this paper
considers the investment decision of studios or investors and
develops a goodwill model and system dynamic (SD) model,
which allow us to disentangle the comprehensive effects of
advertising, film-making, and star power.

The rest of the paper is organized as follows. In Section 2,
we will present an expanded Nerlove-Arrow model, demand
function, and profit functions by using differential game. In
Section 3, based on the expanded Nerlove-Arrow model, we
will derive the game equilibrium solution of film investors
and introduce four star selection strategies. Then, according
to the four star selection scenarios, we will discuss the cost-
benefit of film investment by taking spectator heterogeneity
and film heterogeneity into account separately. In Section 4,
we will develop a SD model of film goodwill to reflect the
dynamic impact of advertising, film-making, and star power
on moviegoers and box-office; then we will simulate box-
office trend in the film’s release cycle. Concluding remarks
and managerial implications are discussed in the last section.

2. Model Development and Notations

A movie is considered in this paper. The film producers
make investment decisions in order to attract the majority
of moviegoers who focus on the advertising, film-making,
and star power in a movie. We introduce the notations in this
paper as shown in Table 1.

We assume that the change of film goodwill follows the
Nerlove-Arrow framework [37, 38]; i.e.,

∙𝐺 (𝑡) = 𝛼𝐴 (𝑡) + 𝛽𝑀(𝑡) + 𝜂𝑆 (𝑡) − 𝛿𝐺 (𝑡) (1)

We suppose that advertising and star power have direct
effects on the number of moviegoers. The film-making effort
indirectly influences moviegoers through word-of-mouth,
that is, film’s goodwill.The number ofmoviegoers satisfies the
following equation:

𝑁(𝑡) = 𝜎𝑆 + 𝛾𝐴 + 𝜀𝐺 (2)

Similar to the previous literature such as Feng and
Liu [38], the advertising cost, film-making cost, and star
remuneration functions are quadratic with marketing efforts,
respectively; namely, 𝐶(𝐴) = (𝜇𝐴/2)𝐴2(𝑡), 𝐶(𝑀) =(𝜇𝑀/2)𝑀2(𝑡) and 𝐶(𝑆) = (𝜇𝑆/2)𝑆2(𝑡).

Furthermore, we assume that the film’s investment funds
are not constrained and have a common positive discount
rate 𝜆. For the convenience of calculation, we suppose that
the distribution cost of the film is zero. The film producers
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Table 1: Variables and definitions used in the model.

𝑡 Time 𝑡, 𝑡 ≥ 0
𝐺 (𝑡) The accumulated film’s goodwill at time t.
𝐴(𝑡) The film’s advertising effort at time t.
𝑀(𝑡) The film-making effort at time t.
𝑆(𝑡) The star power at time t.
𝑁(𝑡) The number of moviegoers along time t.
𝐶(𝐴) The film’s advertising cost.
𝐶(𝑀) The film-making cost.
𝐶(𝑆) The star remuneration.
𝜇
𝐴
, 𝜇
𝑀
,𝜇
𝑆

Constants
𝑝 The film ticket price.
𝐽 The objective profit functions of the film.
𝛼>0 Positive coefficient measuring the impact of film’s advertising.
𝛽>0 Positive coefficient measuring the impact of film-making.
𝜂>0 Positive coefficient measuring the impact of star power.
𝛿>0 The decay rate of the film goodwill.
𝜎>0 Positive constant representing the effect of star power on the number of moviegoers.
𝛾>0 Positive constant representing the effect of film’s advertising on the number of moviegoers.
𝜀>0 Positive constant representing the effect of film’s goodwill on the number of moviegoers.
𝜆>0 The discount rate.

and investors strive to maximize their profit. Then, the film’s
objective function is

𝐽 = ∫∞
0

𝑒−𝜆𝑡 [𝑝 × 𝑁 (𝑡) − 𝜇𝐴2 𝐴2 (𝑡) − 𝜇𝑀2 𝑀2 (𝑡)
− 𝜇𝑆2 𝑆2 (𝑡)] 𝑑𝑡

(3)

3. Equilibrium Solutions and
Numerical Analysis

3.1. Equilibrium Solutions

Proposition 1. Film investors’ equilibrium strategies are given
as follows.

