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Systems (EMPIRE), hold as part of the 10th ACM Conference on Recommender System (RecSys), in Boston,
MA, USA.
RecSys is the premier international forum for the presentation of new research results, systems and techniques
in the broad field of recommender systems. Recommendation is a particular form of information filtering, that
exploits past behaviors and user similarities to generate a list of information items that is personally tailored to an
end-user’s preferences.
The EMPIRE workshop focuses on the usage of psychologically-based constructs, such as emotions and
personality, in delivering personalized content. The 9 (5 long, 4 short) technical papers included in the
proceedings were selected through a rigorous reviewing process, where each paper was reviewed by three PC
members.
The EMPIRE chairs would like to thank the RecSys workshop chairs, Elizabeth Daly and Dietmar Jannach,
for their guidance during the workshop organization. We also wish to thank all authors and all workshops
participants for fruitful discussions, the members of the program committee and the external reviewers. All of
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ABSTRACT

attributes as the observed contexts which may change when the user
performs the same activity repeatedly [38]. For example, the time
and location may change every time when a user tries to watch a
movie. The season or trip type may change when a user is going to
reserve a hotel. In addition to these factors, users’ emotional states
are one of these dynamic variables. And emotions may change
anytime in the process of user interactions with the items or the
applications. These emotional information have been demonstrated
as effective and influential context in previous research [45, 44].
Emotional reactions or expressions are highly correlated with
the traits of user personalities. Personality accounts for the most
important ways in which individuals differ in their enduring emotional, interpersonal, experimental, attitudinal and motivational
styles [24]. In the domain of recommender systems, personality
can be viewed as a user profile, which may be context-independent
and domain-independent. Both emotional information [18, 11,
34, 45] and user personality [31, 19, 35] have been successfully
incorporated into recommender systems by existing research.
Our previous research [45] has successfully utilized emotional
variables as contexts in recommender systems to improve recommendation performance. Unfortunately, as far as we know, there
are no research on exploring the effect of emotional reactions
or expressions. We believe that users’ emotional reactions or
expressions are also useful to model users’ preferences or rating
behaviors in real practice. For example, two different users may
give high ratings on a same tragedy drama movie. One of them
indicated his or her emotional state as "happy" when finishing the
movie, because this user thought it was a really good movie. By
contrast, another user may express his or her feeling as "sad" since
the user was impressed or moved by the tragedy movie. As a result,
the two users have same rating behaviors on the movie but with
different emotional reactions or expressions. One of the potential
reasons is that different user personalities may result in different
ways or habits for users to express their emotions.
Therefore, the users’ rating profiles associated with different (or
even opposed) emotional reactions therefore could be useful to
assist recommendations. In this paper, we propose to incorporate
emotional reactions (or expressions) as regularization terms in the
context-aware matrix factorization approach, and further explore
its effect on the performance of context-aware recommendations.
The following sections are organized as follows: Section 2
introduces related work, including the background of contextaware recommendation, and the role of emotions and personality in
recommender systems. Section 3 gives the preliminary description
of essential information, such as the LDOS-CoMoDa movie data
which contains emotional variables, and the introduction about
the CAMF technique. Section 4 discusses our methodology
that incorporates the emotional reactions as regularization terms

Context-aware recommender systems (CARS) have been developed to adapt to users’ preferences in different contextual situations. Users’ emotions have been demonstrated as one of effective
context information in recommender systems. However, there are
no work exploring the effect of emotional reactions (or expressions)
in the recommendation process. In this paper, we assume that users
may give similar ratings even if they present different emotional
reactions or expressions on the movies. We further model the traits
of emotional reactions and incorporate them into context-aware
matrix factorization as regularization terms. Our experimental
results based on the LDOS-CoMoDa movie data set validate our
assumptions and prove that it is useful to take emotional reactions
into consideration in context-aware recommendations.

Keywords
context, recommendation, emotion, emotional reactions

Categories and Subject Descriptors
H.3.3 [Information Search and Retrieval]: Information filtering,
Retrieval models; H.1.2 [Models and Principles]: User/Machine
Systems - human information processing

1.

INTRODUCTION AND BACKGROUND

Recommender systems (RS) are an effective way in alleviating
information overload by tailoring recommendations to users’ personal preferences. Context-aware recommender systems (CARS)
take contextual factors (such as time, location, companion, occasion, etc) into account in modeling user profiles and in generating
recommendations. For example, users’ choice on movies may be
very different if the user is going to watch the movie with children
rather than with his or her partner.
Context, is usually defined as, "any information that can be
used to characterize the situation of an entity. An entity is
a person, place, or object that is considered relevant to the
interaction between a user and an application, including the user
and applications themselves [12]". In CARS, we view the dynamic
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into the CAMF approach. Section 5 describes our experimental
results and discussions, followed by Section 6 which concludes our
findings and discusses our future work.

2.

to explore the effect of emotional reactions in the context-aware
recommendations.

3.

RELATED WORK

PRELIMINARY

To further discuss the topics in the context-aware recommendation,
it is necessary to introduce some terminologies:

One of the goals in the recommender systems (RS) is to assist
users’ decision making by providing a list of recommendations.
Due to the fact that users’ choice usually varies from time to time
and from context to context, context-aware recommender systems
(CARS) [2, 1] are promoted and developed to adapt to users’
preferences in different contextual situations.
In rating-based RS applications, such as movie or book ratings,
the standard formulation of the recommendation problem begins
with a two dimensional matrix of ratings, organized by user and
item: Users × Items → Ratings. The key insight of CARS is that
users’ preferences on items may be also a function of the context in
which those items are encountered. Incorporating contexts requires
that we estimate user preferences using a multidimensional rating
function, Users × Items × Contexts → Ratings [1].
In the past decade, several context-aware recommendation algorithms have been developed. By additionally incorporating context
information, these algorithms have been demonstrated to be useful
to improve recommendation performance in numerous domains,
such as e-commerce [28, 15], movies [33, 26, 10], music [3, 16],
restaurants [30, 27], travels [39, 8], educational learning [37],
mobile applications [4, 6], and so forth. The context variables
adopted in those applications are domain-specific ones. And the
most widely used context information are the time of the day, the
day of the week, and location information which can be easily
captured from ubiquitous environment, such as Web logs, mobile
devices, sensors.
It is well known that human decision making is subject to both
rational and emotional influences [14]. The field of affective
computing takes this fact as basic to the design of computing
systems [29]. The role of emotions in recommender systems
was recognized by the research community as early as 2005 [23],
giving rise to research in emotion-based movie recommender
systems [18] and the impact of emotions in group recommender
systems [23, 11]. This results in the highlight of research on
affective recommender systems [34] which have been proved to be
useful on recommendation performance in several domains, such
as music [22, 32, 9] and movies [7, 25, 18].
Emotional states, accordingly, are also viewed and used as
contexts in recommender systems. Shi et al. [33] mined the mood
similarity to assist context-aware movie recommendation. Odic,
et al. [26] identified the significant contributions by emotional
variables compared with other contextual factors in the LDOSCoMoDa movie rating data. Mood information can also be used
for television and video content recommendation [36]. Baltrunas,
et al. [3] adopted mood as context to assist context-aware music
recommendation. The role of emotions in context-aware recommendation is summarized in [45, 44] which helps additionally
discover insights about why and where emotional states play an
important role in the recommendation process.
Emotional states are usually dynamic and may change from time
to time. Based on the introduction about the affective recommender
systems [34], the emotional information in three stages may be
useful: entry stage (i.e., before the activity), consumption stage
(i.e., during the activity) and exit stage (i.e. after the activity).
In this case, emotional reactions can be captured across these
three stages. As introduced previously, users may present different
emotional reactions, but actually they leave the same or similar
ratings on the items. In this paper, we make the first attempt

Table 1: Sample of a Context-aware Movie Rating Data Set
User
U1
U1
U2
U2
U3

Movie
T1
T1
T2
T3
T4

Rating
5
3
3
4
2

Time
Weekday
Weekend
Weekday
Weekday
Weekend

Location
Home
Cinema
Cinema
Home
Home

Companion
Kids
Family
Partner
Kids
Partner

Table 1 shows an example of context-aware movie data which
contains five rating profiles given by three users on four movies
in different contextual situations. In our discussions, we will use
the term contextual dimension to denote the contextual variable,
such as "Location", "Time" and "Companion". The term contextual
condition refers to a specific value in a contextual dimension,
e.g. "Home" and "Cinema" are two contextual conditions for the
dimension "Location". Context or contextual situation therefore
refers to a combination of contextual conditions, e.g., {Weekday,
Home, Kids}.
Next, we introduce the LDOS-CoMoDa movie data 1 which is
a data set with multiple contextual dimensions including several
emotional variables. We also introduce context-aware matrix
factorization which is a popular algorithm in CARS and we use
it as a base algorithm in this paper.

3.1

LDOS-CoMoDa Data Set

In the domain of context-aware recommendation, there are very
limited number of data sets available for public research, not to
mention the data that contains emotional variables. The LDOSCoMoDa data set [21] introduced below is one of the data sets that
was collected from user surveys, and can be used for this type of
research in this paper. The data has 2291 ratings (rating scale is
1 to 5) given by 121 users on 1232 items within 12 contextual
dimensions. The description of the contextual dimensions and
conditions can be described by Table 2.
Table 2: List of Context Information in the LDOS-CoMoDa Data
Dimension
Time
Daytype
Season
Location
Weather
Companion
endEmo
domEmo
Mood
Physical
Decision
Interaction

Contextual Conditions
Morning, Afternoon, Evening, Night
Working day, Weekend, Holiday
Spring, Summer, Autumn, Winter
Home, Public place, Friend’s house
Sunny / clear, Rainy, Stormy, Snowy, Cloudy
Alone, Partner, Friends, Colleagues, Parents, Public, Family
Sad, Happy, Scared, Surprised, Angry, Disgusted, Neutral
Sad, Happy, Scared, Surprised, Angry, Disgusted, Neutral
Positive, Neutral, Negative
Healthy, Ill
Movie choices by themselves or users were given a movie
First interaction with a movie, Nth interaction with a movie

Among these 12 contextual dimensions, there are three ones
that can be considered emotional dimensions: endEmo, domEmo
and mood. "endEmo" is the emotional state experienced at the
end of the movie (i.e., emotion in the exit stage). "domEmo" is
1

2

LDOS-CoMoDa data set, http://www.ldos.si/comoda.html

the emotional state experienced the most during watching (i.e.,
emotion in the consumption stage). "mood" is the emotion of
the user during that part of the day when the user watched the
movie (i.e., emotion in the entry stage). "EndEmo" and "domEmo"
contain the same seven conditions: Sad, Happy, Scared, Surprised,
Angry, Disgusted, Neutral, while "mood" only has three simple
conditions: Positive, Neutral, Negative.
Context selection is usually performed before we apply any
context-aware recommendation algorithms. We’d like to retain
the most influential context dimensions, since irrelevant ones may
introduce noises in the data and further hamper the recommendation accuracy. Based on the statistical selection method introduced
in [26], we only use 7 out of the 12 contextual dimensions in our
experiments: time, daytype, location, companion and the three
emotional variables.
The three emotional variables (i.e., mood, domEmo and endEmo) describe users’ affective states during the user interactions
with the movies in terms of three stages respectively: entry stage,
consumption stage and exit stage as introduced in [34]. In other
words, mood can be viewed as current context before the user
starts watching the movie. By contrast, domEmo and endEmo can
indicate future emotional states during the user’s interactions with
the activity of movie watching. These future status can also be
viewed as contexts too if we interpret them as user intents. For
example, a user is feeling sad now, and he or she wants to select
a movie to watch in order to be happy. In this example, "sad" is
the current user mood, and "happy" can be viewed as user’s future
emotional state, such as in the domEmo or endEmo.

3.2
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Afterwards, the algorithm is able to learn the corresponding
parameters by minimizing the squared errors in prediction. The
loss function as shown in Equation 3 is a composition of squared
error and regularization terms which are used to alleviate the
overfitting problems, where ruic1 c2 ...cN is the real and known
rating given by user u on item i in context c1 c2 ..cN , and λ is the
regularization rate used in the optimization process. By stochastic
gradient descent, we are able to learn the parameters iteratively and
finally achieve the best performing CAMF_CU model.
CAMF is an effective algorithm and it is able to alleviate the data
sparsity to some extent. We choose CAMF_CU because we are
going to explore the correlation between users and their emotional
reactions, which requires a user-specific context-dependent model.
The same thing can also happen to other algorithms which explore
intersections or the dependency between users and contexts, such
as the CSLIM_CU approach [40].
In the next section, we will introduce how to incorporate the
emotional reactions as regularization terms to CAMF_CU.

4.

METHODOLOGY

In this section, we introduce our methodology of how to incorporate emotional reactions into context-aware recommender systems.

4.1

Context-aware Matrix Factorization

One of the most popular context-aware recommendation algorithms is the one built upon matrix factorization, namely, the
context-aware matrix factorization (CAMF) approach [5]. There
are different variants of CAMF, here we introduce the CAMF_CU
approach which incorporate a user-personalized contextual rating
bias into matrix factorization. More specifically, the rating prediction function by CAMF_CU can be described by Equation 1.

Problem Statement

Recall that we assume that the different emotional reactions or
expressions can be used to model users’ rating behaviors. For
example, assume two users gave a high rating on a same tragedy
drama movie. One of them indicated his or her emotional state
as "happy" when finishing the movie, because this user thought
it was a really good movie. But another user may express his
or her feeling as "sad" since it is a tragedy movie. The same
thing may also happen to the domEmo in addition to the endEmo.
The emotional reactions or expressions in this paper, refer to the
different values in the dimension domEmo and/or endEmo in the
LDOS-CoMoDa data.
Figure 1 presents the distribution of rating counts in each
emotional state. Note that "Unknown" indicates the missing value
in the LDOS-CoMoDa. We can observe that Neutral and Happy
are the most two common emotional expressions in both domEmo
and endEmo.

0123ÿ0123ÿ0125

N
X

Bu,cj + bi + pTu qi

(1)

j=1

Assume there are totally N contextual dimensions. c1 c2 ..cN is
used to denote a contextual situation, where c1 indicates the value
of contextual condition in the 1st context dimension. r̂uic1 c2 ...cN
therefore represents the predicted rating for user u on item i in
the situation c1 c2 ..cN . The prediction function is composed of
four components: the global mean rating µ, item rating bias bi ,
N
P
the aggregated contextual rating bias
Bu,cj , and user-item
j=1

interaction represented by the dot product of a user vector and item
vector, pTu qi . pu is the user vector represented by a set of latent
factors, and qi is the item vector represented by the same set of
factors. pu can tell how much the user u likes those latent factors,
while qi indicates how the item i obtains these factors. Therefore,
the dot product function is used to estimate how much the user will
like this item.
The term Bu,cj is the estimated contextual rating bias for user u
in context condition cj . It is used to denote how user u’s rating is
deviated in each contextual condition.
err = ruic1 c2 ...cN − r̂uic1 c2 ...cN

(2)
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Figure 1: Distribution of Rating Counts in Each Emotional State
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Figure 2: Distribution of Unusual Emotional Reactions in the LDOS-CoMoDa Data

Furthermore, we’d like to learn the unusual case to see whether
users present different emotional reactions in this data. An unusual
case could be two situations: 1). a user leaves a negative rating, but
expresses positive emotional states in either domEmo or endEmo;
2). a user gives a positive rating while he finally indicates a negative
emotion in either domEmo or endEmo.
To explore these unusual cases, we need to define which ratings
and which emotions are positive or negative. In our experiments,
we simply view a rating as a positive one if the rating is no less
than 4; otherwise, the rating is negative. In terms of the emotional
states, we only consider "Happy" and "Surprised" as positive ones,
while other emotional states are negative.
A simple statistics about unusual cases in this data can be
depicted by Figure 2. First of all, 66.5% of the ratings are positive
ones as shown in subfigure a). Based on the subfigure b), we
can observe that 36.9% of all the rating records are unusual cases
(i.e., the two situations mentioned above) based on the domEmo
variable, while it is 33.4% in the endEmo variable. This may tell
that domEmo could be more effective and useful than endEmo in
modeling users’ emotional reactions.
The subfigure c) and d) further describe the two unusual situations among the positive and negative ratings respectively. In the
piece of profiles with positive ratings, 43.4% of them are associated
with negative emotions in domEmo – many more than the cases in
endEmo. It is not surprising, since the theme or the genre of the
movie will affect user’s dominating emotions during the process of
movie watching. For example, users may feel horrible or scared
when watching a horrible movie, but finally leave a positive rating
since it is a good movie. On the other hand, in terms of the records
with negative ratings, there are no significant differences for the
unusual cases between domEmo (24%) and endEmo (25%) based
on the observations subfigure d). Recall that, there are many more
positive ratings than the negative ones in this data. Therefore, it
seems that users may express more unusual emotional reactions in
domEmo rather than in endEmo. We suspect that the emotional
reactions in domEmo may leave more influential impact on our
proposed recommendation models.
The underlying assumption in our proposed approach is that
user’s emotional reactions or expressions on the future emotional
states (e.g., domEmo and/or endEmo) can be used to improve recommendations, since they may indicate similar user tastes even if
the emotional reactions are different or even opposed. The research

problem can be summarized as how to incorporate these emotional
reactions into existing recommendation algorithms. More specifically, we want to explore the approach to incorporate them into
the CAMF approach. There are three questions we are particularly
interested in:
• How to fuse this emotional reactions into CAMF?
• Does it work by providing improvements?
• Which emotional reaction is more effective? The reactions
based on domEmo or endEmo?

4.2

Regularization by Emotional Reactions

First of all, how the user reacts on the movies in terms of emotional
status is dependent with what type of movies the user is watching.
In this case, we additionally use movie genre information in the
LDOS-CoMoDa data and aggregated users’ ratings for each movie
type. A sample of the aggregated data can be shown in Table 3.
Table 3: An Example of Aggregated Rating Matrix
User
U1
U1
U2
U2
U3

Genre
Action
Drama
Cartoon
Drama
Action

Rating
5
3
3
3
2

Time
Weekday
Weekend
Weekday
Weekday
Weekend

domEmo
Sad
Sad
Happy
Angry
Sad

endEmo
Happy
Sad
Angry
Happy
Sad

In Table 3, we replace the column of item by movie genre
to construct a new rating matrix. We will use the same 7
contextual dimensions introduced previously. Note that in the
LDOS-CoMoDa data we do not know what the movie genre is,
since the genre was encoded as numbers in this data.
Afterwards, we can fuse an emotional dimension (either endEmo
or domEmo) into the user dimension to create a two-dimensional
rating matrix. Let’s take the domEmo for example, the converted
rating matrix can be described by Table 4.
Specifically, we fuse the values in domEmo into the user column
to create new users. The new user is represented by a combination
of original user ID and value in the domEmo, and we name those
new users as emotional users. Meanwhile, we eliminate the other

4

Table 4: Converted Two-Dimensional Rating Matrix
User, domEmo
U1, Sad
U1, Sad
U2, Happy
U2, Angry
U3, Sad

Genre
Action
Drama
Cartoon
Drama
Action

the emotional state in domEmo, since it is not necessary to be the
same value as cm . But they should be the contextual condition in
the same dimension (i.e., the mth dimension).
As mentioned previously, more similar two emotion users are,
their ratings on the items (with same genre) should be similar.
In our CAMF_CU model, it can be derived that user’s contextual
rating deviations in this emotional variable (i.e., the mth contextual
variable) should be similar. Namely, Bu,cm and Bv,cm+ should be
very close. We add the squared difference of these two deviations
(e.g., Equation 5) as the regularization term in Equation 4.
Additionally, how close the two contextual rating deviations are
should be dependent with the similarity of two emotional users.
In this case, the regularization term is weighted by the similarity
between two emotional users. We name this term as "emotional
regularization term" in this paper.
Recall that our assumption is that the emotional users should
be similar because two difference users have similar ratings even
if their emotional reactions are different. It can also tell that the
two users actually share something in common, so we assume
there should also be a similarity between two users to some
extent. Therefore, we are able to additionally incorporate a
"user regularization term" to build a finer-grained recommendation
model, where the loss function can be shown in Equation 6. Again,
the user regularization is also weighted by the similarity between
two emotional users.

Rating
5
3
3
3
2

contextual dimensions from the rating matrix. In this case, we can
build a matrix factorization model based on this converted twodimensional rating matrix. And then we are able to calculate the
similarity between emotional users based on the cosine similarity
of each two vectors which represent emotional users. For example,
we can measure how similar the "U1, Sad" to "U2, Angry" based
on their co-ratings on the movies with the same genre information.
Theoretically, we can use the item information (e.g., item
ID) instead of the movie genre in the rating matrix, but it will
increase data sparsity. We use movie genre information only for
two reasons: On one hand, using movie genre is based on our
assumptions that users’ different emotional reactions depend on
the movie genre and user’s emotional reactions, for example, user
may express as happy or sad on a tragedy movie. On the other
hand, it is able to alleviate the rating sparsity in the converted twodimensional rating matrix so that we can obtain more reliable user
similarities. We have tried to use item ID, but emotional users
have very few co-ratings on the items, which results in worse
recommendation performance compared with that when we use
genre information only. Note that we use domEmo as an example
in Table 4, while we can also have the same process based on the
variable endEmo.
In short, the emotional users should be similar if they have
similar ratings on the movies with same genre information, even
if the original users have different emotional reactions on domEmo
or endEmo. For example, the ratings given by "U1, Sad" and "U2,
Angry" are all 3-star on the drama movies shown in the Table 4.
Therefore, U1 with dominating emotion as "Sad" may share similar
user tastes with U2 with dominating emotion as "Angry" to some
extent.
Accordingly, we are able to create a regularization term based
on the similarity of contextual users. The new loss function can be
shown as Equation 4, where β is the regularization rate for the new
regularization terms.
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Based on those two different loss functions, we are able to build
two new CAMF approaches by incorporating the emotional reactions as the regularization terms. We can learn the corresponding
parameters based on the gradient decent accordingly. Note that the
performance of the models may also depend on the number of Knearest neighbors used in the algorithm. In our experiments, we set
different values to explore the best options in these parameters.

5.

EXPERIMENTS

In this section, we introduce our evaluation settings and experimental results, as well as our findings.

5.1



Evaluation Protocols

We employ a 5-folds cross-validation on the LDOS-CoMoDa data
set. Namely, we split the rating profiles into 5 folds and perform
5 rounds evaluations. For each round, one of the fold will be used
as testing set, and the other 4 folds of data will be used as training
data. We build our recommendation models based on the training
set and evaluate the results according to the ground truth inferred
from the testing set.
We use CAMF_CU approach as baseline, and compete its
recommendation performance with the CAMF_CU models with
different regularization terms. We use the CAMF_CU approach
implemented in the open-source toolkit, CARSKit [41], to perform
the evaluations.
More specifically, we evaluate the recommendation performance
based on the rating prediction and top-10 recommendation tasks.
In the rating prediction task, we use mean absolute error (MAE)
as evaluation metric. We also further examine the statistical
difference of MAE among different algorithms based on paired ttest at a 95% confidence level. In the top-10 recommendation, We



 (4)



(5)

We will use the same function shown in Equation 1. In addition,
we incorporate a new regularization term in Equation 4 compared
with the loss function described by Equation 3.
More specifically, we use m to denote the index of an emotional
variable (i.e., either domEmo or endEmo). Take domEmo for
example, m indicates the position of domEmo in the list of
contextual dimensions, thus cm is used to express user’s emotional
state in domEmo. According, "u, cm " is the emotional user
(introduced as Table 4), and we use K to denote the top-K nearest
neighbor of emotional user "u, cm " based on the user similarity
calculated based on the matrix factorization model built upon the
converted two-dimensional rating matrix. Namely, "v, cm+ " is one
of the identified top-K nearest neighbors. We use cm+ to denote
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Figure 3: Experimental Results on the Rating Prediction and Top-10 Recommendation Tasks

adopt precision as the relevance metric and Normalized Discounted
Cumulative Gain (NDCG) [20] as the ranking metric. More
specifically, precision is calculated as the ratio of relevant items
selected to the number of items recommended (i.e., 10 in our
experiment). NDCG is a measure from information retrieval, where
positions are discounted logarithmically.

5.2

endEmo_B, u outperforms endEmo_B (30.1% improvement on
precision, and 18.5% on NDCG).
As mentioned before, the number of selected neighbors in
our models may impact the recommendation performance. We
present the impact by the number of neighbors in the finer-grained
CAMF_CU approaches with two regularization terms, as shown
by the Figure 4. Simply, we vary the number of neighbors from 10
to 80 with an increment of 10 on each step. The best number of
neighbors should be around 40 to 50 in this data set. It is essential
to examine different number of neighbors to find out the optimal
selection for each recommendation model.
Finally, the experimental results help us identify that the domEmo
is more useful and effective to be adopted than using endEmo. This
finding is consistent with our previous analysis on the unusual cases
shown in Figure 2. It makes sense since the emotional status during
the process of movie watching may be very different than their
emotions at the end. For example, a user may feel horrible if he
or she is watching an adventure movie, but finally he or she might
feel happy since it is a good movie.

Experimental Results

First of all, we present our results based on the rating prediction
task in Figure 3(a). We use CAMF_CU to denote the original
approach without emotional or user regularization terms. Our
approaches introduced in this paper are built upon CAMF_CU
approach and they can be generated based on either domEmo or
endEmo. We evaluate the performances by them individually.
We use "domEmo_B" to represent the model using domEmo for
emotional regularization, i.e., cm denotes the emotional state in
domEmo in Equations 4. By contrast, "domEmo_B, u" is used to
denote the finer-grained model described in Equation 6 which contains both emotional and user regularization terms. Accordingly,
"endEmo_B" and "endEmo_B, u" are the two recommendation
models by using endEmo to generate the regularization terms.
Based on the results shown in Figure 3(a), our proposed approaches only using the emotional regularization term can help
obtain lower MAE. All of these improvements are statistically
significant based on the paired t-test. When we try to use both
emotional and user regularization terms, it is able to further
improve prediction accuracies. However, the improvement by
endEmo_B,u fails the paired t-test compared with the endEmo_B
approach. The best performing model in the rating prediction task
is domEmo_B,u, where we apply emotional and user regularization
terms at the same time, and these regularization terms are generated
based on the emotional reactions by domEmo.
We show the top-10 recommendation results based on precision
and NDCG in Figure 3(b). The bars present results based on
precision at top-10 recommendation, the curve tells the results
in NDCG. We can observe similar patterns shown in the rating
prediction task: first, we see that the CAMF_CU models with our
regularization terms are able to outperform the original CAMF_CU
approach in both precision and NDCG. This finding confirms that
incorporating emotional regularization terms inferred from users’
emotional reactions is helpful to improve performance of contextaware recommendation.
Furthermore, we can observe the finer-grained model with additional user regularization term contributes to obtain more improvements. For example, domEmo_B,u works better than domEmo_B
(19.6% improvement on precision, and 18.2% on NDCG), and

5.3

Discussions

Why emotional reactions or expressions can be reused to improve
the recommendation performance? As we mentioned before, one
of the potential reasons is that the different emotional reactions
are caused by the traits in different user personalities – users may
express their emotional states or reactions in different ways. It
has been well studied that the emotional expression has strong
correlations with user personality, especially in the areas of psychology and social science. For example, the correlation between
emotional expression and personality can be used to assist health
care [13]. Harker, et al. [17] found that individual differences in
positive emotional express were linked to personality stability and
development across adulthood. However, there are no applications
of using personality inferred from emotional reactions or expressions to further serve real-world applications, such as recommender
systems. In this paper, we make our attempts to explore the impacts
of emotional reactions or expressions in the recommender systems,
especially in the context-aware personalization.

6.

CONCLUSIONS AND FUTURE WORK

In this paper, we believe that users may place similar ratings even
if they may have different emotional reactions or expressions. We
propose to incorporate the corresponding regularization terms in
the CAMF_CU approach to assist context-aware recommendation.
Our findings based on the experimental results over the LDOSCoMoDa movie data demonstrate that modeling user’s emotional
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reactions is helpful to improve recommendation performance. The
results also reveal that domEmo is better than endEmo to generate
the regularization terms in this data set. And the finer-grained
model by additionally incorporating user regularization is able to
offer further improvements.
One of our future work is to incorporate these regularization
terms based on different emotional reactions to more context-aware
recommendation models. It is interesting to examine the similar
approach in the similarity-based context-aware recommendation
algorithms [43, 42] so that we can learn the similarities of not only
the emotional users but also the emotion themsevles. We will also
try to explore the effect of emotional reactions in other applications
(such as music) rather than the movie domain.
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ABSTRACT
Recommender systems provide suggestions for products, services,
or information that match users’ interests and/or needs. However,
not all recommendations persuade users to select or use the
recommended item. The Elaboration Likelihood Model (ELM)
suggests that individuals with low motivation or ability to process
the information provided with a recommended item could
eventually get persuaded to select/use the item if appropriate
peripheral cues enrich the recommendation. The purpose of this
research is to investigate the persuasive effect of certain influence
strategies and the role of personality in the acceptance of
recommendations. In the present study, a movie Recommender
System was developed in order to empirically investigate the
aforementioned questions applying certain persuasive strategies in
the form of textual messages alongside the recommended item.
The statistical method of Fuzzy-Set Qualitative Comparative
Analysis (fsQCA) was used for data analysis and the results
revealed that motivating messages do change users’ acceptance of
the recommender item but not unconditionally since user’s
personality differentiates the effect of the persuasive strategies.

