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Abstract

Synergistic effects between movie actors have been regarded as an important indicator

when they are casted in a new movie. People simply assume that synergistic effect is sym-

metric. The aim of this study is to understand the asymmetric synergy between actors. We

propose an asymmetric synergy measurement method for actor’s star-power-based costar-

ring movies to understand the synergistic effect. When measuring the synergy, we designed

it so that it would be possible to measure the synergy that varies with the time of the costar-

ring movie’s release and the synergy of new actors. Measured synergies were analyzed on

an actor’s synergy and asymmetric synergy between actors to examine the characteristics

of highly synergistic actors and the asymmetric synergy between actors. Moreover, we con-

firmed that measuring synergies asymmetrically demonstrated better prediction perfor-

mance in various evaluation metrics (accuracy, precision, recall, and F1-score) than

measuring synergies symmetrically through the synergy prediction experiment using syn-

ergy and asymmetric synergy.

Introduction

A synergistic effect means a positive influence generated when two objects are together. These

synergistic effects occur in various fields, such as science [1–3], mergers and acquisitions [4–

6], movies [7, 8], social networks [9, 10], and others fields [11–14], and is used in research.

People view the synergistic effect as one that occurs when two objects are together. However,

synergistic effects are not the same regarding the degree to which they give and receive from

each other, depending on the individual’s competence. For example, suppose there are two

actors, a veteran actor and a new actor. When a box office (movie success) movie performed

by two actors earns higher than the average regarding the star power (the competence of the

two actors), it can be determined that the synergy between actors is symmetrically high (Fig 1

(a) and 1(b)). However, we consider the synergy generated by being with a veteran actor from

the perspective of the new actor and the synergy generated by being with the new actor from

the perspective of the veteran actor. From the perspective of the new actor, the power gener-

ated by the veteran actor is high, but from the perspective of the veteran actor, it is difficult to

judge that the power generated by the new actor is high. As such, there are cases where the syn-

ergy of giving and receiving between two actors is asymmetric (Fig 1(c)). Thus, this study
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focused on the fact that the synergy between the two actors interacts and that there are cases of

asymmetry.

To analyze these synergy characteristics, we focused on the synergistic effect between movie

actors and various domains. A movie is a work performed by actors, and actors interact with

each other while appearing in various movies. If they perform together, synergy is generated.

There are previous studies that mention the importance of synergy between actors. These stud-

ies have been conducted in connection with box office, which indicate movie success. For

example, [7] demonstrated that the synergy of several actors is more important than a single

actor when predicting box office success. Additionally, [7] predicted box office success

employing the features of the movie. The research result indicated that it is better to proceed

with a large number of actors than to predict a box office success with a single actor, which

indicates the importance and necessity of studying synergy between actors. Likewise, studies

[7, 8] have mentioned the importance of the synergistic effect between actors, but relevant

studies on the analysis are difficult to find.

Thus, to analyze the asymmetric synergy between actors, we propose a way to leverage the

star power of actors to measure their interaction synergy based on costarring movies. The

term star power [15] refers to the actor’s competence, and in this study, a filmography is a

movie list in which the actor appeared, which is used as star power. A costarring movie is a

movie in which two actors appear together. The goals to be achieved by the proposed method

are as follows: If the star power is not the same for each actor, the synergy given and received

between them should be measured differently. The synergy that new actors without star power

receive should be measured. We approach that goal with a method to measure the synergy

intensity of each costarring movie by extracting data suitable for five criteria (first, maximum,

minimum, average, and frequency) from the star power and a technique to assign new actors

with objective star power relevant to the times.

There are conditions to consider when measuring synergy. As in the above example, the

synergy between a veteran actor and a new actor should be measured differently, so the actor’s

competence should also be considered to measure synergy. The actor who gives or receives the

best (or worst) synergy to the measured synergy-based actor should be identified differently.

Although we have not tried working together between actors, we expect the indirect synergies

to be captured through direct synergies. We established the following research questions to

verify that the proposed method meets these requirements:

• RQ1. What are the characteristics of highly synergistic actors?