(1) The film advertising effort is

𝐴∗ = 𝜀𝛼𝑝
(𝛿 + 𝜆) 𝜇𝐴 +

𝛾𝑝
𝜇𝐴 (4)

(2) The film-making effort is

𝑀∗ = 𝜀𝛽𝑝
(𝛿 + 𝜆) 𝜇𝑀 (5)

(3) The film star power effort is

𝑆∗ = 𝜀𝜂𝑝
(𝛿 + 𝜆) 𝜇𝑆 +

𝜎𝑝
𝜇𝑆 (6)

(4) The film investor’s profit under the equilibrium condi-
tion is

𝑉∗ (𝐺) = 𝜀𝑝
𝛿 + 𝜆𝐺 + 𝜀𝑝

𝛿 + 𝜆 [𝛼𝑝𝜇𝐴 +
𝛼2𝜀𝑝

(𝛿 + 𝜆) 𝜇𝐴
+ 𝛽2𝜀𝑝
(𝛿 + 𝜆) 𝜇𝑀 + 𝜂𝑝

𝜇𝑆 +
𝜂2𝜀𝑝

(𝛿 + 𝜆) 𝜇𝑆] − 𝜇𝑆2 [𝜎𝑝𝜇𝑆
+ 𝜂𝜀𝑝
(𝛿 + 𝜆) 𝜇𝑆 ]

2 + 𝑝[𝛾𝑝𝜇𝐴 +
𝛼𝜀𝑝

(𝛿 + 𝜆) 𝜇𝐴 +
𝜎𝑝
𝜇𝑆

+ 𝜀𝜂𝑝
(𝛿 + 𝜆) 𝜇𝑆 ] −

𝜇𝐴2 [ 𝛾𝑝𝜇𝐴 +
𝛼𝜀𝑝

(𝛿 + 𝜆) 𝜇𝐴]
2

− 𝛽2𝜀2𝑝2
2 (𝛿 + 𝜆)2 𝜇𝑀

(7)

Proof. See the Appendix.

Proposition 1 illustrates the following insights. (i) The
film producer increasingly lays emphasis on investing in film
advertising, such as releasing conference, titbits, trailers, and
show tours, so as to absorb moviegoers’ attention. Due to
Proposition 1, there are three positive correlations as follows.
One is the relationship between investment in film advertis-
ing and advertising contribution to film goodwill. The other
is the relationship between investment in film advertising
and advertising contribution to the number of moviegoers.
The last one is the relationship between investment in film
advertising and film goodwill’s contribution to the number
of moviegoers. (ii) The investment in film-making has pos-
itive correlation with both film-making contribution to film
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Table 2: Movie star selection strategies.

Box-office guarantee No box-office guarantee
High movie remuneration Strategy 1 (H, G) Strategy 2 (H, NG)
Low movie remuneration Strategy 3 (L, G) Strategy 4 (L, NG)

Table 3: Parameters assignment of rational audiences.

𝛼 𝛽 𝜂 𝜎 𝛾 𝜀

Strategy 1 (H, G) 0.1 0.5 0.4 0.5 0.1 0.4
Strategy 2 (H, NG) 0.1 0.5 0.1 0.1 0.1 0.4
Strategy 3 (L, G) 0.1 0.5 0.4 0.5 0.1 0.4
Strategy 4 (L, NG) 0.1 0.5 0.1 0.1 0.1 0.4

Table 4: Parameters assignment of fans.

𝛼 𝛽 𝜂 𝜎 𝛾 𝜀

Strategy 1 (H, G) 0.1 0.2 0.7 0.7 0.1 0.2
Strategy 2 (H, NG) 0.1 0.2 0.7 0.1 0.1 0.2
Strategy 3 (L, G) 0.1 0.2 0.7 0.7 0.1 0.2
Strategy 4 (L, NG) 0.1 0.2 0.1 0.1 0.1 0.2

goodwill and its impact on audience’s viewing decision. The
more attention that film producer pays to investing in film-
making, the more importance moviegoers attach to the film’s
quality. On the contrary, the film producer will reduce film-
making investment if the audience pursue actor or director
in a movie. So there are lots of shoddy movies which focus
on the star popularity but ignore film-making quality. (iii)
The investment in star has positive correlation with both star
contribution to film goodwill and its impact on audience’s
viewing decision. When the star popularity hugely influences
film goodwill and potential audiences, the film investors
would like to invite well-known directors or famous actors
whose cost performance is higher to participate in a movie.