1. PERSUASIVE MESSAGE PROCESSING
Persuasive Technologies utilize several techniques in order to
shape, reinforce or/and change humans’ attitudes and behaviours
without coercion or deception (Fogg, 2002). On the other hand,
Recommender Systems represent a class of personalization
technologies that aim to tailor products/information/services
according to their users’ interests, preferences and needs. Thus,
personalized recommendations can significantly strengthen the
effect of persuasive interventions due to the inherent influence of
personalized communication. Berkovsky et. al. (2012) suggest
that most of the extant research examine personalization and
persuasive technologies in isolation although “both personalized
and persuasive technologies aim to influence user interactions or
the users themselves”, acknowledging “…the huge untapped
potential of personalization to maximize the impact of persuasive
applications” (Berkovsky et. al., 2012).
In information-theoretical terms, persuasion is modeled by the
Elaboration Likelihood Model (Petty and Cacioppo, 1986), which
suggests that individuals with low motivation or ability may not
elaborate the information provided (e.g. through a
recommendation) and therefore users’ neutral or negative
behavioural response in recommendations (expressed in the form
of low rating or non-selection of the recommended item) may not
depict their actual intention towards the recommended item. In
such cases, the utilization of additional peripheral cues
(motivating elements) may increase the persuasive effect of
recommendations by engaging users to further elaborate the
provided information (Fogg, 2009) in order to investigate the
potential to adopt the recommendation. In Recommender systems,
explanations are typically used to provide users additional
information that will support them in their decision making
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process and can be eventually utilized as the means to pass users
persuasive messages (Tintarev and Masthoff, 2011).

in Recommender Systems since an explanation is a mean through
which a consumer perceives the value of the recommended item
so as to decide whether is close to his/her interests or not.
Explanations can operate like motivators and are being used by
several systems such as MovieLens (Herlocker et al., 2000) and
Social software items (Guy et al., 2009). However, there is no
clear indication in extant literature about what would be the
content of explanations (i.e. the message passed to users) that can
actually lead to persuasion. For example, a description of how the
recommendation
has
emerged
(i.e.
transparency
of
recommendations) has been shown to be associated with an
increase of trust in recommendations (Herlocker et al., 2000)
while still there is no enough empirical evidence that
demonstrates what type of messages could lead to persuasion
(Halko and Kientz, 2010).

Along the above lines, the first objective of this research is to
investigate the persuasive effect of the influence strategies
proposed by Cialdini (1993), namely Reciprocation, Consistency,
Social Proof, Liking, Authority, Scarcity, which are implemented
as persuasive messages in the form of recommendations
explanations in a movie recommender system developed for the
purposes of this study.
Moreover, previous studies (e.g. Kaptein and Eckles, 2012)
suggest that persuasive messages do not always achieve their goal
to persuade users. Indeed, if users receive “wrong” messages (i.e.
irrelevant or annoying) then negative behavioural responses may
be generated. In this context, previous studies (e.g. Halko and
Kientz, 2010) have demonstrated the significance of the
individual’s personality in the (negative or positive) behavioural
responses to persuasive messages. Following the above
argumentation, the second objective of this study is to examine
the role of personality in the acceptance of the recommendations
and identify possible differentiations in the users’ response on the
persuasive strategies that may attributed on their personality type.

A number of persuasive (or influence) strategies have been
proposed in the literature and can be eventually be utilized in the
design of persuasive messages. For example, Fogg (2002)
describes 42 persuasion strategies and Cialdini (2001) 6 influence
strategies (also known as Six Weapons of Influence) In this study,
we rely upon Cialdini’s influence strategies since they have been
broadly used and verified there are evidences that if influence
strategies are implemented in a system then they increase its
persuasive effect (e.g. Fogg, 2002). According to Cialdini (2001).
Cialdini’s (2001) influence strategies are the following:

In this study, we focus on peripheral cues such as short persuasive
messages, developed upon Cialdini’s (2001) six influence
strategies, presented to user as recommendation explanations. We
consider such messages as peripheral cues because they neither
affect the quality of argumentation (i.e. how close to the users
interests the recommended items are) nor change the
recommended item but when users lack of motivation or ability,
these peripheral variables influence users by triggering internal
heuristic processing rules (Tam and Ho, 2005), which eventually
would lead to persuasion
The rest of the paper is organized in five sections. In Section 2 the
hypothesis development. Our experiment is presented in Section
3, while in Section 4 the experimental results are discussed.
Discussion of the study’s findings and a discussion of areas for
further research conclude the paper.

2. HYPOTHESIS DEVELOPMENT
2.1 Influence strategies as messages in
recommendation explanations



Reciprocity: humans have the tendency to return favors,



Commitment or consistency: people’s tendency to be
consistent with their first opinion,



Social proof: people tend to do what others do,



Scarcity: people are inclined to consider more valuable
whatever is scarce,



Liking: people are influenced more by persons they like and



Authority: people have a sense of duty or obligation to
people who are in positions of authority.

Cialdini (1993) suggested that when a compliance professional
(e.g. salesperson) uses the above six influence strategies
(Reciprocity, Commitment, Social proof, Scarcity, Liking and
Authority) in his/her strategy then (s)he managed to influence
more
successfully
the
customer
to
consume
a
product/service/information. In the same vein, Kaptein et al.
(2012) suggests that applying the influence strategies on text
messages people get persuaded to reduce snacking consumption.
We adopted Cialdini’s influence strategies because they have
already been tested and validated in other domains such as in ecommerce (Kaptein, 2011), use of credit cards (Shu and Cheng,
2012). They also provide a solid framework in order to investigate
the persuasive power of messages as peripheral cues in
recommender systems. The above leads to following hypothesis
of our study:

The mainstream of research in Recommender Systems has
traditionally focused on designing and developing accurate
recommendation algorithms (e.g. Xiao and Benbasat, 2007). More
specifically, extant research indicates that the factor that mostly
determines the success of a Recommender System is the provision
of recommendations that are more close to consumer’s
preferences. According to the ELM perspective, the accuracy of
recommendation algorithms determines the quality of
argumentation. In other words, if the recommended item is close
to the user preferences, this will eventually lead to persuasion
through the central route, i.e. through in-depth processing of the
recommendation. ELM suggests that the alternative (peripheral)
path may also lead to persuasion if appropriate cues are provided.
Such peripheral cues may be implemented as motivating messages
in the form of recommendation explanation (Herlocker, 2000).

H1: Influence strategies (applied as peripheral cues through
messages in recommendations explanations) will have a positive
persuasive effect on individuals’ disposition towards the
recommended item.

A recommendation explanation can be considered as any type of
additional information accompanying a system’s output, having as
ultimate goal to persuade users to try or purchase the item that is
recommended (Tintarev and Masthoff, 2011). Tintarev and
Masthoff (2012) indicate that explanations have an important role

The examination of the above hypothesis will allow us to
demonstrate (if validated) that when the preference matching level
of the recommended item is low (i.e. when the recommended item
is not close to the user’s preferences and interests), then
enhancing the recommendation by applying influence strategies in
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the form of short explanatory messages,
the user will be
persuaded to use the recommended item, thus changing his/her
original negative behavior towards the recommended item to
positive intention to use item.

Additionally, Halko and Kientz (2010) combined persuasive
strategies with user’s personality using Big Five Dimensions of
Personality and the results of their study revealed relationships
between individuals’ personalities and persuasive technologies
which means that not all people are affected from the same
persuasive means. Finally, Smith et al. (2016) examined the
impact of patients personality on Cialdini’s influence strategies in
the form of reminders. The research indicated that patient’s with
high emotional stability seem to be more responsive to all
strategies of persuasion, while patients with low agreeableness
rated all Cialdini’s strategies higher than those with high. Finally,
the research demonstrated that the reminders of “Authority” and
“Liking” are the most popular.

Influence strategies rely upon different psychological principles
that may lead to persuasion and therefore it is expected that they
will present different degrees of persuasive effect on the recipients
of the respective persuasive messages. Thus, the second
hypothesis of our research is:
H2: Influence strategies lead to different degrees of persuasive
effect on individuals’ disposition towards the recommended item.

2.2 Personality

3. EXPERIMENTAL DESIGN AND
PROCEDURE

Kaptein and Eckles (2012) in their study demonstrated that
influence strategies do not always lead to persuasion. They
indicate that in case a consumer receives a message with ‘wrong’
principle then this can bring undesired effects. The above suggests
that there are also other factors that should be taken into
consideration when a persuasive message is used, one of which is
individual’s personality. A human’s personality is defined as ‘a
dynamic organisation, inside the person, of psychophysical
systems that create the persons’ characteristic patterns of
behaviour, thoughts and feelings’ (Allport, 1961, p. 11).

3.1 Design of Persuasive Explanation
For the execution of the experiment we had first to design the
persuasive explanations that would accompany each
recommended movie. For this task we followed the methodology
proposed by Kaptein et al. (2012). More specifically, a group of
three researchers familiar with Persuasive Technology, created
thirty (30) textual explanations, i.e. five (5) for each Cialdini’s
influence strategies. The content of each explanation was
developed in order to comply with the main purpose of each
principle in the movie domain. For instance, for the influence
strategy of Social Proof, the five possible persuasive explanations
that were constructed are: (1) The 85% of this research’s users
rated the recommended movie with four (4) or five (5) stars. (2)
The recommended movie is on ‘to watch’ list of 85% of this
research’s users. (3) Most of the users with the same age and sex
as yours, rated the recommended movie with 4 stars! (4) The
recommended movie’s video trailer on youtube has more than
550,000 views. (5) The recommended movie’s video trailer on
youtube has more than 1600 likes and only 200 dislikes.

Given that, one of the major aims of a Recommender System is to
help consumers in decision making processes, the fact that
personality influences how people make their decisions (Nunes et
al., 2012), consumer’s personality should be taken into
consideration when a persuasive message is provided with a
recommendation. Indeed, previous studies suggest a relationship
between human’s preferences and tastes with their personality in
different domains such as movies (e.g. Chausson, 2010), music
and paintings (Rawlings et al., 2000).
There is a variety of personality taxonomies one of which is Big 5
Dimensions of Personality (John et al., 2008). The personality
traits suggested by the Big Five taxonomy are: Extraversion,
Agreeableness, Conscientiousness, Neuroticism and Openness.
According to psychological research (Jang et al., 2012) the facets
for each personality trait are:


Extraversion: Gregariousness, Assertiveness, Activity,
Excitement-Seeking, Positive Emotions, Warmth.



Agreeableness: Trust, Straightforwardness, Altruism,
Compliance, Modesty, Tender-Mindedness.



Conscientiousness: Competence, Order, Dutifulness,
Achievement Striving, Self-Discipline, Deliberation.



Neuroticism: Anxiety, Angry Hostility, Depression, SelfConsciousness, Impulsiveness, Vulnerability.



Openness: Ideas, Fantasy, Aesthetics, Actions, Feelings,
Values.

Seventeen (17) experts in the field of Information Systems and
Marketing were invited in order to evaluate each explanation in
terms of its compliance with the respective influence strategy.
First, a brief presentation of the strategies was given to the
evaluators so as to be more familiar with the influence strategies
and then they were asked to evaluate the set of persuasive
explanations. Each evaluator declared the compliance of each
explanation to the respected influence strategy through a 1 to 5
rating scale (from “Completely Disagree” to “Completely
Agree”). The persuasive explanation with the highest average was
considered as the best-matching explanation for this particular
influence strategy.
The six (6) best-matching persuasive explanations (one for each
strategy), were chosen for the experiment are the following:
Reciprocity: A Facebook friend, who saw the movie that you
suggested him/her in past, recommends you this movie.

The first study that examined message-person congruence effects
with a comprehensive model of personality traits is that of Hirsh
et al. (2012). Since then message-person congruence effects have
been examined in relation to a variety of psychological
characteristics (Dijkstra, 2008). Hirsh et al. (2012) demonstrated
that persuasive messages are more effective when they are
custom-tailored to their interests and concerns. Moreover,
Tintarev et al. (2013) demonstrated that people who are
characterized from Open to Experience (one of the Big 5
personality traits) tend to prefer diverse recommendations.

Scarcity: The recommended movie will be available to view from
15/1/2014 to 31/1/2014 on cinemas.
Authority: The recommended movie won 3 Oscars!
Social Proof: The 87% of users in this survey rated the
recommended movie with 4 or 5 stars!
Liking: Your Facebook friends like this movie.
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Commitment: This movie belongs in the kind of movies you enjoy
to watch.

movie is considered in our study as a measure of persuasion (i.e.
acceptance of the recommendation), which is operationalized by
computing the difference between the original and the final
ratings. However, the exact meaning of the “acceptance the
recommendation” depends on the business objectives of a site. For
example, in some cases (as in e-commerce) the desired behaviour
may be to request more information, or to purchase the product
and so on.

3.2 Experiment design and execution
A within subjects experimental design was followed in this
research. One of our main concerns in the execution of the
experiment was to manage participants’ burden by avoiding
extensive exposure to treatments and questionnaires (only the
psychographic questionnaire consisted of 44 items) while
preserving the validity of the experiment. One option to deal with
problem was to expose different groups to different cues (i.e.
follow a between subjects design). However, this would
significantly reduce the sample size within each group and also
taking into account the anticipated low number different
personality types represented in each of the groups it would have
limited our ability to produce valid statistical results. Thus, we
selected the within subjects design.
At the first step of the experiment, a set of 20 movies where
presented to participants (with no explanations besides the typical
information provided by iMDB, such short description of the
story, lead actors etc.), where they were asked to state (by
checking the appropriate option) whether they have watched each
movie and then provide their ratings (in 1-5 scale). Users were
explicitly instructed to provide their intention to watch a movie
(for all unwatched movies) in the form of a rating. For the movies
they had already watched they provided their actual evaluation.
Recommendations were drawn from the set of unwatched movies.

Figure 1. Second Step of the experiment.
As mentioned above, the recommended movie was enriched with
persuasive explanations, based on Cialdini’s Principles (i.e. the
explanations designed in the first part of the experiment) and the
participant was asked to assess the recommended movie in order
to examine whether (and which) strategies influenced users in
order to change their intention to watch the recommended movie.
More specifically, the recommended movie was presented with
the same set of information as the first step (title, actors, etc.)
while participants were asked to declare their intention to watch
the recommended movie, taking into consideration one of the 6
persuasive explanations each time, which were presented as a list
below the recommended movie. The order of the persuasive
explanations was appeared in a random way to each user but there
were the same texts for all of them. For that reason the
expressions that were used in the persuasive explanations were in
a generic form, e.g. the wording ‘the recommended movie’ was
used instead of the actual title of the recommended movie and so
on.

The set of 20 movies was randomly selected from a pool of 60
movies from different genres and presented to the participants
along with the typical information for each movie (movie’s genre,
its plot, and the starring actors). The first criterion for the
inclusion of a movie in the pool of 60 movies was its genre
(action, drama, romance, etc.). In the pool of 60 movies there
were at least three movies from each genre, although most of the
movies belong to more than one genre. The second criterion was
the popularity of the movie, With the term popular movie is meant
a movie with high average rating (above 8.0) from a large amount
of users (above 1000 users).. Since popular movies are more
likely to collect higher ratings while unpopular ones may not be
known to the experimental participants (and therefore attract
lower ratings), we included in the sample both popular and
unpopular movies according to their iMDB ratings. Although that
the number of 20 movies was large enough to ensure that at least
some of them wouldn’t have been watched by the participant, the
system was designed to select from the pool of 60 movies and
present to participants alternative movies in the extreme case that
all 20 movies have been actually watched by the user.

The absolute difference between the original and the final rating
was used to measure the persuasive effect. As the “final” rating
with respect to the first hypothesis (examining if there are
differences before and after the application of the persuasion
strategies) we used the highest rating that users provided
(independently of the strategy that corresponds to that rating). For
the evaluation of the second hypotheses (examining if there are
differences among strategies with respect to their persuasive
effect), the rating given by the users’ as evaluation of each
strategy was considered as the “final” rating.

At the second (recommendation) step of the experiment (see
Figure 1), the (unwatched) movie for which the participant has
expressed the lowest intention to watch (note that if more than one
movie was rated with the lowest score, then the recommended
movie was selected randomly from the above set of low-rated
movies) was presented to the user exactly as the original
presentation but enhanced with persuasive explanations. Selecting
to present users with the lowest rated movie, is in alignment with
our theoretical ELM foundations, which suggest that when the
preference matching of the user with respect to the recommended
item is low then the peripheral route will be followed. Moreover,
this choice enable us to track more easily any changes in the
user’s intention to watch the movie since in computational terms it
is much easier to identify changes in intentions from the lower to
the higher levels of the 1-5 scale. It must be noted that the rating
expresses the users’ intention to watch (or not) the recommended

At the third and last step of the experiment participants were
asked to complete the psychographic questionnaire that was used
to classify users into the Big 5 personality traits. The Big Five
Inventory- 44 (BFI) was used, constitutes from 44 questions (John
et al., 2008), and is already used in other studies (Bouchard and
McGue, 2003; Shiota et al., 2006).

3.3 Sample
The experiment participants were invited through posts in
University’s Facebook groups (e.g. undergraduate, postgraduate
and PhD students) and authors’ personal mailing lists to
participate in this research. The invitation message was asking
recipients to participate in a research in which they would be
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asked to rate recommendations provided by an online application
as well as to fill in a psychographic questionnaire. The link to
access the system was provided and a clear suggestion concerning
the anonymity of their participation was included in the message.
The invitation did not specify that the research involved movies
evaluation. The participants’ average scores for the items
measuring the personality types in the 44-item psychographic
questionnaire are (the standard deviation is included in the
parentheses) Extraversion: 3.34 (0.49), Agreeableness: 3.47
(0.42), Conscientiousness: 3.34 (0.42), Neuroticism: 3.30 (0.48),
Openness: 3.24 (0.46). The above descriptives showcase that the
sample does not exhibit certain personality types more (or less)
than others.

a condition implies that an outcome may not derive without the
presence of the condition; nevertheless, the condition alone is not
able to produce the outcome. Sufficiency of a condition implies
that the condition alone is capable of producing the outcome. In
practice, if a solution includes the presence of only one condition
(i.e., a solution requires the presence or absence of only one
personality trait),, then this condition is sufficient to produce the
outcome. To estimate the sufficiency and/ or necessity of
hypothesized conditions, fsQCA follows a Boolean minimization
process based on truth table analysis. The outcome of this process
includes the generic combinations of conditions that are sufficient
for the outcome whilst remaining logically true. These are
encapsulated in three solutions that differ based on their
complexity, named as complex, intermediate, and parsimonious.
Of interest is the parsimonious solution, which reduces the causal
recipes to the smallest number of conditions possible.

In total 117 users participated in our research. 61 (52%)
participants of our sample were males while the rest 56 (48%)
were females. Additionally, the 46% of the sample was aged
between 18 and 24 years old, the 52% was between 25 and 34
years old and the 2% at the age of 35-44 years old.

This research explores how individuals’ personality traits, in the
form of five alternative dimensions, fit with different persuasive
strategies. Nevertheless, an individual may not be exclusively
categorized under a unique personality trait. Instead, individuals
may exhibit elements of multiple traits, which collectively form
their personality. Moreover, these personality traits are not fixed
within all individuals; a particular persuasive strategy may be
perceived as equally appropriate to individuals that exhibit
completely dissimilar values on their fundamental personality
qualities. As a result, we cannot assume that there is a single,
universal, personality profile that explains the impact of a given
persuasion strategy, which would call for the application of
traditional statistical analysis methods based on regression
models, but we need to examine how the different combination of
the personality traits interweave in order to explain the suitability
of a given persuasion strategy. The modus operandi of fsQCA
covers this requirement, thus warrants us to adopt it as our guiding
analysis methodology.

3.4 Analysis Methodology
This research employs the prescriptions of the fuzzy-set
qualitative comparative analysis methodology (fsQCA) to explore
which personality traits explain the effectiveness of each
persuasion strategy. Opposed to variance-based statistical
methods (e.g. structural equation modelling or partial-least
squares based regression models) in which the independent
variables ‘compete’ with each other to explain one or more
dependent variables, fsQCA treats the hypothesized causal factors
as conditions that may be related to the phenomenon under
investigation either by themselves or in combination with one
another (Rihoux and Ragin,, 2009; Rihoux et al., 2011). Hence,
fsQCA does not compute a single, optimal, solution that attributes
weights to the independent variables; instead, the methodology
proposes multiple alternative solutions, which require the
presence or absence of each hypothesized causal factor. This is a
fundamental difference from variance-based statistical methods
and calls for operationalization of the variables in the dataset.

4. RESULTS
The first step of our analysis is involved investigating effect of
each influence strategy on individuals’ attitude towards watching
a movie that they, initially, were unmotivated to watch. We
performed two different comparisons to examine the persuasive
effect of the influence strategies. In the first test, we measured the
difference between the maximum of the ratings that each user
provided for the six influence strategies and the original rating.
The t-test results suggested that on average there are significant
differences (p< .001) between the original rating and most
persuasive (for each user) strategy (original and final ratings
average scores: 1.49 and 3.05 respectively with standard deviation
0.50 and 1.23). In the second statistical test, we performed a t-test
analysis that compares their initial beliefs and the ones formulated
after the application of the strategy. The results suggest that all
influence strategies were successful in increasing the likelihood of
individuals to watch the movie (Table 1) nevertheless, this
increase is marginal in absolute figures..

In effect, fsQCA employs fuzzy set theory and Boolean algebra to
evaluate whether the cases in the dataset belong or not in a certain
conceptual state. For example, in this research cases may be
evaluated in order to assess whether an individual is extravert,
open, agreeable, conscious, or neurotic. Likewise, the impact of
each persuasion strategy on individuals’ attitude change may also
be operationalized to capture the degree to which the strategy
actually manifested a behavior change. Such operationalizations
are captured through fuzzy set membership scores ranging from 0
(non-membership to the set) to 1 (full membership to the set). Inbetween scores indicate the distance of each case from the
outbound scores. The researcher may transform the cases’ original
values to fuzzy-set membership scores by using specialized
fsQCA software. This process is coined with the term
‘calibration’. In this research we used fsQCA 2.0 developed by
the University of Arizona. The software was also employed
throughout the remaining methodology stages.
Fuzzy-set QCA identifies conditions or combinations of
conditions that are necessary or sufficient to explain an outcome.
In this research, a combination of conditions reflects the
personality profile of an individual. Such profile would include
specific membership values to each personality trait following the
calibration procedure. As such, a value close to 1 in a particular
personality trait implies that the individual exhibits this trait. In
contrast, membership values close to zero imply that the
individual does not exhibit the said personality trait. Necessity of

Table 1: T-test results. All comparisons are significant at
p<.001
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Influence
Strategy

Mean (SD)

T-statistic (Original rating
– intention after influence
strategy is applied)

Original Rating

1.49(0.50)

n.a

Reciprocity

1.84(0.89)

-4.707 (p<.001)

Scarcity

1.73(0.97)

-2.953 (p<.001)

Authority

2.57(1.16)

-10.941 (p<.001)

Social Proof

2.67(1.17)

-12.349 (p<.001)

Liking

2.07(1.04)

-6.698 (p<.001)

Table 3 illustrates the results of fsQCA for the Reciprocity
influence strategy. The methodology, identified four solutions
leading to high influence of an individual by the application of the
respective strategy. The results indicate that the absence of even
one personality trait is sufficient to individuals in order to be
influenced by the Reciprocity strategy

Moreover, a one-way ANOVA test between the attitude changes
of individuals for each influence strategy (see Table 2). The
results of this analysis indicate that there are statistical differences
among the six strategies at the p<.05 level (F= 14.941, p= .000).
To probe for differences between the strategies we performed a
Games-Howell Post Hoc Test. Based on these results we accept
H1.

Table 3: fsQCA results for the paths leading to high
acceptance of Reciprocity.

Personality Traits

Recipro
city

Sign.

.001

Autho
rity

.001

Scarc
ity

.006

Soci
al
Pro
of

Liki
ng

.001

.003



Extraversion

Table 2: ANOVA results (Sign. < 0.05)
Persua
sive
Strateg
y

Solutions leading to high acceptance of
Reciprocity influence strategy
1
2
3
4



Agreeableness



Conscientiousness

Consist
ency



Openness
Neuroticism

.007

H2 was evaluated through the application of fsQCA methodology.
We used the five personality traits as possible conditions that
influence the acceptance of each influence strategy. As a first step,
the prescriptions of fsQCA require for calibration of the cases into
membership sets. Calibration was performed using the
corresponding function provided by fsQCA 2.0 software. The
function demands as input three threshold points; a fullmembership value, a non-membership value and a cutoff point.
Because the dataset consists of subjective cases, we used cluster
analysis following the k-means algorithm (k=3) to calculate the
three membership sets. More specifically, high values are
correlated with the full-membership set, medium values are
correlated with the crossover point set and finally low values are
correlates with the non-membership set.

Consistency

0.672

Coverage

0.578

0.636
0.624

0.644
0.572

Overall solution
consistency

0.611

Overall solution
coverage

0.970

0.70
0.639

The methodology identified 6 alternative paths leading to high
acceptance of the Scarcity influence strategy. The majority of
paths require two personality traits to be present in an individual’s
personality in order to be influenced by Scarcity strategy (Table
4). For example, individuals that are both agreeable and
conscious, but do not exhibit traits of neuroticism are likely to be
influenced by the scarcity influence strategy (solution 6).
Table 4: fsQCA results for the paths leading to high
acceptance of Scarcity.

For the independent variables (personality traits) no cluster
analysis was conducted due to the fact that the differences among
the personality traits’ scores were imperceptibly small. Thus, for
this case we calculated the independent variables (personality
traits) through frequencies with cut points for 4 equal groups, in
SPSS. The percentiles that emerged correspond to the fullmembership set for the high values, the crossover point set for
medium values and finally the non-membership set for low
values.

Solutions leading to high acceptance of
Scarcity influence strategy

The results of fsQCA indicate 3-7 alternative solutions per
influence strategy comprising of alternative combinations of the
personality traits that lead to high acceptance of each influence
strategy. Black circles indicate the required presence of a
personality trait in a solution. White circles indicate the required
absence of a personality trait from the solution. Blank cells
indicate that in that particular solution, the presence or absence of
that personality trait is indifferent. Each solution is accompanied
by two additional measurements of fitness, which express the
‘predictive power’ of each solution, namely the consistency and
coverage indexes. Consistency presents how consistent is the
empirical evidence with the outcome which is investigated while
coverage estimates the proportion of cases that address the
outcome which is under investigation.

Personality
Traits
Extraversion

1


Agreeableness



2

4



Conscientiousness


Openness

3










Neuroticism

6








Consistency

0.797

0.7

0.7

0.87

0.7

0.873

Coverage

0.295

0.416

0.358

0.193

0.376

0.206

Overall solution
consistency
Overall solution
coverage
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5

0.685
0.747

The remaining Tables present the different paths, consisting of
combinations of personality traits, which lead to high acceptance
of the remaining four influence strategies. These tables may be
interpreted as an atypical personality profile of individuals (one
per produced fsQCA solution) in order to be influenced by each
strategy (Table 5 – Table 8). Similar to the previous solutions,
each table should be interpreted as a combination of mandatory
personality traits (indicated with black circles) coupled with the
mandatory absence of one or more personality traits (indicated
with white circles). Hence, each solution represents a unique
combination of the personality traits that should exist in order to
explain the acceptance of a persuasive strategy.

