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Abstract: As of 2020, the issue of user satisfaction has generated a significant
amount of interest. Therefore, we employ a big data approach for exploring
user satisfaction among Uber users. We develop a research model of user satisfaction by expanding the list of user experience (UX) elements (i.e., pragmatic,
expectation confirmation, hedonic, and burden) by including more elements,
namely: risk, cost, promotion, anxiety, sadness, and anger. Subsequently, we
collect 125,768 comments from online reviews of Uber services and perform
a sentiment analysis to extract the UX elements. The results of a regression
analysis reveal the following: hedonic, promotion, and pragmatic significantly
and positively affect user satisfaction, while burden, cost, and risk have a substantial negative influence. However, the influence of expectation confirmation
on user satisfaction is not supported. Moreover, sadness, anxiety, and anger
are positively related to the perceived risk of users. Compared with sadness and
anxiety, anger has a more important role in increasing the perceived burden of
users. Based on these findings, we also provide some theoretical implications
for future UX literature and some core suggestions related to establishing
strategies for Uber and similar services. The proposed big data approach may
be utilized in other UX studies in the future.
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1 Introduction
Founded in 2009, Uber Technologies, Inc. aimed to improve the efficiency of taxi services in
major cities in the United States [1]. Suggesting the “sharing economy” model as a solution, the
company has quickly emerged as a major innovative disruptor of the traditional transportation
market [2]. However, Uber is no longer a maverick of the market. Operating in 700 cities across
84 countries [3], the estimated value of the company has surpassed 70 billion dollars, thus far
the highest value for a privately owned technology company in the world [1]. Furthermore, the
sharing economy model has now become a new norm [1].
This work is licensed under a Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Following Uber, similar business models were introduced in different parts of the world, such
as DiDi in China, Grab in South East Asia, and Ola in India [1]. Although these services are
also growing, owing to their strength in the local context, Uber continues to reign as the global
market leader. Moreover, along with its rapid growth in size and value, Uber is further developing
its business model. The company is now expanding to new domains such as delivery services.
Additionally, Uber is investing in innovative technologies such as autonomous vehicles [1].
As a technology company, Uber has made several attempts to advance its service using data
science and machine learning approaches. However, these have mostly focused on the technical
aspects of the service, such as estimating the consumer surplus [4], while only limited efforts have
been made to understand the user experience (UX) of Uber services. From the perspective of a
service provider, analyzing the UX elements and enhancing user satisfaction are vital for providing
a successful service [5–7]. Therefore, UX elements can be useful for establishing business strategies
and operations.
An effective way of examining UX is the analysis of online reviews made by users. According
to Jang et al. [8], analyzing user-oriented datasets can serve as the basis for improving certain
services or products. Among the different kinds of user-oriented datasets, online reviews are
easily accessible and reveal various perceptions and feelings toward a service or product [7,8].
Consequently, we attempt to compute user satisfaction from UX elements using large-scale online
review datasets of Uber.
2 Literature Review
2.1 Prior Research on Uber and Similar Services
As of 2020, several researchers have attempted to explore the contribution of UX or user
perceptions toward the diffusion of Uber and similar services. Min et al. [9] proposed a model
for Uber by integrating the technology acceptance model and innovation diffusion theory. They
collected data from 336 Uber users and demonstrated that relative advantage and compatibility
notably influenced the intentions of people to use Uber via usefulness and ease of use. Lee
et al. [10] examined survey data from 295 participants by using structural equal modeling and indicated that perceived benefit, risk, trust, and platform quality considerably affected the intentions