3.2. Numerical Analysis and Strategic Comparative Analysis

3.2.1. Star Selection and Spectator Heterogeneity

(1) Star Selection.The star selection, as a critical component of
the film investment, has a huge influence on the outcome of
box-office, which has been largely ignored in past academic
research [39]. The selection of movie stars by film investor
can be divided into four strategies (in Table 2) according to
the remuneration and box-office guarantee. The higher the
remuneration thatmovie stars earn, the larger the𝜇𝑆 , and vice
versa. The value of 𝛼 and 𝛾 is large if movie stars can bring
high box-office, and vice versa.

(2) Spectator Heterogeneity. Anecdotal evidence suggests that
the presence of superstars is not always a guarantee of success
and, hence, a deeper study is required to analyze the potential
audience of a movie [7]. Therefore, this paper considers
the film audience to be heterogeneous. We only consider
spectator heterogeneity: rational audiences and fans. The
former’s proportion is 𝜔 and the latter’s share is 1-𝜔.

It is also assumed that the film ticket price is constant, p=1.
Let 𝜇𝐴 = 𝜇𝑀 = 1, 𝜆=𝛿=0.05. We assume that advertising has
weak influence on film goodwill andmoviegoers, so the range
of 𝛼 and 𝛾 is small.

(1) Rational audiences. They lay more attention on film-
making and film goodwill. Therefore, 𝛽 and 𝜀 have higher
values, see Table 3.

(2) Fans. They lay emphasis on famous actor or director.
Therefore, 𝜂 has a higher value, but 𝛽 and 𝜀 have lower values;
see Table 4.

(3) Investment Analysis of Spectator Heterogeneity. On the
basis of equilibrium solutions and numerical values, we draw
bar charts shown in Figure 1. The film's investment strategy
varies as the rational audience and fans have different viewing
requirements for the film. Studios give high investment
in film-making in the face of rational audiences. But the
investment in star is high in order to cater to the fans.
Firstly, the studios’ investment in film advertising is the
same whether for the rational audiences or fans. Secondly,
because the film-making level has a great impact on word-
of-mouth, studios increase investment in film-making to
ingratiate rational audiences but economize the film-making
costs in the face of fans. Thirdly, among these 4 strategies of
star selection, the film investment in strategy 3 is the highest
and significantly higher than the sum of investments in
advertising and film-making.Meanwhile, the film investment
in strategy 3 is several times higher than the cost of actors
in other strategies. The investment in star of strategy 1 is the
second and strategy 2 gives lowest investment in star when
facing with the rational audiences. But, for fans, strategy 4
has the second investment to star, and strategy 2 gives lowest
investment in star. No matter rational audiences or fans, the
star selection in strategy 3 is the most cost-effective while the
star cost-effectiveness of strategy 2 is minimum.
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Figure 1: Investment analysis of spectator heterogeneity.

In fact, above analysis is precisely the case of invest-
ment made by film producers. For example, when selecting
actors and actresses, film producers comprehensively take the
combination of male and female protagonists into account.
In Hong Kong movies, for instance, “award winning actors
from Hong Kong usually work together with Chinese main-
land second-tier actresses” or “Chinese mainland first-tire
actresses usually work together with second and third-tier
actors from Hong Kong and Taiwan”. While considering
the number of fans, they would arrange some well-known
second- and third-tier stars with reasonable remuneration.

3.2.2. FilmHeterogeneity and Numerical Analysis. This paper
divides the film genre into new theme film and film series
(e.g., Star Trek, Pirates of the Caribbean, or Fast & Furious).
Compared with new theme films, films series refer to contin-
uous, multiset, serial movies. The numerical analysis of film
investment performance is as follows.