Personality Traits
Agreeableness
Openness

2

4

5

6











Conscientiousness









Neuroticism


0.62

0.674

0.677

0.636

Coverage

0.294

0.303

0.357

0.182

0.252

0.25




Agreeableness

1







Neuroticism















Consistency

0.698

0.645

0.619

0.604

0.581

0.698

0.637

Coverage

0.31

0.25

0.303

0.317

0.250

0.31

0.190

3











0.47

0.48

0.64

Coverage

0.41

0.31

0.192

0. 456
0.643

This research emphasizes on two elements of persuasive/
recommender systems. First, we empirically validate that the
application of an influence strategy may indeed positively shift
the attitude of an individual towards a specific recommended
item. Nevertheless, not all influence strategies have the same
persuasive effect. We attribute this deviation to the personality
traits of the recommender system users. Hence, the second
contribution of this study reflects on the development of
personality profiles per influence strategy. Each profile, measured
as a combination of personality traits that need to be present or
absent from the personality mix, reflects the set of traits that fit
most with each influence strategy (i.e., individuals sharing the
same profile would indeed be persuaded following the application
of the respective strategy). It must be noted that an important issue
in utilizing recommendation explanations is that persuasive
messages may be perceived as promotional ones and therefore
impact users’ trust in the recommender systems. For this reason
we used a control variable measuring (in an 1-5 scale) users’ trust
in the system, which has shown that no such effect occurred (i.e.
no significant differences were found between the trust levels
before and after the presentation of the persuasive messages,
which was on average 2.96 for the users with low intention to
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5. DISCUSSION



Openness

Overall
solution
consistency
Overall
solution
coverage

0.643

Consistency
Overall
solution
consistency
Overall
solution
coverage





Conscientiousness

0. 456

Neuroticism

Solutions leading to high acceptance of
Social Proof influence strategy
2
3
4
5
6
7
1


0.192

Openness

0.752



0.64

0.31

Conscientiousness

0.566



0.48

0.41

Extraversion

Table 6: fsQCA results for the paths leading to high
acceptance of Social Proof.

Personality
Traits
Extraversion

0.47

Coverage

Agreeableness

0.604

Overall solution
consistency
Overall solution
coverage

Consistency

Personality Traits



0.598



Solutions leading to high acceptance of
Liking influence strategy



Consistency





Table 8: fsQCA results for the paths leading to high
acceptance of Consistency.





3




Overall
solution
consistency
Overall
solution
coverage



Agreeableness
Openness

3



Neuroticism

Solutions leading to high acceptance of
Authority influence strategy
1

2



Conscientiousness

Table 5: fsQCA results for the paths leading to high
acceptance of Authority.

Personality
Traits
Extraversion

1

Extraversion



0. 713
0. 577

Table 7: fsQCA results for the paths leading to high
acceptance of Liking.
Solutions leading to high acceptance of
Liking influence strategy
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watch the movie and 3.27 for the users with high intention to
watch a movie).

“Reciprocity” is presented to them. Despite our expectations,
humans with low conscientiousness changed their intention to
watch the movie influenced by the “Consistency” strategy rather
than humans with high conscientiousness. This may be attributed
to the fact that individuals with high conscientiousness avoid to
take risks because that might make them feel uncertain or cause
unexpected delays to their work (James and Mazerolle, 2002; Raja
and Johns, 2004).

In effect, most studies in the field of recommender systems have
primarily focused on the algorithmic perspective through the
proposition of algorithms that provide recommendations tailored
to users’ interests and preferences. In contrast, this study provides
insights indicating that the provision of properly selected (i.e.
taking into account users’ personality) motivating messages have
a persuasive effect on users intention to “use” the recommended
item, e.g. to watch a movie.

On the other hand, people with high openness tend to be
characterized by creativity, sophistication, and curiosity (Barrick
and Mount, 1991). This might explain why in most cases, the trait
of openness is absent from the solutions indicated by fsQCA.
Finally, individuals with low neuroticism lack confidence. This
may explain why the application of the “Social Proof” strategy on
neurotics in most of cases depicts low neuroticism and Liking,
because they tend to be influenced by people who they like or
what the majority says. Additionally, neurotics are characterized
by anxiety and typically they do not trust others (Raja and Johns,
2004), so they tend to be consistent with their original thoughts in
order to deal with their insecurity and therefore it is expected to
get persuaded by the “Consistency” strategy.

According to the Elaboration Likelihood Model (ELM), when an
individual has low motivation (or ability) to process a
recommendation then she will not proceed through the central
route of persuasion, i.e. he will not thoroughly assess the quality
of argumentation in order to get persuaded. Instead, if appropriate
peripheral cues are implemented (such as persuasive strategies
applied in the form of messages, as suggested in our study) then
she will eventually be influenced (i.e. motivated) to elaborate the
recommendation following the peripheral route to persuasion.
Such peripheral cues act as extra motivating triggers that
influence a user by “diverting attention, reallocating cognitive
resources, and evoking affective responses and behaviours” (Tam
and Ho, 2005).

The findings of the study must be interpreted taking into account
its limitations. The sampling frame (students) and the relatively
low sample size restrict the possibility of having an actual
representation of the population in the sample in terms of
personality types. By extending the experiment, in future research,
to a larger sample of users we would also have the opportunity to
avoid possible self-selection bias as well as to follow a between
subjects design, showing not only more movies to each user but
most importantly avoiding the learning effect associated with the
presentation of all six strategies to all experiment participants. It
must be noted that we tried to control the learning effect bias by
showing to users recommendations with persuasive explanations
in a random way, i.e. the mix of recommendations representing
different persuasive strategies was presented in varying order to
each of the participants. It is clear that this study provides insights
concerning the movie recommendation domain in which it was
applied. The generalization of our findings would be enabled only
if this research is extended to other application domains. In our
future research plans, besides the extension of our research to
other domains (e.g. e-commerce) we aim to investigate additional
factors that may influence persuasive communication, as for
example the need for cognition, which is a personality variable
and reflects people’s intrinsic motivation to engage in and enjoy
thinking (Cacioppo and Petty, 1982, p. 116).

Current recommendation applications typically disregard items
with low degrees of fitness with the users’ current interests. The
confirmation of the first hypothesis of this study indicate that even
for such items, there is strong possibility that they may be
favoured by the users if they are presented with the appropriate
motivating peripheral cue. Moreover, not all people are influenced
from the same persuasive messages. This study provides empirical
evidence that there is a relationship between personality and
Persuasive Strategies. People with specific combination of
personality traits are affected more from particular persuasive
messages.
The results of the experiment that was conducted surfaced that
motivating messages are not uniformly applied to all recipients of
recommendations. Users’ personality traits are an important
factor that differentiates the effect of influence strategies applied
as persuasive explanations. More specifically, a person who is
characterized by high extraversion seems to be influenced by all
Six Persuasive Strategies. This is reasonable if we take into
consideration that they enjoy interacting with the environment
whilst such people have the tendency to seek for stimulation
(Zhao and Siebert, 2006). Moreover, people with high
extraversion have the tendency to be curious, novel, sociable,
active, energetic (Costa and McCrae, 1992; Goldberg, 1992), and
positive (Watson and Clark, 1997). Along this line, the fact that
this type of people favour networking with others (Watson and
Clark, 1997) make them more prudent to be influences by
“Liking” strategies.

6. ACKNOWLEDGMENTS
The first author acknowledges the financial support of the
Department of Management Science and Technology and the third
author the financial support of the Research Center of the Athens
University of Economics and Business for the presentation of this
work.

Individuals with high agreeableness are eager to help other people
(Costa and McCrae, 1992) while they have the tendency to be
kind, generous, fair and unconditional (Goldberg, 1992), so
people with high agreeableness tend to be motivated from the
“Reciprocity” influence strategy. The fact that people with low
agreeableness tend to be suspicious (Digman, 1990).
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ABSTRACT

problem is to provide the user with a list of recommended advertisements they might prefer, or predict how much they might prefer
the content of each advert.
Past studies on recommender systems take into account information like user preferences (e.g., user’s past behavior, ratings, etc.),
or demographic information (e.g., gender, age, etc.), or item characteristics (e.g., price, category, etc.). For example, collaborative
filtering approaches first build a model from a user’s past behavior (e.g., items previously purchased and/or ratings given to those
items), then use that model to predict items (or ratings for items)
that the user may have an interest in by considering the opinions
of other like-minded users. Other information (e.g., contexts, tags
and social information) have also taken into account in the design
of recommender systems [5, 18, 20].
The impact of personality factors on advertisements has been
studied at the level of social sciences and microeconomics [2, 9,
35]. Recently, personality-based recommender systems are increasingly attracting the attention of researchers and industry practitioners [6, 15, 33]. Personality is the latent construct that accounts for
“individuals characteristic patterns of thought, emotion, and behavior together with the psychological mechanisms - hidden or not
- behind those patterns" [12]. Hence, personality is a critical factor
which influences people’s behavior and interests. Attitudes, perceptions and motivations are not directly apparent from clicks on
advertisements or online purchases, but they are an important part
of the success or failure of online marketing strategies. A person’s
buying choices are further influenced by psychological factors like
impulsiveness (e.g., leads to impulse buying behaviors), openness
(e.g., which reflects the degree of intellectual curiosity, creativity
and a preference for novelty and variety a person has), neuroticism
(i.e., sensitive/nervous vs. secure/confident), or extraversion (i.e.,
outgoing/energetic vs. solitary/reserved) which affect their motivations and attitudes [35].
To the best of our knowledge, the impact of personality factors
on advertisements has been largely neglected at the level of advert recommendation. There is a high potential that incorporating users’ characteristics into recommender systems could enhance
recommendation quality and user experience. For example, given a
user’s preference for some items, it is possible to compute the probability that they are of the same personality type as other users, and,
in turn, the probability that they will like new items [24].
Moreover, personality has shown to play an important role also
in other aspects of recommender systems, such as implicit feedback, contextual information [21], affective content labeling [34].
With the development of novel techniques for the unobtrusive acquisition of personality (e.g. from social media [7, 28, 29]) this
study is meant to contribute to this emerging domain proposing
a new corpus which includes questionnaires of the Big-Five (BFI-

In the last decade, new ways of shopping online have increased the
possibility of buying products and services more easily and faster
than ever. In this new context, personality is a key determinant
in the decision making of the consumer when shopping. A person’s buying choices are influenced by psychological factors like
impulsiveness; indeed some consumers may be more susceptible
to making impulse purchases than others. Since affective metadata are more closely related to the user’s experience than generic
parameters, accurate predictions reveal important aspects of user’s
attitudes, social life, including attitude of others and social identity.
This work proposes a highly innovative research that uses a personality perspective to determine the unique associations among the
consumer’s buying tendency and advert recommendations. In fact,
the lack of a publicly available benchmark for computational advertising do not allow both the exploration of this intriguing research
direction and the evaluation of recent algorithms. We present the
ADS Dataset, a publicly available benchmark consisting of 300 real
advertisements (i.e., Rich Media Ads, Image Ads, Text Ads) rated
by 120 unacquainted individuals, enriched with Big-Five users’
personality factors and 1,200 personal users’ pictures.

CCS Concepts
•Information systems → Computational advertising; Collaborative search; Test collections;

Keywords
Recommender Systems, Computational Advertising, Ads Click Prediction, Ads Rating Prediction, Personality Traits, Data Mining

1.

INTRODUCTION

Nowadays, online shopping plays an increasingly significant role
in our daily lives [10]. Most consumers shop online with the majority of these shoppers preferring to shop online for reasons like
saving time and avoiding crowds. Marketing campaigns can create
awareness that drive consumers all the way through the process to
actually making a purchase online [16]. Accordingly, a challenging
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10) personality model [25], as well as, users’ liked/disliked pictures
that convey much information about the users’ attitudes [7].
The ADS Dataset is a highly innovative collection of 300 real advertisements rated by 120 participants and enriched with the users’
five broad personality dimensions, which have been shown to capture most individual differences [4]. The user study is conducted by
recruiting a set of test subjects, and asking them to perform several
tasks. The subjects included in the corpus were recruited through
a public platform purely dedicated to recruiting participants. The
process was stopped once the first 120 individuals answered positively. The experimental protocol adopted for the data collection
has been designed to capture users’ preferences in a controlled usage scenario (see Section 2.1 for further details).
In this work we carry out prediction experiments performing two
different tasks: ad rating prediction or ad click prediction, with
the goal in mind to analyze the effect of using personality data
for recommending ads. Therefore, we propose Logistic Regression (LR) [8], Support Vector Regression with radial basis function
(SVR-rbf) [3], and L2-regularized L2-loss Support Vector Regression (L2-SVR) [8] as baseline systems for recommendation. We
then review a large set of properties, and explain how to evaluate
systems given relevant properties. We also survey a large set of
evaluation metrics in the context of the property that they evaluate,
and provide a library within one integrated toolbox.
Summarizing, the contribution of this work is two-fold:
Dataset: we collect and introduce a representative benchmark
for computational advertising enriched with affective-like metadata
such as personality factors. The benchmark allows to (i) explore
the relationship between consumer characteristics, attitude toward
online shopping and advert recommendation, (ii) identify the underlying dimensions of consumer shopping motivations and attitudes toward online in-store conversions, and (iii) have a reference benchmark for comparison of state-of-the-art advertisement
recommender systems (ARSs). To the best of our knowledge, the
ADS dataset is the first attempt at providing a set of advertisements
scored by the users according to their interest into the content.

A

Class Labels
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

The rest of the paper is organized as follows: in Section 2 we
present and describe the ADS Dataset. We perform a corpus analysis investigating on the linkages between buying habits, recommendations, and personality. In Section 3, we survey a large set of
evaluation metrics in the context of the property that ARSs evaluate. In Section 4 we conduct experiments for each scenario taken
into account in this work, investigating on the strengths and weakness of using personality data as features for recommendation. Finally, in Section 5 conclusions are given, and future perspectives
are envisaged.

Category Name
Clothing & Shoes
Automotive
Baby
Health & Beauty
Media
Consumer Electronics
Console & Video Games
Tools & Hardware
Outdoor Living
Grocery
Home
Betting
Jewelery & Watches
Musical instruments
Stationery & Office Supplies
Pet Supplies
Computer Software
Sports
Toys & Games
Social Dating Sites

% Clicks
6.2%
3.3%
3.3%
6.0%
6.6%
9.2%
8.5%
3.0%
5.6%
7.3%
4.7%
1.6%
5.9%
3.6%
5.4%
3.1%
5.6%
5.0 %
5.1%
1.0%

Table 1: ADS Dataset provides a set of 15 real adverts categorized in terms of 20 product/service categories. The most
clicked categories are highlighted in green and the less clicked
in red.

CORPUS ANALYSIS
mat). Participants rated (from 1-star to 5-stars) each recommended
advertisement according to if they would or would not click on it
(some examples are shown in the Fig.1). We labeled adverts as
“clicked” (rating greater or equal to four), otherwise “not clicked”
(rating less than four). The distribution of the ratings across the
adverts that were scored by the users turns out to be unbalanced

The corpus includes 300 advertisements voted by unacquainted
individuals (120 subjects in total. Note, the data collection process is still running). Adverts equally cover three display formats:
Rich Media Ads, Image Ads, Text Ads (i.e., 100 ads for each for1

C

Figure 1: The figure shows three different examples for each
display format. (A) Shows Text Ads that received 26.5% of the
total amount of clicks. (B) Image Ads (32.7% of clicks), and (C)
Rich Media Ads (40.8% of clicks).

Code library: we present two broad classes of prediction accuracy measures, depending on the task the recommender system
is performing: “ad rating prediction” or “ad click prediction”, and
provide a code library, integrating the evaluation metrics with uniform input and output formats to facilitate large scale performance
evaluation. The code library and the annotated dataset are available
on the project page1 .

2.

B

http://giorgioroffo.it/?ADSdataset
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Group

Type

Users’ Preferences

Websites, Movies, Music, TV
Programmes, Books, Hobbies

Demographic

Basic information

Social Signals

Personality Traits
Images/Aesthetics

Users’ Ratings

Clicks
Feedback

Description
Categories of: websites users most often visit (WB), watched
films (MV), listened music (MS), watched T.V. Programmes
(TV), books users like to read (BK), favourite past times, kinds
of sport, travel destinations.
Age, nationality, gender, home town, CAP/zip-code, type of
job, weekly working hours, monetary well-being of the participant
BFI-10: Openness to experience, Conscientiousness, Extraversion, Agreeableness, and Neuroticism (OCEAN)
Visual features from a gallery of 1.200 positive / negative pictures and related meta-tags
300 ads annotated with Click / No Click by 120 subjects
From 1-star (Negative) to 5-stars (Positive) users’ feedback on
300 ads

References
[14, 18, 20]

[20]
[4, 25]
[7]
[14, 23, 37]
[14, 23, 37]

Table 2: The table reports the type of raw data provided by the ADS Dataset. Data of the first and last group can be considered as
historical information about the users in an offline user study.
(4,841 clicked vs 31,159 unclicked).
Advert content is categorized in terms of 20 main product/service
categories. For each one of the categories 15 real adverts are provided. Table 1 reports the full list of the categories used with the
associated class annotations and the percentage of clicks received.
At the category level, the distribution of the ratings results to be
balanced (1,229 clicked vs 1,171 unclicked), where a category is
considered to be clicked whenever it contains at least one clicked
advert.
Inspired from recent findings which investigate the effects of personality traits on online impulse buying [2, 9, 35], and many other
approaches based upon behavioral economics, lifestyle analysis,
and merchandising effects [2, 19], the proposed dataset supports a
trait theory approach to study the effect of personality on user’s motivations and attitudes toward online in-store conversions. The trait
approach was selected because it encourages the use of scientifically sound scale construction methods for developing reliable and
valid measures of individual differences. As a result, the corpus includes the Big Five Inventory-10 to measure personality traits [25],
the five factors have been defined as openness to experience, conscientiousness, extraversion, agreeableness, and neuroticism, often
listed under the acronyms OCEAN.

past behavior selected from a pre-defined list (e.g., watches movies,
listen songs, read books, travel destinations, etc.), demographic
information (like age, nationality, gender, etc.). Note, all data is
anonymized (i.e., name, surname, private email, etc.), ensuring the
privacy of all participants.
For further analyses related to the adverts’ quality, this benchmark also provides the entire set of 300 rated advertisements (500
x 500 pixels) in PNG format.

2.1

Participant Recruitment

The subjects involved in the data collection, performed all the
steps of the following protocol:
- Step 1: All participants have filled in a form providing, anonymously, several information about their preferences (e.g., demographic information, personal preferences).
- Step 2: All participants have filled the Big Five Inventory-10 to
measure personality traits [25].
- Step 3: The participants voted each advert according with if
they would or not click on the recommended ad. Ads have been
displayed in the same order to all the participants.

Recent soft-biometric approaches have shown the ability to unobtrusive acquire these traits from social media [28, 29], or infer the
personality types of users from visual cues extracted from their favorite pictures [7] from a social signal processing perspective [36].
While not necessarily corresponding to the actual traits of an individual, attributed traits are still important because they are predictive of important aspects of social life, including attitude of others
and social identity.
As a result, the proposed benchmark includes 1,200 spontaneously
uploaded images that hold a lot of meaning for the participants and
their related annotations: positive/negative (see Table 2 for further
details). The images are personal (i.e., family, friends etc.) or just
images participants really like/dislike. The motivations for labeling a picture as favorite are multiple and include social and affective aspects like, e.g., positive memories related to the content and
bonds with the people that have posted the picture. Moreover, they
are provided with a set of TAGS describing the content of each of
them.
Finally, many other users’ preference information are provided.
Table 2 lists the raw data provided with the dataset, such as users’

- Step 4: The participants submitted some images that they like
(Positives) and some others that disgust or repulse them (Negatives). Once they have uploaded their images, they also added some
TAGS that describe the content of each image.

2.2

The Subjects

This corpus involves 120 English native speakers between 18
and 68. The median of the participants age is 28 (µ=31.7, σ=12.1).
Most of the participants have a university education. In terms of
gender, 77 are females and 43 males. The percentage distribution
of household income within the sample is: 23% less or equal to
11K USD per year, 48% from 11K to 50K USD, 21% from 50K
to 85K USD, and 8% more than 85K USD. The median income is
between 11K and 50K USD.
In analyzing this complex data, one can observe that users’ preferences are not independent of each other, they are likely to be
co-expressed. Hence, it is of great significance to study groups of
preferences rather than to perform a single analysis. This fact is
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Figure 2: Spider-Diagrams for O-C-E-A-N Big-Five traits. The percentage of Males (M) and Female (F) belonging to each cluster is
reported. We indicate in bold each instance where a statistacal significant effect (i.e., Pearson correlation at the 5% level) was found
between ranks and personality factors.
also true for personality factors, analyzing subsets of data yields
crucial information about patterns inside the data. Thus, clustering
users’ preferences can provide insights into personality of individuals which share the same preferences. We performed a statistical
analysis of personality and users’ preferences, linking the 5 personality factors and the most favorite users’ product categories (i.e.,
most clicked) by means of the affinity propagation (AP) clustering
algorithm [11].
AP is an algorithm that takes as input measures of similarity between pairs of data points and simultaneously considers all data
points as potential exemplars. We calculated a similarity input matrix between each individual ui considering as feature vectors vi a
binary sequence of click/no-click (i.e., vi is 1×300). AP exchanges
real-valued messages between data points until a high-quality set of
exemplars and corresponding clusters gradually emerges. Hence,
the number of clusters is automatically detected, and when applied
on ADS data, AP grouped the data into 8 different clusters.
Figure 2 illustrates 8 spider-diagrams, one for each cluster. Each
diagram shows the average of the big-five factors regarding the subjects within the group (reported in figure as O-C-E-A-N).
Then, we ranked the most clicked categories according with samples within the group in order to compare these two variables by
means of correlation obtaining interesting clues.
For instance, let us consider the cluster number 6 where 88.9%
of the members are females, and 11.1% males and the average of
the group members age is 28. The first 5 most clicked categories
are Baby, followed by Consumer Electronics, Stationery & Office
Supplies, Home, and Jewelery & Watches. This group is characterized by high neuroticism (see the diagram in Figure 2.(Cluster 6)),
those who score high in neuroticism are often emotionally reactive
and vulnerable to stress, high neuroticism causes a reactive and excitable personality, often very dynamic individuals. This group also
share the highest levels of extroversion, high extraversion is often
perceived as attention-seeking, and domineering.

Cluster 5 shows a subset of individuals which scores low for all
the types (see the plot in Figure 2.(Cluster 5)). For instance, those
with low openness seek to gain fulfillment through perseverance,
and are characterized as pragmatic sometimes even perceived to
be dogmatic. Some disagreement remains about how to interpret
and contextualize the openness factor. The first 5 most clicked
categories are Clothing & Shoes, Health & Beauty, Jewelery &
Watches, Outdoor Living, and then Consumer Electronics. In this
case the average of the group members age is 68, and the cluster
contains 100% females.
Cluster Id
1
2
3
4
5
6
7
8

Avg. Age
32
31
22
57
68
28
20
52

r.1
6
6
1
6
1
3
7
3

r.2
15
5
7
9
4
6
6
9

r.3
13
7
10
10
13
15
10
19

r.4
19
10
4
2
9
11
11
7

r.5
4
17
6
1
6
13
17
4

Table 3: Top-5 ranked categories. For each cluster the table
reports the average age, and the ordered list of the most clicked
categories. We indicate in bold each instance where a statistical
significant effect (i.e., Pearson correlation at the 5% level) was
found between ranks and personality factors.
Cluster 7 is characterized by good levels of conscientiousness
that is the tendency to be organized and dependable, aim for achievement, and prefer planned rather than spontaneous behavior. This
cluster scores low in agreeableness, which is related to personalities often competitive or challenging people. The openness factor (>2.5) reflects the degree of intellectual curiosity, creativity and
a preference for novelty and variety a person has. Interestingly,
among the most preferred categories there are Console & Video
Games, Consumer Electronics, Grocery and Computer Software.

21

3.

EVALUATION METHODOLOGY

Recall (True Positive Rate)

Research in the ARS field requires quality measures and evaluation metrics to know the quality of the techniques, methods, and
algorithms for predictions and recommendations. In this section
we review the process of evaluating an ARS on two main tasks:
(i) measuring the accuracy of rating predictions, and (ii) measuring
the accuracy of click predictions.

3.1

Recall in this context is also referred to as the True Positive Rate
(TPR) or Sensitivity, and precision is also referred to as positive
predictive value (PPV).
Other related measures used include true negative rate and accuracy:

Scenario 1: Ad Rating Prediction

False Positive Rate (1 - Specificity)

In most online advertising platforms the allocation of ads is dynamic, tailored to user interests based on their observed feedback.
In this first scenario, we want to predict the feedback a user would
give to an advert (e.g. 1-star through 5-stars). In such a case, we
want to measure the accuracy of the system’s predicted ratings.
Root Mean Squared Error (RMSE) is perhaps the most popular metric used in evaluating the accuracy of predicted ratings. The
system generates predicted ratings r̂u,a for a test set T of useradvert pairs (u,a) for which the true ratings ru,a are known. The
RMSE between the predicted and actual ratings is given by:
s
RM SE =

1
|T |

X

(r̂u,a − ru,a )2 .

Accuracy

1
|T |

(1)

(u,a)∈T

X

(r̂u,a − ru,a )2 .

(2)

4.

As the name suggests, the MAE is an average of the absolute errors
erru,a = |r̂u,a − ru,a |, where r̂u,a is the prediction and ru,a the
true value. The MAE is on same scale of data being measured.

4.1

Scenario 2: Ad Click Prediction

Not recommended
False-Negative (fn)
True-Negative (tn)

4.2

Experimental Protocol

Let us say X = {x̄1 , ..., x̄N } is the set of observations, where
the vectors x̄i correspond to features coming only from the group
“users’ preferences” as described in Table 2 and N = 120 stands
for the number of users involved in the experiment.
A feature is the user’s selection from a pre-defined list of choices,
hence, for each feature vector one element is 1 and the others are
0. Then, each column vector x̄i is obtained by stacking the features
on top of one another.

Table 4: Classification of the possible result of a recommendation of an advert to a user [22]
We can count the number of examples that fall into each cell in
the table and compute the following quantities:
Precision

Evaluated Algorithms

Since a prediction engine lies at the basis of the most recommender systems, we selected some of the most widely used techniques for recommendations and predictions [14], such as Logistic
Regression (LR) [8], Support Vector Regression with radial basis
function (SVR-rbf) [3], and L2-regularized L2-loss Support Vector
Regression (L2-SVR) [8]. These methods have often been based
on a set of sparse binary features converted from the original categorical features via one-hot encoding [17, 26]. These engines may
predict user opinions to adverts (e.g., a user’s positive or negative
feedback to an ad) or the probability that a user clicks or performs
a conversion (e.g., an in-store purchase) when they see an ad. In
Section 4, we evaluate these methods while feeding them with and
without features coming from the psychometric traits.

In many applications the recommendation system tries to recommend adverts to users in which they may be interested. For
example, when items are added to the queue, Amazon suggests a
set of adverts on which the user would most probably click. In this
case, we are not interested in whether the system properly predicts
the ratings of these adverts but rather whether the system properly
predicts that the user will click on them (e.g. they perform a conversion). Therefore, we then have four possible outcomes for a
recommended advertisement, as shown in Table 4.
Recommended
True-Positive (tp)
False-Positive (fp)

EXPERIMENTS AND RESULTS

In this section we show results obtained for the two types of scenarios introduced in Sec. 3. We conduct prediction experiments to
explore the strengths and weakness of using personality traits as
features for recommendation.

(u,a)∈T

Clicked
Not clicked

tp + tn
,
tp + tn + f p + f n

(u,a)∈T

Mean Absolute Error (MAE) is a popular alternative, given by
s
1 X
M AE =
|r̂u,a − ru,a |.
(3)
|T |

3.2

fp
,
f p + tn

where true negative rate is also called Specificity. We can expect
a trade-off between these quantities; while allowing longer recommendation lists typically improves recall, it is also likely to reduce
the precision. We can compute curves comparing precision to recall, or true positive rate to false positive rate. Curves of the former
type are known simply as precision-recall curves, while those of
the latter type are known as a Receiver Operating Characteristic
or ROC curves. A widely used measurement that summarizes the
ROC curve is the Area Under the ROC Curve (AUC) [1] which
is useful for comparing algorithms independently of application.
When evaluating precision-recall (or ROC curves) for multiple
test users, a number of strategies can be employed in aggregating
the results, depending on the application at hand. The usual manner in which precision-recall curves are computed in the information retrieval community [13, 27, 31, 32] is to average the resulting curves over users. Such a curve can be used to understand the
trade-off between precision and recall (or false positives and false
negatives) a typical user would face.