of individuals to adopt Uber. By computing validated data from 443 responses, Ma et al. [11]
revealed that perceived physical risk and trust in the driver notably affected the intention of
an individual to discontinue the use of DiDi. Guo et al. [12] examined data from 307 samples
and concluded that the intention to use DiDi could be determined based on institutional and
calculative-based trusts.
Most of the studies based on Uber and similar services have explored UX by analyzing a
limited (fewer than 1,000) number of samples. Thus, in the context of Uber services, we attempt
to use a big data approach to explore user satisfaction, which may be strongly related to the
continuance intention and loyalty of an individual [13–16]. The proposed big data approach aims
to address the limitations of the prior studies on Uber and similar services.
2.2 Satisfaction and UX Elements
We interpret the term “satisfaction” as the post-assessment by an individual of the
overall experience of using Uber services [8,13]. Jang et al. [8] reported that individual
satisfaction was influenced by several UX elements (i.e., pragmatic, hedonic, burden, and
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expectation confirmation). Consequently, we attempt to utilize UX elements for predicting the user
satisfaction with Uber services.
2.2.1 Pragmatic
We conceptualize “pragmatic” as the evaluation by a user regarding the level of usefulness
and ease of use of Uber services [8]. Some studies have demonstrated that pragmatic is notably
related to user satisfaction with specific products and services [7,8]. That is, satisfaction among
users will increase if they feel that utilizing certain services is beneficial and does not require
considerable effort [13,17,18]. Hence, we hypothesize the following relation:
H1: Pragmatic is significantly related to satisfaction with Uber services.
2.2.2 Expectation Confirmation
We interpret “expectation confirmation” as the degree to which the performance of the
Uber service meets user expectations [8,19]. Several researchers have noted a connection between
expectation confirmation and user satisfaction in various domains [7,8]. As implied by the
expectation–confirmation theory, users are satisfied with services when they feel that the experience
of using the services meets their expectations [13]. Thus, we hypothesize the following:
H2: Expectation confirmation is notably related to satisfaction with Uber services.
2.2.3 Hedonic
We define “hedonic” as the degree of pleasantness of using Uber services [8]. Several scholars
have indicated that perceived hedonic is critical for determining the satisfaction of an individual
when using certain products and services [8,20]. Therefore, we hypothesize the following:
H3: Hedonic is notably related to satisfaction with Uber services.
2.2.4 Burden
We define “burden” as the degree to which users think that using Uber services can lead
to negative emotions [8,21]. Several user-oriented studies have reported that user satisfaction is
negatively influenced by the perceived burden [7,8]. Previous studies [8,22,23] found that anxiety,
anger, and sadness were dimensions of the perceived burden. Thus, negative emotions, such as
anxiety, anger, and sadness, among users may notably influence the perceived burden. Accordingly,
with respect to Uber services, we hypothesize the following:
H4: Burden is significantly related to satisfaction with Uber services.
H4-1: Anxiety is significantly related to burden.
H4-2: Anger is significantly related to burden.
H4-3: Sadness is significantly related to burden.
2.3 Extending UX Elements to Risk, Cost, and Promotion
To understand user satisfaction more comprehensively, we introduced additional predictors
(i.e., risk, cost, and promotion), which were considered important to the research models used in
earlier studies on UX [24–26].
2.3.1 Risk
We interpret “risk” as the degree to which users feel apprehensive of the negative consequences of using Uber services [27]. Several scholars have suggested that the perception of risk be
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addressed when exploring the UX of services or systems [10,24]. If individuals feel that utilizing
specific services will induce negative outcomes, they may develop a negative perspective of using
the services. Accordingly, a relationship between risk and user satisfaction has been validated in
previous studies [28,29]. Moreover, several researchers have reported that negative emotions (and