(1) New Theme Film. (1) Cost analysis. The movie cost under
different star selection strategies is shown in Figure 2 (the
vertical axis is dimensionless). The investment cost under
different strategies increases with the proportion of rational
audience (𝜔 is the proportion of rational audience, 𝜔 ∈[0, 1]). The cost increment of strategy 3 is the highest, and
that of strategy 4 is the lowest. On the one hand, the cost
of strategies 3 and 4 is higher than that of strategies 1 and 2
when fans are the main spectator group. On the other hand,
when rational audience accounts for a large proportion, the
total cost of strategy 1 is higher than that of strategy 4, but the
cost of strategy 2 and strategy 4 tends to approach each other.
Overall, the investment cost of strategy 3 is the highest and
that of strategy 2 is the lowest. Nomatter what kind ofmovies,
the investment cost of rational audience is higher than that of
fans.

(2) The number of moviegoers and the box-office analysis.
Figure 3 (the vertical axis is dimensionless) shows that high-
paid stars contribute less to the number of moviegoers than
the low-paid ones. The reason is that over-high cost limits
film producers’ investment in high-profile stars. Although the
high popularity of stars makes a huge contribution to the
number of moviegoers, the over-high remuneration lowers
stars' cost performance. At the same time, the higher cost
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Figure 2: Total movie cost under different star selection strategies.
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Figure 3: Moviegoers of new theme film under different star
selection strategies.

performance makes producers increase the star investment
and also increase the number of moviegoers. Bankable stars
truly guarantee the box-office and the influence of such stars
on the number of moviegoers is great. As the proportion of
rational audience increases, this influence is more significant.
It can be interpreted that rational audience always pay more
attention to actors' acting skills and film-making quality. And
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box-office guarantee means getting the audience’s approval
in the aspects of directors, acting skills, script selection, etc.
The audience loyalty to bankable stars is higher, and then the
number of moviegoers is more.

In Figure 3, the biggest number of moviegoers is in
strategy 3 which has the participation of the low-paid but
bankable stars, so-called low-profile stars with real strength.
These stars own good acting skills, loyal audience, relatively
reasonable remuneration, and high cost performance. There-
fore, strategy 3 has a relatively strong influence on both fans
and the rational audience and earns more expected profits
than other strategies. The smallest number of moviegoers
is in strategy 2 which has the participation of the high-
paid but with no box-office guaranteed actors. Despite such
stars having high popularity, their acting skills have been
questioned and criticized by moviegoers. Generally, the
movie they are involved in has no guarantee at the box-office,
and its online word-of-mouth is also poor.

It is generally recognized that fans are an important
criterion for film producers to choose actors. But Figure 5
shows that rational audiences are the main guarantee of box-
office rather than fans. Due to that film producers' investment
in rational audiences is higher than that in fans; the market
performance of rational audiences is better than that of fans.
The number of moviegoers is directly proportional to the
ratio of rational audience and is inversely proportional to the
ratio of fans. So, it is easy to understand the poor box-office
performance of movies starring high-paid “little fresh meat”
who have a huge number of fans but no box-office guarantee.
For actors who have no box-office guarantee, as the number
of fans decreases, moviegoers in strategy 2 with high-paid
actors will outnumber strategy 4 with low-paid actors, which
is mainly because of the impact of star popularity on the
movie's reputation.

Meanwhile, with the development of network, film pro-
ducers paymore andmore attention tomoviegoers’ opinions.
For example, during the preparation of many movies, as a
result of fans’ doubts and dissatisfaction with the star lineup,
the incident of changing actors occurs frequently. This also
shows film producers’ expectations for moviegoers and box-
office, and their consideration about stars’ impact on film
reputation when making investment decisions. At the same
time, with the changes of online word-of-mouth after the
movie is released, the reputation of stars changes accordingly.
Some stars may surge in popularity because of their excellent
acting skills, which further enhances the reputation of the
movie; some actors are questioned because of poor acting
skills, resulting in damage to the movie reputation and box-
office slump.