Mean square error (MSE) is an alternative version of RMSE,
the main difference between these two estimators is that RMSE penalizes more large errors, and MSE has the same units of measurement as the square of the quantity being estimated, while RMSE
has the same units as the quantity being estimated. Therefore, MSE
is given by
M SE =

tp
.
tp + f n

tp
,
tp + f p
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Figure 3: Measuring ratings prediction accuracy: B5 stands for Big-Five features. We indicate with an asterisk each method where
B5 features, embedded into a baseline learner, shows a statistical significant effect over the baseline.
Regression is performed over the 20 product categories. The prediction problem is solved using LR, L2-SVR, and SVR-rbf, while
feeding them with and without features coming from “personality
traits”. All experiments were performed using a k-fold approach (k
= 10). In k-fold cross-validation, X is randomly partitioned into
k’s equal sized subsamples (the folds are the maintained the same
for each algorithm in comparison). Of the k subsamples, a single
subsample is retained as the validation data for testing the model,
and the remaining k - 1 subsamples are used as training data. The
cross-validation process is then repeated k times, with each of the
k subsamples used only once as the validation data. The k results
from the folds can then be averaged to produce a single estimation.
Our experimental protocol includes feature selection, which represents an important pre-processing step given the sparse nature of
the input data. It allows to remove many redundant features by
reducing the dimensionality of the problem at hand. Hence, the
representation above serves as a basis for the feature ranking and
selection strategy. Ranking features allow us to detect a subset of
cues which is not redundant. Accordingly, we use the training data
obtained after the split as input of the infinite feature selection (InfFS) [30] algorithm. By construction, the Inf-FS is a graph-based
method which exploits the convergence properties of the power series of matrices to evaluate the relevance of a feature with respect
to all the other ones taken together. Indeed, in the Inf-FS formulation, each feature is mapped on an affinity graph, where nodes
represent features, and weighted edges the relationships between
them. In particular, the graph is weighted according to a function
which takes into account both correlations and standard deviations
between feature distributions. Each path of a certain length l over
the graph is seen as a possible selection of features. Therefore,
varying these paths and letting them tend to an infinite number permits the investigation of the importance of each possible subset of
features.
Finally, the Inf-FS assigns a score to each feature of the initial
set; where the score is related to how much the given feature is a
good candidate regarding the regression task. Therefore, ranking
the outcome of the Inf-FS in descendant order allows us to perform
the subset feature selection throughout a model selection stage. In
this way, we reduce the amount of features, by selecting 75% of the
total. The selected features are: the number of favorite websites,
T.V. programmes, sports, past times, the most watched movies and
most visited websites, where we add the big-five personality traits.

4.3

Precision-Recall
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Figure 4: Comparison between LR and LR-B5: Curves show
the proportion of preferred items that are actually recommended.
idation of machine learning methods. Given the user ui , labels are
assigned to each category by averaging the votes they gave to the
category items such as ui = {y1 , ..., y20 }, y ∈ [1 − 5].
Figure 3 illustrates prediction results in term of RMSE, MSE
and MAE plots across the categories. This first analysis shows how
personality traits affect prediction performance. In order to assess
if the difference in performance is statistically significant, t-tests
have been used for comparing the accuracies. This statistical test
is used to determine if the accuracies obtained with and without
B5 are significantly different from each other (whereas both the
distribution of values were normal). The test for assessing whether
the data come from normal distributions with unknown, but equal,
variances is the Lilliefors test.
Results show a statistical significant effect of personality traits
while using L2-SVR (p-value < 0.05, Lilliefors Test H=0) and LR
(p-value < 0.01, Lilliefors Test H=0).
As for the SVR-rbf, even if improvements in terms of prediction
are not significant (B5 against no-B5), it is still interesting to notice the performance loss on categories 6 and 8, where errors go
high significantly. In such a case, the B5 features do not seem to
have much predictive power, however, they seem to play the role
of a reliable stabilizer, but also that of an independent mediator and
supporter of the regression process.

Exp. 1: Ad Rating Prediction

4.4

In this section we report results for rating prediction showing
that traces of user’s personality can improve the prediction performance of the evaluated methods significantly. Statistical evaluation
of experimental results has been considered an essential part of val-

Exp. 2: Ad Click Prediction

This section shows an offline evaluation of click prediction. Along
the lines of the previous experiment, a k-fold cross-validation is
used. The experiment is performed at the category level, in order to
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Method
L2-SVR
L2-SVR B5
LR
LR-B5*
SVR-rbf
SVR-rb B5

ROC-AUC
50.5%
51.4%
51.9%
53.4%
48.3%
50.1%

Precision
39.2%
39.9%
40.3%
41.2%
36.5%
38.2%

Recall
50.2%
50.9%
51.3%
52.1%
48.8%
50.2%

evaluation. In our experiments, we did not use any information
about the previous users’ clicks, which turns out to be a more difficult task. We decided on this solution to move the focus of attention
on personality data and not on other features like previous clicked
ads.

5.

Table 5: Performance for ad click prediction. Big-Five features
systematically contribute to the overall performance. The asterisk indicate that the method overcomes all the others.

work on a balanced distribution over the classes (1,229 clicked vs
1,171 not clicked instances), whenever a user showed their interest
in a given category (i.e., the category contains at least one clicked
advert) we labeled the category as “clicked” (rating greater or equal
to four), otherwise “not clicked” (rating less than four). As a result,
for each user we obtained a list of 20 labels representing their preference to each category. We computed precision-recall and ROC
curves for each user, and then averaged the resulting curves over
users. This is the usual manner in which precision-recall (or ROC)
curves are computed in the information retrieval community [13,
31, 32]. Such a curve can be used to understand the trade-off between precision and recall and ROC a typical user would face.
Figure 4.(a) reports the precision-recall curves which emphasize the proportion of recommended items that are preferred and
recommended. Figure 4.(b) shows the global ROC curves for LR
and LR-B5, which emphasize the proportion of adverts that are not
clicked but end up being recommended. The LR-B5 curve completely dominates the other curve, the decision about the superior
setting for LR is easy.
The Area Under the ROC Curve is calculated as a measure of accuracy, which summarizes the precision recall of ROC curves, we
report AUC, precision and recall in terms of the harmonic mean of
precision and recall (F-measure) for all the methods in Table 5.

4.5

CONCLUDING REMARKS

In this paper, we presented the ADS Dataset, a collection of 300
real advertisements rated by 120 unacquainted participants. We
conducted a within-subject user study to investigate potential user
issues of the personality on their buying behavior and preferred
item categories.
The corpus has been collected with the main goal of studying
the possible achievable benefits of employing personality traits in
modern recommender systems. To obtain stronger and more relevant results for this community, appropriate and high-level features
needed to be designed that carry important information for inference. In this paper, we only use raw data as sparse binary features
converted from the original categorical features. We used standard
techniques for recommending ads in order to show how personality
traits affect the prediction, and, at the same time, set a baseline for
future work.
We then reviewed a large set of properties, and explain how to
evaluate systems given relevant properties. We discuss how to compare ARS based on a set of properties that are relevant for the application. Therefore, we review two main types of experiments in
an offline setting, where recommendation approaches are compared
with different selections of features (i.e., with and without personality traits) accordingly with our goal. We also discuss how to draw
trustworthy conclusions from the conducted experiments.
Future work includes, but is not necessarily limited to, (1) feature engineering and designing for ARSs, represent personality data
and standardize their definitions to be used as input recommender
data towards to improve recommendations; (2) inference of personality traits and novel approaches for mapping pictures tagged as
favorite into personality traits; and (3) identification of the underlying dimensions of consumer shopping motivations and personality
factors.
We hope that this work motivates researchers to take into account the use of personality factors as an integral part of their future
work, since there is a high potential that incorporating these kind
of users’ characteristics into ARS could enhance recommendation
quality and user experience.

Discussions and Future Work

In this paper, we conducted a within-subject user study to investigate on the relations between users’ personality related to their
buying behavior and preferred item categories. A deeper analysis
may involve the use of bi-clustering methods. Comparing to traditional clustering methods biclustering is not a blackbox technique.
Comprehensibility is one of its main advantages, i.e. it is possible
to understand why objects ended up in the same cluster.
It is worth noting that the goal of these experiments is to show
how personality traits affect the prediction. In order to improve prediction accuracy, specific feature designing processes are needed so
as to represent personality data and to standardize their definitions
to be used as input recommender data towards to improve recommendations. In our experiments, we used a set of sparse binary
features converted from the original categorical features. Moreover, many other algorithms may be used for this tasks, like the one
proposed in [6, 15, 24].
For instance, the personality diagnosis [24] system is a collaborative filtering algorithm, which can be thought of as a hybrid between existing memory- and model-based algorithms. PD is fairly
straightforward, maintains all data, and does not require a compilation step to incorporate new data. It is based on a simple and
reasonable probabilistic model of how people rate titles.
Most of these recommender systems use to split each test user
profile into sets of observed items and hidden items. The former
is used as input for each recommender, the latter for performance

6.
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ABSTRACT

mender systems, human-machine communication (HMC),
among many others [10], [1], [11]. While there have been
substantial advances in many of these areas, the state-ofthe art technology still lacks satisfactory means to efficiently
meet various user needs and/or tailor to their capabilities.
As the potential for new users of technology supported services is growing (e.g. groups of elderly users), so is the
digital divide [42]. This gap may manifest itself in many
forms. It may deprive a particular user group of efficient
use of a service (e.g., due to the lack of technological proficiency), it may be limited in scope and only partially attend
to users needs (e.g., the use of multiple services for a series
of common, integrated tasks), or for some user groups offer no accessibility to a service altogether (e.g., e-banking
for the elderly users). In general, it results in frustration
and increased cognitive load, requiring significant effort to
use a service (e.g. interaction, navigation, finding information, etc.), instead of a service adapting to user needs and
capabilities.
One way to address these issues is to establish and sustain efficient (close-to-human) communication level between
a user and a service, with HMC at the core of contextualization and adaptation procedures. Whereas natural (humanto-human) communication is innate and in general requires
minimal effort for the actors involved to sustain it, HMC
is void of both innateness and context, as well as of nonverbal (auditory, visual, olfactory) cues. Thus, for a modern
digital service to be successful, it should be capable of expressing minimal social intelligence [45]. Another important
and inherent property of natural communication is its continuity in real-time. HMC should be able to exhibit some
level of social intelligence by generating and processing social signals in near-real-time.1 To sustain the feedback loop
the user should be at least minimally engaged, with nonverbal (social) signals (such as emotions) elicited at a continuous (minimal delay) rate. Ideally, effective HMC should
minimize the user-service adaptation procedures and maximize the engagement and the intended use of a service. In
other words, a service is socially intelligent when it is ca-

The paper discusses the challenges of user emotion elicitation in socially intelligent services, based on the experimental design and results of the intelligent typing tutor.
Human-machine communication (HMC) of the typing tutor
is supported by the continuous real-time emotion elicitation of user’s expressed emotions and the emotional feedback
of the service, through the graphically rendered emoticons.
It is argued that emotion elicitation is an important part
of successful HMC, as it improves the communication loop
and increases user engagement. Experimental results show
that user’s valence and arousal are elicited during the typing
practice, on average 18% to 25% of the time for valence and
20% to 31% of the time for arousal. However, the efficiency
of emotion elicitation varies greatly throughout the use of
the service, and also moderately among users. Overall, the
results show that emotion elicitation, even via simple graphical emoticons, has significant potential in socially intelligent
services.

Keywords
affective computing, emotion elicitation, social intelligence,
human-machine communication, intelligent tutoring systems

1.

INTRODUCTION

Bridging the gap between modern digital services and the
increasing demands and (often insufficient) capabilities of a
wide range of users is a challenging task. In recent years,
much focus has been given to user adaptation procedures in
socially intelligent services, including user modeling, recom-
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The maximal tolerated delay is about 0.5 seconds.

pable of reading (measuring and estimating) user’s social
signals (verbal and/or non-verbal communication signals),
producing machine generated feedback on these signals, and
sustaining and adapting according such HMC.
In general, we believe it is possible to alleviate some of the
main obstacles towards more effective user-service adaptation procedures by addressing the following:

services are under intensive development for several decades.
We briefly present them grouped according to the following
subsections.

2.1

There are many definitions of social intelligence applicable in this context [23]. The wider definition used here is by
Vernon [44], who defines social intelligence as the person’s
”ability to get along with people in general, social technique
or ease in society, knowledge of social matters, susceptibility
to stimuli from other members of a group, as well as insight
into the temporary moods or underlying personality traits of
strangers”. Furthermore, social intelligence is demonstrated
as the ability to express and recognize social cues and behaviors [2], [6], including various non-verbal cues (such as
gestures, postures and face expressions) exchanged during
social interaction [47].
Social signals are extensively being analyzed in the field of
human to computer interaction [47], [46], often under different terminology. For example, [33] use the term ’social signals’ to define a continuously available information required
to estimate emotions, mood, personality, and other traits
that are used in human communication. Others [31] define
such information as ’honest signals’ as they allow to accurately predict the non-verbal cues and, on the other hand,
one is not able to control the non-verbal cues to the extent
one can control the verbal form. Here, we will use the term
social signal.

• Non-intrusive user data acquisition. Some types of
user data (e.g., user’s emotion state) should be tracked
in near-real-time. The problem is users do not like obtrusive data gathering methods (e.g., to repeatedly fill
in questionnaires or use wearable sensors in everyday
situations). The state-of-the-art techniques for nonintrusive user data acquisition are limited and can not
provide sufficient high quality user data for the efficient
user-service adaptation procedures;
• Contextualization. Contextualization refers to the definition of circumstances relevant for specific user-service
adaptation. Effective user adaptation is highly contextsensitive as user involvement, attention and motivation, as well as preferences, are to a large extent context dependent. The emergent technologies of Internet
of things (IoT), wearable computing, ubiquitous computing, and others, offer various building blocks to
model specific contextualization tasks, however, user
interaction data is typically not taken into account;
• Service functionality and content adaptation for the
user. Ideally, user adaptation procedure is successful when the service is able to adapt to (and improve
upon) the user needs and preferences in near real-time.
As a result, the adaptation mechanisms of the service need to go beyond generally applicable adaptation
procedures to address the specific task-dependent and
user-interaction scenarios.

2.2

The aim of the paper is to analyze the efficiency of emotion
elicitation in a socially intelligent service. The underlying
assumption is that emotion elicitation should be an integral
part of HMC, as it can greatly improve user-service adaptation procedure. For this purpose, the experiment was conducted using the socially intelligent typing tutor. The tutor
is a web-based learning service designed to elicit emotions
and thus improve learner’s attention and overall engagement
in the touch-typing training. Emotion elicitation is utilized
together with the notion of positive reinforcement, where
the learner is being rewarded for her efforts through the
emotional feedback of the service. Moreover, the tutor is
able to model and analyze learner’s expressed emotions and
measure the efficiency of emotion elicitation in the tutoring
process.
The paper is structured as follows. Section 2 presents
related work, while Section 3 discusses general aspects of
emotion elicitation in socially intelligent services and then
presents the socially intelligent typing tutor. Section 4 presents
the experimental results on emotion elicitation in the intelligent typing tutor. The paper ends with a general conclusion
and future work.

2.

Social intelligence, social signals and nonverbal communication cues

RELATED WORK

The research and development of a fully functioning socially intelligent service is still at a very early stage. However, various components that will ultimately enable such
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Socially intelligent learning services

Several services exist that support some level of social intelligence, ranging from emotion-aware to meta-cognitive.
One of the more relevant examples is the intelligent tutoring system AutoTutor/Affective AutoTutor [15]. AutoTutor/Affective AutoTutor employs both affective and cognitive modelling to support learning and engagement, tailored to the individual user [15]. Some other examples include: Cognitive Tutor [7] – an instruction based system
for mathematics and computer science, Help Tutor [3] – a
meta-cognitive variation of AutoTutor that aims to develop
better general help-seeking strategies for students, MetaTutor [9] – which aims to model the complex nature of selfregulated learning, and various constraint-based intelligent
tutoring systems that model instructional domains at an abstract level [28], among many others. Studies on affective
learning indicate the superiority of emotion-aware over nonemotion-aware services, with the former offering significant
performance increase in learning [37], [22], [43].

2.3

Computational models of emotion

One of the core requirements for socially intelligent service is the ability to detect and recognize emotions, and
exhibit the capacity for expressing and eliciting basic affective (emotional) states. Most of the literature in this area
is dedicated to the affective computing and computational
models of emotion [26], [25], [34], which are mainly based
on the appraisal theory of emotions [48]. Several challenges
remain, most notably the design, training and evaluation of
computational models of emotion [20], their critical analysis
and comparison, and their relevancy for other research fields
(e.g., cognitive science, human emotion psychology), as most
computational models of emotion are overly simplistic [12].

2.4

Physiological sensors

3.

The development of wearable sensors enabled the acquisition of user data in near-real-time, as well as the research
and estimation of user’s internal states (such as emotion and
stress level estimation) that started more than a decade ago
[5], [4]. Notable advances can also be found in the fields
of psychological computing and HCI, with the development
of several novel measurement related procedures and techniques. For example, psychophysiological measurements are
being employed to extend the communication bandwidth
and develop smart technologies [18], along with the design
guidelines for conversational intelligence based on the environmental sensors [14]. Several studies deal with human
stress estimation [36], workload estimation [30], cognitive
load estimation [27], [8], among others, and specific learning
tasks related to physiological measurements [49], [21].

EMOTION ELICITATION IN SOCIALLY
INTELLIGENT SERVICES: THE TYPING
TUTOR STUDY CASE

The following sections discuss the role of emotion elicitation in socially intelligent services and its importance for
efficient HMC. General requirements and the role of emotion
elicitation are discussed in the context of our study case –
the intelligent typing tutor. Later sections present the design of the intelligent typing tutor and its emotion elicitation
model.

3.1

General requirements for a socially intelligent service

A given service is socially intelligent if it is capable of
performing the following elements of social intelligence:
1. Read relevant user behavior cues: human emotions are
conveyed via behaviour and non-verbal communication
cues such as face expression, gestures, body posture,
color of the voice, etc.

2.5

Human emotion elicitation

2. Analyze, estimate and model user emotions and nonverbal (social) communication cues via computational
model: behavior cues are used to estimate user’s temporary emotion state. Selected physiological measurements (pupil size, acceleration of the wrist, etc.) are
believed to be correlated with user’s emotion state and
other non-verbal communication cues. These are used
as an input to the computational model of user emotions and other non-verbal communication cues.

The field of affective computing has developed several approaches to modeling, analysis and interpretation of human
emotions [19]. The most known and widely used emotion annotation and representation model is the Valence-ArousalDominance (VAD) emotion space, an extension of Russell’s
valence-arousal model of affect [35]. The VAD space is used
in many human to machine interaction settings [50], [40],
[32], and was also adopted in the socially intelligent typing tutor (see section 3.3.2). There are other attempts to
define models of human emotions, such as specific emotion spaces for human computer interaction [16], or more
recently, models for the automatic and continuous analysis of human emotional behaviour [19]. Recent research on
emotion perception argues that traditional emotion models
might be overly simplistic, pointing out the notion of emotion is multi-componential, and includes ”appraisals, psychophysiological activation, action tendencies, and motor expressions” [38]. Consequently, and relevant to the interpretations of valence in the existing models, some researchers
argue there is a need for the ”multifaceted conceptualization of valence” that can be linked to ”qualitatively different
types of evaluations” used in the appraisal theories [39].
Research of emotion elicitation via graphical user interface
is far less common. Whereas several studies on emotion
elicitation use different stimuli (e.g., pictures, movies, music)
[41] and behavior cues [13], none to our knowledge tackle the
challenges of graphical user interface design for the purpose
of emotion elicitation.
In the intelligent typing tutor, user emotions are elicited
by the graphical emoticons (smileys) via the dynamic graphical user interface of the service. The choice of emoticons
was due to their semantic simplicity, unobtrusiveness, and
ease of continuous measurement – using pictures as a stimuli
would add additional cognitive load and likely evoke multiple
emotions. This approach also builds upon the results of previous research, which showed that human face-like graphics
increase user engagement, that the recognition of emotions
represented by emoticons is intuitive for humans, and that
emotion elicitation based on emoticons is strong enough to
be applicable [17]. The latter assumption is verified in this
paper.

3. Integrate and model machine generated emotion expressions and other non-verbal communication cues:
for example, the notion of positive reinforcement could
be integrated into a service to improve user engagement, taking into account user’s temporary emotion
state and other non-verbal communication cues.
4. Generate emotion elicitation to improve user engagement: continuous feedback loop between user emotion
state and machine generated emotion expressions for
purpose of emotion elicitation.
5. Context and task-dependent adaptation: adapt the
service according to the design goals. For example,
in the intelligent typing tutor case study, the intended
goal is to improve learner’s engagement and progress.
The touch-typing lessons are carefully designed and
adapt in terms of typing speed and difficulty to meet
individual’s capabilities, temporary emotion state and
other non-verbal communication cues.
Such service is capable of sustaining efficient, continuous
and engaging HMC. It also minimizes user-service adaptation procedures. An early-stage example of socially intelligent service is provided below.

3.2

Typing tutor as a socially intelligent service

The overall goal of the socially intelligent typing tutor
is to improve the process of learning touch-typing. For
this purpose, emotion elicitation is integrated into HMC together with the notion of positive reinforcement, to amplify
the attention, motivation, and engagement of the individual
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learner. In its current form, the rudimentary model of emotion elicitation utilizes emoticon-like graphics via the graphical user interface of the service, presented to the learner in
real-time (see section 3.3). The tutor uses state-of-the-art
technology (3.2.1) and is able to model, measure and analyze
emotion elicitation throughout the tutoring process.

3.2.1

by a positive emotional response from the service when she
invest more effort into practice (the service does not support
negative reinforcement). According to the positive reinforcement assumption, the rewarded behaviors will appear more
frequently in the future. Negative reinforcement is not used
for two reasons: there is no clear indication how negative
reinforcement would contribute to the learning experience,
and it would require an introduction of additional dimension, making the research topic of the experiment even more
complex.

Architecture and design

Typing tutor’s main building blocks consist of:
1. Web GUI: to support typing lessons and machine generated emotion expressions via emoticons (see Fig. 1);
2.

3.
4.
5.

3.3.1

Machine emotion model

The intelligent typing tutor uses emotion elicitation to reSensors: to conduct physiological measurements and
monitor user status (wrist accelerometer, camera, emotion- ward any behavior leading to the improvement of learner’s
engagement with the service. The rewards come as positive
recognition software to estimate user emotions, eye
emotional responses conveyed by the emoticon via graphigaze, pupil size, etc.);
cal user interface. The machine generated emotion responses
range from neutral to positive (smiley) and act as stimuli for
Computational model: for measuring user emotions
user (learner) emotion elicitation. For this purpose, a subset
and attention in the tutoring process;
of emoticons from Official Unicode Consortium code chart
Recommender system: for modelling machine gener(see http://www.unicode.org/) was selected and emoticonated emotion expressions;
like graphical elements were integrated into the newly designed user interface of the service shown in Fig. 1.
Typing content generator: which follows typing lectures designed by the expert.

Real-time sensors are integrated into the service to gather
physiological data about the learner. The recorded data is
later used to establish the weak ground truth of learner’s
attention and the efficiency of emotion elicitation. Both are
further estimated through the human annotation procedure,
based on the carefully designed operational definition and
verified using psychometric characteristics. The list of sensors integrated in the tutor includes:
• Keyboard: to monitor cognitive and locomotor errors
that occur while typing;
Figure 1: Socially intelligent typing tutor integrates
touch-typing tutoring and machine generated emoticons (for emotion elicitation) via its graphical user
interface.

• Video recorder: to extract learner’s facial emotion expressions in real-time;
• Wrist accelerometer and gyroscope: to trace the hand
movement;
• Eye tracking: to measure pupil size and estimate learner’s
attention and possible correlates to typing performance.
The intelligent typing tutor is publicly available as a clientserver service running in a web browser (http://nacomnet.
lucami.org/test/desetprstno\ tipkanje). Data is stored on
the server for later analyses and human annotation procedures. Such architecture allows for crowd-sourced testing
and efficient remote maintenance.

3.3

Emotion elicitation in the intelligent typing tutor

The role of emotion elicitation in the intelligent typing
tutor is that of efficient HMC and reward system. The positive reinforcement assumption [29] is used in the design of
the emotion elicitation model. Positive reinforcement argues
that learning is best motivated by a positive emotional responses from the service when learners ratio of attention over
fatigue goes up, and vice versa. Here, machine generated
positive emotion expressions act as rewards, with the aim
to improve learner’s attention, motivation and engagement
during the touch-typing practice. The learner is rewarded

Emotional responses are computed according to the learning goals of the tutor. To improve learner’s attention and
overall engagement in the touch-typing practice, the emotional feedback of the service needs to function in real-time.
As mentioned above, the positive reinforcement assumption
acts as the core underlying mechanism for modelling machine generated emotions. At the same time such mechanism is suitable for dynamic personalization, similar to the
conversational RecSys [24]. In order to implement it successfully, the designer needs to decide on 1. which behaviors need to be reinforced to appear more frequently, and 2.
which rewards, relevant for the learner, need reinforcement.

3.3.2

User emotion model

User (learner) emotions are elicited via tutor’s graphical
user interface, based on the machine generated emotion expressions from (3.3.1). The VAD emotion model is used
for representation and measurement of learner elicited emotions, similar to [16]. The VAD dimensions are then measured in real-time by emotion recognition software (see section 4.1).2
2
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Here, we only discuss valence ΦuV and arousal ΦuA , the

following steps:4

Two independent linear regression models are used to
model user emotion elicitation as a response to the machine generated emoticons. The models are fitted as follows:
the measured values of user emotion elicitation for valence
and arousal are fitted as dependent variables, whereas the
machine generated emotion expression is fitted as an independent variable (Eq.1). The aim is to obtain the models’
quality of fit and the proportion of the explained variance
in emotion elicitation.
ΦuV = β1V Φm + β0V + εV ,

1. Instructions are given to the test users: users are personally informed about the goal and the procedure of
the experiment (by the experiment personnel);
2. Setting up sensory equipment, start of the experiment:
a wrist accelerometer is put on, the video camera is
set on, and the experimental session time recording is
started (at 00 seconds);

ΦuA = β1A Φm + β0A + εA ,(1)

3. At 60 seconds: machine generated sound disruption of
the primary task: ”Name the first and the last letter
of the word: mouse, letter, backpack, clock”;

where Φm stands for one dimensional parametrization of the
machine emoticon graphics, ranging from 0 (neutral emoticon) to 1 (maximal positive emotion expression). Notations
β1V and β1A are user emotion elicitation linear model coefficients, β0V and β0A are the averaged effects of other
influences on user emotion elicitation, and εV and εA are
independent variables of white noise.
The linear regression model was selected due to the good
statistical power of its goodness of fit estimation R2 . There
is no indication that emotion elicitation is linear, but we
nevertheless believe the choice of the linear model is justified. The linear model is able to capture the emotion elicitation process, detect emotion elicitation, and provide valid
results (see section 4.2). Residual plots (not reported here)
show that linear regression assumptions (homoscedasticity,
normality of residuals) are not violated.
To further support our argument for emotion elicitation
in the intelligent typing tutor, we statistically tested our
hypothesis that a significant part of learner’s emotions is
indeed elicited by the machine generated emoticons. We did
this with the null hypothesis testing H0 = [R2 = 0] (see
section 4.2), which demonstrated good power compared to
the statistical tests by some of the known non-linear models.

4.

4. At 240 seconds: machine generated sound disruption
of the primary task, ”Name the color of the smallest
circle”, in the figure (Fig 2). This cognitive task is expected to significantly disrupt learner’s attention away
from the typing exercise;
5. The test segment ends at 330 seconds.

Figure 2: Graphics shown during the second disruption (Step 4) at 240 seconds of the test segment

USER EXPERIMENT: THE ESTIMATION
OF USER EMOTION ELICITATION

During the experiment, users’ emotion expressions are analyzed using Noldus Observer video analysis software http:
//www.noldus.com. The recordings are in sync with the
machine generated emoticons, readily available for analysis
(see next section 4.2).

The following sections give an overview of the user experiment and results on emotion elicitation in the intelligent
typing tutor.