the consequent feelings) among users toward using a particular service would result in a high
perceived risk [30,31]. This is because individuals who experience negative emotions (e.g., anxiety)
tend to perceive an ambiguous stimulus as a threat or risk [30,32]. In the same vein, Lin [31]
confirmed a link between negative emotions (e.g., anger and sadness) and risk, using results from
1,000 questionnaires. Consequently, we hypothesize the following:
H5: Risk is significantly related to satisfaction with Uber services.
H5-1: Anxiety is significantly related to risk.
H5-2: Anger is significantly related to risk.
H5-3: Sadness is significantly related to risk.
2.3.2 Cost
Park [25] suggested that economic concerns be considered when exploring UX, because a user
tends to compare products or services in terms of their potential benefits and costs. We define
“cost” as the concern associated with the economic costs of utilizing Uber services [33,34].
The notable effect of cost on user satisfaction was verified in several user-oriented studies.
Park [35] analyzed survey data from South Korea and concluded that perceived cost had a
negative influence on user satisfaction with airline services. Based on data from 288 Taobao
users, Zhu et al. [36] demonstrated that perceived cost was crucial in influencing user satisfaction.
Therefore, we hypothesize the following:
H6: Cost is notably related to satisfaction with Uber services.
2.3.3 Promotion
Buil et al. [26] identified “promotion” as an important element that could increase brand
awareness and accelerate the diffusion of certain products and services. In other words, companies
can attract public attention by launching promotional offers such as coupons, discounts, and free
gifts. We conceptualize “promotion” as the degree to which individuals think they can obtain
rewards by using the Uber service [37].
Several researchers have demonstrated a significant impact of promotion on the satisfaction
of an individual with various services [37,38]. For instance, with respect to mobile catering
applications, Wang et al. [37] reported, based on 196 responses, that perceived promotions have
an influence on the level of satisfaction of an individual. Accordingly, we hypothesize the
following relation:
H7: Promotion is notably related to satisfaction with Uber services.
2.4 Proposed Model
Based on the abovementioned hypotheses, a model for examining user satisfaction with Uber
services was constructed (Fig. 1).
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Figure 1: Proposed model
3 Methodologies
3.1 Data Collection
We collected 125,768 comments from online textual reviews on Google Play Store (reviews
that contained only numerical ratings without text were excluded) on the “Uber-Request a ride”
application over the two-year period from September 12, 2018 to September 24, 2020.
3.2 Preprocessing
Before data analysis, we preprocessed all the collected review data. In the linguistic inquiry
and word count (LIWC) program, which was employed in this study, reviews including stopwords
and punctuation were used. Therefore, we focused on the tokenization and accurate lemmatization
of words. First, we split the sentences to obtain accurate results via part-of-speech (POS) tagging, which helped in achieving highly accurate lemmatization. Subsequently, all the tokens were
lemmatized with the drawn POS tags.
3.3 Measurements
Based on earlier studies [8,39–42], we propose that employing sentiment analysis can be an
effective way to investigate user perspectives on Uber services. This is because the hedonic and
pragmatic dimensions of UX on certain services or products can be computed using online user
reviews by performing sentiment analysis with the LIWC program [7,8,40,43].
Thus, to enumerate cognition-related statements and words, we utilized the LIWC program to
perform sentiment analysis on the preprocessed online reviews [22,23,44]. Subsequently, the results
of the sentiment analysis were categorized based on the classification guidelines of UX elements
from prior studies [7,8]. Accordingly, we used LIWC categories to measure pragmatic, hedonic,
burden, expectation confirmation, risk, cost, promotion, anxiety, anger, and sadness. Assuming
that the rating score represents the degree of user satisfaction with specific products or services,
the user satisfaction with Uber services was measured by the rating score from the reviews [8,45].
The measurement details are presented in Tab. 1.
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Table 1: Outline of the measurements
Elements