(3) Revenue analysis. The final revenue of a movie is
affected by box-office and investment costs. This paper
focuses on film investment decision-making, and the ulti-
mate goal is tomaximize themovie’s revenue.We assume that
the revenues of all strategies are positive and the vertical axis
is dimensionless. Figure 4 shows that the higher the rational
audience ratio, the higher the movie revenue. Because when
the film investor expects a movie to be positive and supposes
that the rational audience is influenced by the word-of-
mouth, with the increase of moviegoers, the accumulation
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Figure 4: Revenue of new theme film under different strategies.
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Figure 5: Moviegoers of film series under different star selection
strategies.

of online word-of-mouth will increase the possibility of
audience’s going to cinema, thus increasing the film revenue.
It is easy to understand that, corresponding to the number
of moviegoers, revenues of movies played by bankable stars
are higher than that with no box-office guaranteed stars. In
addition, under cost’s influence, revenues of movies played
by low-paid actors are higher than that of high-paid actors.

(2) Film Series. Film series have a high reputation in the early
stage of film release due to the accumulation of early series.
High film reputation does not change the investment strategy,
so the investment cost of film series is consistent with that of
a new thememovie. As shown in Figures 5 and 6 (the vertical
axis is dimensionless), influenced by accumulated popularity,
the number of film series’ moviegoers and its revenues are
higher than that of a new theme movie. That is why film
producers prefer giving investment in sequel movies rather
than new theme movies when there is a good response to the
serialmovies.Therefore, there are alwaysmovies based onTV
dramas, variety shows, and popular online novels. Besides, it
is also easy to understand that the same story (e.g., Journey
to the West) is reshot over and over again. All the above are
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Figure 6: Revenue of film series under different star selection
strategies.

the cases in which film producers take advantage of the high
reputation accumulated before.

Similarly, the audience keeping high loyalty to some actor
or director (being a fan of the star or director), on the one
hand, is the recognition of the director's directing skills or
actor's acting skills; and on the other hand, the director or
actor's reputation that accumulated over a long period of
time gives them a box-office guarantee in the mind of spec-
tator. Therefore, the relationship between actors, directors,
and movies should be mutual promotion: when an actor's
popularity and acting skills or director's directing ability have
high-performance in online word-of-mouth and box-office,
then the movie will further enhance and consolidate the
actor's or the director's popularity.

4. System Dynamics Analysis of Film Goodwill
and Box-Office

4.1. The System Dynamics Model. System dynamics is a
well-established methodology to model and understand the
behavior of complex systems, and it has been extensively used
for modeling the dynamic behavior of complex nonlinear
systems [40, 41]. Based on the above film’s goodwill model,
the SD model of film goodwill reflects the dynamic impact
of advertising, film-making, and star power on film perfor-
mance. The advertising and star power factors have direct
effects on the box-office, and the film-making effort indirectly
influences the box-office through film goodwill. Then the
box-office in turn affects the three factors. Figure 7 shows the
stock and flowdiagram for the systemdynamicsmodel of film
goodwill by SD software-Vensim, version 7.1.

4.2. The System Dynamics Analysis. According to Chen and
Yin [42], movies have relatively short life cycles, and the
average exposure time of a movie is approximately one
month. Based on SD model in Section 4.1 and equilibrium
solutions in Section 3, we will analyze four star selection
strategies of new theme film by SD simulation. Then we get
the box-office trend of rational audiences and fans during
the release period, as shown in Figures 8 and 9 (the vertical

axis of box-office is dimensionless). In Figures 3 and 8, for
rational moviegoers, strategy 3 has a higher investment in
stars who are reasonably paid with box-office guarantee, and
the film-making is excellent. Compared with other movies,
strategy 3 can have a good performance at the early stage
of release time and the potential development is great. As
a result, it has considerable returns on investment. Movies
(Strategies 1, 2, and 4) are ordinary in performance. Except
for movies (Strategy 1) played by high-paid, bankable stars
whose performance is slightly better, the box-office of other
movies (Strategies 2 and 4) is close. In Figures 2 and 9, for
fans, even though their idols act in the movies, they do not
pay much for the low-quality film-making. Particularly in
strategies 1 and 2, due to bad word-of-mouth caused by low
investment in film-making, movies with high popularity stars
cannot achieve good performance if just relying on fans effect.
For movies with high investment in film-making, obviously,
bankable stars are far more attractive to audience than that
with no box-office guarantee. But, generally, the performance
of movies with high investment in film-making is better than
that with low investment in film-making.