4.1

User experiment

The experiment consisted of 32 subjects invited to practice touch-typing in the intelligent typing tutor (see 3.2),
with the average duration of the typing session approx. 17
minutes (1020 seconds). The same set of carefully designed
touch-typing lessons was given to all test subjects. User data
was acquired in real-time using sensors (as described in section 3.2), and used as an input to the computational model
of machine generated emotion expressions, and recorded for
later analysis. For the preliminary analysis presented here,
five randomly selected subjects were analysed on the segment of the overall duration of the experiment.3 The test
segment spans from 6 to 11.5 mins (330 seconds) of the experiment.
The test segment used for the analysis is composed of the

4.2

Experimental results

The analysis of the experimental data was conducted to
measure the effectiveness of emotion elicitation. The x-axis
times for all graphs presented below are relative in seconds
[s], for the whole duration of the test segment (330 seconds).
The estimation is based on the emotion elicitation model
(1) fitting. To detect the time when the emotion elicitation
is present, we conducted the null hypothesis testing H0 =
[R2 = 0] at risk level α = 0.05. The emotion elicitation is
determined as present where the null hypotheses is rejected,
and not present otherwise.
An example of valence and arousal ratings for a randomly
selected subject is shown in Fig. 3.
The model (1) is fitted using linear regression on the measured data for the duration of the test segment. The data is

two primary dimensions for measuring emotion elicitation.
3
To simplify the presentation of the experiment results.
Note that similar results were found for the remaining subjects.

4
Due to limited space, the two disruption parts of the experiment (Steps 3. and 4.) are not further discussed.
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Figure 3: Valence (black line) and arousal (magenta, light line) ratings of learner’s emotional state
throughout the test segment.
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Figure 4: P-values for the null hypothesis testing
H0 = [R2 = 0] of emotion elicitation for a randomly
selected subject, separately for valence (top) and
arousal (bottom). The horizontal red line marks the
risk level α = 0.05, with p-values below the line indicating significant emotion elicitation effect.

sampled in a non-uniform manner due to the technical properties of the sensors (internal clocks of sensors are not sufficiently accurate, etc.). The data is approximated by continuous smooth B-splines of order 3, according to the upper
frequency limit of measured phenomena, and uniformly sampled to time-align data (we skip re-sampling details here).
To fit the regression models the 40 past samples from
the current (evaluation) time representing 4 seconds of realtime were used. These two value were selected as an optimum according to competitive arguments for more statistical power (requires more samples) and for enabling to detect
time-dynamic changes in the effectiveness of emotion elicitation (requiring shorter time interval leading to less samples).
Note that changing this interval from 3 to 5 seconds did not
significantly affect the fitting results. Results are given in
2
representing the part of explained variance
terms of RV2 , RA
of valence and arousal when the elicitation is known, and in
terms of a pV , pA -values testing the null hypothesis regres2
= 0], respectively.
sion models H0V = [RV2 = 0], H0A = [RA
The time dynamics of emotion elicitation is represented by
p-values pA and pV on Fig. 4.
In order to estimate the effect of emotion elicitation, the
percentages were computed on the number of times the elicitation was significant. The analyzed time intervals were
uniformly sampled every 2 seconds. The results are shown
in Table 1. It turned out that the test interval sampling had
no significant impact on the results.

We also analyzed the reduced percentages. These are 5%
lower than the measured ones, since the significance testing
was performed at a risk level α = 0.05 and approximately
5% detections are false (type I. errors). Note that Bonferroni correction does not apply here. However, we nevertheless computed the above given percentages using Bonferroni
correction and it turned out the percentages drop approximately to one half of the reported values.
The strength of emotion elicitation is shown in the linear
regression model R2 as a function of time (Fig. 5).
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Table 1: Proportion q of the time when the measured emotion elicitation is significant. Notation
red. q stands for the reduced efficiency, which is
5% lower than the measured one. Measured for the
five selected test subjects.
Valence
Arousal
User Id q % red. q % q % red. q %
1
47.7
45.3
43.2
41.1
2
68.3
65.0
72.2
68.6
3
60.0
57.0
61.3
58.2
4
51.6
49.1
60.6
57.6
5
62.3
59.4
61.9
58.8
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Figure 5: Linear regression model R2 of emotion
elicitation for a randomly selected test subject, separately for valence (top) and arousal (bottom).
The strength of emotion elicitation effect is significant,
but also varies highly (Fig. 5). Similar results were detected
among all test subjects. However, it is too early to draw any
meaningful conclusions on the reasons for high variability
at this stage, as many of the potential factors influencing
emotion elicitation need further analysis.
To estimate the average strength of emotion elicitation,
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the average values of R2 were computed for the five selected subjects (as in Table 1) – these values are part of
the explained variance for learner emotions when the machine generated emotion is known. The average value of R2
varies across test subjects from 18.3% to 24.5% for valence
and 19.7% to 31.4% for arousal, for all time intervals (when
significant or non-significant elicitation is present). If we
average only over the time intervals when the elicitation is
significant, the average value of R2 varies across test subjects from 32.5% to 39.3% for valence and 36.3% to 44.9%
for arousal (see Table 2).
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Table 2: Average values for the explained variance
for valence and arousal in %: for all time intervals
and for the time intervals when emotion elicitation
is significant. Measured for the five selected test
subjects.
Valence
Arousal
User Id All int. Signif. int. All int. Signif. int.
1
18.3
32.5
19.7
36.3
2
19.4
33.8
27.4
39.2
3
24.5
39.3
31.4
44.9
4
19.8
33.3
23.9
39.9
5
21.7
35.4
26.8
40.2
Observe that there is considerably less variability among
the subjects in terms of elicitation strength (average R2 ),
compared to the proportions of time the elicitation is significant (see Table 1).

5.

CONCLUSION AND FUTURE WORK

The paper discussed the efficiency of emotion elicitation in
socially intelligent services. The experiment was conducted
using the socially intelligent typing tutor. The overall aim
of the intelligent typing tutor is to elicit emotions and thus
improve learning and engagement in the touch-typing training. Emotion elicitation is utilized together with the notion
of positive reinforcement. The tutor is able to model and
analyze learner’s expressed emotions and measure the efficiency of emotion elicitation in the process. Experimental
results show that the efficiency of emotion elicitation is significant, but at times also varies highly for the individual
learner and moderately among learners.
Future work will focus on reasons for variations in emotion
elicitation by analyzing potential factors, such as the effects
of machine generated emotion expressions on emotion elicitation, learner’s emotional state, cognitive load, attention,
and engagement, among others.
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ABSTRACT
As technology becomes more powerful, computer software and
game designers have ever-expanding tools available to create
immersive, emotional experiences. Until recently, designing
emotional experiences was achieved by veteran designers relying
on insights from film theory and intuitions developed through
years of practice. We propose another approach: leveraging
scientific knowledge of emotions to guide the design process. The
approach can serve as a resource for fledgling designers trying to
break into the field, but will hopefully provide a few new insights
for veterans as well. In addition, it may interest emotion
researchers and psychologists looking to expand their stimulus
repertoire. As a necessary underpinning for the design process, we
will discuss several theoretical psychological models of emotions.
Classical theories largely treat emotions as basic, universal states
that are invariantly evoked by specific stimuli. While intuitive and
popular, these theories are not well supported by current evidence.
In contrast, a psychological constructionist theory, called the
Conceptual Act Theory [6] proposes that emotions are constructed
when conceptual knowledge is applied to ever changing affective
experiences. The CAT proposes that emotional states can exhibit
strong variation across instances and individuals due to
differences in situational factors, learning histories and cultural
backgrounds. This theory better fits available data, and also
provides a framework for modeling emotional changes that vary
by situation, person, and culture. The CAT also fits better with the
game design process, since it treats users holistically as
individuals. During the course of a game, similar to real life,
emotions emerge from evaluations of situations and can therefore
not be deterministically dictated by a single stimulus. Using the
CAT framework, we developed a process to create affective
digital game scenarios. Our goal is to give game designers, a
scientific framework to better guide the design process.

Keywords
Emotion elicitation; Affect; Game design; Personalization;
Psychology of affect; Conceptual Act Theory.

1. INTRODUCTION
Creating emotionally engaging experiences is an important
goal of game design. Game designers and developers use many
different design techniques to evoke emotions. The Mechanics,
Dynamics, Aesthetics (MDA) model, for example, advocates for
the development of mechanics (game rules) that lead to game
dynamics (game systems) that achieve aesthetic goals. The goals
are defined as states that include: sensation (games as sensepleasure), fantasy (game as make-believe), narrative (game as
drama), challenge (game as obstacle course), fellowship (game as
social framework), discovery (game as uncharted territory),
expression (game as self-discovery) and submission (game as
pastime) [74]. Several game design authors have proposed
principles that describe the role of visual design, environment
design and other physical properties of games and how they
change over time as a way to evoke affect and a general sense of
pleasure [75, 76]. The use of writing techniques to develop
character and narrative in games that have emotional impact has
received attention as well [28]. There have also been several
works discussing the development of reward systems to encourage
player achievement, competition or collaboration as a way to
evoke emotions and sustain engagement (e.g. [78]). Virtual
environment researchers have also acknowledged the potential
and utility of adopting psychological theories of affect and
emotions. One area where emotion theory has been used is in
developing computational models of emotion elicitation for
creating believable characters. Examples of this work include the
Oz project, where the research group used scientific "appraisal"
models of emotions [79] to develop expressive believable agents
that can inhabit a virtual narrative world [50].

CCS Concepts

However, top designers see the game experience holistically.
Thus the process of evoking emotions arises not just from
characters that are expressive or believable, but from the complex
interaction of all game elements: lighting, movement, sequences
of events and user choices, and from the overall feel of the
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witthin a culture have varied emotional livees [8]. Whilee a
com
mplete review of this researcch is beyond the scope of this
t
chaapter, interestedd readers can coonsult Barrett et al. [9].

eenvironment [770].This necessitates a different kind of theoory to
gguide the desiign process – an approach that treats thee user
eexperience as a whole ratherr than as separrate componennts (as
cclassical theoriees of emotion ddo). The formal research cited aabove
iis in many waays the exceptioon; more oftenn than not, desiigners
ddevelop techniqques and makee choices basedd on their experrience
aand intuitions. Experience annd intuition aree difficult to codify.
T
Thus we pose thhe question: can a psychologiccal theory of em
motion
bbe used in thee game designn process to ennhance the plaayers’
eemotional expeerience in a gaame? If so, hoow, and what is an
ooptimal emotioon theory for thhis purpose? We
W propose that the
C
Conceptual Acct Theory [6]] can be useefully employeed by
ddesigners. Takiing a holistic view, the theoory builds on strong
s
eevidence that em
motions are nott hardwired or invariant
i
entitiees that
ccan be triggereed by specific stimuli. Ratherr, the CAT prooposes
tthat emotional instances are nnewly created eeach time they occur
ffrom the sum oof all stimuli, and
a vary as a person’s internall (i.e.,
tthe person’s bbodily state) annd external coontext changes. The
iinstances also vvary across indiividuals who haave different em
motion
cconcepts, learnning histories aand cultural baackgrounds. Wee first
ooutline differennt psychologiccal theories off emotion and their
llimitations. W
We then descrribe in moree detail the CAT,
eemphasizing inn particular featuures of the theoory that are critiical to
oour game desiggn and iterative tuning process,, and describingg how
tthe theory is different from
m others currenntly used by game
rresearchers. Seccond, we review
w previous worrk in creating gaaming
eexperiences usiing emotions. T
Third, we descrribe a design prrocess
ffrom concept inception to reaalization, througgh the examplee of a
ggame created for research ppurposes. We conclude the paper
bbriefly discussing our evaluaation of the ggame’s usabilityy and
pplayability as well as descrribing an initial study wherre we
ccompare the seelf-reported andd peripheral phyysiological respponses
oof the initial poool of subjects. Last, we discusss our contributtion to
tthe game desiggn process, as well as the efffectiveness of a new
ttheory of emootions that has not previouslyy been used iin the
ddomain of affecctive computingg. We believe thhe paper will prrovide
ppromising evideence of the utiliity of the approaach, which mayy open
nnew research diirections in the design of emotiional experiencees.

Another wayy of characteriziing emotional sttates is in termss of
theeir underlying affective dimennsions. Two im
mportant affecttive
dim
mensions are vaalence, the degree of pleasure oor displeasure, and
a
acttivation, the deggree of arousal [7, 8, 65, 67]. Together, valennce
andd activation forrm a unified aff
ffective state (Figure 1). Affecct is
groounded in the phhysical fluctuattions of the boddy: somatovisceeral,
kinnesthetic, proprrioceptive, and neurochemical [7, 59]. Affectt is
also a central feature in many psychologgical phenomeena,
inccluding emotionn [7, 8, 20, 65], anticipating thhe future [31, 332],
psyychopathology [18, 19], andd morality [366, 38]. Affecttive
chaanges are cruccial to the connscious experience of the woorld
aroound us [24]. P
People in all cuultures around tthe world seem
m to
havve affective exxperiences [53].. Unlike emotioons, affect can be
cleearly measured in the facial exxpressions [16], in the voice [666],
andd in the peripheeral nervous sysstem [15, 16]. A
As a consequennce,
afffect can be thouught of as a neeurophysiologicc barometer of the
inddividual’s relatiionship to an environment
e
att a given pointt in
tim
me, with self-repported feelings as
a the barometeer readings.

Figgure 1. Circum
mplex model of affect.

2.22 Concepttual Act Moodel
Using affect as its foundatioon, the CAT [6]] hypothesizes tthat
afffective experiennce becomes a ‘real’ emotion (fear, anger, eetc.)
whhen categorizedd as such using the emotion cooncept knowleddge
of a perceiver. Thhese concepts hhave been learned from languaage,
soccialization, and other cultural artifacts withinn the person’s ddayto-day experiencee. The process of combining incoming sensory
inpput (from the bbody and from the surroundinngs) with learnned,
cattegory knowleddge within the pperceiver’s braiin is a normal ppart
of what it meanns to be consscious. This cconceptualizing is
matic (meaningg, a
insstantaneous, onngoing, obligatoory, and autom
perrson will normaally not have a sense of agencyy, effort or conttrol
in constructing ann emotion). Coonceptualizing is rarely due too a
delliberate, conscioous goal to figuure things out. Thus to a persson,
em
motions feel likke they just happpen. The CAT emphasizes the
impportance of sittuations. The coonceptual systeem for emotionn is
connstituted out off past experiencce, and past expperience is larggely
struuctured by peoople within a cultural contexxt. Therefore, the
voccabulary of emootion categoriess that is developped, as well as the
poppulation of innstances withinn each categoory are culturaally
relative. Such pproperties inteegrate the CAT
C
with soccial
connstruction apprroaches, positinng that interpersonal situatioons
“affford” certain emotions (or certain varietiees of an emottion
cattegory). As a result, in the CAT
T emotions (likee all mental stattes)
aree not assumed to be Platonic, physical typees, but instead are
treated as abstractt, conceptual caategories that aare populated w
with
varriable instances optimized for a particular situation or contextt.

22. THEOR
RETICAL FOUNDAT
F
TION –
P
PSYCHOL
LOGICAL THEORY OF
E
EMOTION
NS AND AF
FFECT
22.1 Emotioons and Aff
ffect
A commonnly held view oof emotions is tthat there existss a set
oof discrete, innnate and universsal emotional sttates [25, 26, 41, 42,
445, 63]. This seet of emotions is often referredd to by such Ennglish
w
words as angerr, sadness, andd fear, and are viewed as a nnatural
kkind [6]. Whenn boiled down to their fundaamental assumpptions,
bbasic emotion m
models make uup the dominantt scientific paraadigm
iin the psychoological studyy of emotion.. Different m
models
eemphasize diffeerent parts of thhe process. For instance, one ffamily
oof theories calleed "appraisal models", focus onn the set of neceessary
eevents that triigger emotionss [30, 37]. O
Once an emotion is
ttriggered, the prresumed result is an automatedd set of synchroonized
cchanges in respponse systems thhat produce thee signature emootional
rresponse. This vview predicts thhat the experiennce and perceptiion of
eemotions are fairly universaal, so little vvariability withhin or
bbetween peoplee would be obbserved. While intuitive, the ''basic'
eemotion view iis not well suppported by the data, variability is the
rrule rather than the exception. Quantitative revviews of the ressearch
hhave failed to fi
find signatures oof emotions in thhe body [16] orr brain
[48]. Additionnally, evidencee is emergingg that people from
ddifferent culturres perceive em
motions differenntly [29] and ppeople
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According to the CAT ,there are at least five sources for the
variations that occur in emotional episodes: (1) the behavioral
adaptations that serve as initial, affective predictions about how to
best act in a particular situation (e.g., it is possible to freeze, flee,
fight or faint during fear), (2) the concepts that develop for
emotion, (3) the vocabulary used for emotions, (4) the variation in
the types of situations that arise in different cultures, and (5)
stochastic processes. As a result, there is variation within emotion
categories, both within individuals and across people and cultures.
Not everyone will experience the same emotion to the same
stimulus, and even the same stimulus/person pairing can create
different emotions at two different times.

models do not implement discrete emotional categories, but rather
treat emotions as continuous variables (i.e. affect; see Figure 1).
For example, WASABI [11] defines different emotions as ranges
in arousal-valence-dominance space, appraises the current
situation in the same space, and uses the distance between the two
to calculate a likelihood of a given facial expression. Anatomical
models [4] are built from the ground up based on neuroanatomical
data and processes. As such, they tend to be focused on a single
emotion (e.g., fear) and have received only limited attention from
the computational community. Finally, rational models are in
many ways the opposite of anatomical, eschewing psychology
almost entirely in favor of a pure artificial-intelligence approach.
A good example is Scheutz and Sloman [68], who use the simple
affect “hunger” to modify the behavior of intelligent, sensing
agents in a world populated by other agents, food and various
lethal entities.

2.3 Utility of the Conceptual Act Model to the
game design process
Modern games contain complex, dynamic worlds that are
well-suited to the application of the CAT for creating emotional
experiences. Several key features of the CAT model are
particularly relevant for game design:

Computational models of emotions are often put to use in the
broader context of believable characters. Indeed, if computercontrolled agents are ever to appear “human”, their ability to
realistically express emotion is almost a requirement [10]. Once
an agent has selected the appropriate emotion via an affective
model, the agent needs to behave accordingly. An agent's
emotional state can be conveyed visually by head position and
facial expression [5, 22, 23] as well as body posture and
movement [1, 3, 17, 60, 61]. The link to cognitively-driven
behavior was recognized and exploited early on by the Oz project
[72, 73], which developed an expressive artificial intelligence
informed by emotional state. More recently, Hudlicka and
colleagues [39, 40] modeled affect-induced changes in cognition,
such as an increased threat response if the agent is anxious. Many
of the researchers computationally modeling emotions use
appraisal theory as a theoretical foundation for good reason.
Appraisal theories focus on emotion elicitation - exactly what the
researchers are attempting to model. For designers, such projects
are interesting but leave out an important element: the actual
experience of an emotion. Games seek to provide a holistic
experience to the player, and since the above models do not
include subjective experience they are of limited use to designers.
Many game designers have therefore abandoned the use of
emotion theory and instead adopted an alternative approach, either
(a) creative methods that borrow techniques from other disciplines
(e.g., film theory) and rely heavily on intuition, or (b) a more
scientific approach where the design is still creative, but is tuned
through the iterative process of testing, evaluating outcomes and
modifying game variables as needed [2, 55, 54].

1) There is variability in how people will respond to stimuli.
This can be due to participants’ past experiences, or contextual
elements present in the situation that can be interpreted differently
by different participants.
2) The context is critical for the experience users will have.
A snake may elicit fear in one context, but amusement in another.
3) The sequence of events that lead to a specific situation is
important when developing an emotional scenario.
A user’s response is not solely determined by current
conditions; it is also influenced by the preceding sequence of
events. This is an important element of game design. Designers
often use a “beat chart" to signify the sequencing of events or
beats (single units of action) and their effect on the participant as
they go through an experience. Using these three constructs, we
will discuss in Section 4 a framework to guide the design process
and show how these ideas can aid in developing and designing
emotionally engaging scenarios. First, however, we briefly review
current theory on designing for emotions.

3. PREVIOUS WORK ON EMOTIONS IN
DESIGN
3.1 Computational Models of Emotions
Computer scientists have attempted to model how emotions
are elicited by modeling them using digital environments.
Marsella, Gratch and Petta [51] summarized several
computational models of emotions. Most of these models use
classical appraisal theories as the theoretical foundation, with the
goal of developing 'emotional' virtual characters used in games
and simulation. Computationally-based appraisal models assess
events in the surrounding environment, compare them to an
internal belief system, and change their emotional state
accordingly. For example, the EDA model [33, 35] parameterizes
external events in terms of desirability and likelihood of
happening, which are then used to map to specific emotions. For
example, positive desirability with likelihood < 1 yields hope,
while negative desirability with likelihood = 1 yields distress. A
good example of customized internal beliefs is the bully agent in
the FearNot! system [21], which interprets as desirable another
agent having fallen on the floor and crying (having been pushed
by the bully); accordingly, a gloating response is produced.
Besides appraisal models, three other categories of affective
modeling are dimensional, anatomical and rational. Dimensional

3.2 Creating Emotions in Interactive
Experiences
Artists, designers, directors and other content creators often
seek to evoke or manipulate the emotions of those who experience
their work. They are interested in the holistic experience of the
user. Many design techniques were documented in the 1960s and
70s, with the rise of film theory as an academic discipline. In
films and television [13] as well as advertising [64], visual
scenery and ambient light and color play a particularly important
role. For example, according to Western cultural norms the color
red often evokes violence or passion, while blue is methodical and
cold [12]. Games are no exception [62], and may be even more
effective conductors of emotion since they provide levels of
control and immersion that are impossible using classic
techniques [34, 56, 69]. One study [27] asked participants to
navigate through versions of a virtual environment that differed
only in some visual dimension (color, saturation, brightness or
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ccontrast). It fouund a measuraable effect on pphysiological siignals
ssuch as heart raate and body tem
mperature. Asidde from visuals, other
ssensory stimuli such as music and sound [58] and even scennt and
vvibration [56, 669] can also enhhance the gamepplay experience..

a
earrthquakes. Playyers were instrructed to retrieeve a shovel and
esccape the cave.
The Callm Valley (Figgure 2B) was a peaceful, natuural
•
were instructedd to
areea with trees, fflowers and a lake. Players w
retrrieve a flower aand place it in thhe middle of thee pond.

Optimizingg a user’s sennsory experiencce is not suffiicient,
hhowever – theree are also the unnderlying storyy and gameplay itself.
T
There are manny narrative tecchniques that increase the plaayer’s
eemotional connnection to thee story, such as creating ddeeper
rrelationships w
with one or moore non-playerr characters (N
NPCs),
iincluding intereesting and multiilayered plot eleements, and alloowing
tthe player to innfluence the stoory arc [28]. E
Even simple, scripted
pplot elements aare sufficient too evoke emotioons like joy or anger
[71]. NPCs witth emotional deepth can be im
mplemented usinng the
aaffective compputing methodds surveyed eaarlier (section 3.1).
T
Technical agenncy, such as giving players control
c
of the game
ccamera, is critical for avoidinng frustration inn certain gamess [52].
E
Even subtle diistinctions are important: Leiino [46] arguess that
pplayers are morre likely to expeerience emotionns from game coontent
tthat is integral to play (“undeeniable”) than ppurely superficcial or
aaesthetic (“denniable”). Finallyy, the experiencce of players ccan be
aaltered even beffore they start tthe game, by priiming them to eexpect
a fun or seriouss simulation for example [49].

•
The Excciting Casino (F
Figure 2C) had upbeat music and
a
were instructed to pick up a luccky
maany lively charaacters. Players w
chiip and play a sslot machine thhat caused prizees to fall from the
ceiiling and non-pllayer characterss to cheer.
•
The Sadd Hotel (Figure 2D) was a run--down and som
mber
w
instructed to fulfill the last wish of a dyying
interior. Players were
maan.
The rest areaa was the Hub (Figure 2E), aappearing betweeen
eacch scenario as well as at thee beginning andd end of the pplay
sesssion. The hub was
w virtually em
mpty and featurred a character iin a
labb coat (“Doc”) tthat interviewedd the player aftter they compleeted
eacch area. Doc served
s
as an iin-game surveyy, questioning the
plaayer on their affective
a
state. He also led thhe player throuugh
sim
mple psychologgical tasks, such as countingg the number of
vow
wels in a senteence or identifyying the item in
i a picture. Suuch
tasks are frequenttly used in phyysiology experim
ments to bring the
subbject's signal levvels back to basseline.

Overall, itt’s necessary to view a gam
me as a gestalt,, with
vvisuals and othher stimuli, naarrative, mechaanics, characterrs and
ccontext all worrking in synerggy to maximizee the intensity of
o the
uuser experiencce [56, 57, 69]. Much of the previous work
aadmirably attem
mpts to codify thhe intuitions off designers, but iis still
nnot driven by ppsychological thheory. This is ppartly due to thhe fact
tthat for designners, most theorries have focussed on stimuluus and
rresponse whilee omitting useer experience. Furthermore, many
ppsychological theories have assumed that a specific stim
mulus
iinvariantly causses a specific eemotion in all ppeople. This isnn't the
ccase - as designners intuitively know. Becausee CAT does nott have
tthe same limittations it can be used to infform design, aas we
ddemonstrate in the next sectionn.

44. NEW DESIGN
D
AP
PPROACH
H USING CA
AT
We now describe a genneral method fo
for applying innsights
ffrom the CAT to the creativve design proceess. To illustratte the
m
method, we conncurrently descrribe how we appplied it to deveelop a
sshort video gaame that had the explicit purpose
p
of evvoking
ddifferent, robusst affective expperiences in plaayers. The gamee was
ppart of a larger project to studdy individual diffferences in affe
fective
eexperience andd was developedd jointly by afffective scientistts and
vvideo game reesearchers. Thee game was coonstructed usinng the
eengine, assets and
a editing toools provided byy Fallout New Vegas
V
((Bethesda Softw
works). It conssisted of four sccenarios designned to
eelicit different affective statees, along with a recurring nneutral
sspace designed to allow playerrs to return to a relatively quieescent
sstate. The four affective states were chosen too sample the diffferent
qquadrants of thhe affective ciircumplex (see Figure 1). Sppecific
eemotions withinn each quadrantt were chosen as
a target emotions for
eelicitation. Eachh scenario incluuded a task for the
t player to peerform
aand included timing constrainnts to make the game suitable under
rrestrictive expeerimental condittions (e.g., fMR
RI). Navigation paths
aand player speed were tuneed so that eacch scenario toook a
m
minimum of 900 seconds to coomplete, and a three
t
minute tim
meout
pprovided an uppper bound in case the player ddid not compleete the
ttask. The four sscenarios were:

Figgure 2. The fivee scenarios of the
t emotion-evvoking game.
We developed the game by implementiing the follow
wing
meethodology for ddesigning affecttive experiencess. It is an iteratiive,
theeory-driven proocess consistingg of two phasses: A) Affecttive
Staates Definition aand B) Scenarioo Design and Im
mplementation. At
eacch step the dessign is evaluateed and tuned based
b
on multiiple
iterrations of inteernal experts’ feedback and external testeers’
vallidation (Figuree 3). The proceess draws upon the three prim
mary
dessign implicatioons of the CA
AT (Section 2..3): 1) individdual
varriability, 2) environmental conttext and 3) sequuence of events..

•
The Fear Cave (F
Figure 2A) waas a dark, om
minous
eenvironment with
w
threateninng giant inseects and rum
mbling
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afffective science research: IAPS
S (International Affective Pictture
System) [44] andd IADS (Internaational Affectivve Digital Sounnds)
o standardized, internationaally
[144]. These are large sets of
acccessible photoggraphs and sounnds that includde contents from
m a
widde range of sem
mantic categoriees, developed tto provide a sett of
norrmative emotioonal stimuli foor experimentall investigation of
em
motion. Since em
motional imagerry is a continuum
m of experiencee to
whhich players willl adapt over tim
me, it is importtant to incorporrate
narrrative and audiiovisual variabillity.

F
Figure 3. Iterative process for affective sstate definition
n and
sscenario design
n, implementattion and tuningg.
A
A)
Affecttive State Defi
finition: In thee first phase oof the
pprocess, the C
Circumplex moodel (see Secttion 2) is useed to
uunderstand andd define the affeective design sppace for the gam
me. At
tthe simplest leevel, the desireed emotions too evoke are simply
rrepresented as rregions in activvation-valence space,
s
which neeed to
bbe sufficientlyy large to acccommodate inndividual variabbility.
H
However, recallling the imporrtance of event sequence, emootions
aare best plottedd as trajectories across the spacce. In a normal ggame,
tthe story arc will
w define the trajectory (Figgure 4A) and can be
m
modified as apppropriate during this step. Forr our applicatioon, we
w
wanted emotioons that were as unambigguous as posssible.
T
Therefore, for each scenario we
w chose a single emotion tow
wards
tthe center of onne quadrant (Figgure 4B). Each scenario beginss after
aan interval in the neutral cennter space, trannsitions to the target
eemotion, gradually increases inn intensity to coounteract habituuation
eeffects and provide variation, then transitions back to the nneutral
ccenter to allow a “cool-down” establish a basseline before thee next
sscenario and collecting
c
subjeective affective assessment ussing a
ffive point Likerrt scale for valennce and arousall.