Fig 1. Different perspectives on synergy. (a) Symmetry (binary), binary: existence or nonexistence of co-starring movie of the two actors (b)

Symmetry (average), average: box office average of co-starring movies of the two actors (c) Asymmetry.

https://doi.org/10.1371/journal.pone.0284613.g001
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• RQ2. Does an actor that gives good synergy receive good synergy?

• RQ3. Can asymmetric synergies predict synergy between actors well?

We designed the experiment to answer these RQs as follows. First, we analyzed the synergy

distribution based on the actor’s star power. Through this, it is possible to analyze the relation-

ship between actor characteristics and synergy, and it is possible to ascertain which high and

low synergy is densely concentrated on actors with which characteristics. Second, we ascer-

tained the percentage of actors who receive better synergy than they give. The characteristics

of the actors in each case were then ascertained. This approach allows us to understand the

characteristics of the synergies given and received between actors. Finally, we predicted the

synergy between actors. We compared the prediction performance between the proposed

method and the baseline, and furthermore, the prediction performance according to the small-

est number of costarring movies to determine how many costarring movies are suitable for

measuring synergy.

The contributions of this work are as follows:

• We propose a method of measuring synergy that interacts. This method is available for

movie actors and various other domains where synergy occurs.

• We promote an understanding of the synergistic effect due to actor characteristics by under-

standing actor characteristics associated with high synergy and actor characteristics due to

the synergy between actors.

• Through synergy prediction experiments, we demonstrate that a method that measures syn-

ergy as interaction displays better results than a basic synergy measurement method.

The rest of the paper is organized as follows. Section measurement of synergy describes

how to measure the asymmetric synergy between actors. Section evaluation describes the data,

analysis, and prediction experiments. Section results and discussion describes and discusses

the results of the analysis and prediction. Finally, Section conclusion presents the conclusions

of this study and future work.

Measurement of synergy

In this section, we describe the proposed asymmetric synergy measures. The synergy graph is

constructed to analyze the synergy.

Measurement of asymmetric synergy

The synergy received through the costarring movie must be measured on the actor’s star

power basis to measure the asymmetric synergy between actors. We measured the synergy

intensity received by actors according to five criteria. The costarring movie influence is mea-

sured using Eq (1) based on the actor’s first movie, maximum box office movie, minimum

box office movie, and average star power.

cA;Bb � sAb
cA;Bd � sAd

ð1Þ

Moreover, Eq (1) measures the synergy intensity actor A receives when appearing with actor

B. This measures how much more successful a costarring movie is than the standard actor A’s

movie, and if success is rapid, the synergy intensity is measured as higher. In addition, sA is the

standard movie in actor A’s star power, and sAd denotes the release date of that movie.
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Finally, we use Eq (2) to measure the frequency of movies that are less successful than the

costarring movie at the actor’s star power.

jDj
jf Aj

;D ¼ fkjk < cA;Bb ; k 2 f Ag ð2Þ

Additionally, Eq (2) measures the frequency of movies below cA;Bb in terms of actor A’s star

power. The higher this result is, the more it means that no movie has been more successful

than the costarring movie in the past. For the actor, this means that the costarring movie is the

best one, and it reveals good synergy through that movie. The final synergy that the actor

receives through the costarring movie is obtained by averaging the values for the five criteria.

When measuring synergy, there are cases where the actor is a new actor without star power.

If a new actor’s star power is set to zero, any new actor who appeared in a best box office

movie would be measured as the actor who receives the highest synergy, unifying all actors,

and this is not a suitable measurement. If we set the synergy associated with a new actor to

zero, this is not a good measurement either because it ignores the synergy generated by that

actor’s first movie. We grant new actors star power objectively, but the synergy must be mea-

sured differently depending on the box office success of the first movie in which they appeared.

Therefore, as initial values of star power, we assigned the average release dates and box office

values of the previous movies of the costarring movie standard we wanted to measure. This

method allowed the star power of new actors to be measured as an objective value according to

the period. Thus, the star power values of new actors debuting in the same period are the

same. However, the measured synergy about new actors from the best and worst box office

movies can be distinguished as measured differently.