In summary, in order to maximize the profit from
Proposition 1, film producers choose different types of stars
according to different needs of moviegoers, and thus make
different investment decisions. However, returns of film
investment follow the principle that high investment gets
high returns. Among film investment strategies, strategy 3
has the highest investment, most moviegoers, and highest
returns, while strategy 2 has the lowest investment, least
moviegoers, and least returns.

Compared with new theme film, what film series reflect
in the SD simulation is nothing but the fact that initial value
of simulated box-office is higher. Other performances of film
series in the release period are consistent with new theme
film. So the SD analysis of film series is omitted in this paper.
Because of the accumulated high reputation, the box-office of
film series is always better than that of new theme film.

5. Concluding Remarks and
Managerial Implications

This paper considers the joint effects of advertising, film-
making, and star power on film reputation, the number
of moviegoers, and box-office. We consider the investment
decision of a movie made by studios or investors and develop
a goodwill model and system dynamic model which allow
us to disentangle advertising, film-making, and star power
effects. The results are proved as follows.

Firstly, the film producers’ investment in advertising,
film-making, and star power are positively correlated with
their contribution to film reputation and the number of
moviegoers, but negatively correlatedwith the cost coefficient
of three factors. The film producer will increasingly lay
emphasis on investing in advertising, such as the release con-
ference, titbits, trailers, and show tours, to absorbmoviegoers’
attention. The film producer focuses on investing in film-
making when film quality has a great impact on the movie's
reputation and the audience's viewing decision. For invest-
ment in stars, the film producer paysmore attention to higher
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Figure 7: Stock and flow diagram for film goodwill.
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Figure 8: Box-office trend of rational audience against film release
time.
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Figure 9: Box-office trend of fans against film release time.

cost-performance stars who have reasonable remuneration,
good acting skills, and big box-office guarantee.

Secondly, the film producer makes different decisions to
meet different audiences’ viewing requirements. For rational
audience, more attention is paid to film-making investment;
but for fans, more attention is paid to investment in stars.
Whether it is a new theme film or film series, the film
investment cost for rational audience is higher than that
for fans. Correspondingly, rational audience also contributes
more box-office returns.

Thirdly, by the principle that high investment yields high
returns, movies played by stars with reasonable remuneration
and good acting skills have the highest investment cost.
Correspondingly, these movies have the largest number of
moviegoers and box-office returns. When movies played by
stars with over-high remuneration and poor acting skills have
the lowest investment, correspondingly, those movies get
the least moviegoers and box-office returns. When rational
audiences outnumber fans, despite the high remuneration,
both moviegoers and box-office of movies acted by bankable
stars are more than that acted by stars with no box-office
guarantees.

Fourthly, the box-office will increase gradually over film
release time. For the movies acted by bankable stars who are
not well-known with low remuneration, they have excellent
film-making quality and show the best performance. There-
fore, they are most worthy of investment. For those movies
acted by well-known stars but with no box-office guarantees,
they show the worst performance and are least worthy of
investment. Accordingly, such poor quality movies may yield
disappointing box-office and reputation.

Finally, compared with new theme film, film series enable
a better performance (e.g., number of moviegoers, box-office,
revenues) because of high reputation. This is the fundamental
reason why the film producers love serial movie.

The research findings about the film investment decision
are based on the goal ofmaximizing filmproducers’ profits. In
reality, there are many random factors except for advertising,
film-making, and star power affecting audience’s viewing
decision. However, this paper can provide instructions for
making investment decisions in film industry fromamanage-
rial perspective. Compared with fans, the rational audience
contributes more to a movie's box-office. Compared with
popularity, bankable stars contribute more to a movie's
returns. And compared with new theme film, film series
yields higher profits.

Appendix

We solve the optimal control question and obtain feed-
back equilibrium solutions using backwards induction. We



Discrete Dynamics in Nature and Society 9

suppose that the optimal profit function of a movie is 𝑉(𝐺).
Then the Hamilton-Jacobi-Bellman (HJB) equation must be
satisfied.