LIWC category

Scale

Pragmatic
Expectation confirmation
Hedonic
Burden
Risk
Cost
Promotion
Anxiety
Anger
Sadness
Satisfaction

Work, leisure, and home
Comparisons
Positive emotion
Negative emotion
Risk
Money
Reward
Anxiety
Anger
Sadness

0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
0–1.0
Rating (1: Strongly dissatisfied—
5: strongly satisfied)

4 Results
4.1 Descriptive Information
The results of the descriptive analysis are presented in Tab. 2.
Table 2: Descriptive information of the elements
Elements

Mean

Standard deviation

Hedonic
Burden
Pragmatic
Expectation confirmation
Risk
Cost
Promotion
Anxiety
Anger
Sadness
Satisfaction

0.069
0.025
0.054
0.016
0.016
0.027
0.035
0.002
0.004
0.004
2.50

0.110
0.047
0.082
0.035
0.041
0.051
0.069
0.012
0.017
0.017
1.731

4.2 Testing of the Hypotheses
We performed a regression analysis to test our hypotheses. To detect multicollinearity in the
research model, variance inflation factor (VIF) values were computed. As all the VIF values
were considerably less than 10, we confirmed that any multicollinearity is minimal [46], thereby
validating the research model.
We found that user satisfaction was notably influenced by pragmatic (H1, Beta = 0.008,
t = 3.663, p < 0.001, VIF = 1.093), hedonic (H3, Beta = 0.535, t = 193.659, p < 0.001, VIF =
1.554), burden (H4, Beta = −0.143, t = −50.645, p < 0.001, VIF = 1.619), risk (H5, Beta =
−0.011, t = −4.149, p < 0.001, VIF = 1.562), cost (H6, Beta = −0.057, t = −24.964, p < 0.001,
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VIF = 1.058), and promotion (H7, Beta = 0.046, t = 17.480, p < 0.001, VIF = 1.437). However, a
connection between expectation confirmation and satisfaction was not observed (H2, Beta = 0.001,
t = 0.668, p = 0.504, VIF = 1.103).
Furthermore, burden was significantly influenced by anxiety (H4-1, Beta = 0.247, t = 106.423,
p < 0.001, VIF = 1.000), anger (H4-2, Beta = 0.368, t = 158.470, p < 0.001, VIF = 1.000), and
sadness (H4-3, Beta = 0.349, t = 150.463, p < 0.001, VIF = 1.000). Also, risk was significantly
affected by anxiety (H5-1, Beta = 0.037, t = 13.244, p < 0.001, VIF = 1.000), anger (H5-2, Beta =
0.008, t = 2.750, p < 0.01, VIF = 1.000), and sadness (H5-3, Beta = 0.039, t = 13.779, p < 0.001,
VIF = 1.000). The hypothesis testing results are summarized in Fig. 2.

Figure 2: Testing of the hypotheses.

∗∗

: p < 0.001,

∗

: p < 0.01

5 Discussion and Conclusions
This study is one of the first attempts to investigate user satisfaction with Uber services via
a big data approach. Considering that the previous studies [7,8] that used big data approaches
to examine UX elements did not consider the factors of risk, cost, promotion, anxiety, sadness,
and anger, the contributions of this study become highly meaningful and useful. The extended
UX element framework and methodologies used in this study may be applied to explore user
satisfaction with other services or products. Furthermore, the proposed approach addresses the
problem of a limited number of samples or participants of most previous studies on UX [9,10,20].
We also provided several theoretical and managerial implications.
5.1 Theoretical and Practical Implications
The results of the regression analysis showed hedonic to be the most significant predictor
of user satisfaction. This means that users will be satisfied when they enjoy using a service.
Burden also strongly affects user satisfaction: if users feel burdened while using a service, their
satisfaction will decrease. Overall, these results indicate that the positive/negative emotions of users
can strongly influence their levels of satisfaction.
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Both pragmatic and promotion significantly and positively influence user satisfaction. Hence,
when users realize the pragmatic value of a service and receive coupons or free gifts upon using
the service, their satisfaction will be enhanced.
Cost was found to exert a negative influence on user satisfaction. This indicates that if the
monetary cost of using a service becomes extremely high or exceeds the expected range, the degree
of satisfaction with the service may be reduced.
Risk was revealed to have a negative influence on user satisfaction, meaning that users may
be dissatisfied if they perceive that using a service will induce negative outcomes.
Expectation confirmation did not considerably affect user satisfaction. However, some studies [13,25] stated that expectation confirmation tended to indirectly influence user satisfaction.
Consequently, had the indirect influence of expectation confirmation been considered, the results
of our study might have been different.
Burden is strongly affected by anxiety, sadness, and anger. Interestingly, anger plays a crucial
role in increasing the perceived burden of users toward the service. This means that users are
more likely to feel burdened and dissatisfied when they feel angry while using a service compared
with times when they feel sad or anxious.
Risk can be increased by negative emotions such as anxiety, sadness, and anger. However,
the impact of anger on risk is relatively small compared with that of anxiety and sadness. This
means that in comparison with times when users feel angry, they are more likely to experience
uncertainty about the negative outcomes of using a service when they feel anxious or sad.
In terms of practical implications, our findings can serve as guidelines for the stakeholders
involved in services similar to Uber. Companies should focus on methods to increase the perceived
hedonic of users and decrease the perceived burden of users. Other UX elements (e.g., pragmatic,
risk, cost, and promotion) have a weak influence on user satisfaction. Thus, in the case of limited
human and financial resources [20], from the perspective of UX, companies should prioritize
enhancing the hedonic value of their services.
5.2 Limitations and Suggestions
This study has the following limitations, which should be addressed in further research.
First, this study did not consider other significant variables that may be related to UX. For
instance, the demographic characteristics of users can notably affect their satisfaction with specific
services or systems. Second, this study was conducted using review comments (data) written in
the English language, and thus it can only be applied to the English-speaking users of Uber. The
same research conducted in different languages may lead to different results. Hence, performing
further studies on Uber users speaking different languages is suggested. Moreover, future studies
could also include different car sharing services in other countries, such as DiDi, Grab, and Ola.
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