Synergy graph construction

The synergy relationship between actors is represented using a suitable graph structure. The

graph is a data structure consisting of nodes and edges that denote the relationships between

nodes. Edges can be represented as directed to indicate the directionality between nodes.

Depending on the relationship degree between nodes, it can be expressed by a weighted edge.

The actor is represented by the node. The interaction–synergy relationship between actors is

represented by a directed edge, and the degree of synergistic effect is represented by the

weighted edge.

The synergy gained by an actor through another actor was averaged with the synergy value

gained per costarring movie and expressed as an edge weight. The range of the averaged syn-

ergy is [-1,1]; thus, it was reduced to the [0, 1] range through normalization. Finally, we

constructed a synergy graph of the directed weighted graph, revealing the synergy of giving

and receiving in the direct edge weight between actor nodes. When analyzing, the synergy

between actors was measured only for actors with at least two costarring movies.

Evaluation

Using data

This study used data from movies screened in Korea to analyze the synergies between actors.

The data were collected using the open API in KOBIS (https://www.kobis.or.kr), which pro-

vides information related to the Korean box office. Due to the various data ranges before and

after the coronavirus disease 2019 (COVID-19), the data collection period was from 2003 to

2019. The collected data were separated and analyzed with data until 2018, and we predicted
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2019 data. The information on movies, actors, and synergies for each period is summarized in

Table 1.

Analysis of actor’s synergy

To examine the characteristics of highly synergistic actors (RQ1), we analyzed the synergy dis-

tribution based on the actor’s star power. First, to characterize the actors, we labeled them in

two directions according to the number of movies and success score. The number of movies is

the count of movies in which the actor has appeared, and the success score is the movie

box office average in which the actor appeared. Labeling ensured that the number of actors for

each label was as equal as possible.

To analyze the synergy distribution, we employed the node embedding technique, which

embeds the actor node of the synergy graph into the latent space according to the synergy rela-

tionship. Of the various models for node embedding, we used LINE [16], often referred to as

node representation learning [17, 18], which preserves the local and global structure informa-

tion of a node in a graph.

In addition, LINE embeds the indirect and direct synergy between actors into the actor vec-

tor considering the first-order and second-order proximity. Direct synergy refers to the syn-

ergy measured between actors, and indirect synergy refers to a predicted synergy between

actors who have not appeared in a movie together. The first-order proximity objective function

considering the direct synergy is in Eq (3).

O1 ¼ �
X

ðA;BÞ2L

wA;BlogðsigmoidðA; BÞÞ ð3Þ

Because Eq (3) is only applicable to the undirected graph, we generated and embedded the

undirected graph with direct edge weight averages between actors. The second-order proxim-

ity objective function considering the indirect synergy is in Eq (4).

O2 ¼ �
X

ðA;BÞ2L

wA;BlogðsoftmaxðAjBÞÞ ð4Þ

In addition, Eq (4) is the objective function that applies the direct synergy between third-party

actors to position the indirect synergy information between actors into a latent space. Each

proximity was embedded in 128 dimensions, concatenated, and embedded in a 256-dimen-

sional vector for each actor. The parameters set during training for each proximity are as fol-

lows: batch size = 512 and epoch = 10. Nodes embedded in the latent space are clustered to

cluster actor nodes with similar properties. The cluster character is ascertained by ranking

them by the average of the direct synergy between actors in the cluster.

Clustering is one of the unsupervised machine learning techniques. It is a data mining

method that finds a cluster by grouping data with similar characteristics in consideration of

the characteristics of the data when given data without distinction. The proposed clustering

algorithm is various, and there is no algorithm given as the correct answer in all cases, but k-

means clustering [19, 20] is usually used. In this study, k-mean++ clustering [21] was used. In

Table 1. Summary of data.

The number of movies The number of actors The number of synergies

Until 2018 3,184 2,325 24,326

Until 2019 3,418 3,041 32,594

https://doi.org/10.1371/journal.pone.0284613.t001
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addition, K-means++ improves on the limitations of k-means and is also used in other studies

[22, 23]. Before discussing the reason for using k-means++ clustering, k-means clustering is a

method of determining a cluster with data close to each center point based on k arbitrary cen-

ter points. The disadvantage of this method is that it is limited in finding the optimal cluster

because it is randomly determined when the center point is initially selected. So, k-means+

+ clustering came out to compensate for these shortcomings. This method finds k clusters by

first randomly selecting one center point from the data, finding data close to the center point,

and selecting the farthest data as the next center point. Since the value of k has to be deter-

mined, we used elbow method [24] to help determine the number of clusters to classify similar

actors.