𝜆𝑉 (𝐺) = max [𝑝 (𝜎𝑆 + 𝛾𝐴 + 𝜀𝐺) − 𝜇𝐴2 𝐴2 − 𝜇𝑀2 𝑀2

− 𝜇𝑆2 𝑆2 + 𝑉 (𝐺) (𝛼𝐴 + 𝛽𝑀 + 𝜂𝑆 − 𝛿𝐺)]
(A.1)

where 𝑉(𝐺) = 𝑑𝑉(𝐺)/𝑑𝐺. Maximization of the right-hand
side of the HJB equation yields

𝐴∗ (𝑉) = 𝛾𝑝
𝜇𝐴 +

𝛼𝑉
𝜇𝐴 (A.2)

𝑀∗ (𝑉) = 𝛽𝑉
𝜇𝑀 (A.3)

𝑆∗ (𝑉) = 𝜎𝑝
𝜇𝑆 +

𝜂𝑉
𝜇𝑆 (A.4)

It is easy to know Hessian Matrix of (A.1) is negative-
definite. Equations (A.2)-(A.4) are the optimum solutions to
maximize the profit in (A.1). Substituting (A.2)-(A.4) into
(A.1), we obtain
𝜆𝑉 (𝐺)
= 𝑝(𝜀𝐺 + 𝛼𝑉

𝜇𝐴 + 𝛾𝑝
𝜇𝐴 +

𝜂𝑉
𝜇𝑆 + 𝜎𝑝

𝜇𝑆 )

+ 𝑉 (𝛼2𝑉
𝜇𝐴 + 𝛼𝑝

𝜇𝐴 +
𝛽2𝑉
𝜇𝑀 + 𝜂2𝑉

𝜇𝑆 + 𝜂𝑝
𝜇𝑆 − 𝛿𝐺)

− 𝜇𝐴2 (𝛼𝑉
𝜇𝐴 + 𝛾𝑝

𝜇𝐴)
2

− 𝛽2𝑉
2𝜇𝑀

− 𝜇𝑆2 (𝜂𝑉
𝜇𝑆 + 𝜎𝑝

𝜇𝑆 )
2

(A.5)

We shall show that linear optimal value functions satisfy
(A.5). Hence, we define

𝑉 (𝐺) = 𝑒1𝐺 + 𝑒2 (A.6)
where 𝑒1 and 𝑒2 are constants.

By using the method of undetermined coefficients, we
obtain

𝑒1 = 𝜀𝑝
𝛿 + 𝜆 (A.7)

𝑒2 = 𝜀𝑝
𝛿 + 𝜆 [𝛼𝑝𝜇𝐴 +

𝛼2𝜀𝑝
(𝛿 + 𝜆) 𝜇𝐴 +

𝛽2𝜀𝑝
(𝛿 + 𝜆) 𝜇𝑀 + 𝜂𝑝

𝜇𝑆
+ 𝜂2𝜀𝑝
(𝛿 + 𝜆) 𝜇𝑆] + 𝑝[𝛾𝑝𝜇𝐴 +

𝛼𝜀𝑝
(𝛿 + 𝜆) 𝜇𝐴 +

𝜎𝑝
𝜇𝑆

+ 𝜀𝜂𝑝
(𝛿 + 𝜆) 𝜇𝑆 ] −

𝜇𝐴2 [𝛾𝑝𝜇𝐴 +
𝛼𝜀𝑝

(𝛿 + 𝜆) 𝜇𝐴]
2

− 𝛽2𝜀2𝑝2
2 (𝛿 + 𝜆)2 𝜇𝑀 − 𝜇𝑆2 [𝜎𝑝𝜇𝑆 +

𝜂𝜀𝑝
(𝛿 + 𝜆) 𝜇𝑆 ]

2

(A.8)

Substituting (A.7)-(A.8) into (A.6), we get

𝑉 = 𝜀𝑝
𝛿 + 𝜆 (A.9)

Then substituting (A.9) into (A.2)-(A.4), we also obtain
(4)-(6). Finally, substituting (4)-(6) into (A.1), and get (7).

This concludes the proof.
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