External evaluation: As the game components and
a
levvels are transformed from storryboards to fullly-realized diggital
envvironments, thrree types of evaaluation need too take place. Fiirst,
thee designers andd/or affect psycchologists need to verify that the
connstructed enviroonments actuallly convey the ccorrect emotionn, at
leaast for the maajority of obseervers. Only tthe full, dynam
mic
envvironment conntains the conntext and evennt sequence tthat
crittically contribuute to emotionall impact. As an example from our
ow
wn developmentt process, the team
t
agreed onn an initial cassino
moodel based on static screenshhots, but an eaarly demonstrattion
revvealed certain ssubtle textures that detracted from the overrall
exccitement. The teextures were noot feasible to repplace, so we endded
up changing to a ddifferent casinoo model for the final version. T
The
seccond and thirdd types of evaaluation are booth conducted by
extternal testers. Pllayability testinng is already fam
miliar to designeers,
butt is particularlyy important for an emotion-baased game becaause
tecchnical issues (e.g., unclear tasks or difficcult controls) ccan
fruustrate players aand completely obliterate any desired emotioonal
imppact. In additionn, given individdual variability, it’s vital to asssess
em
motional impactt on a numberr of people as well. Surveys or
phyysiological meaasurements cann be used; for our scenarios we
em
mployed both. More details oon our formattive and affecttive
evaaluations will bee given in Sectiion 4.1.
Previous worrk on emotionaal design (Sectioon 3.2), as welll as
thee CAT theory itself, undersccore the necessity of a holisstic
appproach. That is,, a game and eaach contiguous segment withinn it
muust be seen as a whole: ambiennt sounds, music, light propertiies,
collors, tasks to bbe performed, navigation pattterns and shap
apes
colllectively contriibute to emotioon elicitation. T
The iterative steps
of our design process help enssure that as many of the aboove
prooperties as posssible are incorpoorated, and cann act in synergy,, as
thee game is built up from basicc emotional stattes. As mentionned
preeviously, meeeting the reqquirements im
mposed by our
expperimental ressearch setup meant a ceertain degree of
com
mpromise, in paarticular the sellf-contained sceenarios designedd to
alloow for randoom shuffling and isolate pparticular affeccts.
Hoowever, within each
e
scenario w
we utilized the C
CAT-based moddel,
carrefully composiing the visuals and audio stim
muli over time and
a
integrating them with story elements to achhieve the targeeted
afffective state results. Visual eleements can be gglimpsed in Figgure
2: tthe Fear Cave iis dark and sinisster, the Excitinng Casino is briight
andd active, etc. A
Audio elements also matched;; the Calm Vallley
feaatured slow-pacced, relaxing music
m
while thee Sad Hotel hadd a
muuch darker souundtrack and ppattering rain sounds. Dynam
mic
feaatures were useed to counteract adaptation annd habituation; for
exaample, the lighhting in the Feear Cave becom
mes progressivvely
moore saturated annd shifts from a yellow orangee tint to red, whhile
thee insects progreess from large ants to giant scorpions and the
earrth progressively shakes and rumbles moree and more. T
Two
narrrative examplees are the Casinno, with the stoory arc Enter, Get
G
chiip, Play slot maachine, Win jackkpot, Prizes falll from ceiling, and
a
thee Hotel, with arrc Enter, See sad people, Findd sick man, Brring
sicck man his diarry, Discover sick man is deadd before he haas a
chaance to see it.

F
Figure 4. Trajjectories in acctivation-valence space developed
d
during the Afffective State D
Definition phasee. A, a typical story
aarc: 1-expositiion, 2-crisis, 3--climax followeed by resolutioon, 4d
denouement. B,
B the first halff of our affect ggame: 1-hub, 33-fear
ccave, 6-calm valley, 2,4,5,7-trransitions. Rep
presentations oof our
ffour affect targgets are also in
ndicated.
Experrt evaluation: tthe evaluation sstage assures thhat all
iindividuals invoolved in the deesign process arre on the samee page
w
with regard to eemotional definnitions. Given inndividual variabbility,
iit’s important tthat (e.g.) lead designers and level
l
designers share
tthe same goalss. Technical lim
mitations of thhe game enginee also
nneed to be aaccounted for at this stagge, since a flawed
fl
iimplementationn of an affectivee state is unlikelly to achieve itss goal.
IIn our case, we
w initially seleected eight emootional states sspread
oover the four quadrants
q
of acttivation-valencee space, then ddrafted
sscenario outlinnes that targeteed each one. T
The game desiigners
eevaluated the scenarios
s
for ddevelopment feaasibility in term
ms of
ttechnology annd resources available, while
w
the affe
fective
ppsychologists ffocused on em
motional impacct and focus. After
sseveral iteratioons, four final states were sselected: Exciteement
((positive valennce, high aroussal), Calm (poositive valence, low
aarousal), Sadnness (negative valence, low arousal) and Fear
((negative valennce, high arousall).
B
B)
Scenaario Design annd Implementaation: in the seecond
pphase of the ovverall design proocess, the gamee is fleshed out based
oon the states prreviously identiified. The prelim
minary outliness from
tthe previous phhase are expannded into storybboards, then ussed to
cconstruct fullyy-elaborated sscenarios. Apppropriate emootional
iimagery is speccified and incorrporated into thee narrative and game
eenvironment with
w
the aid of
o audiovisual elements useed by
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lab. During the post-play reports, all of the subjects gave
descriptive adjectives that almost exactly matched the
development targets. Thus "scary" or "creepy" were used to
describe the cave, "calm" or "relaxing" were used for the valley,
"exciting" or "fun" the casino, and "depressing" or "sad" the hotel.
Our goal is to use these scenarios in future research, modulating
both the targeted affect and its intensity to explore individual
differences in affective reactivity.

5. FORMATIVE AND AFFECTIVE
EVALUATION
In order to validate our four scenarios, we performed two
rounds of testing. The first battery of tests (with 3 subjects, two
females, aged 20 and 21 and one male aged 20) was intended as a
formative evaluation to assess usability and playability of the
experience. Testers were recruited among students enrolled in the
Game Design program at Northeastern University. After playing,
they were assessed as to how well they could form a mental map
of the locations and orient themselves in the designed worlds, as
well as whether they could perform the actions required by the
scenario. They were also informally queried on their emotional
impressions. After testing, the design team made several
modifications. For example, the Fear Cave had proved particularly
difficult to navigate due to the dim lighting and slightly nonintuitive layout, so to avoid disorientation the floor plan was
adjusted and unique light emitters were placed at key junctions.

6. CONCLUSIONS
In this paper we discussed a theory driven approach to
develop interactive experiences, especially games, which evoke
affective responses from users. In particular, we argue for the
holistic nature of designing emotional experiences, and thus
propose using the CAT as a psychological model of emotions.
The CAT acknowledges that individual differences, situational
context, past experiences, mindset, and sequence of stimuli jointly
influence participants’ affect and behavior. Based on the model
we developed a generalized, systematic process for designing
game scenarios to evoke emotional experiences, and used it to
develop our own research tool. We hope this novel approach
facilitates a new perspective on theory-driven design and leads to
interactive experiences with more varied and vivid emotions
within.

For the second testing phase, our goal was to assess the
effectiveness of the game at evoking affective responses. As
mentioned above, there is no biological signature of emotions,
though affect is much more reliably measured. Thus we used a
multi-measurement approach, with both psychophysiology and
retrospective verbal reports. While playing the four scenarios
electrodermal activity (EDA) was measured as an index of
arousal. EDA and other physiological signals are often used to
evaluate some aspect of a user’s experience during gameplay [43,
47, 58]. The testers were three subjects (one female/ two male)
from the Interdisciplinary Affect Science Lab at Northeastern
University who were not familiar with the project and had a
variety of experience with video games. The subjects played the
game in the physiology experiment space while their EDA was
recorded. After completing play, they were asked to report their
affective state during the game, questioned about their actions ingame and asked to describe the atmosphere of each scenario.
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ABSTRACT

With an abundance of choices available nowadays, providing
diversity in the recommendations can counteract on the negative psychological effects that users may experience, such
as choice overload and choice difficulties [26]. These negative
effects are caused by recommender systems, which are originally designed to output recommendations that are closest
to the user’s interest. The closer to the user’s interest, the
higher the accuracy of the recommender system algorithm,
but also results in recommendations that are often too similar to each other (e.g., same level of attractiveness to the
user). This does not only increase the chance of choice overload and choice difficulties to the user, but also increases
the possibility of not covering the full spectrum of the user’s
interest [3].
Although prior research has shown that recommendation
diversity has positive effects on the user experience, differences between diversity needs of users have not been given
a lot of attention. Domain expertise and prior choice preferences have shown to play a role in the amount of diversity
desired by the user [2, 6, 26]. Others have shown that diversity needs can also be related to cultural dimensions [8, 14].
In this work we consider personality traits as an indicator
of satisfaction and attractiveness on differently diversified
music recommendation lists.
The use of personality as a general model for users has
gained increased interest. Several works revealed personalitybased relationships with users’ behavior, preferences, and
needs (e.g., [10, 15, 25]), how to implicitly acquire personality traits of users from social media trails (e.g., Facebook [1, 4, 12, 20], Twitter [16, 21], and Instagram [11, 13,
24]), and how personality traits can be implemented into
a personalized system [7, 9]. With our work we contribute
to the personality research by providing more insights into
personality-related diversity needs. We found among 103
participants that the conscientiousness and agreeableness
personality traits play a role in the desired amount of diversity in a recommendation list. While conscientious participants showed a higher degree of satisfaction and attractiveness with the more diversified recommendations, agreeable participants were more satisfied and found the list more
attractive with medium amount of diversity in the recommendations.

Diversifying recommendations has shown to be a good means
to counteract on choice difficulties and overload, and is able
to positively influence subjective evaluations, such as satisfaction and attractiveness. Personal characteristics (e.g.,
domain expertise, prior preference strength) have shown to
influence the desired level of diversity in a recommendation
list. However, only personal characteristics that are directly
related to the domain have been investigated so far. In this
work we take personality traits as a general user model and
show that specific traits are related to a preference for different levels of diversity (in terms of recommendation satisfaction and attractiveness). Among 103 participants we
show that conscientiousness is related to a preference for a
higher degree of diversification, while agreeableness is related to a mid-level diversification of the recommendations.
Our results have implications on how to personalize recommendation lists (i.e., the amount of diversity that should be
provided) depending on users’ personality.

CCS Concepts
•Human-centered computing → Human computer
interaction (HCI); User models; User studies;

Keywords
Diversity; Recommender Systems; User-Centric Evaluation;
Personality

1.

INTRODUCTION

Providing users with a diversified list of recommendations
has shown to have positive effects on the user experience.
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2.

RELATED WORK

The positive effects of recommendation list diversity has
been shown by several researchers. Bollen et al. [2] and
Willemsen et al. [26] investigated the influence of diversity
on movie recommendations and found that diversity has a
positive effect on the attractiveness of the recommendation
set, the difficulty to make a choice, and eventually on the
choice satisfaction. Besides the positive effects of diversification, also personal characteristics play a role on the attractiveness of the diversified recommendation list (e.g., strength
of prior preference or domain expertise [2, 23]). Bollen et
al. [2] found that expertise in the domain showed a positive
effect on the item attractiveness.
The personal characteristics that have been identified so
far are domain specific to the kind of recommendations.
However, a more general personal characteristic may be present
that influences the subjective evaluations with the diversified
recommendations. Personality has shown to be an enduring
factor, which can relate to one’s taste, preference, and interest (e.g., [5, 10, 25]). Chen et al. [5] and Wu et al. [27]
showed relationships with personality and preference for diversification based on different movie characteristics (e.g.,
genre, artist, director). Ferwerda et al. [10] showed that
music preferences can be related to the personality of the
listener, whereas Tkalcic et al. [25] found relationships between personality traits and the preference of being exposed
to certain amounts of multimedia meta-information.
In this work we investigate whether personality traits can
be considered a personal characteristic that influences the
subjective evaluations of diversified recommendation lists.
To this end, we rely on the widely used five-factor model
(FFM), which categorizes personality into five general dimensions: openness to experience, conscientiousness, extraversion, agreeableness, and neuroticism [19].

3.

DATA PREPARATION & PROCEDURES

We created differently diversified music recommendation
lists in order to investigate the influence of personality traits
on the subjective evaluation of the recommendation lists.
Since we created the recommendation lists off-line, we separated the study in two parts. In the first part participants
were recruited and their complete Last.fm listening history
was crawled in order to create the recommendation lists.
After the lists were created, participants from the first part
were invited for the second part where they were asked to
assess the diversified recommendation lists.
We recruited 254 participants through Amazon Mechanical Turk for the first part of the study. Participation was
restricted to those located in the United States with a very
good reputation (≥95% HIT approval rate and ≥1000 HITs
approved) and a Last.fm account with at least 25 listening
events. Furthermore, they were asked to fill in the 44-item
Big Five Inventory personality questionnaire [19] to measure
the FFM. Control questions were asked to filter out fake and
careless contributions. A compensation of $1 was provided.
We crawled the complete listening history of each participant and aggregated the listening events to represent artist
and playcount (i.e., number of times listened to an artist).
In order to prepare the music recommendation lists for
each participant, we complemented our data with the LFM1b dataset [22]. 1 This dataset consists of the complete lis1

tening histories of 120,322 Last.fm users from different countries. Since our participants were all located in the United
States, we only used the United State users of the LFM-1b
dataset to complement our dataset. This resulted in 10,255
additional users, which we also aggregated into artist and
playcount for each user. The final dataset consists of user,
artist, and artist playcount triplets with a total of 387,037
unique artists for the creation of the recommendation lists.
We used the weighted matrix factorization algorithm of [18]
on our final dataset to calculate the recommended items.
This algorithm is specifically designed to deal with datasets
consisting of implicit feedback (e.g., artist playcounts). We
optimized the factorization hyper-parameters by conducting grid-search and picking the setting that yielded the best
5-fold cross-validated mean percentile rank. Specifically, using 20 factors, confidence scaling factor α=40, regularization
weight λ=1000 and 10 iterations of alternating least squares,
we achieved the best 5-fold cross-validated mean percentile
rank of 1.78%. 2 Afterwards we factorized the whole userartist triplets using this set of hyper-parameters.
The recommended items were diversified as was done in [26]
by using the method of [28]. By using the latent features
as the basis of diversification instead of additional metadata
like genre information (as is done in content-based recommender systems) guarantees that diversity is manipulated in
line with user preferences. Previous research demonstrated
that this way of diversifying recommendations is perceived
accordingly by users [26].
A greedy selection to optimize the intra-list similarity [3]
was run on the top 200 recommended artists (i.e., the 200
artists with highest predicted relevance) to maximize the
distances between item vectors in the matrix factorization
space. This algorithm starts with a recommendation set
consisting of the artist with highest predicted relevance. In
an iterative fashion items are added to the recommendation
set until it contains 10 items.
In each step of the iteration, for each candidate item i the
sum of all distances from its item vector to each item vecz
P
tor in the recommendation set is calculated: ci =
d(i, j),
j=1

where z is the number of items in the recommendation set
and d(i, j) is the Euclidean distance between two item vectors i and j). All candidate items are ranked based on decreasing value of ci (Pci ) and on predicted relevance (Pri ).
A weighting factor β is introduced to balance the trade-off
between predicted relevance and diversity. For each candidate item the combined rank is calculated following wi∗ =
β ∗ Pci + (1 − β) ∗ Pri . The item with the highest combined
rank is added to the recommendation set and the next step
is taken until 10 items are selected.
β was manipulated to achieve different levels of diversification. In the described implementation β=1 corresponds to
maximum diversity, β=0 corresponds to maximum predicted
relevance. We compared recommendation lists for different
values of β in terms of the sum of distances between the
latent features scores of items in the recommendation set
and their average range. The list for β=0.4 showed to fall
halfway between maximum relevance and maximum diversity. Thus, the final β levels for diversification were set at
β=0 (low), β=0.4 (medium), and β=1 (high).
After the recommendation lists were created, emails were
2
See [18] for details on the hyper-parameters and the definition of the mean percentile rank metric.

Available at http://www.cp.jku.at/datasets/LFM-1b/
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• Many of the artists in the lists differed from other artists
in the list. (F L=.837)
• The artists differed a lot from each other on different aspects. (F L=.855)

sent out to all participants to invite them for the second part
of the study. We created a login screen so that we could
retrieve the personalized recommendation lists for each participant. After the log in, the participant was sequentially
presented with a recommendation list for three times, with
each time a different level of diversity (i.e., low, medium, or
high). The order of presentation was randomized. Each recommended artist was enriched with metadata from Last.fm
(i.e., picture, genre, Top-10 songs with the number of listeners and playcounts), which was shown when hovered over the
name in the list. Additionally, example songs were provided
by clicking on the artist name (new browser screen linked
to the artist’s YouTube page). Participants were asked to
answer questions about perceived diversity, recommendation satisfaction, and recommendation attractiveness 3 before moving on to the next list. These questions needed to
be answered for each of the three lists.
After the participant assessed all three recommendation
lists, we performed a manipulation check by placing the
three lists next to each other (randomly ordered) and asked
the participant to rank order the lists by diversity.
There were 103 participants who returned for the second
part of the study. We included several control questions to
filter out careless contributions, which left us with 100 participants for the analyses. Age: 18-65 (median 28), gender:
54 male, 46 female, and were compensated with $2.

4.
4.1

Recommendation Satisfaction (AVE=.821, α=.932):
• I am satisfied with the list of recommended artists.
(F L=.927)
• In most ways the recommended artists were close to ideal.
(F L=.905)
• The list of artist recommendations meet my exact needs.
(F L=.885)
Recommendation Attractiveness (AVE=.771, α=.931):
• I would give the recommended artists a high rating.
(F L=.874)
• The list of artists showed too many bad items.
(F L=-.830)
• The list of artists was attractive. (F L=.914)
• The list of recommendations matched my preferences.
(F L=.893)

4.3

RESULTS

4.3.1

Manipulation Check

Personality on Perceived Diversity

Results show that Mauchly’s test is not violated (χ2 (2)=
.115, p=.944), so sphericity can be assumed, and therefore, no correction is needed. The results show that there
are no significant main effects of the different personality
traits on perceived diversity. However, a general difference
in perceived diversity can be assumed (F (2, 22)=51.029,
p<.001). Exploring the differences between the levels of diversified recommendation lists show that there is an increase
in perceived diversity when comparing the low diversified list
against the medium (F (1, 11)=11.596, p<.001) and the high
diversified lists (F (1, 11)=31.191, p< .001). This confirms
once more that our diversification was effective and was perceived as such by the participants.

A Wilcoxon signed-rank test was used to test the perceived diversity levels of the recommendation lists. Results
show an increase of perceived diversity by comparing the low
diversity (M =1.28) against the medium (M =2.05, r=.60,
Z=10.370, p<.001) and high condition (M =2.65, r=.80,
Z=13.784, p<.001). A significant diversity increase was also
found between medium and high (r=.45, Z=7.711, p<.001).

4.2

Analysis

We used a repeated measures ANOVA in order to investigate the influence of personality traits on the subjective
evaluations of the diversified music recommendation lists.
Below the results of personality traits on the different subjective evaluations are provided. The effects between diversity
levels are all compared against the low diversity condition.

Measures

Items in the questionnaire were assessed using a confirmatory factor analysis (CFA) with repeated ordinal dependent variables and a weighted least squares estimator to determine whether the questions convey the predicted constructs. After deleting questions with high cross-loadings
and low commonalities, the model consisting of three constructs showed a good fit: χ2 (32)=108.6, p<.001, CF I=.99,
T LI=.98, RM SEA=.06. 4 The constructs with their items
are shown below (5-point Likert scale; Disagree stronglyAgree strongly). The Cronbach’s alpha (α) and the average
variance extracted (AVE) of each construct showed good
values (i.e., α>.8, AVE>.5), indicating convergent validity.
Also, the square root of the AVE for each construct is higher
than any of the factor loadings (FL) of the respective construct, which indicates good discriminant validity.

4.3.2

Personality on Recommendation Satisfaction

Mauchly’s test shows that sphericity is not violated (χ2 (2)=
1.830, p=.401), and therefore no correction is needed. Assessing the effect of the different personality traits on the recommendation satisfaction, the following personality traits
show a main effect: conscientiousness (F (4, 22)=2.454, p<.05)
and agreeableness (F (4, 22)=3.886, p<.05). Additional analyses by looking at the levels between the diversity levels
(i.e., low, medium, and high diversification) show that conscientious participants are increasingly satisfied when provided a higher degree of diversity: medium diversity (F (2,
11)=3.994, p<.05) and high diversity (F (2, 11)=4.036, p<.05).
However, the satisfaction differences for agreeable participants show a higher satisfaction for the medium diversification (F (2, 11)=9.660, p<.05) than for the high diversification (F (2, 11)=4.036, p<.05).

Perceived Diversity (AVE=.723, α=.887):
• The list of artists was varied. (F L=.858)
3
Questions measuring perceived diversity and recommendation attractiveness were adapted from [26].
4
Cutoff values for a good model fit are proposed to be:
CF I>.96, T LI>.95, and RSM EA<.05 [17].

45

4.3.3

Personality on Recommendation Attractiveness

Assessing Mauchly’s test shows that there is no violating of sphericity (χ2 (2)= 1.860 p=.395). Also here, results
show main effects for the conscientiousness (F (4, 22)=3.157,
p<.05) and agreeableness (F (4, 22)=3.469, p<.05) personality traits. By looking at the differences between the levels
of diversification, we found similar patterns as with satisfaction. Results show that conscientious participants were
increasingly more attracted to more diversified recommendation lists: medium (F (2, 11)=2.955, p<.05), high (F (2,
11)=7.866, p<.05). Participants scoring high on the agreeableness personality traits show to be more attracted to the
medium (F (2, 11)=5.933, p<.05) diversified list than to the
high (F (2, 11)=5.314, p<.05) diversified list.

5.

[7]

[8]

[9]

CONCLUSION & DISCUSSION

[10]

Our results show that certain personality traits (i.e., conscientiousness and agreeableness) are related to the subjective evaluations of diversified recommendation lists. We
found that conscientious people judged a higher degree of
diversity more attractive and were more satisfied with it,
whereas agreeable people showed to have more interest (i.e.,
list attractiveness and satisfaction) in a medium degree of
diversity.
The relationships that we found can be used in personalitybased systems as proposed in [7]. With the increased connectedness of applications, such as recommender systems,
with social networking sites, users’ personality can be acquired without the need of behavioral data in the application (e.g., via Facebook [1, 4, 12, 20], Twitter [16, 21], or
Instagram [11, 13, 24]). By identifying relationships with
users’ personality traits, such as in this work, cross-domain
inferences about users’ preferences and needs can be made
and implemented to provide a personalized experience to
users.
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this article adopt personality traits (the BF in 76 cases out of 81)
and, to the best of our knowledge, no other theories were ever
adopted in computing oriented research. On one hand, this barely
reflects the dominant position of trait based models in personality
psychology. On the other hand, trait-based models represent
personality in terms of numerical values, a form particularly
suitable for computer processing. [1].” This statement raises an
interesting question. Why has computational personality research
thus far restricted itself to exploring trait-based models of
personality? Vinciarelli points out a number of competing
personality models including: psychoanalytic, cognitive, and
behaviorist and biological. Arguably, personality models such as
the biological model may currently not be adequately understood
to be implemented on a computer, and as Vinciarelli points out,
the numerical nature of trait-based models may be amenable to
computer implementation to a degree. However, the nature of the
Jungian type-based model also lends itself to implementation on a
computer, but to the best knowledge of the author has not been
explored to date. This work will outline how Jungian
psychological type theory can be used as guidance to synthesize
an artificial personality.

ABSTRACT
The field of computational intelligence has enjoyed much success
in developing a variety of algorithms that emulate human
cognition. However, a framework to tie these algorithms together
in a coherent manner to create a machines that possess the full
spectrum of human-like personalities is still needed. To date,
research on artificial personality synthesis has focused on using
the Big Five model from the field of personality psychology. The
overlooked Achilles heel of Big Five (BF) is that it is purely datadriven model, and thus offers only marginal guidance on how a
machine with a personality might actually be created. In this work
an alternative computational personality framework is presented
based on the work of Carl Jung. There are two key insights that
suggest a Jungian type-based framework is suitable for
synthesizing an artificial personality. First, the cognitive functions
which form the building blocks of the Jungian personality model
can be mapped to classes of algorithms used to emulate cognition.
Second, the Jungian framework suggests that at any given time
humans are only using one of the cognitive functions. This
suggests that a human personality could be emulated using a state
machine with each state implemented using the appropriate class
of algorithms.

This Jungian type-based framework possesses a number of
attractive properties. First, a very large fraction of algorithms
emulating cognitive processes can be utilized by the framework in
a coherent manner. Second, the framework can arguably
synthesize the full spectrum of human personalities. Third,
Jungian-based personality theory is very popular among
laypeople. Modern personality psychologists might argue that this
is due to the cognitive bias known as the Barnum effect. From a
Turing test perspective however this is irrelevant, and perhaps
even an advantage because it would facilitate the illusion of a
machine having a human-like personality For practical
applications all that really matters is that the machine can
convince a human that it has a personality.

CCS Concepts
• Human-centered computing➝Interaction design theory,
concepts and paradigms

Keywords
artificial personality synthesis; Carl Jung; affective computing.

1. INTRODUCTION
The advent of ubiquitous computing has increased interest in
techniques for endowing a machine with a human-like
personality. Vinciarelli [1] provides an overview of personality
computing research which shows that since 2006 a marked
increase in research papers with the word “personality,” included
in the title. Vinciarelli makes one particularly interesting
statement with regards to the nature of the work that has been
undertaken thus far, “Trait based models are widely accepted in
the computing community as well. All of the works surveyed in

2. THE JUNGIAN PERSONALITY TYPE
MODEL
Carl Jung is probably most popularly known for introducing
the concept of the “introvert,” and “extrovert.” Jung detailed
his theory of psychological types in 1921 [2], [3]. Jung’s
model for personality is based on the idea of “cognitive
functions.” Jung identified two fundamentally different kinds
of cognitive functions known as “perception,” and
“judgement. [4]” Perception describes how a person takes in
information, and judgment pertains to decision-making. Jung
then broke these classes down further. Jung asserted that
perception came in two main forms: “sensation” and
“intuition.” Sensation is focused on physical reality:. It tends
to focus on the present and past. Intuition is primarily focused
on finding meaning, patterns, or possibilities in information.
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The tendency is to focus more on the future [5]. Likewise,
Jung identified two forms of judgement which he referred to
as “thinking,” and “feeling.” Thinking refers to decisionmaking processes that focus more on the application of basic
truths/principles. It tends to impersonal in the sense that it
resists allowing personal value judgements, or the value
judgements of others influence decision making. Conversely,
“Feeling,” puts significant weight on values. These values can
be either personal or shared by a community. It tends to prefer
decisions that will result in harmony [6]. Jung then further
refined his cognitive functions by asserting that each of the
four functions has an introverted and extroverted orientation.
An introverted orientation implies a tendency towards a
person’s interior world of thoughts, ideas, feelings and
memories. An extroverted orientation focuses on people or
experiences external to the self [4]. Jung’s clinical
observations and reflection ultimately resulted in a total of 8
cognitive functions. For completeness the eight cognitive
functions are:
Extroverted Thinking
Introverted Thinking
Extroverted Feeling
Introverted Feeling
Extroverted Sensing
Introverted Sensing
Extroverted Intuition
Introverted Intuition

were allowed to assume. One of the constraints Meyers &
Briggs introduced was that the hierarchy of cognitive
functions had to alternate between introverted and extroverted
orientations. It is worth noting that the writing of Carl Jung
can be interpreted to indicate a different scheme for ordering
the cognitive functions, and competing ordering systems are
in existence. For the sake of clarity, the author tends to prefer
the ordering system outlined in [4]. However, with regards to
artificial personality synthesis, the framework outlined in this
work is flexible enough to be adapted to any desired cognitive
function ordering scheme.
Ultimately, based on their imposed constraints on cognitive
function order, Meyers & Briggs identified 16 unique
personality types. These personality types were given fourletter labels. The first letter is either E or I to indicate an
introverted or extraverted orientation of the dominant
cognitive function. The second letter is either S or N to
indicate the dominant perception preference of sensation or
intuition respectively, the third label is T or F to indicate the
preferred judging cognitive function of either thinking or
feeling, and the last letter is either J or P to indicate whether
or not the preferred perception function has an introverted
orientation (J) or an extroverted orientation (P). An example
of a personality label from the use of this model would be
ENTJ. This would indicate a personality who’s dominant
function is extroverted thinking with introverted intuition as
the auxiliary perceiving function. The constraints imposed by
Meyers & Briggs on the cognitive function order would then
further specify that the tertiary function is extroverted sensing
and the inferior function is introverted feeling.