Analysis of asymmetric synergy

To determine whether actors who give good synergy receive good synergy (RQ2), we analyzed

the asymmetrically interacting synergistic relationship between actors. If interactions represent

the synergy between actors, we can determine actors who give the best (worst) synergy to

other actors and those who receive the best (worst) synergy. This method was applied to deter-

mine the percentage of cases in which the actors received more or less synergy than they gave.

To determine the characteristics of each case-specific actor, we ascertained the distribution

ratios of actors labeled on a star power basis in the above experiment.

Prediction of synergy

An experiment was conducted to use data through 2018 to predict the synergy generated in

2019 to examine the predictability of synergy between actors (RQ3). First, it is possible to

imagine that the synergy might become more robust as the number of costarring movies rises.

Therefore, to determine the optimal minimum number of costarring movies when predicting

synergy, we proceeded with the prediction based on the minimum number of costarring mov-

ies. We then measured the synergies with optimal minimum number of co-starring movies

and proceeded to predict. To assess the degree of predictability, we set the symmetric synergy

as the baseline and compared the predictive performance. The first baseline is an undirected

unweighted graph measuring the synergy according to the existence or nonexistence of costar-

ring movies with the two actors (Fig 1(a)). The second baseline is an undirected weighted

graph measuring the synergy according to the box office average of the costarring movies of

the two actors (Fig 1(b)). The proposed method is a directed weighted graph that measures the

synergy of interaction based on costarring movies between actors, using the star power of

actors (Fig 1(c)).

Predictions were made using a deep neural network (DNN), which uses the input value to

predict the target value, a method used for prediction in various studies [25, 26]. The 512 vec-

tors connecting the embedding vector of the two actors were input. The DNN constructed

with ReLU activation function between hidden linear layers. The hidden layer comprised five

layers: 384, 256, 128, 64, and 32. The loss function used the typical cross-entropy loss for classi-

fication, and the optimization was performed using the Adam optimizer. The parameter set-

tings or the optimization were learning rate = 0.001 and weight decay = 1e-7. The batch size

was set to 16 and 50 epochs.

To compare the prediction performance of the baseline and proposed methods, we used the

accuracy, precision, recall, and F1-score, commonly employed as evaluation metrics [25–28].

Accuracy calculates the percentage of correct predicted results. Precision calculates the proba-

bility that the result predicted to be generated is correct. In addition, recall calculates the pre-

dicted probability that a generated synergy was generated. As precision and recall have a
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trade-off relationship, the F1-score is an index that harmonically averages them into a single

numerical value.

Results and discussion

Analysis of actor’s synergy

Table 2 presents actor labeling in two directions: the number of movies and success score. The

labeling was separated into three labels for each direction, classified into the same number of

actors as much as possible. The first direction standard is the number of movies, which was

categorized as less than four movies (few), less than 10 movies (several), and more than 10

movies (many). The second direction standard is the average movie box office, which was cate-

gorized as less than 913,254 (low), less than 2,017,600 (medium), and over 2,017,600 (high).

In addition, Figs 2 and 3 result from counting the actor density by each cluster by label.

With this approach, the actor vector generated by embedding the synergy graph was clustered

into 12 clusters. The x-axis was arranged from left to right in order of the first to last rank clus-

ter. The cluster rank was ranked by the average of the direct synergy between actors in the clus-

ter. The y-axis indicates counts by actor label. The red dots represent the clusters with the

most actors for each actor label.

Further, Fig 2 is the result of counting each actor label according to the number of movies.

We confirmed that the many movies label has large numbers in higher synergy clusters than

several and few movies labels. This result indicates that actors with numerous movie appear-

ances are likelier to be highly synergetic.