(Te)
(Ti)
(Fe)
(Fi)
(Se)
(Si)
(Ne)
(Ni)

For the sake of brevity, a full description of Carl Jung’s 8
cognitive functions will not be provided in this document.
Since Jung initially introduced the concept of cognitive
functions, the language used to describe them has evolved as
has an understanding of their nature. For the purpose of this
work, the cognitive function descriptions provided in [4] will
be used throughout this work.

There is a very widely held misconception that each of the
four letters indicates a dimension of personality, like that
found in the Big-5 model. It cannot be stressed enough that
the four letters used to provide a personality label are in no
way representative of dimensions. It is more appropriate the
think of each grouping of four letters as a label. The Jungian
model is not based on the concept of dimensions in any way.
It is based on the concept of cognitive functions and the
hierarchical preference with which people with different types
of personality use them. Another common misconception is
that the Jungian/Meyers & Briggs model implies a binary
distinction between -for instance- thinkers and feelers, or
judgers and perceivers. The common criticism is that the
model implies that a person solely uses only one class of
cognitive function or the other. For example, that a person is
either a thinker or a feeler. Once again this is not how the
theory works. The theory indicates that all people have access
to use all the cognitive functions. It is just that people have
different orders of preference for different functions.
Alternatively, Berens and Nardi [4] explain the preference in
terms of energy expenditure. They describe the use of a given
cognitive function as requiring the expenditure of more or
less energy depending on a person’s personality type.
Thinking of cognitive function use in terms of energy usage is
a very convenient way to guide the selection of cognitive
function to use in a given situation because it interfaces well
with computational thinking on cost functions in optimization
as well as with results in psychology that suggest that selfregulation relies on glucose/energy levels [9].

In 1923, Katherine Briggs and her daughter Isabel Briggs
Meyers were exposed to the newly available English
translation of “Psychological Types” [7], [8] At the time
Katherine was in the process of developing her own
personality theory motivated partially by a desire to
understand the personality of her son-in-law. Upon reading
Jung’s work they came to the conclusion that Jung’s theory
was superior to their own and so decided to adopt and refine
the Jungian model. Over the next 20 years the motherdaughter team obsessively observed and documented human
nature with regards to type. They eventually created a
variation on Jung’s system with an associated sorting
instrument known as the Myers-Briggs Type Indicator
(MBTI).
The evolution of Jung’s psychological type proposed by
Myers and Briggs had a few important characteristics that are
worth mentioning. First, Myers and Briggs observed that all
people used all of the cognitive functions. The dissimilarity
between different types of people was the preference with
which they used the cognitive functions. In this model each
person uses the cognitive functions in a hierarchical manner
with a dominant cognitive function, followed by an auxiliary,
tertiary and inferior cognitive functions. Classically, Meyer &
Briggs focused on the first four cognitive functions.
Furthermore, Myers & Briggs introduced very specific
constraints on the hierarchical order the cognitive functions
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TJ machine to use extraverrted
is less common for the ENT
sennsing (Se) and it rarely if ev er transitions tto the introverrted
feeeling (Fi) statee. Personality is emulated bby executing the
alggorithms that c orrespond to thhe current cognnitive functionn.

33. A FRAM
MEWORK
K FOR MAP
PPING
JJUNGIAN COGNITIIVE FUNCTIONS TO
O
A
ALGORIT
THMS FOR
R EMULAT
TING
P
PERSONA
ALITY

It is worth not ing that alterrnatives to th e Markov ch ain
reppresentation coould be envisiioned. For ins tance, instead of
proobabilities, thee proclivity to transition to another
a
cognit ive
funnction could bee couched in teerms of energyy costs associaated
witth the use of a cognitive fuunction for a given
g
personallity
typpe as discuss ed in [4]. A lso, please nnote that onlyy 4
coggnitive functioons are shown in Figure 1. F
For completen ess
all 8 cognitive functions
f
couldd be included. Only the firsst 4
u
as is speccified by the c lassic Myers aand
funnctions were used
Briiggs framewoork for the ssake of claritty. Lower ordder
funnctions were not included. Inn initial implem
mentations of tthis
fraamework it m
might be prefeerable to onlyy use the firstt 2
higghest preferennce cognitive functions fo
for the sake of
sim
mplicity. The reason being that the firsst two cognit ive
funnctions are all that is neededd to distinguishh one personallity
typpe from the othher 16. Furthe rmore Jungianns tend to belieeve
thee first two are the
t most imporrtant.

T
The proposed Jungian typee-based frameework for artiificial
ppersonality synnthesis is basedd on three key principles.
1. Algorrithms that havve been develooped to emulatee
cogniition (e.g. Prinnciple Compon ents Analysis [10],
[
Artifi
ficial Neural Neetworks, Lineaar Classifiers, eetc.)
can be
b mapped to thhe cognitive fuunctions that m
make
up thhe building bloccks of the Junggian personalit y
ment
modeel. These algor ithms can be uused to implem
the coognitive functiions.
2. Humaan personality is inherently sserial in naturee.
Humaan personality arises from th e limitation that
humaans can only usse one cognitivve function at aany
givenn time. Or at leeast the human ability to use more
than one function a t a time appearrs to be severe ly
limiteed.
3. The JJungian type-b ased personali ty framework
allow
ws for the possiibility of an inddividual agent to
use aany of the 8 coggnitive functioons at any givenn
time, however, perssonality emerges from a
hiera rchical prefereence for certainn cognitive
functtions over othe rs. The order aand magnitude of
prefeerence can be s elected based oon models suchh as
Myer & Briggs cognitive funcction orders [4]].
the M
Theyy could also posssibly be learnned from data, oor
couldd even be choseen arbitrarily. IInitially the auuthors
suggeest using the M
Myers & Briggss cognitive funnction
orderrs as guidance.

In order to impplement the J ungian type-bbased personallity
fraamework, it iss necessary too map algorithhms that emullate
coggnitive processses to the ccognitive funcctions. Table 1.
proovides a listi ng of the 8 cognitive fu nctions, a shhort
desscription of eaach of the coggnitive functioons, and a list of
po ssible algorithhms that couuld be used to emulate the
coggnitive functioon. This list iss by no meanss exhaustive, aand
revvisions are expected
e
as artificial
a
pers onality researrch
proogresses. The descriptions provided in T
Table 1. borrrow
heaavily from [4 ] in order to maintain som
me uniformity in
desscriptions.
T
Table
1: Cogniitive functionss and associatted algorithmiic
caandidates for iimplementatioon.
C
Cognitive
F
Function

D
Description [4]],

Exxtroverted
T
Thinking
(Te)

Organizing
O
peeople and
thhings to work
effficiently and
prroductively.
O
Organizes the
ennvironment andd
iddeas.

Inntroverted
T
Thinking
(Ti)
F
Figure 1 A Markov chaain representaative of an E
ENTJ.
C
Cognitive funcction preferencce order: Te – N
Ni – Se – Fi.
F
Figure 1 show s an implemenntation of the Jungian type-bbased
ppersonality fraamework in thhe form of a M
Markov chain . The
sstates of the Markov chaain are occuppied by cognnitive
ffunctions. Thee values assocciated with thhe edges prov ide a
pprobability th at the artificiial personalityy will transitioon to
eeach of the allternative cognnitive functionns. In the casee of a
m
machine with an ENTJ persoonality, a procclivity will exi st for
tthe machine too remain in a n extroverted thinking (Te) state
w
with occasionaal transitioningg to the intuitivve intuition staate. It
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A
An internal
seense of the
esssential
quualities of
soomething.
N
Noticing the fin e
diistinctions thatt
m
make it what it
is , internal
reeasoning
prrocess of
deeriving
suubcategories off
suub-classes and
suub-principles oof
geeneral
prrinciples.

Candidatte Algorithms









Partiaally Observablee
Markoov Decision
Proceess
A*
mization
Optim
routinnes
Lineaar
Progrramming
Princiiple
Compponents
Analyysis
Indeppendent
Compponents
Analyysis
Spars e Dictionary
Learnning
Auto Associative
Neuraal Networks

Extroverted
Feeling (Fe)

The desire to
connect/disconn
ect with others.
Causes response
to expressed or
unexpressed
needs of others.
Takes on the
feelings of
others –
Empathy











Introverted
Feelings
(Fi)

A filter for
information that
matches what is
valued, wanted,
or worth
believing in.
Continual
assessment of a
given situations
with respect to
individual
values.







Extroverted
Sensing
(Se)

Use of the
concrete senses
to become aware
of the physical
world in detail.
An impulse to
act on
information in
order to get
immediate
results. Active
seeking of
information until
sources of input
are exhausted or
attention is
captured by







alternative
subject.

Use own
embodiment as
analog computation
based on perception
of external affect
Artificial Neural
Networks
Resources allocated
weighted towards
communications/col
laboration with
other agents
(human, machine
and otherwise)
State of health
evaluation of other
agents
Cost functions for
optimization
designed in such a
way that rewards
associated with
group success
outweigh individual
rewards associated
with individual
success
Analysis of how
actions will affect
group well-being

Introverted
Sensing (Si)

Extraverted
Intuition
(Ne)

Artificial Neural
Networks
Techniques for state
of health monitoring
of self.
Cost functions for
optimization
designed in such a
way that individual
rewards for
individual success
outweigh group
rewards associated
with group success
Analysis of how
actions will affect
individual wellbeing
Active learning
Active SLAM
Online Learning
Search based on
maximum
information gain
PID control

Introverted
Intuition
(Ni)

Storing
experiences and
information and
comparing/contr
asting the
current situation
with similar
prior
experiences.
The
similarities/diffe
rences are
registered as
important input.
Crosscontextual,
divergent
thinking.
Generates and
explores a host
of possible
interpretations
from a single
idea. The ability
to entertain a
variety of
disparate ideas,
beliefs and
meanings
simultaneously
while
maintaining the
possibility that
they are all true.
Seeing things
“as if.”
Lays out how
the future might
unfold based on
unseen trends
and signs. Can
involve working
out complex
concepts or
systems of
thinking or
conceiving of
symbolic or
novel ways to
understand
things that are
universal.




















Supervised learning
Support Vector
Machine
Classification
Matched filtering
Narrowband
filtering
Autocorrelation
Cross correlation

Search Engines
(web)
Compressive
Sampling
Random Walk
Genetic Algorithms

Simulation/Predicti
on
Design of
Experiment
Autocomplete
System ID
Interpolation/Extrap
olation
Bayesian Inference

The introverted and extroverted feeling judging functions
merit additional discussion. The feeling judging functions are
often associated with emotional response. The author
currently likes to think of emotional decision-making in
general to be similar to an artificial neural network in the
sense that an artificial neural network can often take many
complicated inputs and learn relationships between the inputs
that can be used to quickly make decisions, however it is not
always clear how exactly those decisions are made. The
author also prefers to think of the emotional cognitive
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functions as being partially the results of an embodied
intelligence. Feeling judgements can be thought of as using
the body as an analog computer to perform simulations and
make decisions. Work by Nummenmaa [10] on mapping the
sensation of emotions felt in the human body lends some
support for this perspective.

of two groups with respect to each letter in the Meyers-Briggs
labels. Some research suggests this bimodal distribution was
an artifact of the analysis techniques used [15]. The problem
with the original argument was that it was not necessarily
respecting the Jungian model as a dynamic system and was
making the assumption that the Jungian model could be
represented with a four dimensional Cartesian coordinate
system. It is not clear what type of distribution a personality
consisting of cognitive functions as building blocks should
generate when evaluated using a self-report inventory. A
central limit theorem argument could be made to suggest it
come out as a Gaussian, but to really make a definitive
statement a more rigorous analysis should be undertaken.
Ultimately when synthesizing an artificial personality, the
most important criteria for most applications is that the
personality be convincing to humans. As long as the machine
can pass a Turing-like test it is probably an acceptable
solution. The fact that the Jungian model is so widely popular
suggests that it may have a low barrier to acceptance among
the majority of the population.

As an example of the application of the framework, a machine
endowed with an ENTJ personality using the Markov chain in
Figure 1, we might employ the A* algorithm to perform the
dominant extroverted thinking (Te) cognitive function to form
a plan to move through an environment. After the plans are
generated they might be analyzed in the introverted intuition
(Ni) state using an appropriate simulation that corresponds to
the environment and task of interest. If the simulation
verifies that the plan is acceptable the plan may be executed
by the extroverted Sensing function. In many cases the
machine may totally ignore the introverted feeling state and
proceed directly to execution, but when it does go into the
introverted feeling state it may use a neural network trained to
look out for the machine’s own well-being to decide whether
or not to actually execute the task based on whether or not the
machine “feels,” it will advance the machine’s self-interests.

5. JUSTIFICATION FROM A
NEUROSCIENCE PERSPECTIVE

It is also worth noting that creating the ability to endow
robots with personalities may also have application in human
machine teaming applications. Much as diversity in teams of
humans tends to lead to better results [4], endowing teams of
robots with different personalities may also lead to more
robust robotic teaming. For example, a team consisting of
humans could be augmented with machines endowed with
personalities different from the existing team members in
order to enhance the overall team diversity. Teams consisting
only of robots could be designed in such a way that individual
team members are endowed
with complimentary
personalities, thus enhancing the overall robustness and
performance of the machine team.

A number of interesting results have come out of the
psychology and neuroscience communities that lends some
support for the idea of using the Jungian type model as
outlined in this work. The idea that humans can effectively
only use one cognitive function at a time gains support from
the results of Watson [16] that suggest 98% of humans are
incapable of multitasking. Jack’s analysis of fMRI
measurements of the human brain suggested that there are
physiological constraints on our ability to simultaneously
engage two distinct cognitive modes. In this case they found
humans could not attend to tasks that require social cognition
and physical reasoning simultaneously [17]. Grondin (2015)
[18] found neuroanatomical differences between Agentic
(achievement-oriented) and Affiliative (sociable) extroverts.
From a Jungian perspective the concept of an agentic
extroverts corresponds very well with personality types with a
dominant extroverted thinking preference (ENTJ, ESTJ) and
affiliative extroverts correspond strongly with personality
types with a dominant extroverted feeling preference (ENFJ,
ESFJ).

4. ADDRESSING SOME CONCERNS
WITH THE JUNGIAN MODEL
Since the MBTI was developed more than 10,000 companies,
2500 colleges/universities and 200 U.S. government agencies
have used the test [11]. It is estimated that more the 50
million people have used the instrument since 1962. Jungian
personality theory has had a great influence on corporate
America as well as popular culture. For instance, Carl Jung
popularized the terms introvert and extrovert. Despite the
popularity of Jungian personality theory in industry and
among laypeople, academia tends to discount it. One common
criticism against the MBTI is that it lacks test-retest
reliability [12]. The current perspective of the author is that
this criticism is probably valid. At this time the instrument
itself appears to have problems. The reason for the lack of
reliability with the current instruments may be that the
instrument is based on the analysis of a self-report inventory.
This type of instrument may be suitable if a Cartesian model
of personality is used, but the Jungian model is better
described as a dynamic system. Ultimately enhanced versions
of projective tests such as those suggested by Ottley [13], and
Brown’s [14] work may be better able to characterize human
personality. Another common criticism is that some Jungian
advocates made the claim that MBTI score distributions
assumed bimodal distributions, thus lending support to the
misunderstanding of Jungian theory that people fell into one

6. CONCLUSIONS
Personality from a Jungian perspective can be thought of as a
zero sum game. Humans only have limited cognitive
resources, and our personality is based on how we tend to
choose to use those resources. This proposed framework is
particularly attractive because it uses established algorithms
as building blocks for personality. Because the building
blocks are algorithms, and in some cases learning algorithms,
the machine is ultimately able to learn and adapt to
experiences. The personality framework provides a genotype
so to speak but the ultimate phenotype of the machine
depends on the experiences it encounters throughout its span
of existence. This framework allows for great diversity in
resulting perceived personality phenotype.
An interesting implication of the Jungian type-based
personality framework is that it might help in the
development of robust, high-performance human-machine
teams consisting of members with diverse personalities.
Observations on the personality diversity of teams and their
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performance suggest that teams consisting of members with
diverse personalities tend to perform better [19]. A team
consisting of humans could be augmented by machines
endowed with personalities that enhance the team’s overall
personality diversity. Alternatively, teams consisting solely of
machines could consist of members who provide each other
with different perspectives of the world they are interacting
with.

Others: An Introduction to the Personality Type Code,
Huntington Beach, CA: Telos Publications, August 1, 2004.
[5] The Myers and Briggs Foundation, [Online]. Available:
http://www.myersbriggs.org/my-mbti-personality-type/mbtibasics/sensing-or-intuition.htm. [Accessed 1 June 2015].
[6] The Myers & Briggs Foundation, [Online]. Available:
http://www.myersbriggs.org/my-mbti-personality-type/mbtibasics/thinking-or-feeling.htm. [Accessed 1 June 2015].

Experience has shown that data science problems often benefit
from the use of a combination of many heterogeneous models.
The Netflix prize provides a good example of showing the
advantages associated with simply combining different
approaches [20]. However contemporary computational
personality research is dangerously homogeneous in the sense that
all computational personality research is currently using a traitbased paradigm [1]. The field would benefit from competing
models and approaches. Furthermore, from an engineering/Turing
test perspective it really does not matter whether or not the
approach used to generate an artificial personality accurately
models what is occurring in the human mind. It is only necessary
to convince the person interacting with it that it is a human-like
personality. In fact, the widespread popularity of Meyer’s Briggs
in business settings and with the general public suggests that an
artificial personality based on the Jungian model may perform
well with respect to convincing other people of the machine’s
personality.

[7] The Meyers & Briggs Foundation, [Online]. Available:
http://www.myersbriggs.org/my-mbti-personality-type/mbtibasics/isabel-briggs-myers.htm. [Accessed 1 June 2015].
[8] Center for Applications of Psychological Types, [Online].
Available:
http://www.capt.org/mbti-assessment/isabelmyers.htm. [Accessed 1 June 2015].
[9] M. Gailliot, R. Baumeister, C. DeWall, J. Maner, E. Plant, D.
Tice, L. Brewer and B. Schmeichel, "Self-control relies on
glucose as a limited energy source: willpower is more than a
metaphor," J Pers Soc Psychol, vol. 92, no. 2, pp. 325-336,
February 2007.
[10] K. Pearson, "On Lines and Planes of Closest Fit to Systems
of Points in Space," Philosophical Magazine, vol. 2, no. 11,
pp. 559-572, 1901.

Artificial personality synthesis is at a similar point in
development as the airplane was at the time of the Wright
Brothers. You do not need to understand how a bird flies in
order to build a transatlantic aircraft, and you do not need to
understand how the human mind works in order to build a
machine that has a recognizable personality. Finally, it is
interesting to note that while the Jungian perspective on
artificial personality synthesis presented here is very different
from the mainstream views on the topic that center on the use
of Big-5 theory, this paradigm is not any more controversial
than the Freudian paradigm advocated for by Marvin Minsky
[21]. The Jungian paradigm presented in this work is worth
consideration in future artificial personality synthesis. It is
attractive in the sense that it can leverage a variety of existing
algorithms to implement the personality. It also has the
property that an artificial personality made with this
framework should exhibit the full range of human personality
as described by Jung.

[11] L. Nummenmaa, E. Glerean, R. Hari and J. K. Hietanen,
"Bodily maps of emotions," Proceedings of the National
Academy of Sciences of the United States of America, vol.
111, no. 2, pp. 646-651, November 27 2013.
[12] L. Cunningham, April 13, 2013. [Online]. Available:
http://www.seattletimes.com/business/myers-briggspersonality-test-embraced-by-employers-not-allpsychologists/. [Accessed 1 June 2015].
[13] D. J. Pittenger, "Measuring the MBTI... And Coming Up
Short," Journal of Career Planning and Employment, vol.
54, no. 1, pp. 48-52, 1993.
[14] A. Ottley, H. Yang and R. Chang, "Personality as a Predictor
of User Strategy: How Locus of Control Affects Search
Strategies on Tree Visualizations," in ACM SIGCHI
Conference on Human Factors in Computing Systems (CHI),
Seoul, Korea, 2015.
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ABSTRACT

reveal how information about a user’s personality can help
infer her music preferences and contribute to a more accurate recommendation process [31]. Therefore, several noteworthy MRSs considering the active user’s personality have
been proposed. Among others, Ferwerda and Schedl [12]
propose an approach where users’ personality and emotional
states are implicitly extracted by analyzing their microblogs
on Twitter. The authors make use of the extraction techniques described by Golbeck [14] and Quercia et al. [30],
also trying to combine them for better predictions. Hu and
Pu [18] compare a personality test-based MRS with a classic
rating-based one. The authors point out that users are more
inclined to results returned from the former. According to
Hu and Pu, the active user perceives less effort and less
time to use the personality test-based MRS. They further
claim that users show a strong intention to use such MRS
again and an unexpected surprise in its results, as they feel
that the personality-based approach is able to reveal their
hidden preferences, thereby improving the recommendation
process. Also Tkalc̆ic̆ et al. [34] show that recommenders
based on Big Five data can outperform rating-based recommenders. In [19], Hu and Pu consider again their previous
results, exploring the use of personality tests for creating
psychological profiles of user’s friends as well. They enable
the MRS to generate recommendations for users and their
friends too. They also suggest that personality-based MRSs
are preferred by no music connoisseurs, which do not know
their music preferences in depth.

This article describes a preliminary study on considering information about the target user’s personality in music recommender systems (MRSs). For this purpose, we devised
and implemented four MRSs and evaluated them on a sample of real users and real-world datasets. Experimental results show that MRSs that rely on purely users’ personality information are able to provide performance comparable
with those of a state-of-the-art MRS, even better in terms
of the diversity of the suggested items.

Keywords
Personality; music recommendation; evaluation

1.

INTRODUCTION

Music plays an important role in entertainment and leisure
of human beings. With the advent of Web 2.0, a huge
amount of music content has been made available to millions
of people around the world. This has provided new opportunities for researchers working on music information with
the aim of creating new services that support navigation,
discovery, sharing, and the development of online communities among users. Music recommender systems (MRSs) aim
to predict what people like to listen to. A recent research
field in music recommendation explores the possibility of
harnessing information on the target user’s personality in
the recommendation process.
The goal of the research work described in this paper is
to assess the potential benefits of such integration. To this
end, we implemented and compared with each other different
MRSs, three of them based on users’ personality inferred
from explicit and implicit feedbacks, and one that does not
consider users’ personality.

2.

gsansone@dia.uniroma3.it

3.

PERSONALITY

Generally speaking, an individual’s personality can be defined as a combination of characteristics and qualities that
make up the way she thinks, feels, and behaves in different
situations [33]. Personality and emotions shape our everyday life, having a strong influence on our tastes [32], decisions [29], purchases [6], and general behavior [7]. It has
been shown that people with similar personalities turn out
to have similar preferences [8]. However, giving a more rigorous definition of personality can be challenging, so different
theories have been formulated to specifically make easier the
comprehension of self and others [9]. Each of these theories
differently addresses the problem of representing and characterizing the human personality. We are interested in theories
that would allow us to differentiate people from each other
through measurable traits. The subject of the psychology
of personality traits is the study of the psychological differences between individuals and relies on empirical research.

RELATED WORK
In the research literature, there exist several works that

EMPIRE 2016, September 16, 2016, Boston, MA, USA.
Copyright held by the author(s).
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Initially, it was studied and defined by Gordon W.Allport [1,
2], which specified 17953 specific traits to describe an individual’s personality. Then, particular effort was devoted to
the attempt of limiting the number of traits that would otherwise be unmanageable. This led to the definition of the
well-known Big Five Model [11]. After several revisions, the
Big Five factors were finally labeled as follows [24]:

the advantage of not having to force the user to answer a
significant number of questions. Along this direction, the authors developed the Apply Magic Sauce (AMS)1 that allows
for the prediction of users’ personality from the analysis of
their activities on Facebook. Such application, developed at
the University of Cambridge Psychometrics Centre, relies on
over six million social media profiles and determines personality traits through psychometric evaluations, as described
in [23]. The model is based on the dataset of myPersonality
project 2 .

• Extraversion;
• Agreeableness;
• Conscientiousness;

4.

• Neuroticism;
• Openness (to experience).

4.1

In spite of several criticisms (e.g., [21]), such model is widely
adopted in various fields, ranging from Medicine to Business.
From the computer science point of view, personality traits
include a set of human characteristics that can be modeled
and implemented, for example, in personalized services. Prediction of personality traits can be accomplished explicitly
(e.g., by administering personality tests), or implicitly (e.g.,
by monitoring the user’s behavior).

3.1

Dataset

The experimental tests were performed on the Last.fm 3
music listening data kindly provided by the researchers of
myPersonality project [22] and Liam McNamara [26]. From
this data, we extracted 1,875 Last.fm users with related
information about personality tests and listening histories.
The user’s preferences were inferred from the playcount attribute, which denotes how many times the user listened to
that particular song. The final value is obtained by normalizing it between 1 and 5.

Explicit Acquisition

Nowadays, questionnaires are the most popular method
for extracting an individual’s personality. They consist of
a more or less large number of different questions, which
are directly related to the granularity of the traits to be determined. Nunes et al. [28] show that the number of items
influences the accuracy of measurements of traits. As expected, the higher the number of items, the more accurate
the traits extracted. In particular, personality tests based on
the Big Five Model are numerous and varied. A reasonable
trade-off between accuracy and ease of use is represented
by the Big Five Inventory (BFI) [4]. The 44-item BFI has
been developed to create a brief questionnaire for efficient
and flexible inference of the five factors, without the need to
define more individual facets [21].

3.2

USER STUDY

In this section, we describe the dataset, the setup, and the
results of the experimental evaluation.

4.2

Users

The users who took part in the experimental trials were
65, all of them with an active Facebook account. Their
characteristics in terms of gender, age, occupation, and education are illustrated in Tables 1, 2, 3, 4, respectively.

Table 1: Gender
Female Male
27
38

Implicit Acquisition

0-18
2

An individual’s online behavior has long been the subject
of many studies in the social sciences [3, 7, 25]. Results in
cognitive psychology show that the general factors of personality can predict the aspects of the Internet use [25]. In
fact, personality traits can be reflected in users’ actions and
ways of surfing the Web [3, 10, 27]. There are also studies
that investigate the possibility of inferring the user’s personality by user-generated content on social networks such as
Facebook and Twitter. For instance, Gao et al. derive users’
personality traits from their microblogs [13]. Golbeck et al.
identify users’ personality traits by analyzing their Facebook
profiles, including peculiarities of language, business, and
personal information [15]. Moreover, Golbeck et al. [14] and
Quercia et al. [30] predict users’ personality from Twitter,
by examining their tweet content and observing their characteristics (e.g., popularity, influential users, etc.). Kosinski
et al. [23] show that likes on Facebook can be used to automatically and accurately predict a set of personal attributes,
including personality traits. For instance, the accuracy of
prediction of the Openness factor is similar to the accuracy
that can be obtained through a classic personality test, with

None
6

19-24
25

Table 2: Age
25-29 30-35 36-45
26
2
5

Student
35

Table 3: Occupation
Employee Professional
21
2

Housewife
1

Table 4: Education
Secondary Bachelor Master
29
18
10

PhD
2

Primary
6

1

http://applymagicsauce.com/
www.mypersonality.org
3
http://www.last.fm/
2
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46-55
4

56-65
1

4.3

Setup

precisely, this MRS identifies the most similar users to the
target one within a dataset containing information related
to personality and music habits of a group of Last.fm users.
The user u’s personality is compared to that of each user v
in the dataset by computing the cosine similarity applied to
the Big Five factors, which is defined as follows:
P5
k
k
k=1 pu × pv
qP
(1)
simp(u, v) = qP
5
5
k )2
k )2
(p
(p
u
v
k=1
k=1

For presenting the user with the suggested playlists we
designed a simple interface that allows for a quick and easy
use of the system. Furthermore, we made us of the Spotify APIs 4 , which offer a preview of 30 seconds of each
song in the playlist. We deemed such time enough for the
user to understand whether a given song is to her liking or
not. Moreover, listening to the whole playlist is short, thus
avoiding that the user will get bored and stop listening to
the recommended songs. In this way, the user will be able
to express a well-founded opinion.
Each user was required to test all MRSs and evaluate the
returned playlists. MRSs were proposed in a random order
and with the user completely unaware of their details. Ratings expressed by users in the evaluation phase were related
to novelty, serendipity, diversity, interest, and future use. To
this end, each user was asked to provide an assessment in
relation to the following five statements:

where pku expresses the value of the Big Five factor k of the
user u. Based on such values, the system selects the ten
Last.fm users most similar to the user u and generates a
playlist from their listening histories.

4.4.3

The implicit personality acquisition can be carried out by
analyzing the user’s behavior on the Web, especially on social networks. To this end, we used the APIs of the Apply
Magic Sauce (AMS) application introduced in Section 3.2.
In order to infer the user’s personality, AMS analyzes how
she assigns likes on Facebook. For such reason, the system
allows users to login via Facebook. In this way, AMS enters the user profile, extracts the required information, and
returns the predicted information, such as age, intelligence,
life satisfaction, interest in specific areas, and her personality
traits. Based on such features, the MRS identifies the most
similar users to the target one within the Last.fm dataset by
computing the similarity function 1. From the information
related to the music such users listen to, the MRS builds the
personalized playlist for the active user. However, this MRS
has a drawback: it is necessary that the user has inserted a
sufficient number of likes in her profile. Otherwise, the AMS
application is not able to predict the user’s personality and,
as a result, the MRS is not able to deliver any playlist.

1. “I found new songs by artists already known to me.”
(novelty)
2. “I found songs by artists that I did not know and, as
of now, will begin to listen to.” (serendipity)
3. “I found songs by artists of different music genres.”
(diversity)
4. “I found the suggested playlist interesting.” (interest)
5. “I would use this MRS again in the future.” (future
use)
For each of these statements the user could express a numerical value in a Likert 5-point scale (i.e., 1: strongly disagree,
5: strongly agree). In addition, the user could leave a feedback as well.

4.4

Music Recommender Systems

4.4.4

In this section, we introduce the music recommender systems (MRSs) developed as part of our research work.

4.4.1

MRS based on Relations between Explicit Personality and Music Genres

4.5

Results

Experimental results are shown in Table 5. In the description of the experimental results, the implemented MRSs are
denoted as follows:

MRS based on Explicit Personality and Neighbors

I: MRS based on relations between explicit personality and
music genres;

Even the second MRS relies on the user’s personality explicitly inferred through the use of the questionnaire. The
recommendation mechanism, however, is different. More
4

MRS based on Music Preferences

This MRS does not exploit information about the user’s
personality, and has been realized as a baseline to be used
in the experimental evaluation. The recommender works as
follows. The user is presented with a screenshot of the images of ten songs belonging to the Last.fm top track, and
is asked to choose her favorites. Alternatively, the user can
enter the title of some of her favorite songs. After that, the
system leverages the Last.fm APIs to retrieve songs similar
to those chosen by the user and includes them in the suggested playlist. Even though the actual algorithm underlying the Last.fm recommender is unknown, it is reasonable
to assume that it mostly relies on collaborative filtering and
tagging activity.

The first MRS acquires information on the target user’s
personality explicitly, by administering a personality test.
We chose the 44-item Big Five Inventory test introduced in
Section 3.1, as its length represents an appropriate trade-off
between compilation time and results accuracy. Such test is
proposed to the target user through a web interface. Once
the test is completed, the system analyzes the responses and
computes the Big Five factors. In [8], the relations between
users’ personality types and their preferences in multiple
entertainment domains are investigated. The authors derive
a set of association rules that connect the Big Five factors
with music genres. Based on those rules, this MRS returns
the resulting playlist to the user.

4.4.2

MRS based on Implicit Personality and Neighbors

II: MRS based on explicit personality and neighbors;
IIII: MRS based on implicit personality and neighbors;

https://developer.spotify.com/web-api/

IV: MRS based on music preferences.
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Table 5: Results in
MRS # of Users
I
65
II
65
III
43
IV
65

terms of mean and standard deviation of user ratings
Novelty Serendipity Diversity Interest Future Use
2.5 - 1.0
2.5 - 0.8
3.0 - 0.9 3.0 - 0.8
3.4 - 0.8
2.4 - 0.9
2.6 - 0.8
2.8 - 0.8 3.2 - 0.7
3.3 - 0.8
2.2 - 0.7
2.2 - 0.6
3.2 - 0.9 2.4 - 0.7
2.8 - 0.9
2.9 - 0.8
2.4 - 0.9
1.7 - 0.5 3.5 - 0.6
3.5 - 0.6

The reason for the smaller number of users who experienced
the third MRS (i.e., the one based on implicit personality
and neighbors) was that not all testers had a sufficient number of likes on Facebook to enable the AMS application to
predict their personality. It can be noted that the first three
systems received very similar assessments, as regards novelty, serendipity, and diversity. Precisely, novelty values are
not high, because we asked users if new songs by known
artists were in the suggested playlists, not if new artists were
in the playlists. Serendipity shows similar values to novelty.
Diversity values are quite high, which is obviously positive,
since in this way the user can broaden her music knowledge,
having a more varied set of possible music listening. The
playlist was judged interesting for each system, a bit less for
the third one. Users also showed some interest in the reuse
of MRSs, a bit less for the third, where the result revealed
some skepticism, due to the lower interest in the returned
playlist. Different results emerged from the user evaluation
of the last system. As expected, the results were higher than
the others, except for serendipity (in line with the others)
and diversity (lower). In fact, for such MRS the target user
directly inserts her preferences. As a result, she was more
interested in the suggested playlist and showed higher intention in reusing that recommender. These results may also
be related to the difficulty that users appreciate new songs
on the first listening and nourish curiosity in music genres
different from their usual ones.

5.

kindly providing the datasets used in the experimental evaluation.
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CONCLUSIONS AND FUTURE WORK

The research work presented here analyzed the effects of
integrating the target user’s personality in music recommender systems (MRSs). To this end, four different MRSs
were developed. Three of them were only personality-based,
the fourth did not take into account users’ personality at all.
The experimental results show that the personality-based
ones had performance almost similar to that of a classic
MRS. They also prove that the former ones are able to recommend songs with higher diversity than those suggested
by the latter one.
This research effort is just beginning, so the possible future developments are manifold. Among others, the extension of the type and number of MRSs to be compared with
each other, and the inclusion of music preferences and sentiments extracted from music reviews [16, 17] in the user
model. Furthermore, as regards the experimental procedure, we intend to broaden the number of involved users
and tested datasets, and to develop a layered evaluation for
distinguishing the contributions of the user model from those
of the user interface.
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ABSTRACT

Recent work [20, 2, 1] has shown the effectiveness of incorporating user reviews into the matrix factorization framework. Unfortunately, the information derived from the reviews is primarily used to understand items/item categories,
as opposed to users. Given that it is the users who provide the reviews, we believe that there could be important
information about the reviewers lost in these methodologies. Even if the methodologies were modified slightly to
glean insight into the users themselves, the representations
learned by these methodologies still require manual inspection to fully understand their meaning. Alternatively, when
it comes to understanding users, personality can be an important concept to leverage – the intersection of personality
and linguistics dates back decades [8, 33, 14]. Given that
personality is a well-researched topic, it is an interpretable
aspect to attempt to derive from written reviews. Furthermore, we believe it can be effective side-information that can
be used to produce more accurate predictions.
More specifically, we will use the MyPersonality dataset
[18] to build a predictive model to attain the Big 5 Personality traits [13] for reviewers (users). The dataset provides status updates from Facebook users along with users’
personality scores that are based on the users taking separate psychological tests. Thus, the personality scores in
this dataset are grounded in proven psychological research.
We will then take advantage of the Kernelized Probabilistic
Matrix Factorization (KPMF) framework to incorporate the
personality scores as side-information.
To further motivate the idea of personality profile as an
added signal for user rating prediction, take as an example
the following excerpts from two different movie reviews for
the film ‘Inception’. Both of the reviewers rated the movie
10 out of 10, but observe how each user begins his/her review. One reviewer writes:

In this work we directly incorporate user personality profiles into the task of matrix factorization for predicting user
ratings. Unlike previous work using personality in recommender systems, we use only the presence of written reviews by users. Other work that incorporates text directly
into the recommendation framework focuses primarily on insights into products/categories, potentially disregarding important traits about the reviewers themselves. By using the
reviews to determine the users’ personalities directly, we can
acquire key insights into understanding a user’s taste. Our
ability to create the personality profile is based on a supervised model trained on the MyPersonality dataset. Leveraging a set of linguistics features, we are able to create a predictive model for all Big 5 personality dimensions and apply it
to the task of predicting personality dimensions for users in
a different dataset. We use Kernelized Probabilistic Matrix
Factorization to integrate the personality profile of the users
as side-information. Lastly, we show the empirical effectiveness of using the MyPersonality dataset for predicting user
ratings. Our results show that combining the personality
model’s raw linguistic features with the predicted personality scores provides the best performance. Furthermore, the
personality scores alone outperform a dimensionality reduction of the linguistics features.

CCS Concepts
•Human-centered computing → Collaborative filtering; Empirical studies in collaborative and social computing;
Social networks;

Keywords
Human-Centered Computing; Collaborative Filtering; Recommender Systems; Social Networks

1.

“My sister has been bothering me to see this
movie for more than two months, and I am really glad that she did, because this movie was
excellent, E-X-C-E-L-L-E-N-T, EXCELLENT!”

INTRODUCTION

Whereas the other reviewer notes:
“So far, Christopher Nolan has not disappointed
me as a director, and ‘Inception’ is another good
one.”
While the two users have given the same numerical rating to
the movie, we can obtain deeper insight into the users them-

EMPIRE 2016, September 16, 2016, Boston, MA, USA.
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selves by examining what they wrote. The first reviewer appears to be a more casual moviegoer, seeing movies people
recommend, and finding pleasure in them. The second reviewer, in contrast, appears to be more of a movie aficionado.
The reviewer immediately identifies who the director is, and
indicates that he/she is familiar with the director’s work.
Such an analysis can indicate that their ratings for other
items could diverge substantially.
The rest of this paper is organized as follows. Section 2
provides an overview of the related work on matrix factorization, as well as at the intersection of recommender systems
and natural language processing (NLP). Section 3 describes
the KPMF methodology. In Section 4, we explain how the
predictive model for the Big 5 personality traits was built, as
well as how it is incorporated as the side-information format
for KPMF. Section 5 describes our experimental design for
predicting user ratings that incorporate personality. Finally,
in Sectons 6 and 7, we present and discuss our results, as
well as future research directions based on this work.

2.

ommender system. [28] combines topic modeling on plot
summaries with probabilistic matrix factorization to predict
user ratings for movies. Their paper proposes an expanded
generative process for rating prediction that can incorporate the models of Correlated Topic Modeling [5] and Latent
Dirichlet Association [6]. In similar fashion, [35] combines
topic modeling on the text of scientific article with probabilistic matrix factorization in the effort of recommending
relevant articles/papers to researchers. In an example of a
non-matrix factorization approach, [29] uses sentiment analysis on movie reviews for movie recommendations. Here,
the researchers use a recommendation technique more akin
to nearest-neighbors by defining a similarity measure among
users and items based on how users rate items and how items
are rated. Once the similarity is measured, the researchers
use the result of the sentiment analysis to produce their final
recommendations. In [10], the authors mine users’ written
reviews to understand both generalized and context-specific
user preferences. These two aspects are then combined into
a linear regression-based recommendation system. [11] provides a thorough presentation of the intersection between
NLP and recommender systems.
In recent years, researchers have established methodologies that integrate the content of text reviews directly into
the matrix factorization framework. In [20, 2], the authors
fuse together topic modeling with matrix factorization, allowing models to learn representations of users and items, as
well as topical distributions related to items and categories.
More recently, in [1], the authors add the modeling of distributed language representations to the matrix factorization framework. This allows the authors to learn individual
word representations as well as a general language model for
the categories in their dataset.
The work that closely resembles ours is that of [25]. In
their work, the authors create a personality-based recommender algorithm for recommending relevant online reviews.
The authors train their personality model on a corpus of
stream-of-consciousness essays, that include an accompanying personality score for each writer [24]. The authors,
unfortunately, do not detail what accuracy their personality model scores on a supervised cross-validation of the
dataset. Our own efforts to create a classification model
from the same data using similar features produced an accuracy below 60%, which we do not deem accurate enough
for use in further applications. Once the authors predicted
the users’ personalities, they clustered the results together
in order to provide recommendations for users. While the
approach is relevant, the authors are unable to test their
recommendations against a gold-standard. Furthermore, in
the effort of generating recommendations, matrix factorization has shown to be more accurate than nearest-neighbor
approaches.

BACKGROUND

In this section, we will give a brief review of the history
of recommender systems using matrix factorization over the
course of the past decade, as well as then discuss examples of
previous work where NLP methods have been used to create
recommender systems.

2.1

Matrix Factorization Systems

The Netflix Challenge that commenced in 2006 marked a
seminal event in the field of recommender systems. As [3]
notes, The state-of-the art system that Netflix was using,
Cinematch, was based on a nearest-neighbor technique. The
system used an extension of Pearson’s correlation, which the
system produced by analyzing the ratings for each movie.
The system then uses these correlation values to create neighborhoods for the movies. Finally, the system uses these
correlations in multi-variate regression to produce the final
rating prediction.
The team that ultimately took home the million dollar
prize, however, relied on a fundamentally different technique: latent factors via matrix factorization [17]. Rather
than calculating neighborhoods for items and/or users, matrix factorization models users and items as latent vectors.
Stacking these vectors into two separate matrices, one for
users and one for items, produces the latent matrices that
represent users and items. The models predict ratings simply by taking the dot-product of the latent vectors of the
user and item for which it is desired, or simply multiplying
the two matrices to predict all ratings.
During the course of the Netflix Challenge, researchers
developed probabilistic extensions of standard matrix factorization [26, 27] that could adapt well to large, sparse
matrices that are generally representative of rating matrices. These models assume a generative process of probability distributions for the latent user/item vectors, as well as
the ratings themselves. Our technique for rating prediction
follows the methodology of KPMF, detailed by [36]. KPMF
builds upon a probabilistic framework and we will explain
the model in full detail in Section 3.

2.2

2.3

Recommender Systems with Personality

Aside from [25], several other researchers have integrated
personality profiles into recommender systems. For example, [31] and [22] both use user personality profiles in the
process of generating recommendations. However, the important difference between our work and the work of these
researchers is that their methodology requires the explicit
completion of personality tests by users. The researchers
then derive personality scores directly from these tests. Such
requirements make it inconceivable to use these systems in

Recommender Systems and NLP

Various researchers have already completed NLP-related
tasks in the overall goal of constructing an effective rec-
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a large-scale, applied nature. Our work is unique in the fact
that we derive personality scores purely from an analysis
of the users’ written reviews. We require no further action
from users aside from allowing them to express their opinion through ratings and reviews. Because of this, we contend
that our methodology has the potential for large-scale application.

KU

KV

U:,d

V:,d

D

3.

D

MATRIX FACTORIZATION

Rn,m

As we have previously mentioned, we use the technique of
KPMF to incorporate the information that we generate by
analyzing a given user’s written reviews. What we generate
from the analysis is a personality profile for a given user.
We conjecture that by including this information of user
personality in our model, we can ultimately produce more
accurate movie ratings. We acknowledge that the choice
of KPMF to incorporate side-information into the matrix
factorization framework is somewhat arbitrary, and the work
of [7, 15] could potentially be used instead.

the observed entries is:

3.1
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Figure 1: The generative process for KPMF.
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(1)

n=1 m=1

For the purpose of this paper we will explain the specifics
of KPMF. To understand probabilistic matrix factorization
in general and how KPMF is unique in this area, we encourage the reader to refer to the previously cited papers. In
KPMF, we assume that the dimensions for the latent vectors representing items and users are drawn from a Gaussian
Process (GP). Although in this GP we assume a zero mean
function, it is the formulation of the covariance function that
allows us to integrate side-information into our model. This
covariance function – or covariance matrix in our application
– dictates a ‘similarity’ across the the users and/or items.
Our notation will follow the notation the original authors
provided. Here is the notation we will use:

Where the prior probabilities over U and V are:
p(U |KU ) =
p(V |KV ) =

D
Q

GP(U:,d |0, KU )

(2)

GP(V:,d |0, KV )

(3)

d=1
D
Q
d=1

Combining (1) with (2) and (3), the log-posterior over U
and V becomes:
log p(U,V |R,σ 2 , KU , KV )
N P
M
P

= − 2σ1 2

R — N × M data matrix
U — N × D latent matrix for rows of R
V — M × D latent matrix for columns of R
KU — N × N covariance matrix for rows
KV — M × M covariance matrix for columns
SU — N × N inverse of KU
SV — M × M inverse of KV
A — number of non-missing entries in R
δn,m — indicator variable for rating Rn,m

−

1
2

D
P

δn,m (Rn,m − Un,: VTm,: )2

n=1 m=1

UT:,d SU U:,d −

d=1

− Alogσ 2 −

D
P

1
2

D
(log|KU |
2

VT:,d SV V:,d

d=1

+ log|KU |) + C

(4)

Where |K| is the determinant of K and C is a constant that
does not depend on U and V.

3.2

Learning KPMF

To learn the matrices U and V we can apply a MAP estimate to (4). The result is optimizing the following objective
function:

The generative process for KPMF is as follows (refer to Figure 1 for plate diagram):
1. Generate U:,d ∼ GP (0,KU ) for d ∈ {1,...,D}

E =
+

2. Generate V:,d ∼ GP (0,KV ) for d ∈ {1,...,D}

1
2

1
2σ 2
D
P

d=1

N P
M
P

δn,m (Rn,m − Un,: VTm,: )2

n=1 m=1

UT:,d SU U:,d +

1
2

D
P

VT:,d SV V:,d

(5)

d=1

[36] provides implementations of both gradient descent and
stochastic gradient descent to minimize E. For our experiments we used regular gradient descent, as gradient descent
achieved the highest accuracy in the original work and our
rating matrix is a manageable size. We will note that in
the authors’ work, the accuracy of stochastic gradient descent was less than that of regular gradient descent by only

3. For each non-missing entry Rn,m , generate Rn,m ∼
N (Un,: VTm,: ,σ), where σ is constant
The likelihood of the data matrix R given U and V over
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a small margin and its speed was hundreds of times faster.
The partial derivatives for our objective function are the
following:
= − σ12

∂E
∂Un,d

M
P

(Rn,m − Un,: VTm,: )Vm,d

m=1

+ 12 eT(n) SU U:,d
∂E
∂Vm,d

= − σ12

[12] and [19] have similar approaches: using a general textual
analysis combined with social network attributes to create
features for their predictive models. However, Markoviki et
al. report a higher precision/recall for their model, so we
will use their approach to feature selection as the guide for
our model for personality prediction.

N
P

(6)

(Rn,m − Un,: VTm,: )Un,d

n=1

+ 12 eT(m) SV V:,d

(7)

4.2

where e(n) represents an N - dimensional vector of all zeros
except for the nth index, which is one.
The update equations for U and V are as follows:
t
∂E
Ut+1
n,d = Un,d − η( ∂Un,d )

(8)

t
∂E
Vt+1
m,d = Vm,d − η( ∂Vm,d )

(9)

where η is the learning rate of the algorithm.
This completes our detailing of KPMF. In the next section
we describe our approach for creating the covariance matrix
for the users, KU .

4.

CREATING PERSONALITY PROFILES

Since we are using KPMF as our recommendation model,
any vector representation of the written reviews (for a given
user, across all users) would suffice to create KU . However,
it is best to generate covariance across a numeric representation that we can interpret. Since personality scores have a
long history of analysis, which we will detail in this section,
personality profiles are an optimal representation for KU .
In this section we cover two topics: first, how we create the
personality profile for a given user. Second, how we use this
personality profile to generate the user covariance matrix.

4.1

Personality Model

In their paper, Markoviki et al. detail a fined-grained feature selection for each personality trait, including social network features. Since, for our recommendation experiment,
we will not have social network information, we do not include these features in our model. While most authors who
used the MyPersonality data sought to create a classification
model for personality prediction, we will predict personality score. We believe having a continuous output from our
model will make for a better translation into user covariance. Based on an analysis of correlation between features
and personality traits in Markoviki et al., we use the following features in our personality model (and we encourage a
review of the original work for a thorough discussion of the
effectiveness of these features):
Punctuation Count: We count the frequency of the following punctuation marks in a user’s status updates: . ? !
- , <> / ; : [ ] { } ( ) & ’ ” ?
POS Count: We count the frequency of verbs and adjectives appearing in a user’s status updates. We used the POS
tagger available in NLTK [4].
Affin Count: We count the frequency of words appearing
in a user’s status updates that have an emotional valence
score between -5 and 5 [21].

MyPersonality

In 2013, [9] held a workshop on computational personality recognition. For this workshop, the organizers released
a subset of the data collected by the MyPersonality project
[18]. The dataset for the workshop consists of the Facebook activity for 250 users, roughly 10,000 status updates
from all users. Along with the status updates, the dataset
includes information about the users’ social networks. For
each user, the dataset includes a personality score as well as
a binary classification as to whether the user exhibits a given
personality trait. The personality scores/classifications for
each user have five dimensions, one for each trait in the Big 5
personality model. The five traits in the model are openness,
conscientiousness, extraversion, agreeableness, and neuroticism. Analysis of lexicon and personality has a long-standing
tradition [8, 33, 13], and it is [14] who brought the current
model to prominence.
The approaches to the dataset in the workshop are varied.
[32] focus on predicting a single personality trait, conscientiousness. The authors exploit an analysis of event-based
verbs in the status updates to produce features for their
model. [34] create an ensemble model for predicting personality traits. In their base model, the authors use most frequent trigrams as features. The authors then use the prediction of the baseline model to generate their final predictions.

”To” Count: We count the number of times the word ”to”
appears in a user’s status updates.
General Inquirer Tags: We process the text using the
General Inquirer (GI) tool [30]. This tool has 182 categories
for tagging words in a text. We use the frequency of these
tags for our feature set.
While Markovikij et al. produced their best results when
using a different subset of the GI tags for each personality
trait, as well as Affin words only of a particular score, we did
not find that this fine-grained breakdown produced the best
results for our own experiments. Instead, we use the same
feature space for all the personality traits, which included all
GI tags and all words with any recorded Affin score. Lastly,
all count features are normalized by the total word count
(for a given user), and punctuation count is normalized by
the total character count.
The personality scores are in a continuous range from 1
to 5 for users in the MyPersonality dataset . Thus, linear
regression is a natural choice to train our model. We use
the Ridge Regression algorithm available from scikit-learn
[23]. Ridge Regression implements standard linear regression with a regularization parameter. The optimization task
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is:

puted cosine similarities, across all possible user pairs:

min kXw − yk2 2 + αkwk2 2

(10)

w

Model
0.785
0.738
0.635
0.767
0.529

KU = KU n

∗γ

5.

xy T
kxkkyk

EXPERIMENTAL DESIGN

Our goal is to integrate the information contained in the
reviews written by a user into a recommender system, and in
particular, investigate whether user personality, as reflected
in the text generated by that user, would allow us to improve
the accuracy of predicted ratings. We crawled IMDB to
collect a dataset of scores and written reviews for multiple
IMDB users. Our dataset consists of 2,087 users and 3,500
movies. Each user has rated/reviewed as little as 4 movies
and as many as 210, with 54 being the average number of
ratings/reviews for the users. The total rating matrix is
1.55% dense, which reflects the typical sparsity of this type
of dataset [16].
We randomly split the ratings by each user into training,
evaluation, and test sets, each comprising 3/5, 1/5 and 1/5
of the data, respectively. We randomly shuffle the full set
of ratings to produce five different training/evaluation/test
splits, and report the results averaged over five runs. We use
the ratings from these sets to create the appropriate matrices
in our methodology. The training matrix is equivalent to R
in our notation.
In all the experiments, we use a diagonal item covariance
matrix, KV . Thus, in our model, we are not assuming any
covariance across items. Following the results of Zhou et al.
we let D = 10 and σ = 0.4. We use gradient descent to
learn the latent matrices U and V . We use the proportional
change in RMSE on our evaluation matrix as the stopping
criteria for gradient descent. Once the algorithm converges,
we calculate the RMSE on our test matrix. When calculating RMSE, we only do so for non-zero entries, i.e. δn,m =
1.

Baseline
0.833
0.767
0.661
0.799
0.563

(11)

6.

Where CS(x, y) denotes the cosine similarity between vectors x, y, calculated as follows:
CS(x, y) =

(15)

Where n is a hyperparameter we hand-tune. The proper
value of n can greatly influence the accuracy of the model.
We take KU as the covariance matrix in our experiment
when we use personality profiles to produce the user covariance matrix, but we still refer to it as KU to avoid confusion.

Once we have trained the personality models on the Facebook data we apply it to the movie reviews written by a
given user to determine his/her personality profile. We preprocess the movie reviews just as we did for the Facebook
data to create the same feature space. The result is a 5dimensional vector, which we will denote pi , for user i. For
users i and j, we calculate entry i, j of KU as follows:
CS(pi ,pj )−α
β−α

(14)

γ controls the ceiling of the normalization: KUi,j ∈ [0, γ].
We set γ = 0.4. To compute cosine similarity we use the cosine similarity method provided in scikit-learn. Note β will
always be 1, as CS(pi , pi ) = 1.
This, however, is not the final covariance matrix we will
use in our recommender system. Since all the personality
scores are in the range [1,5], the cosine similarity between
personality vectors pi and pj is very close to one. To accentuate the differences in personality profile, we create a
regularized covariance matrix, KU , as follows:

User Covariance Matrix

KUi,j =

β = max CS(pi , pj )
i,j

Table 1: RMSE for personality model trained on
Facebook statuses, as well as baseline model.

4.3

(13)

i,j

Where w is the weight vector, X is the data matrix, y is the
vector of scores and α is the regularization parameter. The
algorithm in scikit-learn performs automatic cross-validation
on the regularization parameter by allowing us to define a
list of α’s for the input. While the feature space for each
personality trait is the same, we train a different model for
each trait. To be clear, we are not testing the personality of
a single status update, but rather of a given user, which is
the amalgamation of his/her status updates.
To test the utility of our models, we divide the set of
Facebook users into a 80%/20% training/test split. Also,
we normalize the matrices we use in our models by, for each
feature dimension, subtracting the mean and dividing by the
standard deviation. We randomly shuffle the set of users and
record the root-mean-square error (RMSE) of the resulting
trained model on the held-out test set. That is, given a
predicted personality score for user i, yˆi , and the true personality score yi , we calculate the RMSE of all users in the
test set. Table 1 shows the accuracy of our model averaged
across 5 different times shuffling the dataset. This model
is compared to a baseline, which is the average user rating for personality scores in the training set. When creating
the models that we will apply to predicting personality traits
from movie reviews, we included all the Facebook users when
training the models.

Personality Trait
Extraversion
Neuroticism
Agreeableness
Conscientiousness
Openness

α = min CS(pi , pj )

RESULTS

For each run, we train five different models and calculate
their RMSE on a held-out test set: (1) KPMF with KU calculated according to user personality profile, (2) KPMF with
KU calculated using a user’s text-generated feature space for
(10) as our p vector in equation (11), (3) KPMF with KU

(12)

α and β are minimum and maximum values from our com-
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as a diagonal matrix (no similarity across users), (4) matrix factorization (MF) without trying to optimize U and V
according to an objective function, and (5) KPMF with a
PCA-reduction of the text-based feature space as p. Aside
from providing a tangible vector representation of user reviews, the Big 5 personality model also acts as a guided
dimensionality reduction of the textual feature space we use
to generate personality scores. Therefore, we have compared
the 5-dimensional output of our personality model to the result of using PCA to compute a reduction of the text-based
feature space to 5 dimensions. We used the PCA implementation from scikit-learn. The RMSE values averaged over
five runs for each model are shown in Table 2. For the purposes of RMSE calculation, the rating values in our data,
which were originally 1-10, have been normalized to fall in
the interval [0.1, 1].
Model
KPMF with Personality
KPMF with Personality Model Features
KPMF Personality and Model Features
KPMF with Diagonal Matrix
KPMF with PCA Feature Reduction
MF

model where each personality trait should be weighted differently. For example, similarity in user conscientiousness
might be more important than similarity in user agreeableness when determining overall similarity in user preference.
We can create a new variable Q, a 5-by-5 diagonal matrix
where each entry Qi,i is the weight for a given personality
trait. If we stack the personality vectors to form a M × 5
matrix P , the covariance matrix KU becomes:
KU = P QP T

We can learn the diagonal entries of Q along with U and V
in our model. The final values of Q would provide a novel
outcome as to how important each personality trait is for
predicting movie ratings. We leave this approach for future
work.

RMSE
0.2006
0.1980
0.1901
0.2122
0.2087
0.2262

8.
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