Moreover, Fig 3 is the result of counting each label according to the score of success. We

confirmed that the high-score label actors are more frequently in higher synergy clusters than

Table 2. Actor’s characteristic labeling.

The number of movies Score of success

The number of label Standard The number of actors The number of actors Standard (unit: ten thousand) The number of actors

Many movies 11 * 551 High score 202 * 776

Several movies 5 * 10 788 Middle score 91 * 202 776

few movies * 4 986 Low score * 91 773

https://doi.org/10.1371/journal.pone.0284613.t002

Fig 2. Cluster distribution by actor label according to the number of movies.

https://doi.org/10.1371/journal.pone.0284613.g002

PLOS ONE Understanding asymmetric synergistic effect between movie actors

PLOS ONE | https://doi.org/10.1371/journal.pone.0284613 April 20, 2023 7 / 12

https://doi.org/10.1371/journal.pone.0284613.t002
https://doi.org/10.1371/journal.pone.0284613.g002
https://doi.org/10.1371/journal.pone.0284613


medium- and low-score labels. This result demonstrates that actors who appear in high

box office movies are likelier to be high-synergy actors.

Analysis of asymmetric synergy

Additionally, Fig 4 is the result of analyzing the asymmetric synergy relationship between

actors. Referring to the circle chart in Fig 4, the synergy the actor receives is greater (66.1%)

than when the synergy the actor gives is greater (33.9%). Through the actor characteristic anal-

ysis corresponding to the case when the synergy received by the actor is greater, we confirmed

that actors who perform in fewer movies or have lower success scores receive better synergy

than they give. In contrast, we confirmed that actors who perform in many movies or have

higher success scores give better synergy than they receive.

Prediction of synergy

In addition, Fig 5(a) is the result of the F1-score of prediction according to the minimum num-

ber of movies. Symmetric and asymmetric synergy provide the best synergy prediction

Fig 3. Cluster distribution by actor label according to the score of success.

https://doi.org/10.1371/journal.pone.0284613.g003

Fig 4. Analysis of asymmetric synergy.

https://doi.org/10.1371/journal.pone.0284613.g004
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performance when the minimum number of movies is two at the effect measurement. It was

determined that the optimal minimum number of movies was two by confirming that when

three were used, the performance was lower than when one or two was used. Further, Fig 5(b)

is the performance evaluation result of the synergy predicted with symmetric synergy (base-

line) and asymmetric synergy (proposed), in which the synergy is measured with a minimum

Fig 5. Result of prediction. (a) F1-score of prediction according to minimum number of movies (b) Performance

comparison of symmetric and asymmetric synergy prediction.

https://doi.org/10.1371/journal.pone.0284613.g005
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of two movies. Comparing the overall prediction performance confirms that asymmetric syn-

ergy has better prediction performance for each evaluation metric.

Conclusion

This study focused on understanding the synergistic effects between actors. Analyzing the dis-

tribution of the actor’s star power-based synergy to understand the characteristics of high-syn-

ergy actors (RQ1), we confirmed that actors who have appeared in numerous movies and high

box office movies are more likely to be high-synergy actors. The results of the asymmetric syn-

ergy relationship analysis between the actors to determine whether the actor that gives good

synergy receives good synergy (RQ2) indicated that actors giving good synergy were found in

about 66% of the cases to be receiving good synergy. In that case, we confirmed that the actors

performed in fewer movies and produced lower box office. The results of predicting the syn-

ergy between actors (RQ3) confirmed that asymmetric synergy has better prediction perfor-

mance for all evaluation metrics (accuracy, precision, recall, and F1-score) than symmetric

synergy.

A limitation of this study is that a movie is the work of many actors, so there is a difference

in the synergy share rate that occurs in the movie. However, objectively evaluating each actor’s

contribution is difficult; thus, we set the costarring movie as a two actors for this study.

Research on measuring synergy contributions within movies is needed to address this

limitation.

The method proposed in this study can help recommend actors who give good synergy to

the leading actor when the leading actor is determined at the time of movie production. More-

over, the synergy analysis method is not limited to movies but can be applied to various

domains in which synergy occurs. Therefore, the plan is to apply the proposed method to syn-

ergy-based actor recommendations and various domains in future work.
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